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ПРЕДИСЛОВИЕ
Сборник научных трудов «Открытые семантические технологии проектирования
интеллектуальных систем» посвящен вопросам разработки гибких и совместимых технологий,
обеспечивающих быстрое и качественное построение интеллектуальных систем различного
назначения.
В сборнике отражены исследования в сфере искусственного интеллекта по следующим
направлениям:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Гибридные интеллектуальные системы;
Интеллектуальные человеко-машинные системы;
Робототехника;
Компьютерное зрение;
Нечеткие вычисления;
Интеллектуальные агенты;
Интеллектуальная автоматизация;
Интеллектуальное управление;
Большие данные;
Управление знаниями;
Инженерия знаний;
Онтологическое проектирование;
Семантические сети;
Машинное обучение;
Распознавание образов;
Искусственные нейронные сети;
Обработка текстов естественного языка;
Обработка речи.

Первая статья в данном выпуске сборника посвящена памяти А.С. Клещева, действительного
члена Академии инженерных наук РФ, руководителя Лаборатории интеллектуальных систем
Института автоматики и процессов управления ДВО РАН, который проводил исследования в сфере
разработки интеллектуальных систем.
Основной акцент в этом выпуске сборника сделан на проблему обеспечения совместимости
интеллектуальных систем.
В общей сложности сборник содержит 50 статей. Редакция сборника благодарит всех авторов,
представивших свои статьи. Для публикации научными экспертами были отобраны лучшие из
представленных работ, многие из них были переработаны в соответствии с замечаниями
рецензентов.
Мы также благодарим экспертов за большой труд по рецензированию статей в тесном
взаимодействии с авторами, чей труд позволил повысить уровень изложения научных результатов,
а также создал платформу для дальнейших научных дискуссий.
Надеемся, что, как и прежде, сборник будет выполнять свою основную функцию –
способствовать активному сотрудничеству между бизнесом, наукой и образованием в области
искусственного интеллекта.
Главный редактор
Голенков Владимир Васильевич
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FOREWORD
Research papers collection “Open Semantic Technology for Intelligent Systems” is devoted to the
flexible and compatible technologies development that ensure the rapid and high-quality design of
intelligent systems for various purposes.
The collection reflects research in the field of artificial intelligence in the following areas:



















Hybrid Intelligent Systems;
Intelligent human-machine systems;
Robotics;
Computer Vision;
Fuzzy Computing ;
Intelligent Agents ;
Intelligent Automation;
Intelligent Control;
Big Data;
Knowledge management;
Knowledge Engineering;
Ontological design;
Semantic Networks;
Machine Learning;
Pattern Recognition;
Neural Networks;
Natural Language Processing;
Speech Processing.

The first article is dedicated to the memory of A.S. Kleshcheva, member of the Academy of
Engineering Sciences of the Russian Federation, head of the Laboratory of Intelligent Systems of the
Institute of Automation and Control Processes of the Far Eastern Branch of the Russian Academy of
Sciences, who conducted research in the field of intelligent systems development.
The main focus of this issue is on the problem of ensuring the compatibility of intelligent systems.
In total, the collection contains 50 articles. The editors are thankful for all authors who sent their
articles. Scientific experts selected for publication the best of the submitted works, many of them were
revised in accordance with the comments of reviewers.
We are grateful our scientific experts for their great job in reviewing the articles in close cooperation
with the authors. Their work allowed to raise the level of scientific results presentation, and also created a
platform for further scientific discussions.
We hope that, as before, the collection will perform its main function -- to promote active cooperation
between business, science and education in the field of artificial intelligence.

Editor-in-chief
Golenkov Vladimir
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Памяти Клещева Александра Сергеевича
Свою профессиональную деятельность Александр
Сергеевич начал в ВЦ Ленинградского нейрохирургического института им. А.Л. Поленова (1963 - 1968 гг.)
в должности инженера-программиста. Им совместно
с В.Л. Темовым был разработан многоцелевой динамический язык ИНФ, а также транслятор с этого
языка для ЭВМ «Днепр-21». С этими результатами
они, как сформулировал С.С. Лавров в обзорной статье
«Ленинградская школа программирования» «как бы
кометой взошли над программистским горизонтом».
При активном участии Александра Сергеевича был
разработан и первый в СССР компилятор языка высокого уровня, внедренный в 35 вычислительных центрах различного профиля в 11 городах СССР. Таковы
некоторые из его достижений в области системного
программирования.

10 января 2019 года ушел из жизни Заслуженный
деятель науки Российской Федерации, действительный член Академии инженерных наук РФ, главный
научный сотрудник Института автоматики и процессов
управления ДВО РАН, д.ф.-м.н., профессор Александр
Сергеевич Клещев.
Клещев Александр Сергеевич родился в 1940 г. в Ленинграде, в 1964 г. окончил математико-механический
факультет Ленинградского государственного университета, в 1973 г. в Институте кибернетики АН УССР
(г. Киев) защитил диссертацию на соискание ученой
степени кандидата физико-математических наук на тему «Реализация многоцелевых динамических языков
программирования», в 1990 г. в Институте прикладной
математики им. М.В. Келдыша АН СССР (г. Москва)
защитил диссертацию на соискание ученой степени
доктора физико-математических наук на тему «Реализация экспертных систем на основе декларативных
моделей представления знаний».
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Рис. 1. А.С. Клещев (предположительно 1974 г.)

В 1968-1974 годах он работал ведущим инженером

ВЦ биологических институтов АН СССР при Институте физиологии им. И.П. Павлова (г. Ленинград). В
области биологической и медицинской кибернетики
при его участии была разработана программная система автоматической диагностики нейрохирургических
заболеваний, построен ряд математических моделей
процессов адаптации в центральной нервной системе,
механизмов обучения и запоминания.
С 1974 года и до последнего дня своей жизни
Александр Сергеевич работал в Институте автоматики
и процессов управления ДВО РАН (г. Владивосток).
Более тридцати лет он возглавлял сначала отдел экспертных систем, затем лабораторию интеллектуальных
систем. На протяжении многих лет он заведовал созданной им в 1990 г. кафедрой программного обеспечения ЭВМ Дальневосточного государственного университета, был деканом факультета компьютерных
наук.

Рис. 4. Субботник в ИАПУ ДВО РАН 27 апреля 2007 г.

Рис. 2. Обсуждение новой идеи. Слева направо: М.Ю. Черняховская,
А.С. Клещев, В.В. Грибова

Рис. 3. Субботник в ИАПУ ДВО РАН 27 апреля 2007 г.
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Александр Сергеевич был организатором и председателем жюри многолетнего конкурса компьютерных
программ студентов, аспирантов и молодых специалистов «Программист», который более 10 лет проводился
на базе Дальневосточного Государственного Университета.
А.С. Клещев активно развивал искусственный интеллект на Дальнем Востоке, был Председателем Владивостокского регионального отделения Российской
ассоциации искусственного интеллекта. Им были начаты работы по построению математической теории
разработки экспертных систем, моделей представления знаний, методов их обработки, а также моделям
и методам разработки специального программного
обеспечения базового и прикладного уровней.
Во второй половине 1980-х годов началось исследование методов трансляции систем реляционных конфлюентных продукций, основанных на идее вывода,
управляемого потоком. В конце 1980-х годов на основе этих результатов была разработана переносимая
проблемно-независимая оболочка экспертных систем
трансляционного типа для вычислительных машин
серии ЕС и персональных компьютеров.
Разработка теории онтологий предметных областей
и методов реализации интеллектуальных систем на их

основе началась в 1977 году с исследования возможно- компьютерные банки знаний для ряда предметных
сти представления в экспертной системе диагностики областей, таких как медицина, математика, преобраострых заболеваний медицинских знаний в форме, зование программ, включающие тематические инфорболее естественной для врачей, чем это позволяли мационные ресурсы, их редакторы, а также интернетделать универсальные модели представлений знаний – приложения – интеллектуальные системы для решения
системы продукций и фреймов. Эти работы привели к задач в этих предметных областях.
построению метаонтологии медицинской диагностики
Полученный опыт позволил перейти к следующей
острых заболеваний, которая была представлена в версии этого проекта, которая получила название
монографии М.Ю. Черняховской (Представление зна- IACPaaS – облачная платформа для разработки, управний в экспертных системах медицинской диагностике. ления и удаленного использования как прикладных
Владивосток: ДВНЦ АН СССР, 1983).
интеллектуальных облачных сервисов, так и инструБыли обоснованы возможности построения теории ментария для создания, сопровождения и обеспеи технологии разработки экспертных систем и об- чения жизнеспособности таких сервисов. В данный
работки знаний на основе декларативных моделей. инструментарий заложены механизмы расширения его
Выполненные теоретические исследования положены функциональных возможностей как разработчиками,
в основу разработанных под его руководством инстру- так и пользователями этого инструментария. Эти мехаментальных средств, в том числе генератора управля- низмы основаны на едином декларативном представемых онтологиями интеллектуальных редакторов баз лении информационных и программных компонентов
инструментария с возможностью автоматической гезнаний.
Под руководством Александра Сергеевича был раз- нерации редакторов для их формирования.
Александр Сергеевич подготовил 6 докторов и 15
работан ряд прикладных интеллектуальных систем,
среди которых первые в СССР экспертные системы в кандидатов наук, был членом двух диссертационинтересах Министерства обороны: экспертная система ных советов по защитам докторских диссертаций,
идентификации подводных лодок на Тихом океане, членом Объединенного ученого совета по физикогеоинформационная экспертная система реального математическим и техническим наукам ДВО РАН,
времени для обнаружения ситуаций угрозы силам членом редколлегий ряда Российских и междунаТихоокеанского флота и прогнозирования развития родных журналов, руководителем ряда российских и
этих ситуаций. В рамках международного проекта с международных проектов. Им опубликовано более 360
Японией была разработана экспертная система, улуч- научных публикаций (в том числе двух монографий)
шающая проекты программ для станков с ЧПУ на в области искусственного интеллекта, информатики,
основе базы know-how, собранной ведущими япон- медицинской и биологической кибернетики.
скими фирмами в этой области. В области медицины
разработана система диагностики острого живота для
машин серии ЕС. Данная экспертная система была
установлена на большой разведывательный атомный
корабль «Урал». И это только некоторые из прикладных систем, разработанные при активном участии
Александра Сергеевича.
Помимо прикладных интеллектуальных систем он
активно развивал направление исследований, связанное с разработкой инструментальных систем для их
создания.
С начала 2000-х годов Александром Сергеевичем были начаты работы по применению технологии облачных вычислений для разработки и использования интеллектуальных систем. В результате
была создана компьютерная платформа «Многоцелевой банк знаний», включающая информационно- Рис. 5. Обсуждение перспектив технологий разработки интеллектуадминистративную систему, хранилище информаци- альных систем (ИВМиМГ СО РАН, г. Новосибирск)
онных ресурсов различных уровней общности, удаленный универсальный редактор для создания и модиАлександр Сергеевич тесно сотрудничал с Инстификации информационных ресурсов, а также единый тутом систем информатики СО РАН, который по
программный интерфейс для их обработки программ- традиции организует выступления известных ученых
ными сервисами. С использованием Многоцелевого и специалистов в области информатики, программибанка знаний были разработаны специализированные рования и вычислительной техники. Он был частым и
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Рис. 6. Лекция «Современные технологии разработки интеллектуальных систем» (конферец-зал ИВМиМГ СО РАН, г. Новосибирск)

Рис. 7. Александр Сергеевич со своей любимой супругой М.Ю.
Черняховской

идей и планов.
желанным гостем Ершовских лекций по информатике.
Память об этом замечательном человеке навсегда
В частности, в 2014 году он сделал доклад на тему сохранится в сердцах его соратников, коллег, учени«Современные технологии разработки интеллектуаль- ков.
ных систем».
Эрудиция и широта интересов Александра Сергеевича были поразительными. Он родился в семье музыкантов (мама была преподавателем по классу скрипки
в консерватории) и всегда интересовался классической
музыкой, собрал большую библиотеку записей музыкальных произведений от разных исполнителей (более
2000 сборников).
Также в центре внимания Александра Сергеевича
всегда были философия и живопись. Он написал 11
томов (228 глав) об истории европейской авторской
живописи с анализом истории, политической жизни,
культуры средних веков и ренессанса и их влияния
на произведения европейских художников, особенно
связанных с христианскими сюжетами. Сейчас его
история живописи готовится к изданию.
В 2016 г. А. С. Клещев передал в дар Приморской
государственной картинной галерее семейную реликвию – этюд З.Е. Серебряковой «Тата и Катя», который
был подарен маме Александра Сергеевича подругой
художницы.
Мы запомнили Александра Сергеевича как исключительно интеллигентного и позитивного человека, с
его лица никогда не сходила улыбка. У него всегда было
много неординарных идей, которыми он с большим
удовольствием делился. Он был добрым и открытым
человеком, любил помогать не только сотрудникам
лаборатории и института, но и всем, кто просил его
о помощи.
Александр Сергеевич был прекрасным оратором.
Его выступления, доклады и лекции были очень яркими, эмоциональными и убедительными. Он любил
жизнь и до последнего дня своей жизни был полон
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Abstract—The paper discusses the problem of ensuring
the viability of intelligent systems – systems with declarative
knowledge bases. Software tools for the development of
such systems that implement mechanisms for viability
improvement are considered. These mechanisms are based
on the construction of each component according to its
declarative model, which is specified in a unified language
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I. I NTRODUCTION
Ensuring the viability of software systems (SS) is
one of the key problems in software engineering. The
term viability refers to the SS sustainability (performance preservation) to changes in the environment and
the ability to evolve during the lifecycle [1], [2], [3].
Viability is directly related to the SS transparency, which
is characterized by three main properties: accessibility,
clarity and relevance of the information and components
of the SS to interest groups [4].
Among the many SSs, the class of intelligent systems
is distinguished. They are systems with knowledge bases
(KBS), which are actively used to solve various scientific
and applied problems. Their architecture, among the traditional components – databases, business logic (solver)
and user interface, contains an additional component –
the knowledge base. At present, one can say that KBSs
have reached the phase of maturity. But the problem of
ensuring their viability is acute, since the development
team of such systems includes knowledge engineers
and domain experts in addition to programmers and
interface designers. This class of SS is characterized by
a continuous improvement of knowledge bases, and an
The work is carried out with the partial financial support of the
RFBR (projects nos. 19-07-00244, 18-07-01079) and by PFI “Far East”
(project no 18-5-078).
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occasional improvement of problem solving method and
of an output explanation.
Despite the development of tools for creating of systems of this class, the problem of their viability remains
urgent:
•

•

•

domain experts still cannot independently (without intermediaries like knowledge engineers and programmers)
build and maintain knowledge bases;
part of the domain knowledge is “embedded” into the
problem solver, which makes their modification more
difficult, and its structure is hard to understand;
the UI does not adapt to the requirements of users, of the
platform, of the domain, it usually has a “firm” structure
built into the problem solver.

These drawbacks make it necessary to use additional
specialized mechanisms to ensure the viability of this
class of systems. The aim of the work is to describe new
models and methods aimed at providing the viability of
the KBS.
II. R EVIEW
There are three main types of KBS development tools:
programming languages, shells and specialized tool systems. General purpose programming languages (Python,
C#, Java, etc.) or specialized ones (LISP, Smalltalk, FRL,
etc.) are universal development tools. In [5] it is noted
that the complexity of intelligent system development
with the use of programming languages is so great that
it is practically unaffordable.
Problem-independent and specialized shells greatly
simplify the creation of the KBS, however, they limit
the possibilities of their evolution: they have a predefined solver and an embedded UI that cannot be
modified if requirements change. Also, the disadvantages
of specialized shells include limitations on the field of
their use, and disadvantages of the problem-independent
ones – their “non-transparency” primarily for domain
experts who cannot independently (without knowledge

engineers) form and maintain a knowledge base as part of properties and associate them with commands (user and
the knowledge is built into the logical inference machine / or solver actions) and / or data (input or output). The
interaction scenario in this case is embedded into the
[5], [6].
Specialized tool systems are focused on a wide class of solver. Interface development can be carried out using
KBS. Typical representatives of tool systems are: Level5 the language in which the solver is designed. Interaction
Object, G2, Clips, Loops, VITAL, KEATS, OSTIS, AT- with different libraries provided by the toolkit is possible.
Thus, the most flexible tool for KBS implementation
technology etc. [5], [6], [7]. They differ by the knowledge
are
specialized tool systems, as they allow one to implerepresentation formalisms, by the used output mechament
different classes of KBS. However, the problem of
nisms, and by the tools for UI forming.
the
viability
of this class of systems is still far from a
Looking at these tools from the point of view of
final
solution.
Therefore, the search for new, improved
the viability of KBS created with their use, it can be
mechanisms
for
viability improvement of such systems
noted that the evolutionary development of tool systems
remains
an
urgent
task.
is focused on achieving this important goal in one way
or another. It is primarily reflected in the tools which
III. BASIC PRINCIPLES OF KBS VITALITY
support the knowledge base (KB) creation, which is
The viability of SS and KBS in particular is largely
one of the most difficult stages of development of such
determined by their transparency. One of the main atsystems, as well as in methods of coupling of KB with
tributes of a transparent SS is clarity for interest groups.
a problem solver.
For KBS such groups are:
According to [6], the most common model of knowl• domain experts who are responsible for the development
edge representation remains the rule-based one. But by
and maintenance of KB,
now, the trend of production model systems amount
• programmers who create and maintain a solver,
• interface designers who implement the UI of a solver and
reducing is obvious. Given the need for alternative
the UI for KB editors.
knowledge representation models, many development
For
KBS, it is fundamentally important to use relevant
tools offer a mixed mechanism for their presentation. For
knowledge
that must be formed and maintained by
example, LOOP and G2 use rules and object-oriented
domain
experts
or inductively (but in the latter case its
representation, ART – rules, frame-like and objectrepresentation
should
be intelligible to experts). This is
oriented models for declarative knowledge. However,
possible
only
if
the
knowledge
representation language
the proposed types of representation are not oriented
is
focused
on
the
class
of
problems
to be solved, and its
at independent (without knowledge engineers) formation
terminology is familiar to experts. To ensure the transand modification of knowledge by domain experts.
For the formation of knowledge bases one can consider parency of the solver, its structure and modules should
specialized tools based on ontologies: Protégé, OntoEdit, be clear to the maintainer. This is possible if most of the
GrOWL, Graphl, RDFGravity, WebVOWL, Ontolingua, solver is presented declaratively (which allows to control
OilEd, WebOnto, WebODE [9]. However, they usually solvers with the help of editors), and domain knowledge
implement an object-oriented paradigm of knowledge is not included in the solver. UI transparency can be
representation, incomprehensible to most domain ex- ensured, firstly, by providing users with different types
perts. A question of their integration with a problem of UI which suite the model for presenting information
solver and UI also remains open. In accordance with the most appropriately, secondly, by separating the data from
knowledge representation model, an appropriate mecha- the logic of its processing and its presentation method.
nism for implementing the solver (reasoner) is proposed. The latter also provides separate modification of each of
If there are several models supported by the system, the components.
To implement these requirements, the following basic
respectively, several solver implementation mechanisms
solutions
are proposed:
and languages are supported. E.g., the SWORIER system
• common principles for creating KBS components;
uses a reasoning mechanism based on ontologies and
• a two-level approach to the formation of components:
rules. Such solutions, on the one hand, are aimed at
first, a structural declarative model (component ontology)
giving the possibility of choosing the most adequate
is formed, then the necessary component of the KBS is
created by it;
knowledge representation model and the corresponding
• unified language and editor for creating models of all
solver, but on the other hand, the transparency of such
components;
systems remains quite low.
• automatic generation of editors for creation of compoThe support of UI development is carried out in several
nents basing on their models;
ways. The developer is offered a set of tools provided
• implementation of instrumental and applied intelligent
systems as cloud services.
by the toolkit, for example, [7]. This may be a specialAll proposed solutions are based on a model descripized programming language or tools similar to interface
builders, offered by various CASE-tools: a set of WIMP tion language that allows one to describe arbitrary models
interface elements that a user can define, specify their oriented and adapted to the terminology of developers,
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with the transition from general concepts to detailed
ones. The models of the components of intelligent services are formed in the model description language
and are represented in the form of a connected marked
rooted hierarchical binary digraph. The markup defines
the semantics for the rules of formation (creation and
modification) of components, imposing restrictions on
their structure and content [10], [11].
A. Development and maintenance of the knowledge base
In accordance with the two-level approach to the
formation of components of the KBS, at the first stage a
specialized model of knowledge (data) representation is
formed – the ontology of knowledge, which takes into
account the specifics of the organization of knowledge
and data in a given domain. Further, according to the
model of knowledge (data), the component editor generator builds an editor of the knowledge base / database
(see Fig. 1). Domain experts have the opportunity to
form knowledge and data bases in terms of their concept
systems but not in terms of some fixed knowledge and
data representation language.

corresponding vertex of the agent (or message template)
model.
C. UI development and maintenance
The development of an interface of intelligent services implies the development of a web interface. The
interface design is based on the Model-View-Controller
(MVC) pattern. Its fundamental principle consists in the
separation of data, the logic of its processing and the
way it is presented in order to provide independent
modification of each component. The projection of this
pattern on the interface model is as follows. The Model
component includes: an abstract UI model containing a
description of the structure of standard WIMP interface
elements (simple and container ones) and a way for
their recursive organization into a single nested structure,
as well as a software interface (API) for generating
fragments of abstract interfaces. The View component
is implemented by the system View agent. Its main
function is to create a description of a specific interface
based on the description of an abstract interface and on
rules of mapping from later to former. The Controller
component is represented by agents which play the
role of an Interface Controller being a part of various
problem solvers. These agents interact with the View
agent by exchanging messages using specific templates
and implement necessary processing logic.
IV. C ONCEPTUAL ARCHITECTURE OF DEVELOPMENT
TOOLS

Figure 1. Knowledge base formation process.

B. Development and maintenance of problem solver
The problem solver is a set of agents that interact
with each other by the exchange of messages. In accordance with the two-level approach, developers are
offered unified agent and solver models for all services.
To organize the launch of solvers with specific sets of
input and output data, the cloud service model is also
defined. To increase the transparency of the imperative
parts of the agent and of the message template after the
description of their declarative part is specified, their
source code sketch in the Java language is generated.
The developed imperative code is associated with the
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A comprehensive solution to the problem of the
intelligent service viability also means providing the
viability of the tools with which the service is created
and maintained. As a rule, the toolkit is maintained by its
developers, but it must also be maintained by the KBS
developers [12]. For the successful implementation of
this requirement, a three-tier toolkit architecture is proposed, consisting of the Toolkit Core, the Basic Toolkit
and the Extensible Toolkit.
The Toolkit Core implements the basic principle of the
construction of all components and includes the model
description language, the model editor, the generator of
component editors. The declarative language for model
description is used to create component models, regardless of component’s purpose. The component model
editor allows developers to create models in simple and
convenient way. The generator is designed to automatically build declarative component editors by component
models (ontologies). It is responsible for generating the
UI and the component formation scenario which includes
checking the context conditions specified in the model
and the completeness of the component. The Toolkit Core
is sufficient for creating and controlling all intelligent
service declarative components by their models.

The main task of the Basic Toolkit is to provide the
developer with a set of tools for creating software components, assembling and binding them with information
components, launching, and organizing infrastructure at
all levels of the toolkit. Since all components are formed
according to their structural declarative models, this level
of toolkit includes component editors that are generated
automatically. In addition to the elements mentioned
above, it contains external software for creating the
intelligent service UI and the imperative part of the
aforementioned components.
The Extensible Toolkit is primarily intended for KBS
developers, who can expand it with new convenient tools
for maintenance of KBSs developed by them and with
specialized or universal shells of expert systems. The
expansion may be carried out using the Toolkit Core, the
Basic Toolkit, as well as with the tools and instrumental
mechanisms of the Extensible Toolkit itself. This way,
recursive use of its developed components is achieved.
The three-tier architecture forms the basis of the
IACPaaS cloud platform (https://iacpaas.dvo.ru) [13],
which is available for use by all developers of KBSs
and their components. To date, portals of knowledge on
medicine, mathematics, autonomous uninhabited underwater vehicles, diagnostics of crops, information security,
educational psychology, and programming technology
have been created on the platform.
V. C ONCLUSION
The paper considers mechanisms aimed at ensuring the
viability of one class of software systems – systems with
knowledge bases. Their main difference from systems of other
classes is the presence of a knowledge base, which is subject
to continuous changes during the life cycle, and which must be
created and maintained by domain experts. The proposed solutions are based on the model description language developed
by the authors, which provides the tools for model specification
in the form of connected labeled rooted hierarchical binary
digraphs with possible loops and cycles. The KBS components
which are built on the basis of the model have a unified
representation and internal storage format, and are provided
with a standardized and extensible set of software interfaces
for uniform access to them. Domain experts get the opportunity
to form knowledge and data bases in terms of their concept
systems but not in terms of fixed the knowledge and data representation language. The problem solver architecture includes
declaratively represented software units, which can constitute
a dynamic configuration, interact by message exchange, and
the structure of which is also described using a declarative
model. A unified language and a uniform internal representation
of both models and components, specified by them, allow the
use of common principles for editor generation basing on the
KBS component type. All proposed ideas are implemented on
the IACPaaS cloud platform. Herewith, tool services providing
support for the development technology are created on the same
principles as the applied services.
At the same time, the experience of platform usage and the
availability of user feedback has set a number of new scientific
problems, including the creation of language-oriented queries to
knowledge bases, methods for creating adaptive user interfaces
of various types for KBS problem solvers and knowledge
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editors. Their solution will end up as additional increasing of
the viability for this class of systems.
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МЕТОДЫ И СРЕДСТВА ПЛАТФОРМЫ IACPAAS ДЛЯ
СЕМАНТИЧЕСКОГО ПРЕДСТАВЛЕНИЯ ЗНАНИЙ И
РАЗРАБОТКИ ДЕКЛАРАТИВНЫХ КОМПОНЕНТОВ
ИНТЕЛЛЕКТУАЛЬНЫХ СИСТЕМ
В.В. Грибова, А.С. Клещев, Ф.М. Москаленко,
В.А. Тимченко, Л.А. Федорищев, Е.А. Шалфеева
В работе обсуждается проблема обеспечения жизнеспособности интеллектуальных систем – систем с декларативными базами знаний. Рассмотрены инструментальные программные средства для разработки систем данного класса,
реализующие механизмы повышения их жизнеспособности.
Эти механизмы основаны на построении каждого компонента по его декларативной модели, специфицируемой на
едином языке описания моделей.
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Abstract—The paper discusses the main current problems in the modern computer systems development, in particular – the problem of ensuring information compatibility
of computer systems. An approach to their solution, based
on the use of the Open Semantic Technology for Intelligent
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I. I NTRODUCTION
Until now, traditional information technologies and
artificial intelligence technologies have evolved independently of each other.
Now is the time for fundamental rethinking of the
experience of using and evolving traditional information
technologies and their integration with artificial intelligence technologies. This is necessary to eliminate a number of shortcomings of modern information technologies.
The experience of using computer systems to automate
various types of human activity shows that automation
of disorder leads to even more confusion, and illiterate automation is worse than its absence. Moreover, if
automation requires the use of methods and artificial
intelligence, the consequences of illiterate automation
can be even more devastating.
This means that before proceeding with the automation
of any activity (and, especially, with the use of artificial
intelligence), it is necessary to build a qualitative formal
model of this activity (that is, a sufficiently detailed
holistic description of it, but without excesses).
In our report at the conference OSTIS-2018 [1] the
key property of intelligent systems was considered - their
learnability, as well as those properties of intelligent
systems that provide a high level of learnability (flexibility, stratification, reflexivity).
In this paper, the currently key problem of the development of information technologies in general and
of artificial intelligence technologies in particular, the
problem of ensuring information compatibility of
computer systems, including intelligent systems, will be
considered.
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The urgency of solving this problem is due to the fact
that:
• informational compatibility of computer systems
will significantly increase the level of their learnability due to more effective perception of experience (knowledge and skills) from other computer
systems;
• it will be possible to significantly expand the
diversity of the knowledge and skills used in the
computer system without the need to develop special tools for their coordination. It also increases
the level of learnability of computer systems and
allows you to move to hybrid, synergistic computer
systems;
• it will be possible to create collectives of computer
systems, using universal principles of the organization of interaction between computer systems at the
meaningful level;
• It will be possible not only to develop compatible computer systems, but also to automate the
process of permanent support of computer systems compatibility. The need for this support is
due to the fact that the compatibility of computer
systems during their operation and evolution may be
violated. Consequently, there must be tools which
will permanently restore the compatibility of computer systems in the conditions of their permanent
change;
• it will be possible to automate the process of permanent support (restoration) of information compatibility of computer systems not only with other
computer systems, but also with their users;
• it will be possible to significantly reduce the development time of new computer systems using
the permanently expanding library of reusable
computer system components, which have different levels of complexity (up to typical embedded
subsystems) and different types (typical embedded
knowledge, for example, ontologies, widely used
skills, in particular, programs, interface subsystems,
providing messaging with external subjects in a

given external language).
Lets consider the problems of information technology
development:
• in the field of traditional computer systems;
• in the field of intelligent systems;
• in the field of informatization of scientific and
technical activities.
II. S TATE AND PROBLEMS OF TRADITIONAL
INFORMATION TECHNOLOGIES

can be significantly reduced by transition of the
integrated computer systems to some uniform
form, since in this case the integration can be
carried out in a universal and automated way;
•• to a significant decrease in the effectiveness
of the use of the method of computer systems component design based on libraries of
reusable components (especially when it comes
to "large" components, in particular, typical subsystems) [2].

The current state of traditional information technolo2) Insufficiently high degree of learnability of modern
gies in general can be described as:
computer systems during their operation, resulting
• illusion of well-being;
in a high complexity of their maintenance and
• illusion of omnipotence of financial resources in
improvement, as well as their insufficiently long
solving complex technical problems;
life cycle.
• "Babel" of various technical solutions, the compat3)
The lack of opportunity for experts to really inibility of which no one seriously thinks about;
fluence
on the quality of the developed computer
• lack of an integrated systems approach to automatsystems.
The experience of complex computer
ing complex types of project activities;
systems
development
shows that the mediation of
• lack of awareness that the shortcomings of modprogrammers
between
experts and projected comern information technologies are of a fundamental,
puter
systems
substantially
distorts the contribution
systemic nature.
of experts. When developing next-generation comThe shortcomings of modern information technologies
puter systems, it is not programmers who should
include:
dominate, but experts who are able to accurately
1) Diversity of syntactic forms of presentation of
state their knowledge.
the same information, i.e. variety of semanti4) The lack of semantic (sense) unification of the
cally equivalent forms (languages) of representainterface activity of users of computer systems,
tion (coding) of the processed information (knowlwhich, together with the variety of forms for imedge) in the memory of computer systems. The
plementing user interfaces, leads to serious overlack of unification of the representation of various
head costs for learning of user interfaces of new
types of knowledge in the memory of modern
computer systems.
computer systems leads:
5) Computer system documentation is not an im•• to the variety of semantically equivalent models
portant component of the computer system itself,
for problems solving (both procedural and nondetermining the quality of operation of this system,
procedural - functional, logical, etc.), i.e. to
resulting in an insufficiently high efficiency of
duplication of information processing models
computer system operation due to incomplete and
that differ not in the essence of the methods of
inefficient use of the capabilities of the computer
problems solving, but in the form of presentation
system being operated.
of the processed information and the form of
representation of methods (skills) of solving of
To overcome these shortcomings is possible only
various problems classes;
through a fundamental rethinking of the architecture
•• to the duplication of semantically equivalent
and principles of the organization of complex computer
information components of computer systems;
systems. The basis of this rethinking is the elimination
•• to the variety of forms for the technical imof the diversity of forms of representation (coding) of
plementation of each model used for problems
information in the memory of computer systems.
solving;
•• to the semantic incompatibility of computer sysThe result of this rethinking should be a new stage in
tems and, consequently, to the high complexity the development of information technology.
of their integration into systems of a higher level
Overcoming the shortcomings of modern computer
of hierarchy, which requires additional efforts
systems
involves:
to translate (convert) information shared by different integrable systems and, therefore, signif• unification of the information processed;
icantly limits the effectiveness of joint problem
• functional unification (unification of information
solving by a team of interacting computer sysprocessing principles).
tems. The complexity of the integration process
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III. P ROBLEMS OF ARTIFICIAL INTELLIGENCE
TECHNOLOGIES DEVELOPMENT

Expansion of computer systems applications leads to
the expansion of the variety of automated activities –
management of various types of enterprises, management
of organizations, management of complex technical systems, multisensory integration and primary analysis of
non-verbal information, recognition, design of artificial
objects of various types, design of business process
systems aimed at reproduction of the designed artificial
objects, communication with users (on natural languages
in text and speech form, using the means of cognitive
graphics), user learning, comprehensive information services for users.
In turn, the expansion of the variety of automated
activities leads to the expansion of the variety of types
of problems solved, types of methods and tools for
problems solving, types of information used (types of
knowledge).
For example, increasing the level of automation of
various enterprises leads to a knowledge-oriented organization of their activities, and in the future – to a
knowledge-oriented economy. This means that knowledge management tools become the basis of enterprise
automation.
From this, in turn, it follows that in perspective enterprise management systems it is necessary to move from
databases that provide a presentation of fairly simple
(factographic) types of knowledge to knowledge bases,
which may include knowledge of the most diverse types.
A. The evolution of computer systems

•

•
•
•
•

•
•

•

of these problems, i.e. knowledge of the subject
domain in which the task is being solved;
transition from procedural low-level programming
languages to high-level procedural programming
languages, and to non-procedural programming languages (functional, logical);
transition from sequential to parallel programs;
transition from synchronous information processing
to asynchronous;
transition from programs to calculations, to "soft"
calculations (fuzzy logic, genetic algorithms, artificial neural networks);
transition from data-oriented programs, where the
data structuring is determined by the corresponding
programs, to programs oriented to database processing and further knowledge bases processing;
transition from address memory to associative memory;
transition from linear memory to non-linear (reconstructable, reconfigurable, graph-dynamic) memory,
in which information processing is reduced not only
to a change in the state of the elements in the
memory, but also to a change in the configuration
of the connections between them;
transition from traditional computer systems to
computer systems capable of solving a wide variety
of complex (difficult to formalize) problems and,
including intelligent problems, to computer systems
with a hybrid well-structured high-quality knowledge base, with a hybrid problem solver, with a
hybrid (multimodal) interface (both verbal and nonverbal);
transition from non-learnable computer systems to
learnable.

•
Thus, the expansion of the field of application of
computer systems requires a transition from traditional
Consequently, the intellectualization of computer syscomputer systems to systems focused on processing a
wide variety of structured information, as well as on solv- tems is the natural direction of their evolution.
The modern most actively developed areas of develing more and more complex problems. Consequently, the
transition from traditional computer systems to intelligent opment of intelligent systems include:
systems is inevitable. Moreover, this transition has long
• knowledge management and ontological engineerbeen happening. This is confirmed by such directions of
ing [3], Semantic Web [4];
evolution of computer systems as:
• formal logic (strict, fuzzy, deductive, inductive, abductive, descriptive, temporal, spatial, etc.);
• the transition from the dominance of programs to
• artificial neural networks, Bayesian networks, gethe dominance of the processed information, i.e.,
netic algorithms (Machine learning in the narrow
data-driven computer systems;
sense);
• from semi-structured data to structured data and
• computer linguistics (NLP), semantic analysis of
data independent of the programs that process this
natural language texts;
data, i.e., to databases;
• speech processing, semantic analysis of voice mes• from data to knowledge by expanding semantic
sages;
types of processed information, and further to com• image processing - technical vision, semantic image
puter systems, managed by structured knowledge,
analysis;
and to computer systems, managed by knowledge
• multi-agent systems, collectives of intelligent sysbases;
tems [5], [6], [7];
• transition from non-context problem solving, the
• hybrid intelligent systems, synergistic intelligent
initial data for which are a priori exactly specified,
systems [8].
to problem solving with the active use of the context
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a result, there is no overall integrated technology
B. The current state of artificial intelligence technology
for intelligent systems design (see Artificial General
Despite the presence of serious scientific results in
Intelligence conference [9]);
the field of artificial intelligence, the rate of evolution
•
Compatibility of particular technologies of artificial
of the intelligent systems market is not so impressive.
intelligence is practically not implemented, and
There are several reasons for this:
moreover, there is no awareness of such a need.
• there is a big gap between scientific research in
The
development of artificial intelligence technolothe field of artificial intelligence and the creation
of high-quality technologies for the development of gies is significantly hampered by the following sociointelligent systems. Scientific research in the field methodological circumstances:
of artificial intelligence is mainly focused on the
• High social interest in the results of work in the
development of new methods for solving intelligent
field of artificial intelligence and the great comproblems;
plexity of this science gives rise to superficiality
• these researches are scattered and not aware of
and untidiness in the development and advertising
the need for their integration and the creation of
of various applications. Serious science is mixed
a general formal theory of intelligent systems, i.e.
with irresponsible marketing, conceptual and termithere is a "babel" of various models, methods and
nological negligence and illiteracy, throwing in new
tools used in artificial intelligence in the absence
absolutely unnecessary effective terms that confuse
of awareness of the problem of ensuring their
the essence of the matter, but create the illusion of
compatibility. Without solving this problem, neither
fundamental novelty.
the general theory of intelligent systems nor, there• The interdisciplinary nature of research in the field
fore, the complex technology of intelligent systems
of artificial intelligence significantly complicates
development available to engineers and experts can
these researches, because work at the junctions of
be created;
scientific disciplines requires high culture and skills.
• the specified integration of models and methods of
artificial intelligence is very complex, since it is C. Directions of development of artificial intelligence
technologies
interdisciplinary in nature;
• intelligent systems as objects of design have a
To solve the above problems of the development of
significantly higher level of complexity compared artificial intelligence technology:
to all the technical systems with which humanity
• Continuing to develop new formal models for inhave had a deal;
telligent problems solving and to improve existing
• as a consequence of the above, there is a big gap
models (logical, neural network, production), it is
between scientific research and engineering practice
necessary to ensure compatibility of these models
in this area. This gap can be filled only by creating
both among themselves and with traditional models
an evolving technology of intelligent systems develfor problems solving that were not included in the
opment, the creation of which is carried out through
number of intelligent problems. In other words, we
active cooperation of scientists and engineers;
are talking about the development of principles for
• the quality of development of applied intelligent
the organization of hybrid intelligent systems that
systems depends to a large extent on the mutual
provide solutions to complex problems that require
understanding of experts and knowledge engineers.
joint in unpredictable combinations of the most
Knowledge engineers, not knowing the intricacies
diverse types of knowledge and the most diverse
of the applied area, can introduce serious errors
models for problems solving.
into the developed knowledge bases. The media• A transition is needed from the eclectic construction
tion of knowledge engineers between experts and
of complex intelligent systems using various types
the knowledge base being developed significantly
of knowledge and various types of problem solving
reduces the quality of the developed intelligent
models to their deep integration, when the same
systems. To solve this problem, it is necessary
representation models and knowledge processing
that the knowledge representation language in the
models are implemented in different systems and
knowledge base be convenient not only to the
subsystems in the same way.
intelligent system and knowledge engineers, but
• It is necessary to reduce the distance between the
also to experts.
modern level of the theory of intelligent systems
The current state of artificial intelligence technology
and the practice of their development.
can be described as follows:
• It is necessary to significantly increase the level of
consistency of actions of persons involved in the
• There is a large set of proprietary artificial intelliprocess of continuous improvement of knowledge
gence technologies with appropriate tools, but there
bases.
is no general theory of intelligent systems and, as
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• It is necessary that the systems themselves, and not
just their developers, actively participate in solving
this compatibility problem of intelligent systems.
Systems themselves must take care of maintaining
their compatibility with other systems in the context
of the active change of these systems through the
mechanism of automated coordination of the concepts used between intelligent systems.
IV. P ROBLEMS OF DEVELOPMENT OF METHODS AND
TOOLS OF SCIENTIFIC ACTIVITY INFORMATIZATION

It is obvious that the highest form of information
activity is scientific activity and, therefore, the highest level of development of computer systems are the
systems that are directly and actively involved in this
activity. Scientific activity is aimed at improving the
quality of our knowledge about the world around us
and, therefore, is associated with the analysis, processing
and systematization of this knowledge. It is obvious
that if computer systems aimed at automating scientific
activities understand the scientific knowledge they process and, therefore, will become not passive performers,
but scientific partners who are able to independently
analyze, systematize scientific knowledge and use them
in various problems solving then the level of automation
of scientific activity will be significantly increased.
The most important restraining factors of scientific and
technological progress at present are:
• diversity ("babel") of both natural and formal languages used to present the results of scientific and
technical research;
• binding scientific and technical texts to natural
languages (monographs, reports, articles);
• fundamental contradiction between the principles
of the evolution of natural languages as the main
means of communication and the requirements for
scientific and technical languages.
To solve these problems we need:
• to build a strict formal system of scientific and
technical languages;
• to build a clear connection between scientific and
technical and natural languages;
• to ensure the design of scientific and technical texts
in compatible formal languages that are understandable and convenient for both people and computer
systems;
• to provide support for the evolution of this multilanguage complex.
The most important direction of increasing the effectiveness of scientific and technical activities (and, in particular, increasing the rate of scientific and technological
development) is the transition from the traditional version
of the results of this activity (in the form of reports, articles, monographs, reference books) to the presentation
of scientific and technical information in the form of an
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encyclopedic systems of interconnected knowledge bases
on various scientific and technical disciplines. The formal
result of any scientific discipline should be a knowledge
base reflecting the current state of this discipline. For applied scientific disciplines, an additional result should be
a computer-aided design system for designing artificial
systems of the corresponding class that is accessible to
engineers.
The idea of the difficulties of such a transition is
greatly exaggerated, since modern tools of knowledge
engineering are ready for the implementation of such
projects. This is prevented by:
• fear of the new, unusual;
• need to revise the organization of scientific and
technical activities.
But the perspective is a transition to a qualitatively new
level of culture of scientific and technological progress.
The social significance of this transition is as follows:
• The rate of evolution of scientific knowledge will
significantly increase due to the fact that the obtained scientific knowledge is presented in a form
convenient for both people and computer systems,
as well as by automating their integration, analysis,
structuring and coordination of various points of
view.
• The efficiency of the use of scientific knowledge in
the developed computer systems will significantly
increase, due to the fact that there is no need for the
step of formalizing this knowledge to be included
in the knowledge bases.
• The possibility of direct participation of students in
improving the knowledge that corresponds to the
academic disciplines they study will significantly
improve the quality of such learning, since promotes
individual, active and systematic learning of the
educational material.
The main problem of the development of scientific and
technical activities and, accordingly, of its informatization is the need for deep convergence of various scientific disciplines, as discussed in a number of works [10],
[11].
An important problem is also the reduction of time
and laboriousness in organizing informational interaction
between scientists in the agreement of points of view,
in the joint implementation of any research, in the joint
work on articles or monographs, in reviewing.
It should be remembered that any point of view always has shortcomings (incompleteness, fuzziness, etc.).
Therefore, it is methodologically necessary to move from
the practice of confronting points of view to the practice
of integrating points of view (including those that seem
to be alternative, contradictory). Only in the development
of complex systems can a synergistic effect be achieved,
which is based on compensation for the shortcomings of
some points of view by the advantages of others.

This is how the organization of a collective creative
process should be arranged. Automating such a process
involves fixation of a multiplicity of points of view and
managing the process of reconciling these points of view.
V. T HE PROPOSED APPROACH TO SOLVING
PROBLEMS THAT HINDER THE FURTHER EVOLUTION
OF COMPUTER SYSTEMS AND TECHNOLOGIES STANDARDIZATION OF INFORMATION
REPRESENTATION AND PROCESSING MODELS
Analysis of the problems of the evolution of computer
systems of different levels of complexity, different levels
of learnability and intelligence, of different purposes
shows that the curse of the “babel” and, as a result,
incompatibility, duplication and subjectivity of coordinated information resources and models of processing
them haunts us everywhere:
• and in the development of traditional computer
systems;
• and in the development of artificial intelligence
technologies;
• and in the development of methods and tools of
informatization of scientific and engineering activities.
Considering the problem of ensuring the compatibility
of information resources and models of their processing,
we should talk about various aspects of solving this
problem:
• about ensuring compatibility between various components of computer systems, as well as between
complete computer systems that are part of computer systems teams;
• about compatibility, i.e. high level of mutual understanding between different computer systems and
their users;
• about interdisciplinary compatibility, i.e. convergence of different areas of knowledge;
• about the methods and means of continuous monitoring and restoring compatibility in the conditions
of intensive evolution of computer systems and their
users, which often violates the achieved compatibility (consistency) and requires additional efforts to
restore it.
A. Directions of the evolution of computer systems
In the evolution of computer systems can be distinguished two general directions.
First Direction is
• expansion of the set and variety of problems
solved by a computer system;
• increase the complexity of these problems down
to difficultly formalized (difficultly solvable) problems, intelligent problems solved in the conditions
of incompleteness, inaccuracy, vagueness, etc .;
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• increase quality of problem solving either by more
efficient use of known models for problems solving
(for example, by developing better algorithms), or
by using fundamentally new models for problems
solving;
• extension the variety of information (knowledge)
used;
• extension the variety of used problems solving
models.
Obviously, the expansion of the set of solved problems
in the conditions of a large but always finite memory of
a computer system makes the transition from particular
methods and models for solving problems to their generalizations (or, as D.A. Pospelov noted, from bundle of
"keys" to a set of "lockpicks").
It is also obvious that the variety of types of problems
solved by computer systems, the variety of models used
for problems solving leads:
• to integrated information resources;
• to integrated problem solvers;
• to integrated computer systems;
• to computer system teams.
The problem here is not the integration itself, but its
quality. Integration may be eclectic if the compatibility
of the integrable components is not ensured, and in the
case of such compatibility integration may lead to a new
quality, to an additional expansion of the set of solved
problems. This will mean a transition from eclecticism
to hybridity, synergy.
The second general direction of the evolution of
computer systems is the increase in their learnability
and, as a result, the rate of their evolution.
Learnability of computer system is determined by:
• labor intensity and the pace of acquisition (expansion) and improvement of actively used knowledge
and skills;
• level of restrictions imposed on the type of acquired and used knowledge and skills (in fact, these
are restrictions on the set of all those problems
that can in principle be solved by a given computer
system).
In turn, the labor intensity and rate of expansion and
improvement of the knowledge and skills of a computer
system is determined by:
• flexibility – the variety and laboriousness of possible changes made to the system in the process of
replenishing the system with new knowledge and
skills and improving already acquired knowledge
and skills;
• stratification – a clear separation of the system into
hierarchy levels that are rather independent of each
other, i.e. the possibility of localizing fragments of
a computer system, without going beyond of which
it is apriori possible to analyze the effects of certain
changes in the system;

To solve this problem, the creation of a convenient
• reflexivity –– the ability to analyze one’s own state
method for coding various types of information in the
and one’s activity;
• hybridity - the ability to acquire and use a wide memory of a computer system is of key importance.
(and ideally unlimited) variety of knowledge and
Since the main channel for learning computer systems
skills;
is the acquisition of knowledge and skills from other
• level of self-learnability - the level of activity, subjects – from other computer systems and from users
independence, purposefulness in the process of (from developers-teachers and from end users). Consetheir learning, i.e. the level of ability to learn quently, the level of learnability of computer systems is
without a teacher, the level of automation of the also determined by the level of its compatibility with
acquisition of new knowledge and skills, as well these external subjects themselves, with the knowledge
as the improvement of already acquired knowledge and skills acquired by it, i.e. the degree of how the
and skills;
computer system, together with the subjects with which
• compatibility – integration complexity;
it exchanges information, solves the problem of the
• the ability to continuously monitor and maintain "babel".
its compatibility with other computer systems and
with its users in the context of the intensive evolu- B. The essence of the proposed approach
tion of these computer systems and their users.
The essence of our approach to solving the probCompatibility (integration complexity) of computer
lems of the evolution of computer systems is, firstly,
systems can be considered in two aspects:
to combine all the above directions of the evolution of
• in the aspect of deep integration of computer computer systems (both general directions and particular
systems, which involves the transformation of sev- ones) and, secondly, to interpret the problem of providing
eral computer systems into one consistent computer compatibility types of knowledge, various models for
system by combining information and functional solving problems, various computer systems as the key
resources of integrable computer systems;
problem of the evolution of computer systems, whose
• in the aspect of converting several computer sys- solution will greatly simplify the solution of many other
tems into team of interacting computer systems, problems.
capable of jointly corporate solving of complex
For example, without ensuring the compatibility of inproblems.
formation resources used in different computer systems,
Compatibility (complexity of integration) of computer as well as information resources representing knowledge
systems is determined by:
of various semantic types, it is impossible:
• compatibility of various types of information
• neither to create computer system teams capable
(knowledge) stored in the memory of a computer
of coordinating their actions while cooperatively
system;
solving complex tasks;
• compatibility of various problem solving models;
• neither to create hybrid computer systems that are
• compatibility of embedded (including typical) subcapable of using various combinations of different
systems that are part of computer systems;
types of knowledge and different models of prob• compatibility of external information entering the
lems solving when solving complex problems;
computer system with information stored in the
• neither to use the component design methodology
memory of a computer system (the laboriousness
of computer systems at all levels of the hierarchy
of understanding external information - translation,
of designed systems.
immersion, concepts aligning);
What kind of informational compatibility and mutual
• communication (including semantic) compatibility
understanding
(including between specialists) can we talk
with users and with other computer systems.
about
in
the
presence
of terrifying conceptual and terThe most important form of computer system learning
minological
messiness,
terminological pseudo-creativity,
is the acquisition of new knowledge and skills in the
including,
in
the
field
of
computer science.
"ready" form, i.e. in the form of some sign structures
Speaking
about
compatibility
of computer systems
entered into the memory of a computer system, since the
acquisition of knowledge and skills from external reliable and their components, as well as compatibility of comsources requires significantly less time compared to their puter systems with users, we should note the ambiguity
acquisition on its own, based on its own experience and of the interpretation of the term “compatibility”. In this
its own mistakes. But in order for this form of learning regard, it should be distinguished:
• compatibility as one of the learning factors, like
to be effective, it is necessary to simplify and formalize
ability to quickly increase the level of consistency
as much as possible the mechanism (procedure) of im(integration, mutual understanding). Compare learnmersing new knowledge in the memory of a computer
ing as ability to rapidly expand knowledge and
system.
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skills, but not characterizing the volume and quality
of acquired knowledge and skills;
• compatibility as a characteristic of the achieved
level of consistency (integration, mutual understanding).
Similarly, the intelligence of a computer system, on
the one hand, can be interpreted as level (volume and
quality) of acquired knowledge and skills, and on the
other hand, as ability to rapidly expand and improve
knowledge and skills, i.e. as speed enhance knowledge
and skills.
In addition, one should speak not only about the
ability to rapidly increase the level of consistency and
not only about the level of consistency achieved, but also
about the process of increasing the level of consistency
and, above all, about the permanent restoration process
(support maintaining the level of consistency achieved,
since during the evolution of computer systems and their
users (i.e., in the course of expanding and improving the
quality of their knowledge and skills), their consistency
may decrease.

duplication (repeating) of such solutions. One of the most
important quality criteria of a standard is nothing excess.
standart
= knowledge of the structure and principles of
functioning of artificial systems of the corresponding
class
= ontology of artificial systems of a certain class
= theory of artificial systems of a certain class
Standards, like other knowledge important to humanity, must be formalized and must be constantly improved
using special intelligent computer systems that support
the process of standards evolution by reconciling different points of view.
VI. T HE STANDARD OF SEMANTIC REPRESENTATION
OF INFORMATION IN THE MEMORY OF A COMPUTER
SYSTEM

A. Unification of the internal presentation of information
in computer systems

The objective guideline for unification of information
C. Semantic unification of computer systems
representation in the memory of computer systems and
The main factor in ensuring the compatibility of
the key to solving many problems of the evolution of
various types of knowledge, various models of problem
computer systems and technologies is formalization of
solving and various computer systems in general is
the sense of the information being presented.
• unification (standardization) of information repreAccording to V. V. Martynov [12], «virtually every
sentation in the memory of computer systems;
human thought activity (not only scientific), as many
• unification of the principles of organization of inscientists believe, uses an internal semantic code, which
formation processing in the memory of computer
is translated from a natural language and from which it
systems.
is translated into a natural language. The amazing ability
The unification of the information representation used of a person to identify a huge variety of structurally
in computer systems implies:
different phrases with the same meaning and the ability
• syntactic unification of the information used - the of remember the meaning outside of these phrases
unification of the form of representation (coding) of convinces us of this.»
this information. It should be distinguished:
We also give the words of I.A. Melchuk [13]:
•• coding information in the memory of a com« The idea was the next – the language should be
puter system (internal presentation of informa- described as follows: one should be able to write down
tion);
the meanings of the phrases. Not phrases, but their
•• external presentation of information ensuring meanings, which is separate. Plus build a system that
the unambiguous interpretation (understanding, builds the meaning of the phrase. This is the area or
interpretation) of this information by different the turn of research in which the intuition of a capable
users and different computer systems;
linguist works best: how to express this meaning in a
• semantic unification of the information used, which given language. This is what linguists are taught for ..
is based on the agreement and exact specification
The linguistic meaning of a scientific text is not at all
of all (!) used concepts using a hierarchical system what you, reading it, extract from it. This, very roughly
of formal ontologies.
speaking, is an invariant of synonymous paraphrases. You
It is important to note that competent unification can express the same meaning by so many. When you
(standardization) should not limit the creative freedom say, you can say in different ways: “Now I pour you
of the developer, but guarantee the compatibility of its wine”, or: “Let, I will offer you wine”, or: “Should
results with the results of other developers. We also we drink a glass of wine?”, - all this has the same
emphasize that the current version of any standard is not meaning. And here you can think of how to record this
meaning. Exactly it. Not a phrase, but a meaning. And it
a dogma, but only a basis for its further improvement.
The goal of a quality standard is not only to ensure the is necessary to work from this sense to real phrases. The
compatibility of technical solutions, but also to minimize syntax there is also needed by the way, but it is needed
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only by the way, it can be neither the final goal, nor the
starting point. This is an intermediate case. » [14].
The clarification of the principles of semantic representation of information is based, firstly, on a clear
contrast between the internal language of a computer
system used to store information in computer memory,
and external languages of a computer system used
for communication (exchange messages) of a computer
system with users and other computer systems (sense
representation is used exclusively for the internal representation of information in the memory of a computer
system), and, secondly, to possibility of simplification
of the computer system internal language syntax while
providing versatility by excluding from such an internal
universal language means providing a communication
function language (m. e. messaging).
For example, for the internal language of a computer system, such communication tools of the language
as conjunctions, prepositions, dividers, limiters, declensions, conjugations, and others are superfluous.
External languages of a computer system can be both
close to its internal language, and very far from it (as,
for example, natural languages).
Sense is a abstract sign construct belonging to the
internal language of a computer system, being the invariant of the maximum class of semantically equivalent sign
constructions (texts) belonging to different languages and
satisfying the following requirements:
• universality – the ability to present any information;
• absense of synonymy signs (multiple occurrence
of characters with the same denotates);
• absense of duplication of information in the form
of semantically equivalent texts (not to be confused
with logical equivalence);
• absence of homonymous signs (including pronouns);
• absence of internal structure of signs (atomic
character of signs);
• absense of declensions, conjugations (as a result
of the absence of the internal structure of signs);
• absense of fragments of a sign construct, which
are not signs (separators, delimiters, etc.);
• distinguishing of connection signs, the components of which can be any signs with which connection signs are associated with syntactically defined
incidence relations.
The consequence of these principles of the semantic
representation of information in the memory of a computer system is that the entity signs included in the semantic presentation of information are not names (terms)
and, therefore, are not tied to any natural language and do
not depend on subjective term addictions of various authors. This means that from the collective development of
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the semantic representation of any information resources
terminological disputes are excluded.
The consequence of these principles of sense representation of information is also the fact that these
principles lead to non-linear sign structures (graph structures), which complicates the implementation of computer system memory, but significantly simplifies its
logical organization (in particular, associative access).
The nonlinearity of the sense representation of information is due to the fact that:
• each described entity, i.e. an entity that has a
corresponding sign can have an unlimited number
of connections with other described entities;
• each described entity in the sense representation
has a single sign, because synonymy of signs is
prohibited here;
• all connections between the described entities are
described (reflected, modeled) by the connections
between the signs of these described entities.
The essence of the universal sense representation
of information can be formulated in the form of the
following provisions:
• Sense sign construction is interpreted as a set of
signs, which are one-to-one designating different
entities (denotations of these signs) and a set of
connections between these signs;
• Each connection between signs is interpreted, on
the one hand, as a set of signs connected by this
connection, and, on the other hand, as a description
(reflection, model) of the corresponding connection,
which connects the denotations of the specified
signs or the denotation of some signs directly to
other characters, or these signs themselves. An
example of the first type of connection between
signs is the connection between signs of material
entities, one of which is part of the other. An
example of the second type of connection between
signs is the connection between the sign of the set
of signs and one of the signs belonging to this set,
as well as the connection between the sign and the
file sign, which is an electronic reflection of the
structure of the representation of the specified sign
in external sign structures. Examples of the third
kind of connection between signs are the connection
between synonymous signs;
• The denotats of characters can be (1) not only
specific (constant, fixed), but also arbitrary (variables, non-fixed) entities that "run through" various
sets of signs (possible values), (2) not only real
(material), but also abstract entities (for example,
numbers, points of various abstract spaces), (3) not
only "external" , but also "internal" entities, which
are sets of signs that are part of the same sign
structure.

The key property of the sense representation of information language is the uniqueness of the information representation in the memory of each computer system, i.e.,
the absence of semantically equivalent sign constructions
belonging to the sense language and stored in one sense
memory. At the same time, the logical equivalence of
such sign constructions is allowed and used, for example,
for a compact representation of some knowledge stored
in the sense memory.
However, the logical equivalence of the constructions
stored in the memory should not be carried away, because
logically equivalent sign constructions are representations of the same knowledge, but with the help of
different sets of concepts. In contrast, semantically
equivalent sign constructions are the representation of
the same knowledge with the help of the same concepts.
It is obvious that the variety of possible options for the
representation of the same knowledge in the memory of a
computer system significantly complicates the problems
solving. Therefore, by completely eliminating semantic
equivalence in semantic memory, it is necessary to strive
to minimize logical equivalence. For this, a competent
construction of a system of used concepts in the form
of a hierarchical system of formal ontologies [15] is
necessary.
An important step in creating a universal formal
method of sense coding of knowledge was developed by
V.V. Martynov Universal Semantic Code (USC) [12].
As the standard of the universal sense representation
of information in the memory of computer systems
we have proposed SC-code (Semantic Computer Code).
Unlike USC of V.V. Martynov if, firstly, is non-linear in
nature and, secondly, is specifically focused on coding
information in the memory of computers of a new
generation, focused on the development of semantically
compatible intelligent systems and called semantic associative computers. Thus, the main leitmotif of the
proposed sense presentation of information is the orientation to the formal memory model of a non-Von-Neumann
computer designed for the implementation of intelligent
systems using the sense representation of information.
The features of this representation are as follows:
• associativity;
• all information is enclosed in a connections configuration, i.e. processing information is reduced to the
reconfiguration of connections (to graph-dynamic
processes);
• transparent semantic interpretability and, as a result,
semantic compatibility.

B. Syntax of SC-code
The universality of the SC-code allows using it to
describe any objects. This object can be any language of
communication with users (including natural language),
as well as the SC-code itself. The syntax of the SC-code
is represented as the corresponding formal ontology. The
key concepts of the subject domain that are described
(specified) by the mentioned ontology are:
sc-element
= atomic fragment of the sign construction stored in
the memory and belonging to the SC-code
sc-node
sc-connector
sc-edge
= non-oriented sc-connector
sc-arc
= oriented sc-connector
base sc-arc
incidence of sc-connector*
incidence of incoming sc-arc*
Within the specified domain, the class of all possible
sc-elements is the maximum class of studied objects
study, the concepts sc-node, sc-connector, sc-edge, scarc, base sc-arc are specially syntactically distinguished
subclasses of the maximum class of studied objects, and
the concepts incidence of the sc-connector* and incident
of the incoming sc-arc* are treated as relations defined
on the set of studied objects.
The family of all entered classes of studied objects
(including the maximum class) is interpreted as Alphabet
of SC-code. But, unlike other languages, the classes of
syntactically distinguished elementary fragments of SCcode texts may overlap. For example, an sc-element can
belong to both the sc-element class and the sc-node
class, and can also belong to the sc-element class and
sc-connector, and the sc-arc class, and the basic sc-arc
class.
This feature of the Alphabet SC-code makes it possible
to build syntactically correct sc-texts (texts of the SCcode) in the conditions of incompleteness of our initial
knowledge about some sc-elements.
Lets consider the set-theoretic ontology of the SC-code
syntax:
sc-element
<= subdividing*:
{
• sc-node
• sc-connector
}

Implicit binding to Von Neumann computers is present sc-connector
in all known knowledge representation models. One <= subdividing*:
{
example of such a dependency is, for example, the
• sc-edge
obligatory naming of the objects being described.
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• sc-arc
}

sc-arc
⊃ base sc-arc

incidence of sc-connector*
=> first domain*:
sc-connector
=> second domain*:
sc-element
⊃ incidence of incoming sc-arc*
∈ binary relation
∈ oriented relation
∈ relation, elements of which there are no multisets
/*for binary relationships, this means no loops*/
incidence of incoming sc-arc*
=> first domain*:
sc-arc
=> second domain*:
sc-element
During the text processing, the following rules for
clarifying their syntactic markup are executed:
• if it has become known that sc-element, having a
sc-element label, is sc-node or sc-connector, then it
is assigned a label sc-node or sc-connector, and the
label sc-element is deleted;
• if it has become known that sc-element with the
sc-connector label is sc-edge or sc-arc, then the scedge or sc-arc label is assigned, and the label scconnector is deleted;
• if it has become known that sc-element with the scarc label is basic sc-arc, then the label basic sc-arc
is assigned to it, and the label sc-arc is deleted.
Note some syntactic features of the SC-code.
• The texts of the SC-code are abstract in the sense
that they abstract from the specific variant of their
encoding in the memory of the computer system.
The coding of texts, in particular, depends on the
variant of the technical implementation of the memory of a computer system. For example, the actual
implementation is the hardware implementation of
an associative non-linear memory in which the
structural reconfiguration of the stored information
is realized, in which information processing is reduced not to a change in the state of memory
elements, but to a change in the configuration of
the connections between them.
• The texts of the SC-code are structures of a graphlike type. All graph structures studied so far can
be easily represented in the SC-code (undirected
and oriented graphs, multigraphs, pseudographs,
hypergraphs, networks, etc.). But, besides this, in
the SC-code, there are representable links between
connections, connections between whole structures
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and much more. The SC-code is actually a graph
language, whose texts are graph-like structures.
Thus, the graph theory with its appropriate extension can become the basis for the description of the
syntax of the SC-code.
C. Semantic of SC-code
The simplicity of the SC-code syntax is determined by
the following semantic properties of sc-texts (character
constructions belonging to the SC-code).
• All (!) sc-elements, that is, elementary (atomic)
fragments of sc-texts, are signs (symbols) of various
described entities. At the same time, each entity
described in the text SC-code must be represented
by its sign;
• There are no signs other than sc-elements, sc-texts
(i.e., there are no signs that include other signs);
• Any entity can be described by sc-text and, accordingly, is represented in this sc-text by its sign;
• All syntactically distinguished classes of scelements (i.e. all elements of Alphabet of SC-code)
have a clear semantic interpretation – are classes of
sc-elements, each of which denotes an entity that
shares the same properties with all other entities,
denoted by other sc-elements of the same class.
From the formal point of view, the denotational semantics of any sign construction (including sc-text) is
a correspondence (more precisely, morphism) between
the set of all signs included in the sign construction
and the set of denotates of these signs (i.e. entities,
denoted by these signs), as well as between the set of all
semantically significant (semantically interpreted) connections between the signs, and the set of corresponding
connections connecting either the denotations of all of
the specified signs, or the denotations of some of the
specified signs directly with the rest of the signs from
the mentioned signs themselves.
Consider the denotational semantics of sc-elements
belonging to different syntactically distinguished classes
of sc-elements, i.e. having different syntax labels.
If a sc-element is labeled as sc-element, then it can
denote any described entity.
If sc-element has a label of sc-connector, which is
incident to sc-element ei and to sc-element ej, then, on
the one hand, it a sign of pair {ei, ej}, and, on the
other hand, is a model (reflection, description) of the
connection either between the denotate of sc-element ei
and the denotate of sc-element ej, either between the
denotate of sc-element ei and the sc-element ej itself,
either between the denotate of sc-element ej and scelement ei itself.
If the sc-element has the label sc-node, then it denotes
an entity that is not a pair.
If the sc-element has a label of sc-edge, which is
incident to the sc-element ei and sc-element ej, then it

is, on the one hand, the undirected pair {ei, ei}, and
on the other hand, is a model (reflection, description) of
the connection either between the denotate of sc-element
ei and the denotate of sc-element ej, either between the
denotate of sc-element ei and the sc-element ej itself,
either between the denotate of sc-element ej and scelement ei itself.
If sc-element has a label of sc-arc, which leaves scelement ei and enters sc-element ej, then, on the one
hand, it is a sign oriented pair <ei, ej>, and on the
other hand, is a model (reflection, description) of the
connection either between the denotate of sc-element ei
and the denotate of sc-element ej, either between the
denotate of sc-element ei and the sc-element ej itself,
either between the denotate of sc-element ej and scelement ei itself.
If sc-element has a label of base sc-arc, which outgoes
sc-element ei and enters sc-element ej, then, on the one
hand, is a sign of oriented constant positive permanent
pair of membership <ei, ej>, and, on the other hand, is a
model (reflection, description) of the connection between
the set, which is denoted by sc-element ei, and sc-element
ej, which is one of the elements of the specified set.
We now turn to the consideration of the denotational
semantics of the incidence of sc-connectors. Recall that
each sc-connector is semantically interpreted as a sign
of pair of sc-elements incident to this sc-connector.
Accordingly, each pair of incidence of the sc-connector,
not being a sc-element, is semantically interpreted as a
model (reflection, description) of the connection between
the pair of sc-elements, denoted by this sc- connector,
and one of the two elements of this pair. At the same
time, the membership of the specified sc-element within
the specified pair may have:
• constant or variable character depending on the
constancy or variability of the specified scconnector;
• stationary (permanent) or non-stationary (situational) character depending on the stationarity or
non-stationarity of the specified sc-connector.

the knowledge base of Metasystems IMS.ostis all these
ontologies are presented [16]. We list some of them.
Consider the Ontology of entities, within which the
following concepts are considered:
entity
= sc-element
<= subdividing*:
{
• sc-constant
• sc-variable
= sign of an arbitrary entity from a set of
possible values
}
<= subdividing*:
{
• stationary entity
= permanent entity
• temporal entity
= non-stationary entity
= time-varying entity
⊃ temporary entity
= temporarily existing entity
}
<= subdividing*:
{
• material entity
• terminal abstract entity
• file
= primary (in perception) or final (in display)
electronic image of the external information
structure
• set
= set of sc-elements
<= subdividing*:
{
• connection
• structure
• class
<= subdividing*:
{
• terminal entity class
• relation
= class of connections
• class of classes
⊃ parameter
• class of structures
}
}
}

The denotational semantics of the incidency of incoming sc-arcs is given in a similar way. Each such
incidence pair is considered as a connection model
between the oriented pair, denoted by sc-arc and the
second component of this pair (i.e. sc-element, in which
sc-arc ingoes). And similarly to the incidence of scconnectors pairs incidence of incoming sc-arcs can have
constant and variable character, as well as stationary
and non-stationary in depending on the nature of the
corresponding sc-arc.
The formal description of the denotational semantics connection
of SC-code by means of the SC-code itself is carried = tuple
out in the form of a hierarchical system of to-level <= subdividing*:
{
formal ontologies, presented in the form of SC-code. In
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<= subdividing*:
{
• pair of permanent membership
= (pair of membership ∩ stationary entity)
= pair of stationary membership
• pair of temporary membership
= (pair of membership ∩ temporary entity)
= pair of situational membership
}
<= subdividing*:
{
• pair of positive membership
= pair of real membership
• pair of fuzzy membership
• pair of negative membership
= pair of nonexistent membership
}
⊃ pair of constant positive permanent membership
= (pair of positive membership ∩ sc-constant ∩
stationary entity)
⊃ base sc-arc

• pair
= binary connection
⊃ sc-connector
/*some pairs of sc-elements in some periods
of time may not be syntactically designed as
connectors, but such a transformation
necessarily occurs*/
• non-binary connection
}
<= subdividing*:
{
• non-oriented connection
⊃ non-oriented pair
• oriented connection
⊃ oriented pair
}
<= subdividing*:
{
• constant connection
= (connection ∩ sc-constant)
• variable connection
= (connection ∩ sc-variable)
⊃ sc-variable values of which are constant
connections
⊃ sc-variable values of which are variable
connections
}
pair
= designation of a two-power set of sc-elements
<= subdividing*:
{
• non-oriented pair
⊃ sc-edge
• oriented pair
⊃ sc-arc
⊃ pair of membership
}
<= subdividing*:
{
• loop pair
= looped pair
= pair, incident sc-elements of which coincide
= couple being a multiset
• non-loop pair
pair of membership
= connection describing the nature of the membership
of some sc-element in some set
<= subdividing*:
{
• pair of constant membership
= (pair of membership ∩ sc-constant)
• pair of variable membership
= (pair of membership ∩ sc-variable)
}
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The following ontologies clarify (detail) the concepts
introduced in Ontology of entitites.
The Ontology of sets clarifies the concept of set
of sc-elements, considers various classes of sets (finite,
infinite, countable, continual, multisets, sets without multiple elements), different properties (characteristics) and
relations, given on sets (the power of sets, inclusion,
union, subdividing, intersection, etc.).
The Ontology of relations deals with such concepts
as binary relation, unary relation, ternary relation, class
of connections of equal power, class of connections of
different power, arity of a relation, oriented, undirected
relation, role relation, relation attributes*, relation domain*, relation domain given attribute*, function, etc.
For the Ontology of relations, a lower level ontology is introduced – Ontology of binary relations and
correspondences, which inherits all the properties of
relations described in Ontology of relations, clarifies the
concept of binary relation and considers such concepts as
transitive relation, symmetric relation, reflexive relation,
equivalence relation, isomorphism, homomorphism, etc.
Next are introduced
• Ontology of parameters and dimensions
• Ontology of structures
•• Ontology of subject domains
•• Ontology of specifications
•• Ontology of knowledge bases
• Ontology of variables and logical formulas
• Ontology of temporal entities, which deals with
such concepts as non-stationary parameter (state),
process, action, situation, sequence in time*, temporal decomposition* and other
•• Ontology of actions

• Ontology of files and external information structures
Some of the ontologies, presented in SC-code, have
"general educational" character. This means that for quality of mutual understanding between any subjects (both
users and computer systems), i.e. for their qualitative
semantic compatibility, all these "general educational"
ontologies, and in a coordinated, unified form, should
be known by all of subjects (!). Otherwise, there will be
no mutual understanding.
The list of ontologies can be continued. All ontologies
are permanently changing (specified, improved). The
most important criterion of the quality of the hierarchical
system of ontologies is the stratification of methods for
problems solving corresponding to different ontologies –
for each problem to be solved, it is desirable to apriori
know within which ontology it can be solved.
It is obvious that, apart from "general education"
ontologies, there is a large number of professional, specialized ontologies, a consistent presentation and knowledge of which is necessary for mutual understanding
(compatibility) of all those who work in the relevant
professional field.
Thus, the denotational semantics of SC-code, like
any other language that claims to be universal, reflects
the current state of our knowledge and, therefore, may
change. Obviously, these changes are most intense in
specialized and new areas of knowledge.
VII. R EFINEMENT OF THE CONCEPT OF SEMANTIC
COMPATIBILITY BASED ON THE STANDARD OF SENSE
INFORMATION REPRESENTATION

In other words, human knowledge must be brought to a
common "semantic denominator" (to a common semantic
coordinate system), which is the permanently refined
system of concepts specified as a unified ontology. This
unified ontology is stratified to particular ontologies that
are sufficiently evolved independently from each other.
One of the criteria for the semantic compatibility of
new information with the knowledge base into which this
information is immersed can be formulated as follows.
All signs that are new to the perceiving knowledge
base (in which these new signs are immersed) must
be sufficiently specified (and defined for new concepts)
through concepts known to the knowledge base.
The standard of sense representation of information
(SC-code) makes it possible, on the one hand, to increase
the level of compatibility of computer systems, and
on the other hand, to formally clarify the concept of
integration of computer systems and their components.
Consider:
• Semantic integration of two texts belonging to the
language of sense representation of information
(SC-code). As a result of this integration, the two
original sc-texts are converted into one integrated
text;
• Semantic integration of two different models of
information processing, presented in the SC-code;
• A model of understanding the text of some external
language by translating the source external text into
an SC-code and then immersing the constructed sctext into the knowledge base presented in the SCcode.
• Semantic integration of two computer systems
based on the SC-code;
• Semantic compatibility of a computer system built
on the basis of an SC-code with its users.

The most important stage in the evolution of any
technology is the transition to the component design
based on the constantly updated library of reusable
components.
A. Refinement of the understanding process based on the
The main problems for the implementation of compo- sense presentation of information
nent design are
It is obvious that the formalization of sense repre• unification of components by form;
sentation of information in the memory of a computer
• standards development to ensure compatibility of system greatly simplifies clarifying how the process of
these components.
understanding new information takes place, which comes
To implement component design of knowledge bases to the input of a computer system or is generated during
the next is necessary:
information processing. This process can be divided into
• universal language of knowledge representation;
three stages:
• universal procedure for the integration of knowl• translation of information from some external lanedge within the specified language;
guage to an internal semantic language (SC-code).
• development of a standard that provides semantic
This stage is absent if new information is not
compatibility of integrable knowledge (such a stanentered from the outside, but is directly generated
dard is a consistent system of concepts used).
in the memory of the computer system;
• immersion of new information presented as sc-text
Even for the semantic representation of knowledge,
into the current state of an information resource
a kind of semantic coordinates are needed, the role of
stored in the memory of a computer system and
which is played by the used system of concepts (a kind
also represented as sc-text;
of key signs), which, in turn, is described (specified,
• alignment (agreement) of the concepts used in the
defined) by a hierarchical system of semantically internew externally entered or generated information
connected ontologies.
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structure with the concepts used in the current state
of the information resource stored in the computer
system’s memory.
Consider each of these steps in more detail.
Translation of information from some external language into the SC-code is simplified due to the fact that:
• means of SC-code allow to describe syntax of
external language, because the universality of the
SC-code allows, with its help and with any degree
of detail, to describe any objects, including such
complex systems of the external environment of
computer systems as external languages;
• the process of the semantic analysis of the source
text of an external language can be performed by
manipulating the texts of the SC-code and, as a
result, obtaining a description of the structure of
the source text that has sufficient completeness
(detailing) for the subsequent generation of a text
that is semantically equivalent to it;
• SC-code can be used to describe semantics of an
external language, treating it as a description of the
properties of morphisms between sc-texts describing the syntactic structure of the source external
texts, and sc-texts that are semantically equivalent
to these source texts;
• the process of generating sc-text, semantically
equivalent to the original external text, can also
be performed by sc-texts manipulating.
Thus, the effectiveness of using of SC-code for translating text from some external language into SC-code is
due to the fact that using the SC-code we can describe
both the syntax and semantics of an external language.
We can parse the external text and the subsequent generation of sc-text, semantically equivalent to the original
external text, while remaining within the SC-code.
Immersion (integration) of a new generated sc-text
into a given sc-text (for example, into the knowledge
base presented in SC-code) reduces to merging (identification) of some sc-elements of a new sc-text with the scelements that are part of the given sc-text. Thus, the task
of immersing a new sc-text into a given sc-text reduces
to the task of constructing a set of pairs of synonymous
sc-elements, one of which is part of the new submersible
sc-text, and the second is the part of the given sc-text.
The establishment of pairs of synonymous sc-elements
is carried out:
• by searching for pairs of sc-elements that have
agreed external names that match (we emphasize
that all used concepts must have corresponding
matching external names);
• by logical reasoning, using logical formulas of the
following types:
•• non-existence formulas;
•• formulas of existence and uniqueness;
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•• formulas for the existence of a finite and indicated number of values of the corresponding
variables.
To simplify the establishment of pairs of synonymous
sc-elements, some statements about non-existence, existence and uniqueness, existence of a given finite number
of structures of a given type can be reformulated in a
more "constructive" key with the explicit introduction of
the synonymy of sc-elements relation. So, for example,
instead of the statement that “For each pair of points,
there is a single straight line passing through them”, the
following wording can be used: “If lines pi and pj pass
through the points ti and tj, then either pi = pj, or ti =
tj, or ti ∈
/ pi, or tj ∈
/ pi, or ti ∈
/ pj, or tj ∈
/ pj”.
A sufficiently detailed description of the example of
sc-text immersion in the knowledge base, also presented
in SC-code, is given in Section IX of the article [1] –
Example 4.
Alignment of concepts, used in the new integrable
(introduced, immersed) sc-text, with the concepts used
in the given integrating sc-text, is as follows:
• The specified integrating sc-text (usually this is
the knowledge base presented in SC-code) must
explicitly contain:
•• information about the current status (state, character) of using of each concept known to
knowledge base and used either directly in the
knowledge base itself or by external actors,
information from which can be input to the
specified knowledge base;
•• information about the current status (state, character) of use of each external sign (most often
a term, name) corresponding to each concept
used, as well as some well-known entities that
are not concepts;
• Integrable (input, immersible) text must:
•• use agreed concepts and the corresponding
agreed external signs (terms, names) as much
as possible;
•• include definitions of all concepts that are new,
unknown in the integrating text (the definition
should use only those concepts that are known
to the integrating text);
• To solve the problem of the used concepts alignment for the current state of the knowledge base
and for the new text (integrated) into this text
knowledge base, all concepts used in the knowledge
base are divided into:
•• currently agreed (recognized) and not changing
their status;
•• obsolete = concepts used before or rarely used
now;
•• obsoleting = concepts for which, for a given
period of time, their status is replaced from the

status of the agreed concept to the status of the necessarily belonging to SC-code, into the given text SCcode, we make several remarks.
obsolete concept;
Understanding may be distorted (including contradic•• returning = concepts, the status of which
changes from the status of the obsolete concept tory) and superficial (incomplete) due to poor-quality
immersion of new information in the current state of an
to the status of the agreed concept;
•• proposed new concepts = new concepts under- information resource stored in the memory of a computer
going approval = concepts, the status of which system (error in identifying signs and, as a consequence,
changes from the status of proposed to the incorrectly established synonymy, or incompleteness of
status of either approved or obsolete = agreeing identification, not all new signs, synonymous with the
knowledge base, are merged with their synonyms).
concepts;
The problem of understanding, mutual understand•• approved concepts = concepts that have been
ing between people, between computer systems, between
successfully negotiated;
•• rejected concepts = concepts whose agreement computer systems and their users is the epicenter of
the modern stage of evolution of computer systems and
results are negative;
•• introduced new concepts = concept, the status is waiting to be solved. The deeper we penetrate the
of which changes from status of the approved formalization of the process of understanding (especially
concept to the status of a agreed concept = the understanding of the texts of natural language), the
more and more it is surprising that people still somehow
concepts introduced into use.
Thus, the process of alignment of concepts, the goal of understand each other, although not always. More often it
which is to reduce all the concepts used in the integrated is not an understanding, but an illusion of understanding.
sc-text, to the agreed concepts of knowledge base, is Here it is appropriate to recall the well-known phrase:
carried out under the conditions of a permanent “Happiness is when you are understood.”
change in the status of the used concepts and constant
B. Unification and compatibility of various models of
increase numbers of such concepts.
problem solving
It should be distinguished:
Our proposed approach to a significant increase in the
• family of all concepts known to knowledge base at
level
of compatibility (integrability) of various problem
the current moment;
solving
models is as follows:
• the current status of all these concepts;
•
All
information stored in the memory of each prob• the set of all transition processes aimed at changing
lem
solver (both the actual information processed
the status of concepts and being implemented at the
and the interpreted skills stored in the memory, for
moment.
example, a different type of program), is presented
Note also that the permanent process of agreement of
in the form of a sense representation of this inforall the concepts used is a necessary condition for enmation (in SC-code);
suring compatibility (integrability) of SC-code texts. But
•
Actually,
the solution of each task is carried out
to ensure compatibility of SC-code texts, a permanent
by
a
team
of agents working on a common sense
process is needed to agree not only the concepts used
(semantic) memory and interpreting the skills stored
themselves, but also the corresponding external signs
in the same memory (these agents will be called sc(names, terms). Moreover, external signs (names) and
agents);
their agreement may be required not only for concepts,
•
The integration of two different models for probbut also for entities of other types (for example, for peolems solving is reduced:
ple, settlements, geographical objects, historical events,
•• to combining the memory of the first model
etc.).
with the memory of the second model;
We emphasize at the same time that the principles
•• to the integration of all sc-text stored in the
of organizing the agreement of external signs (names)
memory of the first model, with sc-text stored
are similar to the principles of organizing the agreement
in the memory of the second model (this inteof concepts discussed above in the context of their
gration is carried out by mutual immersion of
permanent change. So, for example, each connection of
these sc-texts into each other, i.e., by merging
the be external sign* relation. linking the sc-sign of some
together synonyms, as well as by aligning the
entity with the sc-node denoting the external file of sign
concepts they use);
of the specified entity, as well as each concept, can be
•• to the union of the set of agents included in the
put in compliance with its current status (agreed, obsofirst model with the set of agents included in
lete, obsoleting, returning, proposed, approved, rejected,
the second model of problem solving.
included).
Finishing the consideration of the model of underThus, the unification of problem solving models by
standing as a model of semantic input of some text, not reducing these models to the form of sc-models (i.e.,
40

sc-text processing models) improves the compatibility
level of these models due to the transparent integration
of processed and integrable sc-texts and the trivial union
procedure for sets of sc-agents. The simplicity of the
procedure for union of sets of sc-agents corresponding
to different models of problem solving is due to the fact
that there is no direct interaction between these agents,
and the initiation of each of them is determined by scagent itself, as well as the current state of information
stored in memory.
Thus, as a basis for the unification of information
processing principles in computer systems, it is proposed
to use the multi-agent approach. The focus on a multiagent approach is due to the following main advantages
of this approach [5]:
• autonomy (independence) of agents, which allows
to localize changes made to the system during its
evolution, and reduce the corresponding labor costs;
• processing decentralization, i.e. the absence of a
single monitoring center, which also allows to localize changes made to the system.
But the modern principles of building multi-agent systems when applied to multi-agent processing of knowledge bases have several disadvantages:
• agent knowledge is represented using highly specialized languages, often not intended to represent
knowledge in a broad sense and ontologies in
particular;
• most modern multi-agent systems assume that
agents interact by exchanging messages directly
from the agent to the agent;
• the logical level of interaction between agents is
rigidly tied to the physical level of the implementation of a multi-agent system;
• the environment with which agents interact, is specified separately by the developer for each multiagent system, which leads to significant overhead
and incompatibility of such multi-agent systems.
It is proposed to eliminate the listed disadvantages by
using the following principles:

C. Semantic compatibility of computer systems
The compatibility level of computer systems is determined by the laboriousness of the implementation of
integration procedures (integration, connection of knowledge of these systems), as well as the laboriousness and
depth of integration of these systems problem solvers
(skills and interpreters of these skills). We emphasize at
the same time that the integration can be different – from
eclecticism to hybridity and synergy, the distance is of
enormous size.
Compatible computer systems are computer systems
for which there is an automatically performed integration
procedure that turns these systems into a single hybrid
system, within the framework of which each original
computer system can free to use any necessary knowledge and skills that are part of another source computer
system.
The integral computer system can be considered as a
problem solver, integrating several models of problem
solving and having the means of interaction with the
external environment (with other computer systems, with
users).
Thus, in order to increase the compatibility level of
computer systems, it is necessary to convert them to the
form multi-agent systems, working on a common semantic memory, in which the information is represented by
texts of SC-code. Such unified computer systems it is
not always advisable to directly integrate (integrate) into
larger computer systems. Sometimes it is more expedient
to combine them into teams of interacting computer
systems. But when creating such groups of computer
systems, the unification and compatibility of such systems are also very important, since significantly simplify
the provision of a high level of mutual understanding.
For example, contradictions between computer systems
belonging to a team can be detected by analyzing the
consistency of virtual unified knowledge base of this
team. Moreover, the consistency of the specified virtual
knowledge base can be considered one of the criteria for
semantic compatibility of the systems included in the
relevant team.

• agents are proposed to be communicated by specifying (in the common memory of a computer system) D. Advantages of the semantic presentation of informaactions (processes) performed by agents and aimed tion
at problems solving;
Why is it appropriate to move to the semantic rep• the external environment for agents is the same
resentation
of information in the memory of computer
common memory;
• the specification of each agent is described by system:
• sense representation of information is an objective,
means of a knowledge representation language in
the same memory;
independent of subjectivity and diversity of syntac• synchronization of agents’ activities is proposed at
tic decisions, way of information representation;
the level of the processes they perform
• within the framework of the semantic presentation,
• each information process at any time has associative
the procedure of integrating knowledge and imaccess to the necessary fragments of the knowledge
mersing new knowledge into the knowledge base
base stored in common memory.
is greatly simplified;
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• greatly simplifies the procedure for bringing a different type of knowledge to a general form (to an
agreed system of concepts used);
• greatly simplifies the process of integrating various
problem solvers and whole computer systems;
• significantly simplifies the automation of the permanent process of supporting semantic compatibility
(consistency of concepts and ontologies) for computer systems in the context of their continuous
improvement;
• based on the proposed standard of sense representation of information significantly simplifies the
integration of various disciplines in the field of
artificial intelligence, i.e. building a general formal
theory of intelligent systems, since building a general formal model of intelligent systems requires a
basic language, within which one could easily move
from information (from knowledge) to metainformation (to metaknowledge, to specifications of
initial knowledge). This is confirmed by the fact
that:
•• the overwhelming number of concepts of artificial intelligence has a metalinguistic character;
•• SC-code represents the unity of the language
and the metalanguage, remaining within the
framework of a simple syntax;
•• the formal semantic refinement of almost every
concept of artificial intelligence requires a prior
formal refinement of the corresponding object
language. So, for example, how can one speak
strictly about the language of ontologies (i.e„
the language of the specification of subject
domains) without specifying the language of
representation of these subject domains themselves. How can one speak strictly about the
language of the description of information processing methods without specifying the language of the representation of this processed
information itself.
VIII. S EMANTIC COMPUTER SYSTEMS AND
TECHNOLOGIES

We propose a solution to the problems of modern
information technologies by moving to the sense representation of information in the memory of computer
systems actually transforms modern computer systems
(including modern intelligent systems) into semantic
computer systems, which, consequently, are not an alternative branch of development of computer systems, but a
natural stage of their evolution, aimed at ensuring a high
level of their learnability and, first of all, compatibility.
The architecture of semantic computer systems (see
fig. 1) almost coincides with the architecture of intelligent systems based on knowledge bases. The difference
here is that in the semantic computer systems:
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• the knowledge base has sense representation;
• the knowledge and skills interpreter is a group of
agents processing knowledge base.

Figure 1. Architecture of ostis-system

As a consequence, semantic computer systems have a
high level of learnability, i.e. ability to quickly acquire
new and improve already acquired knowledge and skills
and at the same time not have any restrictions on the
type of acquired and improved knowledge and skills, as
well as on their sharing.
Moreover, with the agreement of relevant standards,
as well as with the permanent improvement of these
standards and with their competent support in the conditions of intensive evolution of both the standards themselves and semantic computer systems (this is about the
permanent support of the correspondence between the
current state of computer systems and current state of
evolving standards), semantic computer systems and their
components have a very high degree of compatibility.
This, in turn, virtually eliminates the duplication of
engineering solutions and makes it possible to significantly speed up the development of semantic computer
systems using a constantly expanding library of reusable
and compatible components.
The main leitmotif of the transition from modern
computer systems (including intelligent) to semantic
computer systems, i.e. computer systems based on the
sense representation of all the information stored in its
memory is the creation of general semantic theory of
computer systems, which includes:
• semantic theory of knowledge and knowledge
bases;
• semantic theory of problems and models for solving
them;

• semantic theory of interaction of information pro- a standard that is constantly and intensively improved
during the continuous expansion and improvement of
cesses;
• semantic theory of user and, including natural lan- the formalization of the types of knowledge used and
models for solving problems by reaching a consensus
guage interfaces;
• semantic theory of non-verbal sensory-effector in- (coordination of points of view) with the participation of
all interested individuals and legal entities.
terfaces;
The principal thing is that OSTIS Technology allows
• theory of universal interpreters of semantic models
of computer systems and, in particular, the theory to create systems that do not necessarily have to solve
intelligent tasks, but this implementation of computer
of semantic computers.
systems
provides:
The epicenter of the next stage of information tech•
compatibility;
nology development is the solution to the problem of
• high degree of flexibility, which allows unlimited
providing semantic compatibility of computer systems
expansion of the functionality of computer systems,
and their components. To solve this problem is needed
including the ability to solve intelligent tasks.
• transition from traditional computer systems and
We
list the principles underlying OSTIS Technology:
from modern intelligent systems to semantic com•
orientation
to the semantic unambiguous representaputer systems;
tion
of
knowledge
in the form of semantic networks
• standard of development of semantic computer systhat
have
a
basic
set-theoretic
interpretation, which
tems.
provides
a
solution
to
the
problem
of the diversity
Obviously, semantic computer systems are the new
of
the
forms
of
representation
of
the
same meaning,
generation of computer systems that eliminate many of
and
the
problem
of
ambiguity
of
semantic
interprethe shortcomings of modern computer systems. But for
tation
of
information
structures;
the mass development of such systems, an appropriate
• use of an associative graph-dynamic memory
technology is needed, which should include
model;
• theory of semantic computer systems and a complex
• application of agent-based knowledge processing
of all standards ensuring compatibility of developed
model;
systems;
• implementation of OSTIS Technology in the form
• methods and design tools for semantic computer
of intelligent IMS.ostis Metasystem, which itself
systems;
is built on OSTIS Technology and supports the
• methods and tools of permanent improvement of the
design of computer systems developed by OSTIS
technology itself.
Technology;
Our proposed technology for developing semantic
• ensuring a high level of flexibility, stratification,
computer systems is named OSTIS (Open Semantic
reflexivity, hybridity, compatibility, and, as a result,
Technology for Intelligent Systems).
learnability of designed systems.
The basis of this technology is SC-code - the standard
The advantages of OSTIS Technology include:
of sense representation of information in the memory of
• OSTIS Technology has an open character both for
computer systems developed by us.
its users (developers of applied intelligent systems)
Overall, OSTIS Technology is
and for those who wish to participate in its improve• standard for semantic computer systems, ensuring
ment;
the semantic compatibility of systems conforming
• OSTIS Technology is focused on a constant increase
to this standard;
in the pace of its evolution;
• methods of construction of such computer systems
• OSTIS Technology is the basis for solving the proband their improvement in the course of their operlems of semantic compatibility of various scientific
ation;
and technical knowledge, since it is focused on the
• tools and means for building and improving these
formalization of interdisciplinary connections of the
systems
most diverse type.
•• language means;
Perspective directions of OSTIS Technology applica•• library of typical technical solutions;
tion are:
•• tools
• Development on the basis of OSTIS Technology
• • • for synthesis and modification;
of a particular technology of designing intelligent
• • • for analyzing, verifying, diagnosing, testreference systems, intelligent semantic textbooks,
ing;
learning systems and intelligent help-systems in
• • • for eliminating detected errors and flaws.
various fields;
• A complete set of compatible semantic electronic
It is essential to emphasize that OSTIS Technology is
textbooks across the entire set of school subjects;
not just standard of semantic computer systems, but
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• Intelligent personal assistants (secretaries, referents), providing personalized information services,
integration of available services, monitoring and
control of users;
• Intelligent control systems of various enterprises,
organizations, projects based on ontologies and a
formal description of actions performed, events,
situations;
• Intelligent automation systems for designing various classes of artificial systems based on ontological
models;
• Portals of scientific knowledge and semantic tools
of supporting the development of various scientific
and technical areas;
• Distributed global semantic knowledge space,
which is the result of integrating the knowledge
bases of all systems built on OSTIS Technology and
interconnected by a global network;
• Intelligent systems of excursion service;
• Intelligent systems of complex individual medical
monitoring and service;
• Intelligent robotic systems;
• Smart living environment (smart home, smart road,
smart city).
IX. E COSYSTEM OSTIS
Ecosystem OSTIS
= Sociotechnical ecosystem, which is a group of
interacting semantic computer systems and provides
permanent support for the evolution and
compatibility of all its member systems, throughout
their life cycle.
= Unlimitedly expandable team of constantly evolving
semantic computer systems that interact with each
other and with users to solve complex problems in a
corporate way and to constantly maintain a high
level of compatibility and mutual understanding in
interaction both with each other and with users
Since the above-considered OSTIS Technology is focused on the development of semantic computer systems
with a high level of learnability and, in particular, a high
level of semantic compatibility, and since learnability and
compatibility are only ability to learn (i.e., to high rates
of expansion and improvement of their knowledge and
skills), as well as ability to ensure a high level of mutual
understanding (coherence), some kind of environment,
social engineering infrastructure, is needed in the framework of which most comfortable conditions have been
created for the implementation of the above abilities. This
environment is named by us Ecosystem OSTIS, which
is a group of interacting (via the Internet):
• semantic computer systems, built according to standard of OSTIS Technology (such systems will be
called ostis-systems);
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• users of the specified ostis-systems (both end users
and developers);
• some computer systems that are not ostis-systems,
but they are considered as additional information
resources or services.
A. Compatibility support between computer systems of
Ecosystem OSTIS
The main purpose of Ecosystem OSTIS is to ensure compatibility of computer systems included in the
Ecosystem OSTIS both at the stage of their development and during their operation. The problem here is
that during the operation of the systems included in
the Ecosystem OSTIS, they may change due to which
compatibility may be violated.
The tasks Ecosystem OSTIS are:
• operative implementation of all agreed changes to
the ostis-systems standard (including changes to the
systems of the used concepts and their corresponding terms);
• permanent support of a high level of mutual understanding of all the systems included in the Ecosystem OSTIS, and all their users;
• corporate solution of various complex problems
requiring coordination of activities of several (most
often, a priori unknown) ostis-systems, as well as,
possibly, some users.
The Ecosystem OSTIS is a transition from independent
(autonomous, separate, integral) ostis-systems to collectives of independent ostis-system m, i.e. to distributed
ostis-systems. The following types of ostis-systems can
be distinguished by the hierarchy level:
• atomic embedded ostis-system
= ostis-system integrated into the independent
ostis-system, but not into the composition of
another embedded ostis-system
• non-atomic embedded ostis-system
= ostis-system, which is integrated into the
independent ostis-system, and includes some
other embedded ostis-systems
⊃ user interface

• independent ostis-system
= consistent ostis-system, which must
independently perform the corresponding set of
tasks and, in particular, interact with the
external environment (verbally – with users
and other computer systems, and non-verbally)
• collective of ostis-systems
= a group of communicating ostis-systems, which
can include not only independent ostis-systems,
but also collectives of ostis-systems
= distributed ostis-sysstem
• Ecosystem OSTIS
∈ maximum collective of ostis-systems

∈ collective of ostis-systems that is not part of
another collective of ostis-systems
We emphasize that the independent ostis-systems,
which are part of the Ecosystem OSTIS, are met special
requirements:
• they must have all the necessary knowledge and
skills for messaging and purposeful organization
of interaction with other ostis-systems belonging to
Ecosystem OSTIS;
• under the conditions of constant change and evolution of the ostis-systems included in the Ecosystem OSTIS, each of them should itself monitor
its compatibility (consistency) with all the others
ostis- systems i.e. should independently maintain
this compatibility, coordinating with other ostissystems all changes that need to be coordinated,
occurring in themselves and in other systems.
• Each system included in the Ecosystem OSTIS must:
•• study intensively, actively and purposefully
(both with the help of teachers and developers,
and independently);
•• inform all other systems about proposed or
finally approved changes in ontologies and, in
particular, in the set of concepts used;
•• accept from other ostis-systems proposals for
changes in ontologies (including the set of concepts used) for agreement or approval of these
proposals;
•• implement approved changes in ontologies
stored in its knowledge base;
•• help to maintain a high level of semantic compatibility not only with other ostis-systems included in Ecosystem OSTIS, but also with its
users (i.e. to train them, inform them about
ontology changes).
The Ecosystem OSTIS is a form of realization, improvement and application of OSTIS Technology and,
therefore, is a form of creation, development, selforganization of the market for semantically compatible
computer systems and includes all the necessary resources for this – personnel, organizational, infrastructural.
The Ecosystem OSTIS is mapped to its integrated
knowledge base, which is virtual union of knowledge
bases of all ostis-systems included in Ecosystem OSTIS.
The quality of this knowledge base (completeness, consistency, clearness) is a permanent attention of all the
independent ostis-systems included in Ecosystem OSTIS.
Accordingly, each specified ostis-system is associated
with its own knowledge base and its own hierarchical
system of sc-agents.
By purpose, the ostis-systems included in the Ecosystem OSTIS can be:
• assistants to specific users or specific user teams;
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• standard embedded subsystems of ostis-systems;
• information and tool support systems for designing
various components and various classes of ostissystems;
• information and tool support systems for designing
or producing various classes of technical and other
artificially created systems;
• knowledge portals for various scientific disciplines;
• automation systems for managing various complex
objects (industrial enterprises, educational institutions, departments of universities, specific students);
• intelligent reference and help-systems;
• intelligent learning systems, semantic electronic tutorials;
• intelligent robotic systems.
B. Compatibility support between computer systems and
their users in the Ecosystem OSTIS
There are two aspects to maintaining compatibility and
understanding in the Ecosystem OSTIS
• compatibility support between ostis-systems included in Ecosystem OSTIS;
• compatibility and mutual understanding between
the ostis-systems included in the Ecosystem OSTIS
and their users, with active encouragement from the
Ecosystem OSTIS, so that each user of Ecosystem
OSTIS at the same time is not only its active end
user, but also its active developer.
Thus, to ensure high operational efficiency and high
rates of evolution of Ecosystem OSTIS, it is necessary to
constantly increase the level of information compatibility
(level of mutual understanding) not only between the
computer systems that make up the Ecosystem OSTIS,
but also between these systems and their users. One of
the ways to ensure such compatibility is the desire to
ensure that each user’s knowledge base (picture of the
world) becomes a part (fragment) Joint Knowledge Base
of Ecosystem OSTIS. This means that each user should
know how the structure of each scientific and technical
discipline is arranged (objects of research, subjects of
research, definitions, statements, etc.), and how different
disciplines can be interconnected.
The formation of such system building skills of the
picture of the World should be started from the secondary
school. For this purpose, it is necessary to create a
set of compatible intelligent learning systems for all
secondary education disciplines with clearly described
interdisciplinary connections [17], [18]. Thanks to this,
it is possible to prevent the users from forming the
"mosaic" picture of the World as a multitude of poorly
related disciplines. And this, in turn, means a significant improvement in the quality of education, which
is absolutely necessary for high-quality operation of
next-generation computer systems – semantic computer
systems.

OSTIS to the basic recognized knowledge and skills
Users and, first of all, the developers of Ecosystem
to perform the corresponding classes of tasks. This
OSTIS should have a high level of:
includes the knowledge corresponding to the level
• mathematical culture (formalization culture) when
of secondary education, and knowledge correspondbuilding a formal model of the environment in
ing to the basic disciplines of higher education in
which an intelligent system functions, formal modthe field of informatics (and, in particular, in the
els of the problems it solves and formal models of
field of artificial intelligence), and basic knowledge
various methods of problems solving it uses;
of OSTIS Technology and about Ecosystem OSTIS.
• system culture, which allows to adequately assess
The problem of creating a market for compatible
the quality of the developed systems from the point
of view of the general theory of systems and, in computer systems is the challenge to modern science
particular, assess the overall level of automation and technology. Scientists working in the field of artiimplemented with the help of these systems. System ficial intelligence require the ability to work collectively
culture involves the desire and ability to avoid eclec- on solving interdisciplinary problems and bring these
ticism, the desire and ability to provide high-quality solutions to a general integrated theory of intelligent
stratification, flexibility, reflexivity, as well as high- systems, involving the integration of all areas of arquality maintenance, a high level of learnability and tificial intelligence, and to technologies available to a
a comfortable user interface of the systems being wide range of engineers. Intelligent systems engineers
are required to actively participate in the development
developed;
• technological culture, ensuring compatibility of the of relevant technologies and to significantly increase
developed systems and their components, as well as the level of mathematical, systemic, technological, and
the continuous expansion of the library of reusable organizational-psychological culture.
But the main task here is to reduce the barrier between
components of the created systems and assuming a
scientific research in the field of artificial intelligence and
high level of design discipline;
• ability to work in a team of developers of high- engineering in the development of intelligent systems.
tech systems, which implies a high level of ability For this, science should be constructive and focused on
to work at interdisciplinary junctions, a high level the integration of its results in the form of an integrated
of communication skills and agreeability, i.e. the technology for developing intelligent systems, and engiability not only to defend one’s point of view, but neering, having realized the knowledge-intensiveness of
to coordinate it with the views of other developers its activities, should actively participate in the development of technologies.
in the interests of development Ecosystem OSTIS;
Particular emphasis in the Ecosystem OSTIS is placed
• activity and responsibility for the overall result –
on
the ongoing process of agreement of ontologies (and,
high rates of evolution Ecosystem OSTIS in general.
first
of all, on the harmonization of the family of all
Thus, the high evolution rates of Ecosystem OSused
concepts and terms corresponding to these concepts)
TIS are provided not only by the professional qualbetween
all (!) active subjects of Ecosystem OSTIS –
ifications of users (knowledge of OSTIS Technology,
between
all
ostis-systems and all users.
current status and problems of Ecosystem OSTIS and
In the presence of ostis-systems, which are personal
skills of using OSTIS Technology and intelligent systems included in the Ecosystem OSTIS), but also the assistants of users in cooperation with the Ecosystem
relevant human qualities. Obviously, the modern level OSTIS, this whole Ecosystem will be perceived by users
of agreeability, activity and responsibility cannot be the as a single intelligent system uniting all information
basis for the evolution of such systems as Ecosystem resources and services available in the Ecosystem OSTIS.
The principles of organization of Ecosystem OSTIS
OSTIS.
create
all the necessary conditions for attracting scienSupport compatibility of Ecosystem OSTIS with its
tific,
organizational
and financial resources to the develusers carried out as follows:
opment
and
improvement
of OSTIS Technology, which
• each ostis-system includes embedded ostis-systems
will
be
aimed
at
developing
methods and means of artioriented on
ficial intelligence and forming a market for semantically
•• permanent monitoring of the activities of end
compatible intelligent systems.
users and developers of this ostis-system,
X. IMS. OSTIS M ETASYSTEM
•• analysis of the quality and, above all, the correctness of this activity,
The effectiveness of any technology, including OSTIS
•• permanent unobtrusive personalized training Technology [16] is determined not only by the time terms
aimed at improving the quality of user activity, for the creation of artificial systems of the corresponding
i.e. to improve their skills;
class, but also by the rates of improvement of the
• within the Ecosystem OSTIS there are ostis-systems, technology itself (rates of improvement of automation
specifically designed to train users of Ecosystem tools underlying technology).
46

To fixate the current state of OSTIS Technology, as
well as to organize its effective use and its permanent
improvement with the participation of scientists working
in the field of artificial intelligence, and engineers who
develop semantic computer systems for various purposes
into the OSTIS Ecosystem the IMS.ostis [16] is introduced, the purpose of which makes it key ostis-system
within the OSTIS Ecosystem.
IMS.ostis Metasystem
= Intelligent metasystem of integrated informational
and instrumental support for the design of
compatible semantic computer systems, which is a
form of realization of the general theory and
technology of designing semantic computer systems
and which maintains a high rate of evolution of this
theory and technology
= Intelligent MetaSystem for intelligent systems design
= IMS.ostis
= Intelligent System Framework
= Intelligent metasystem of complex support for the
design of compatible semantic computer systems
using OSTIS Technology
= Framework of ostis-systems
= Framework IMS.ostis
The IMS.ostis Metasystem is in the Ecosystem OSTIS a
key intelligent system that supports not only the design of
new intelligent systems and not only the replacement of
obsolete components in the intelligent systems included
in the Ecosystem OSTIS, but also inclusion (integration)
in the Ecosystem OSTIS of newly created intelligent
systems.
IMS.ostis Metasystem is focused on the development
and practical implementation of methods and tools component design and semantically compatible intelligent
systems, which provides the ability to quickly create
intelligent applications for various purposes.
The areas of practical application of the component
design technology of semantically compatible intelligent
systems are not limited by anything.
A. Structure of developed ostis-systems

interpreter of the sc-model of the knowledge base
of an intelligent system).
These subsystems of ostis-systems can be developed
completely independently of each other with the observance of clear requirements imposed by OSTIS Technology which consist in the interpretation of the syntax
and semantics of SC-code that are identical for these
subsystems which is the universal language of the internal semantic representation of knowledge in the memory
ostis-systems, as well as the syntax and semantics of SCP
language (Semantic Code Programming), which is the
sublanguage of SC-code and is a basic language of agentoriented programming which is focused on processing of
sign structures, belonging to SC-code.
The considered stratification of ostis-systems to compatible with each other knowledge base and the knowledge base interpreter, firstly, provides ample opportunities for a wide variety of implementation options for the
interpreter of sc-models of knowledge bases (including
various implementations of semantic computers with associative graph-dynamic, reconstructable memory) and,
secondly, makes it possible to easily transfer (reload)
the knowledge base of an intelligent system into the
memory of another knowledge base interpreter. The
second possibility means the platform independence of
the intelligent systems developed by OSTIS Technology,
since the various implementations of interpreters of scmodels of knowledge bases are nothing but different
platform options for ostis-systems implementing.
Thus, if there is a sufficiently effective version of
the implementation of the interpreter of sc-models of
knowledge bases, the development of ostis-system comes
down to designing sc-model of its knowledge base [15],
which includes itself:
• sc-model of the integrated problem solver of this
ostis-system [19], which, in turn, includes:
•• sc-models of classes of problems to be solved
(in particular, stored programs of high-level
languages);
•• scp-programs of knowledge processing agents;
• sc-model of the integrated interface of the ostissystem, which is a built-in ostis-system, focused on
solving interface problems related to ensuring the
direct interaction of the ostis-system with the external environment (both non-verbal receptor-effector
interaction, and verbal interaction with users, with
other ostis-systems, with other computer systems).

The architecture of computer systems developed by
OSTIS Technology is clearly stratified into two subsystems:
• knowledge base, which is a complete semantic
model of an intelligent system (which will be called
the sc-model of the intelligent system or the scmodel of the knowledge base of the intelligent B. Technical implementation of the IMS.ostis Metasyssystem, as it is formed as a coherent sign construct tem
The purpose of IMS.ostis Metasystem is the implemenbelonging to SC-code – the base language of the internal sense representation of knowledge in memory tation of the design technology of semantically compatible computer systems in the form of a metasystem built
of ostis-systems);
• basic universal interpreter of the semantic model using the same technology and providing comprehensive
of an intelligent system stored in its memory (the information and tool support for designing semantically
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compatible computer systems. The composition of the
specified metasystem includes:
full description of the technology itself;
history of the evolution of technology;
description of technology usage rules;
description of the organizational infrastructure
aimed at the development of technology;
• library of reusable compatible components of intelligent systems;
• methods and tools for designing various types of
intelligent system components;
• technical tools of coordinating the activities of
project participants, aimed at the continuous improvement of technology.
•
•
•
•

Tasks of IMS.ostis Project are:
• To develop IMS.ostis Metasystem, which provides
fast component design of semantically compatible
computer systems for various purposes.
• To develop methods and tools to ensure the intensive development of the market for semantically
compatible applied intelligent systems created on
the basis of IMS.ostis Metasystem.
• To develop methods and means to stimulate the
intensive development of the IMS.ostis Metasystem.
The scientific novelty of IMS.ostis Metasystem is the
unification of the representation of various types of
information in the memory of computer systems based
on the sense (semantic) presentation of this information,
which ensures:
• avoiding duplication of the same information in
different intelligent systems and in different components of the same system;
• semantic compatibility of various components of
intelligent systems and various intelligent systems
in general;
• is a significant expansion of libraries of compatible
reusable components of computer systems due to
"large" components and, in particular, typical subsystems.
The principles of the technical implementation of
IMS.ostis Metasystem completely coincide with the principles of the technical implementation of applied intelligent systems developed with the help of this metasystem.
Thus, the IMS.ostis Metasystem is an intelligent system
designed for comprehensive information and tool support
for designing semantically compatible computer systems,
the purpose of which is not imposed any restrictions.
The knowledge base of IMS.ostis Metasystem includes:
• current state of models and methods used in the
development of intelligent systems using IMS.ostis
Metasystem;
• systematic library of reusable and compatible components of intelligent systems;
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• description of design tools for various types of intelligent systems components (fragments of knowledge bases, problem solvers, user interfaces);
• description of the tools of coordinating collective
activities aimed at the continuous development of
IMS.ostis Metasystem;
• description of the evolution history of IMS.ostis
Metasystem;
• description of design tools for various classes of
intelligent systems.
The problem solver and the user interface of IMS.ostis
Metasystem provide support for the entire complex of design tasks solved by the developers of applied intelligent
systems, as well as by the developers of the IMS.ostis
Metasystem.
The IMS.ostis Project is implemented in the form of
interaction of IMS.ostis Metasystem with its users and is
based on the following principles:
• In order to stimulate the development of the market
of compatible application intelligence systems developed with the help of IMS.ostis Metasystem and
the development of this metasystem itself, technical
tools are used to analyze and evaluate the object
and significance of the personal contribution of each
developer in special arbitrary units.
• In order to stimulate the development of a market
for compatible application-based intelligent systems
developed using IMS.ostis Metasystem, for each
such intelligent system registered and specified in
the framework of IMS.ostis Metasystem, developers
are given remuneration in the used conventional
units after this application has been tested for
semantic compatibility with other systems developed using the IMS.ostis Metasystem. At the same
time IMS.ostis Metasystem becomes a platform for
advertising and distribution of intelligent systems
developed with its help.
• Stimulating the development of the IMS.ostis Metasystem is as follows. Participation in the development of the IMS.ostis Metasystem is open, for which
it is sufficient to register accordingly. The copyright
of each developer of IMS.ostis Metasystem is protected and each of his contributions, depending on
his value, is automatically measured and recorded
in the conventional units used.
• Participation in the development of IMS.ostis Metasystem can take a variety of forms (in the simplest
case, it can be an indication of specific errors,
specific difficulties that the user has encountered,
the formulation of specific wishes; a more complicated contribution is to add to knowledge base of
new metasystem knowledge, new components in the
library of reusable components). At the same time,
the author of a new reusable component included
in the IMS.ostis Metasystem library can choose any

license for its distribution and, in particular, assign
it any price.
• The use of IMS.ostis Metasystem by registered
users is free to use with them. In the commercial
development of applied intelligent systems, the cost
of each access to the IMS.ostis Metasystem is quite
affordable, but significantly reduced, depending on
the level of user activity in the development of
IMS.ostis Metasystem. This is another mechanism
to stimulate participation in the development of
IMS.ostis Metasystem.
Thus, the specified principles of the IMS.ostis Metasystem provide on an ongoing basis the involvement
of unlimited scientific, technical and financial resources
and, in particular, unlimited scientific, technical and
financial resources to develop the market for semantically
compatible applied intelligent systems attracting any
professionals who want to participate in this open project.
XI. A FAMILY OF VARIOUS OPTIONS FOR
IMPLEMENTING A UNIVERSAL INTERPRETER OF
SEMANTIC MODELS OF COMPUTER SYSTEMS
universal interpreter of sc-models of computer systems
= typical built-in basic ostis-system
= built-in empty ostis-system
= universal interpreter of sc-models of ostis-systems
= universal basic ostis-system, providing simulation of
any ostis-system by interpreting the sc-model of the
simulated ostis-system
/*the relationship between the simulated and
universal ostis-system is to a certain extent similar to
the relationship between the Turing machine and the
universal Turing machine*/
= SCP language program interpreter
/*Semantic Code programming*/
= scp-machine
The implementation of the universal interpreter of scmodels of computer systems may have a large number
of options, both software and hardware implemented.
The logical architecture of universal interpreter of scmodels of computer systems ensures the independence
of the designed computer systems from the variety of
options for the implementation of the interpreter of their
models and includes:
• semantic graph associative memory (sc-memory,
sc-storage of sign structures represented in the SCcode);
• interpreter of the SCP language which is a basic
procedural programming language oriented to the
processing of texts of the SC-code stored in a
semantic graph associative memory.
A. Hardware implementation of a universal interpreter
of semantic models of computer systems
Semantic associative computer
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= Hardware-implemented interpreter of semantic
models (sc-models) of computer systems
= Semantic associative knowledge-driven computer
= A computer with a non-linear structurally
reconstructable (graph-dynamic) associative memory,
processing of information in which is reduced not to
a change in the state of the memory elements, but to
a change in the configuration of the connections
between them
= sc-computer
= scp-computer
= Computer driven by knowledge presented in the
SC-code
= Computer oriented on SC-code texts processing
The basic principles underlying the semantic associative computer:
• non-linear memory – each elementary fragment
of text stored in memory may be incident to an
unlimited number of other elementary fragments of
this text;
• reconstructable (reconfigurable) memory – the processing of the information stored in memory is reduced not only to changing the state of the elements,
but also to reconfiguring the connections between
them;
• as an internal method of coding knowledge stored in
the memory of a semantic associative computer, we
use a universal (!) method of nonlinear (graph-like)
semantic representation of knowledge, which we
called the SC-code (semantic, semantic computer
code);
• information processing is carried out by a team
of agents working over common memory. Each of
them responds to the corresponding situation or
event in memory (a computer is controlled by stored
knowledge);
• there are software-implemented agents whose behavior is described by in-memory agent-oriented
programs, which are interpreted by the relevant
groups of agents;
• there are basic agents that cannot be implemented
programmatically (in particular, they are agents of
agent program interpretation, basic receptor agentsensors, basic effector agents);
• all agents work over common memory at the same
time. Moreover, if for some agent at some point
in time there are several conditions for its use
in different parts of memory, different acts of the
specified agent in different parts of memory can
be executed simultaneously (an agent act is an
indivisible, consistent process of agent activity);
• to ensure that agent acts that are executed in parallel in the shared memory do not "interfere" with
each other, for each act, its current state is fixed
and constantly updated in memory. That is, each

act informs everyone else about its intentions and
wishes that other agents should not interfere with
(for example, these are various types of locks of the
used elements of semantic memory);
• besides, agents (more precisely, acts performed by
them) must comply with "ethics" trying not to harm
themselves to create the most favorable conditions
for other agents (acts), for example, not to be
greedy, to return faster, not to lock extra memory
elements, as soon as possible to release (unlock)
locked memory elements;
• the processor and the memory of the semantic
associative computer are deeply integrated and constitute a single processor memory. The processor
of the semantic associative computer is uniformly
“distributed” in its memory so that the processor
elements are simultaneously the elements of the
computer’s memory. Information processing in the
semantic associative computer is reduced to the reconfiguration of communication channels between
the processor elements, therefore the memory of
such a computer is nothing more than a switchboard
(!) of the specified communication channels. Thus,
the current state of the configuration of these communication channels is the current state of the
information being processed.
XII. E MBEDDED INTELLIGENT SYSTEM FOR
COLLECTIVE DEVELOPMENT OF SEMANTIC
KNOWLEDGE BASES

It is known that the development of a knowledge base
of intelligent systems is a very laborious process, in many
ways determining the quality of an intelligent system. It
is also obvious that shortening the development time of
the knowledge base is possible through the organization
of collective development, but it leads to the number of
problems, for example:
• How within the team of developers of the same
knowledge base to prevent the syndrome of "swan,
crayfish and pike" , or the syndrome of "seven
nannies" and how to reduce the overhead costs
of coordinating their activities to create a quality
knowledge base.
• How to ensure the possibility of including any
already formalized knowledge into the knowledge
base of any intelligent system (if they are needed
there) without any “manual" adjustments of this
knowledge and thereby completely eliminate the redevelopment and adaptation of this knowledge.
The quality of the knowledge base is determined by
its following characteristics:
• fullness = integrity = no information holes
• consistency = correctness = no errors
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• relevance = compliance with the current state of
the environment and the current state of human
knowledge about the environment
• structuring.
The design of intelligent systems consists in building a
semantic model of this intelligent system, which includes
the model of the knowledge being processed, various
models for solving various classes of problems, and
various models for the interaction of intelligent systems
with its external environment. In this case, the knowledge
being processed can be both problem-solving models in
the knowledge base, and models for solving interface
problems, which, respectively, should also be part of the
knowledge base of intelligent systems.
A set of tools for designing intelligent systems can be
divided into
• tools for knowledge base design;
• tools for intelligent system solvers design;
• tools for intelligent systems interfaces design.
At the same time, it is essential to emphasize that the
design of the problem solver of the intelligent system
consists in the design of knowledge of a special type –
the skills and specifications of the agents who interpret
these skills when solving specific tasks. The design
of interfaces of intelligent systems is reduced to the
design of knowledge, which is a semantic model of
an embedded intelligent system, focused on solving of
interface problems.
Embedded typical intelligent system of complex
support for knowledge bases design
= Embedded typical intelligent system for complex
automation of design, as well as managing the
process of collective design and improving
knowledge bases of intelligent systems at all stages
of their life cycle
= Intelligent computer-aided knowledge base design
system
= Embedded intelligent system, supporting the design
and improvement of knowledge bases of intelligent
systems at all stages of their life cycle
= Intelligent computer framework of knowledge bases
of intelligent systems developed by OSTIS Technology
= System for the collective knowledge bases
development support based on OSTIS Technology
This embedded intelligent system performs:
• monitoring of the activities of each participant in
the process of designing knowledge bases, which
is necessary to protect his copyright, to assess the
scope and significance of his contribution to the
project activity, to assess his professional qualifications, to qualitatively assign new design works,
taking into account his current qualifications and
planned directions of his qualification enhancement,
for the implementation of rollbacks, that is, the

cancellation of erroneous decisions made by administrators or managers of the projected knowledge
base;
• version control of the designed knowledge base,
the implementation of the necessary rollbacks to
previous versions;
• control of performing discipline;
• analysis of the current state and dynamics of the
design process, identification of critical situations;
• semantic analysis of the correctness of the results
of the design work of all participants;
• assessment of the scope and significance of the
activities of each project participant;
• assessment of the current status and dynamics of
the development of the qualification portrait of each
project participant;
• formation of recommendations for improving the
skills of each project participant;
• quality control (consistency, integrity, completeness,
clearness) of the current state of the designed and
improved knowledge base.
Each participant in the knowledge base design process
can perform various types of design work:
• propose a new fragment in the agreed part of
the knowledge base or some adjustment (deletion,
modification) in this part of the knowledge base;
• agree or disagree with the proposed correction or
addition to the agreed part of the knowledge base;
• verify, test, review the correction proposed by someone or add to the agreed part of the knowledge
base and write comments on the finalization of this
proposal;
• propose the wording of a new project task, for
example, to eliminate the indicated contradiction
(errors), to fill in the indicated information hole;
• make constructive criticisms to the wording of the
new project task;
• suggest a performer or a group of performers to perform a project task that is not yet being performed;
• make constructive criticisms to the proposed performers of some free project task.
XIII. S CIENTIFIC KNOWLEDGE PORTALS THAT
FORMALIZE INTERDISCIPLINARY COMMUNICATION

• Automate the analysis of the current state of the
knowledge base.
The creation of intelligent portals of scientific knowledge, providing an increase in the pace of integration and
the reconciliation of various points of view, is a way to
substantially increase the pace of evolution of scientific
and technical activity.
Compatible portals of scientific knowledge, implemented in the form of ostis-systems, included in Ecosystem OSTIS, are the basis of the new principles of organization of scientific activity, in which
• the results are not articles, monographs, reports and
other scientific and technical documents, but fragments of a global knowledge base, the developers of
which are freely formed scientific teams consisting
of specialists in relevant scientific disciplines,
• use the portal of scientific knowledge is carried out
•• to coordinate the process of reviewing new scientific and technical information from scientists
to the knowledge bases of these portals,
•• the process of coordinating the different points
of view of scientists (in particular, the introduction and semantic correction of concepts, as
well as the introduction and correction of terms
corresponding to different entities).
The implementation of a family of semantically compatible scientific knowledge portals in the form of compatible ostis-systems, included in Ecosystems OSTIS,
involves the development of a hierarchical system of semantically consistent formal ontologies corresponding to
various scientific and technical disciplines, with a clearly
defined inheritance of the described entities properties
with well-defined interdisciplinary connections that are
described by the connections between the corresponding
formal ontologies and the subject domains they specify.
Implementing scientific knowledge portals as a family of semantically compatible ostis-systems also means
trying to overcome the "babel" diversity of scientific
and technical languages, not changing the essence of
scientific and technical knowledge, but reducing this
knowledge to a single universal form of semantic knowledge in the memory of scientific knowledge portals, i.e.
to a form that is sufficiently clear to both ostis-systems,
and any potential users.
An example of a scientific knowledge portal built in
the form of ostis-system is the IMS.ostis Metasystem,
which contains all the currently known knowledge and
skills that are part of the OSTIS Technology.

The objectives of the intelligent portal of scientific
knowledge are:
• Acceleration of immersion of each person in new
scientific areas with constant preservation of the
overall consistent picture of the World (educational
XIV. C ONCLUSION
goal);
The main directions of solving the problem of infor• Fixation in a systematized form of new scientific
results so that all the main connections of new mation compatibility of computer systems are:
• semantic information technology, which is based
results with known ones are clearly marked;
on the sense representation of information in the
• Automation of coordination of work on the review
memory of computer systems;
of new results;
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• self-organizing ecosystem supporting the evolution
and compatibility of computer systems built on semantic information technology during the operation
of these systems.
Thus, the current stage of development of traditional
and intelligent information technologies marks the transition from modern information technologies to semantic
information technologies and to the corresponding selforganizing ecosystem consisting of semantic computer
systems. The epicenter of the current stage of development of information technology is to ensure and selfensure the information compatibility of computer systems and the consistency of their functioning.
Obviously, the pace of development of semantic information technologies, as well as the market for applied
semantic computer systems, depends primarily on the
number of professionals involved in the development
of these technologies and in expanding the diversity of
their applications. The most effective form of achieving
these goals is open projects and, above all, an open
development project of IMS.ostis Metasystem, providing
an opportunity for everyone to contribute to the development of semantic information technologies.
The website of the Belarusian Association of
Specialists in the Field of Artificial Intelligence
(http://baai.org.by [20]) provides information on a number of such open-source projects developed and supported by this association of specialists.
ACKNOWLEDGMENT
This work was supported by the BRFFR-RFFR (No
F18R-220).
R EFERENCES
[1] V. Golenkov, N. Guliakina, N. Grakova, I. Davydenko, V. Nikulenka, A. Eremeev, and V. Tarassov, “From training intelligent
systems to training their development tools,” Otkrytye semanticheskie tehnologii proektirovanija intellektual’nyh sistem [Open
semantic technologies for intelligent systems], pp. 81–98, 2018.
[2] A. N. Borisov, “Postroenie intellektual’nyh sistem, osnovannyh
na znanijah, s povtornym ispol’zovaniem komponentov
[Building of intelligent knowledge-based systems with reusable
components],” Otkrytye semanticheskie tehnologii proektirovanija
intellektual’nyh sistem [Open semantic technologies for
intelligent systems], pp. 97–102, 2014.
[3] T. A. Gavrilova, D. V. Kudryavcev, and D. I. Muromcev,
Inzheneriya znanij: modeli i metody : uchebnik [Knowledge
Engineering: Models and Methods: Textbook]. Spb. : Lan’, 2016.
[4] World Wide Web Consortium [Electronic resource]. Mode of
access: http://www.w3.org. — Date of access: 24.11.2016.
[5] M. Wooldridge, An introduction to multiagent systems. Chichester : J. Wiley, 2009.
[6] V. Tarasov, Ot mnogoagentnykh sistem k intellektual’nym
organizatsiyam [From multi-agent systems to intelligent
organizations]. M.: Editorial URSS, 2002, (in Russian).
[7] I. Z. Batyrshin, A. O. Nedosekin, A. A. Stetsko, V. B. Tarasov,
A. V. Yazenin, and N. G. Yarushkina, Nechetkie gibridnye sistemy.
Teoriya i praktika [Fuzzy hybrid systems. Theory and practice].
M. : FIZMATLIT [M.: PHYSMATLIT], 2007.
[8] A. Kolesnikov, Gibridnye intellektual’nye sistemy: Teoriya i
tekhnologiya razrabotki [Hybrid intelligent systems: theory and
technology of development], A. M. Yashin, Ed. SPb.: Izd-vo
SPbGTU, 2001.

52

[9] (2018, dec) Artificial general intelligence conference (agi).
[Online]. Available: http://agi-conference.org
[10] A. Palagin, “Problemy transdisciplinarnosti i rol’ informatiki
[transdisciplinarity problems and the role of informatics]",”
Kibernetika i sistemnyj analiz [Cybernetics and systems analysis],
vol. 5, pp. 3–13, 2013.
[11] A. Yankovskaya, “Analiz dannykh i znanii na osnove
konvergentsii neskol’kikh nauk i nauchnykh napravlenii [data and
knowledge analysis based on the convergence of several sciences
and scientific fields],” in Mezhdunarodnaya konferentsiya
"Intellektualizatsiya obrabotki informatsii" (IOI-8) [International
Conference "Intellectualization of Information Processing" (IIP8)]. Kipr, 2010, pp. 196–199.
[12] V. Martynov, Semiologicheskie osnovy informatiki [Semiological
foundations of computer science]. Minsk: Nauka i tekhnika
[Science and technics], 1974.
[13] I. Melchuk, Opyt teorii lingvisticheskih modelej Smysl-Tekst.
Shkola «Yazyki russkoj kul’tury», 1999.
[14] I. A. Melchuk, “Kak nachinalas’ matematicheskaya lingvistika
[how did mathematical linguistics begin],” Ocherki istorii
informatiki Rossii [Essays on the history of computer science
in Russia], pp. 358–370, 1998.
[15] I. Davydenko, “Semantic models, method and tools of knowledge bases coordinated development based on reusable components,” Otkrytye semanticheskie tehnologii proektirovanija intellektual’nyh sistem [Open semantic technologies for intelligent
systems], pp. 99–118, 2018.
[16] (2018, Dec) Ims.ostis metasystem. [Online]. Available:
https://ims.ostis.net
[17] A. Bashmakov and I. Bashmakov, Razrabotka komp’yuternykh
uchebnikov i obuchayushchikh sistem [Development of computer
textbooks and training systems]. M: Informatsionno-izdatel’skii
dom Filin" [Information and Publishing House Filin]], 2003.
[18] V. Taranchuk, “Vozmozhnosti i sredstva wolfram mathematica
dlya razrabotki intellektual’nykh obuchayushchikh sistem
[opportunities and means of wolfram mathematica for
developing intelligent tutoring systems],” «Nauchnye vedomosti
Belgorodskogo
gosudarstvennogo
universiteta.
Seriya:
Ekonomika. Informatika» [«Scientific statements of Belgorod
State University. Series: Economy. Computer science»], vol. 33,
no. 1 (198), pp. 102–110, 2015.
[19] D. Shunkevich, “Agent-oriented models, method and tools of
compatible problem solvers development for intelligent systems,” Otkrytye semanticheskie tehnologii proektirovanija intellektual’nyh sistem [Open semantic technologies for intelligent
systems], pp. 119–132, 2018.
[20] (2018, Dec) Belarusian public association of experts in the field
of artificial intelligence. [Online]. Available: https://baai.org.by

МЕТОДЫ И СРЕДСТВА ОБЕСПЕЧЕНИЯ
СОВМЕСТИМОСТИ КОМПЬЮТЕРНЫХ
СИСТЕМ
Голенков В.В., Гулякина Н.А., Давыденко И.Т.,
Еремеев А.П.
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Abstract—The work is devoted to the principles of development of semantic computer systems of a new generation
based on the Open Semantic Technology for Intelligent
Systems Design (OSTIS Technology). The advantages of the
transition from traditional computer systems to semantic
computer systems from the point of view of the design
process are substantiated, and the advantages of implementation of automation tools for design activities as semantic
computer systems are considered.
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I. I NTRODUCTION
At the present stage of development of computer
technologies, various types of design automation systems
(CAD systems) are widely used in almost all production
areas. The use of systems of this kind is relevant both in
the production of material objects and in the development
of computer systems. Modern CADs allow automating
many processes related to both directly designing an
object and its development and implementation, and, as a
result, can significantly reduce production time and cost
of the product, as well as minimize the number of errors
associated with human factors. An important direction
of the development of CADs is their intellectualization,
which imposes fundamentally new requirements on the
development of CAD technologies.
In a number of previously published works, the authors
proposed the concept of the Open Semantic Technology
for Intelligent Systems Design (OSTIS Technology) [1],
[2], focused on the development of computer systems
of the new generation (first of all – hybrid intelligent
systems [3]) which will be called semantic computer systems or ostis-systems, if it is necessary to emphasize their
compliance with the standards of OSTIS Technology.
The model of hybrid knowledge bases of ostis-systems
and models for representing various types of knowledge
within the framework of such a knowledge base [4], as
well as model of a hybrid problem solver, which allows
to integrate various problem solving models [5], were
also proposed.
The main requirement for OSTIS Technology is to
ensure the possibility of joint use within the ostis-systems
of various types of knowledge and various problems
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solving models with the possibility of unlimited expansion of the list of knowledge used in ostis-system and
problem solving models without significant labor costs.
The consequence of this requirement is the need to
implement the component approach at all levels, from
simple components of knowledge bases and problem
solvers to whole ostis-systems.
To meet these requirements, the most important task
is not only the development of appropriate ostis-systems
models and their components, but also the development
of an integrated methodology and appropriate tools for
automating the construction and modification of ostissystems.
Thus, within the framework of this work, attention is
paid to the principles of organizing and automating the
development process ostis-systems, which underlie the
relevant methodology and tools, including the principles
of regulation and stimulation of activities aimed at developing ostis-systems and their components, and also
considered the main advantages of the transition from
traditional computer systems to ostis-systems from the
point of view of the design process and maintenance of
such systems.
However, the transition from traditional computer systems to ostis-systems will allow not only to obtain a
number of advantages associated with such key properties of ostis-systems, such as hybridity, modifiability and
learnability, which are discussed in detail in the above
works, but it will also allow to bring to a fundamentally
new level the processes of designing and maintaining
of computer systems and the degree of automation of
such processes. In this case, it is assumed that the building automation and modification tools for ostis-systems
should be implemented as a ostis-system themselves and
integrated with the system being developed, which will
give a number of additional benefits.
Thus, within this work attention is paid to the principles of organizing and automating the development
process of ostis-systems, which underlie the relevant
methodology and tools, including the principles of regulation and stimulation of activities aimed at ostis-systems
and their components developing, and also considered
the main advantages of the transition from traditional

computer systems to ostis-systems from the point of view
of the design process and maintenance of such systems.
II. I NTELLECTUALIZATION OF DESIGN AUTOMATION
TOOLS

Much attention in modern literature is given to various approaches to the construction of intelligent CAD
systems. Unfortunately, in many cases, intellectualization
refers to adding the simplest adaptive functions («intelligent cursor», «intelligent menu», etc.), however, an
analysis of the sources revealed key areas in the field of
the intellectualization of CADs, within which there are
significant results.
One of the most important and most promising areas in
the field of building intelligent CAD is generative design
[6], which assumes that the computer system itself acts
as an active participant in the design process. According
to the concept of generative design, the designer sets the
required minimal description of the parameters of the
designed object, after which the system independently
generates the initial version of the designed object model,
which is further refined and updated in dialogue with the
human designer. Important for the development of this
direction was the introduction at first of CNC machines,
and then 3D printing technologies into mass production,
making it possible to manufacture objects of a much
more complex shape based on their detailed model.
Taken together with the development of computing powers this made it possible to solve various optimization
problems using CAD, in particular, the problem of topological optimization (eliminating unnecessary material
from a part while maintaining key properties such as
maximum load).
Autodesk Dreamcatcher [7] is the most advanced and
currently popular tool implementing the concept of generative design, which allows to develop designs of parts
for various products based on the design intent expressed
by people in natural language and then modify projects
to simplify their production on a specific equipment.
Another important area of CADs intellectualizatio,
which is significantly less developed in comparison to
the one discussed earlier, is the direction suggesting
that CAD should also perform the learning system [8]
functions. It is important to note that both the learning of
the designer and the learning of the system itself in the
process of work are considered. In turn, the designer’s
learning can also be considered in two aspects: learning
in working with CAD systems, that is, studying the
functionality and principles of working with a particular
system, as well as learning in the actual subject domain
in which the design is carried out, that is, studying the
detailed aspects of the designed objects, their purpose,
design features, etc. It is obvious that the development
of this direction imposes additional requirements on the
technologies underlying such systems, in particular, re54

quires the coordinated use of heterogeneous information
and various models of information processing.
Another important area of intellectualization is simulation modeling. Simulation can be widely used at
different stages, in particular:
• modeling the behavior of the object of development
under the influence of various factors, in a variety
of external environment, etc., which is especially
important when developing complex expensive systems designed to work in unpredictable conditions;
• project management modeling, which can be used
for training or testing personnel, assessing potential
risks when choosing a specific management strategy, working out certain practices and skills under
conditions similar to a real project [9];
Obviously, to realize the possibility of comprehensive
simulation, it is necessary to have tools that allow, on the
one hand, to describe in details complex heterogeneous
objects from different points of view, i.e. in fact, integrate
within the framework of a unified system various types
of knowledge, as well as various approaches to the
interpretation of such descriptions. In addition, it is
necessary to have the ability to easily modify the existing
models, in particular, it should be easy to change the
number and types of influencing factors, it should be
easy to change the principles of behavior of objects of
the environment and the simulated objects themselves,
etc.
It is important to note that simulation modeling can
be the basis for the use of other models and methods of
artificial intelligence. For example, the possibility of a
large number of simulation launches and the accumulation of certain information about these simulations can
be the basis for their further analysis and application of
machine learning methods.
The next stage in the development of production
systems in general is the transition from CADs to
more general PDM-systems (Product Data Management),
and further to complex PLM-systems (Product Lifecycle Management) [10], as well as CALS-systems and
technologies (Continuous Acquisition and Lifecycle Support).
The construction of such integrated information systems requires the unification (standardization) of heterogeneous information. To solve this problem, the ontological approach is currently widely used both in the
development of software systems [11], [12], and in other
areas [13], [14].
Thus, various kinds of intellectualization of design
automation tools require solving the compatibility problem of various information representation and processing
models, a specific list of which for different systems
may differ significantly, since it depends on the design
object, requirements for functionality of the tools, etc. In
addition, the development of such funds, including those

associated with changes in the design object, requires a
reduction in the laboriousness of modifying these tools,
which is also currently a serious problem.
In this paper, it is proposed to solve these problems by
using unified models for the representation and processing of information proposed in the OSTIS Technology, in
particular, models of hybrid knowledge bases and hybrid
problem solvers. Next, we consider in more detail the
principles of building automation tools that implement
these principles.
III. A RCHITECTURE AND FEATURES OF THE
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DEVELOPMENT OF SEMANTIC COMPUTER SYSTEMS

A. Architecture of semantic computer systems

Figure 1. Ostis-system architecture

Lets consider the features of the ostis-systems architecture, affecting the design process and the principles changes to the knowledge base, including the possibility
of expanding the set of knowledge types used, as well as
of appropriate automation tools constructing.
As a basis for knowledge representation in the frame- the possibility of structuring the knowledge base accordwork of OSTIS Technology, a unified version of coding ing to an arbitrary set of features and the possibility of
information of any kind based on semantic networks is representation in the knowledge base of meta-knowledge
used, named SC-code [1]. Elements of SC-code text (sc- of an arbitrary level.
The sc-model of problem solver is based on the
texts) are named sc-elements, among which, in turn, are
principle
that the solver is treated as a hierarchical system
sc-nodes, sc-arcs and sc-edges. As part of the technology,
several universal variants of visualization of SC-code, of agents that react to situations and events in sc-memory
such as SCg-code (graphic variant), SCn-code (nonlinear (sc-agents) and interact with each other exclusively by
specification of the information processes performed by
hypertext variant), SCs-code (linear string variant).
Each ostis-system consists of a complete model of this the corresponding agents in the sc-memory. Such scsystem, described by means of SC-code (sc-model of agents can be atomic, i.e. those for which the program
computer system) and sc-model interpretation platform, of their actions is specified and non-atomic, i.e. those
which in general can be implemented both in software that are decomposed into simpler sc-agents. Classes
and in hardware [2]. This ensures complete platform of functionally equivalent sc-agents are called abstract
sc-agents. Each abstract sc-agent has a corresponding
independence of ostis-systems.
In turn, the sc-model of computer system is con- specification that contains, at a minimum, the initiating
ventionally divided into sc-model of knowledge base, condition of sc-agent and the sc-agent implementation
sc-model of problem solver and sc-model of computer description depending on whether it is atomic or nonsystem interface (including user interface, interface with atomic sc-agent.
Further, speaking about the knowledge base, problem
the external environment and interface with other ostissystems), as well as the model of abstract semantic solver and user interface, we assume that we are talking
memory (sc-memory), in which the SC-code constructs about the sc-model of knowledge base, sc-model of probare stored, and, accordingly, all the listed sc-models lem solver and sc-model of user interface, respectively.
The sc-model separation into components is rather
(figure 1).
The principles of building of sc-models of knowledge conditional, since an important architectural feature of
bases and sc-models of problem solvers are discussed in ostis-systems is the fact that both the solver and the
system interface are in fact part of its knowledge base.
more detail in the papers [4] and [5], respectively.
The sc-model of knowledge base is based on such This is achieved through the following principles:
• all agents that are part of the solver (including the
basic principles as the distinguish of the hierarchical
programs of agents), all the information processes
system of subject domains and ontologies (including the
they perform are described in the knowledge base
presentation level meta-ontology and the family of topby means of SC-code. This possibility, in turn, is
level ontologies that are part of each developed ostisachieved due to the presence within the framework
system), as well as the distinguish of structures (signs
of OSTIS Technology of programming language
of entire fragments of the knowledge base), which can
SCP, the programs of which are written using SCbe subsequently described in the same knowledge base.
code;
The use of these and other principles provides such
• the ostis-system interface is treated as a subsystem
important properties as the ability to represent knowledge
built according to the same principles, that is,
of various types in the knowledge base, ease of making
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having its own sc-model of knowledge base and scmodel of problem solver, which in turn are based
on the corresponding principles discussed above.
Thus, the most important feature of the development
of ostis-systems is that development of ostis-system
actually comes down to development of its knowledge
base. When developing the components of the problem
solver and the interface, their features are taken into
account, however, the general mechanism for making any
changes to the ostis-system becomes unified.
B. General typology of project actions of semantic computer systems developers
In the general case, when developing ostis-systems (as
well as many other computer systems), the following
types of project activities can be performed:
• synthesis (generation) of components and systems
with specified properties
•• search for the closest components in components library;
•• adjustment of the specified (for example, found)
component in order to obtain the specified property
•• assembly of large parts;
• integration of the developed component into the
system for which the component is intended;
• analysis of the developed component or system
•• analysis of correctness (absence of errors and
contradictions);
•• analysis for compliance with the required characteristics, including testing and test generation;
•• integrity analysis (completeness);
•• clearness analysis (absent of excesses);
•• value analysis;
•• evaluation of the project workload;
• specification (description, documentation) of the
developed component or system;
• control of project discipline (adherence to work
schedule);
• design management (assignment of performers and
deadlines for specific project tasks);
• developer coordination;
• version control;
• analysis of the contribution of each developer to the
overall result;
• stimulation of project activities.
IV. E XISTING APPROACHES TO THE ORGANIZATION
OF THE COMPUTER SYSTEMS DEVELOPMENT

Despite the architectural features, each ostis-system
is a computer system, and therefore, when designing
ostis-systems, it is necessary to take into account current
trends in the development of computer systems and the
requirements for the corresponding automation tools.
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In this section, we consider existing approaches to
the organization of the development process of computer
systems depending on the type of development object:
• general methodologies for developing computer
systems, the object of development in general is any
computer system, including the semantic computer
system;
• means of automating the computer systems development, the object of development is a computer system built on the basis of traditional computer technologies. Many approaches implemented
in such tools can also be used in the development
of semantic computer systems; however, in a readymade form, these tools are not focused on the
development of such systems and do not take into
account their features;
• tools for developing knowledge bases and ontologies, the object of development is the components
of knowledge bases, first of all, ontologies;
• means of component development of intelligent
systems, the object of development is intelligent
computer systems.
A. Modern general methodologies for computer systems
development
With the development of information technologies in
the last decade, the Agile [15], [16] family of software
development methodologies has gained the most popularity. Most Agile methodologies belong to the so-called
lightweight methodologies and are contrasted with the
classic heavyweight, such as, for example, the cascade
(waterfall) model. It can be said that modern Agile
methodologies actually integrate the best of the ideas
underlying the more traditional methodologies (spiral,
iterative, cascade, etc.), taking into account the peculiarities of the current stage of software systems development, first of all - the need for substantial more
rapid adaptation ever-changing requirements, as well as
the need for relevant workable versions of the system
being developed. These features are fully valid for ostissystems, however, due to their architectural features,
many principles of Agile methodologies for such systems
can be implemented easier than for traditional computer
systems, which will be discussed in more detail below.
B. Existing automation tools for the development of
computer systems
Most modern computer-aided design tools do not limit
users to using any particular methodology (although there
are tools that implement a specific methodology, for
example, Trello).
In this section, we briefly review the main classes of
tools aimed at solving some particular problems in the
field of computer systems development.

1) Version control systems: Version control systems and also, as a rule, integrates the auxiliary systems of all
are currently used in the development of almost any the classes listed above (project management, tracking
software systems and give developers the following main errors and tasks, automatic verification). Many systems
of this kind also provide ample opportunity for project
features:
• save project versions with the ability to rollback to documentation.
A comparative review of the most popular systems of
any previous version if necessary;
• fixing the authorship of each change, the date and this class today is given, for example, in [22].
Thus, the systems of these classes solve problems that
time of the change, as well as the ability to specify
are relevant in the development of computer systems of
the sense and reason for the change;
• access control and the possibility of making changes any kind, including ostis-systems. Due to this the task of
developing tools that would solve these problems when
to the main project for different developers;
• many version control systems allow to create dif- designing ostis-systems taking into account the specifics
ferent versions of the same document, if necessary. of such systems becomes urgent. The implementation
An overview of modern version control systems and of such tools on the basis of OSTIS Technology will
their comparative analysis is given, for example, in [17]. significantly simplify the integration of subsystems that
2) Issue tracking systems, bug-tracking systems: Sys- solve different tasks, which, in turn, will expand the
tems of this class allow developers to fix current project functionality of such tools, which will be discussed in
tasks (including errors correcting and other problems), more detail below.
assign performers and deadlines for tasks, indicate the
C. Knowledge base and ontology development methodstatus and priority of tasks. Modern systems of this class
ologies
provide wide opportunities for discussing tasks, assessing
As mentioned earlier, the development of the ostisthe contribution and activity of developers, etc.
A comparative analysis of systems of this class is given system comes down to the development of its knowledge
base, and therefore it is advisable to consider existing
in [18].
3) Project management systems: Project management approaches to the development of knowledge bases, as
systems are in many ways similar to bug tracking sys- well as appropriate tools. At the same time, in modern
tems, but unlike them, as a rule, they are not focused literature, when analyzing methods for knowledge bases
on developing only software products. In addition, the development, the focus is on analyzing methodologies
key difference in developed project management systems for developing ontologies, which are the basis of modis the availability of tools for estimating project devel- ern knowledge bases, including knowledge bases ostisopment deadlines, development of plan implementation systems.
There are many papers devoted to the review of various
monitoring tools, visualization of project activities in the
form of generally accepted diagrams, etc., that is, the approaches and methodologies for ontology design [23],
emphasis in such systems is transferred to management [24].
In [25], a variant has been proposed for the classifiand control design process.
cation
of existing methodologies for the development of
A list of popular systems of this class with a brief
ontologies,
based on the most essential features, which
description of their capabilities is given in [19].
include:
4) Verification automation systems: Verification automation systems can be divided into the following
• team development support;
classes:
• degree of dependence on the toolkit;
• type of ontology life cycle model used;
• continuous integration systems that integrate with
• possibility of formalization;
the version control system, build a project for each
• ability to reuse knowledge base components;
new version or according to a schedule, automati• strategy for distinguishing of subject domain concally perform a number of embedded tests, and if
cepts;
errors occur, immediately inform the developers;
• ability to support compatibility of developed ontolo• test automation systems that allow to automate
gies.
part of the manual work in the process of testing of
the developed product and its components.
Among the main methodologies that have been most
Lists of systems of this class with specifications are developed to current date and have become basic in
the field of creating ontologies of subject domains,
given, for example, in [20], [21].
5) Project hosting systems: Project hosting systems the following can be singled out: Ushold and King’s
give developers the opportunity to place repositories with skeletal methodology [26], Gruninger and Fox methodthe code of their projects in the cloud, and administer ology (TOVE) [27], METHONTOLOGY [28], [29],
them. Each system of this kind is a complex system ca- On-To-Knowledge (OTK) [30], KACTUS [31], DILIpable of working with at least one version control system, GENT [32], SENSUS [33] and UPON [34]. Their com57

parative characteristics in accordance with the above
classification are given in [25].
Analysis of the reviewed methodologies shows that
none of them is complete enough, and all proposed
solutions are not unified. Most methodologies do not
support the joint development of knowledge bases, the
compatibility support for the knowledge bases being
developed and, as a result, the support for the reuse of already developed knowledge bases and their components.
In addition, the overwhelming majority of knowledge
base development methodologies describe the development process in general terms, not regulating the actions
of participants at each stage of ontology development, not
specifying the principles of matching new concepts with
existing ones, the subjective influence of developers is
high. Thus, the problem of compatibility of components
of knowledge bases remains relevant when using even
the most developed methodologies.
D. Knowledge base and ontology development tools and
knowledge base development projects
Let us consider in more detail some of the most
common knowledge base development tools available
today.
Wiki-technology
Wiki-technology allows to accumulate knowledge that
is presented in an interoperable form, providing navigation through knowledge. It is possible to use WikiTechnology for projects of any scale and thematic focus (from open electronic encyclopedias, to reference
systems of various enterprises and educational institutions) [35], [36].
Wiki-Technology provides its users tools for storing
and structuring text, hypertext, files and multimedia.
Wiki-Technology uses the MediaWiki [37] platform as
a tool, which allows to perform information interaction,
providing access to information resources to all participants in the system development process, organizing
management and monitoring of the development [38].
The advantages of this technology include the simplicity
of Wiki markup, communication capabilities that are
realized through joint editing of pages, as well as through
electronic discussions in the Wiki or additional media
such as chat or forum, the design nature of the work,
cooperation, the formation of a single product of joint activities meaningful interaction, knowledge sharing, evaluation and continuous improvement of work [35].
The influence of the Semantic Web on such projects is
constantly increasing, as a result, Wiki-sites engines have
been created that support the ontological representation
of knowledge and semantic markup of resources using
Semantic MediaWiki [39]. These tools allow you to
include semantic annotations in Wiki markup in the form
of OWL and RDF and explicitly separate structured and
unstructured information [35].
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In addition to these advantages, the Wiki as a technology has several disadvantages: duplication of information
on different pages, the impossibility of structuring knowledge due to the lack of a hierarchy of hyperlinks and the
lack of unification of the presentation of information,
the lack of automatic verification. In addition, WikiTechnology is currently designed to work only with
structured natural-language texts, thus, based on this
technology, it is not possible to build knowledge bases
of intelligent systems, since informal text is unsuitable
for automatic processing to the extent necessary for
solving various problems, for example, logical inference
problems.
However, many ideas of Wiki-technology can be
adapted for the collective development of knowledge
bases.
Software environments for ontology construction
Existing software for building knowledge bases (ontologies) are conditionally divided into three [40] groups:
1) Ontology creation tools. This class of tools supports
the process of creating a knowledge base ”from scratch”.
In addition to editing and browsing, tools provide support
for ontology documentation, ontology import/export into
various formats and languages, and ontology library
management.
These include: Protégé [41], NeON [29], Co4 [42],
Ontolingua [43], OntoEdit [30], OilEd [44], WebOnto [45] etc. A brief description of these and other
tools can be found in [46], [47], [48].
2) Tools for displaying, aligning and combining of
ontologies. This class of tools helps users find the similarities and differences between the original ontologies
and create a resultant ontology that contains elements of
the original ontologies. The author [47] divides them into
subgroups according to the following features:
• to combine two ontologies in order to create the
new one (PROMPT [49], Chimaera [50], OntoMerge [51]);
• to determine the conversion function from one ontology to another (OntoMorph [52]);
• to define the mapping between concepts in two
ontologies, finding pairs of corresponding concepts
(for example, OBSERVER [53], FCA-Merge [54]);
3) Ontology-based annotation tools. The most important condition for implementing the goals of the Semantic
Web is the ability to annotate Web resources with metainformation. For this reason, recently ontology engineering tools include ontology-based annotation tools. These
include: MnM [55], SHOE Knowledge Annotator [56],
etc.
In the context of solving the tasks set in the framework
of this work, it makes sense to consider in detail only
the first class of tools.
In ontological engineering, any ontology is considered
as the result of coordinated activities of a group of

specialists on a model of a certain field of knowledge.
Based on this, with the development of methods and
tools in the field of knowledge engineering, an increasing
attention has been paid to the instrumental support of the
process of collective development of ontologies, within
which there are several basic tasks [57], [58]:
• management of interaction and communication between developers;
• access control to current results of joint design;
• copyright fixation for expert knowledge passed to
the public;
• design error detection and error correction management;
• competitive change management.
Currently, to solve these problems, there are already
several fairly well-developed approaches and appropriate
tools. Among them are the following:
• Collaborative Protege [59];
• NeOn project [29];
• infrastructure for joint development of consistent
knowledge bases Co4 [42].
The main disadvantages of the considered tools include:
• the lack of developed tools for automatic editing
and verification of knowledge bases, including the
assessment of completeness and redundancy;
• lack of a single mechanism for the collective creation of knowledge bases, including means of coordinating changes between developers of different
levels of responsibility, a typology of developer
roles;
• insufficient level of extensibility of development
tools.
E. Analysis of the means of component development of
intelligent systems
The use of ready-made components is the most important way to reduce the time and complexity of the
development of computer systems, and reduce the professional requirements for their developers.
The issues of component design of intelligent systems
and, in particular, knowledge bases and problem solvers
are discussed in the works [60], [61], [62], [63]. When
creating the first systems based on knowledge, it was
assumed that these systems would ideally solve the
problem of reusable components, however, developers
faced a number of problems that are relevant to date [64].
Many researchers and developers determine the availability of ontological libraries as an important component of the Semantic Web [65] infrastructure. The
first libraries and collections of ontologies were developed within such projects as Ontolingua server [43],
DAML [44], Protégé ontology library [41], Ontaria
ontology directory [66] and SchemaWeb [67]. Many
of these projects are not currently supported, but they
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are being replaced by a new generation of ontology
libraries [68].
However, as shown in [69], [70], the majority of
ontologies developed based on the Semantic Web standards are not consistent with each other and, therefore,
cannot be reused as components of knowledge bases, as
was supposed by the developers of the Semantic Web
standards.
The problems in the component design of knowledge
bases include the following:
• many components use the developer’s language
(usually English) to identify concepts, and it is
assumed that all users will use the same language.
However, for many applications, this is unacceptable – developer-only identifiers should be hidden
from end users, who should be able to choose a
language for identifiers that they see [64];
• lack of unification in the principles of representing
different types of knowledge within one knowledge base, and, as a result, the lack of unification in the principles of identifying and specifying
reusable components leads to incompatibility of
components developed in the framework of different
projects [60];
• lack of search engine components that meet the
specified criteria.
To date, a large number of knowledge bases have
been developed in the different subject domains [71].
However, in most cases, each knowledge base is developed separately and independently from the others, in the
absence of a unified formal basis for the presentation of
knowledge, as well as unified principles for the formation
of systems of concepts for the described subject domain.
In this connection, the developed bases are, as a rule,
incompatible with each other and not suitable for reuse.
In turn, in the development of problem solvers there
are a large number of specific implementations, but the
compatibility issues of different solvers for solving one
problem are practically not considered in the literature.
There are a number of works that solve problems of accumulation and reuse of components of problem solvers
[60], as well as the development of a unified platform
for integrating various models of problem solving [72],
but the problem of their compatibility is still relevant.
Thus, the problem of the development of common
unified principles for the distinguishing and specification
of reusable components of intelligent systems and the
formation of a library of such compatible components
is still relevant. In this case, reusable components of
different levels of complexity can be distinguished - from
specifications of single concepts and single knowledge
processing agents to reusable ontologies, ontology systems, and problem solvers.

V. R EQUIREMENTS FOR THE METHODOLOGY AND
DEVELOPMENT TOOLS FOR SEMANTIC COMPUTER
SYSTEMS

•

judgments can be confirmed or refuted for a long
time;
independence of the methodology and knowledge
base development tools (except for external language editors) on which external language is used
to develop the current knowledge base fragment
(SCn, SCg, etc.), as well as on which identification
language of sc-elements (English, Russian, etc.) is
currently in use;
availability of convenient and accessible tools of
manual editing of the knowledge base using external
languages;
fixations of the entire history of changes in the
knowledge base with the obligatory indication of
authorship and the time of making each change,
including both changes to its subject part (intended
for the end user), and any changes associated with
the development process, including commenting,
approval or rejection of the proposed knowledge
base changes, etc.;
ensuring the integrity (consistency) of the knowledge base being developed at each point in time
during its development, while in the early stages
of development of automation tools, the degree of
human participation in integrity ensuring can be
significant and subsequently decrease. This requirement is largely due to the pursuit of the ideas of
Agile-methodologies;
reflexivity of the ostis-system development process,
suggesting that the developed ostis-system itself
becomes an active participant in the development
process, that is, it can analyze current project tasks,
processes aimed at its development and any related
information.

This section considers the requirements formulated on
the basis of the analysis of modern methods and tools
for developing computer systems, as well as modern
approaches to the development of intelligent systems, and
in particular, knowledge bases.
Given that the development of ostis-system comes
•
down to the development of its knowledge base, the
requirements for ostis-systems development automation
tools include:
•
• refusal to edit the source code of the knowledge
base (in any external languages) in favor of directly
editing the knowledge base stored in the sc-memory
by means of the appropriate editors. The main
advantages of this approach are as follows:
•• the ability to automate the verification and editing of the knowledge base stored in memory;
•• the possibility of automating the process of inte•
grating new knowledge (first of all, identifying
and eliminating synonymous fragments) into the
knowledge base being developed;
•• the ability to edit the knowledge base (as a
result, the problem solver) directly during the
operation of the system;
•• possibility during the collective development to
allocate, if necessary, fragments of the knowl•
edge base of arbitrary configuration and appeal
to them in the process of discussion and agreement;
• there should not be any fundamental restrictions on
the top level development methodology used, the
nomenclature of the distinguished roles of develIn addition, when developing ostis-systems, the folopers, models of organization and management of
lowing
requirements stay valid, which are valid when
the development process. At the same time, due
to its openness, OSTIS Technology is focused on developing computer systems of any kind:
• availability of means for assessing the contribution
the development of primarily open-source projects,
of each participant to the development process,
which also have a number of features from the point
which allows calculating the amount of material
of view of the designing organization [16];
remuneration of the development process partici• possibility of joint development of a knowledge
pants, taking into account the overall activity of
base by the development team (including distributed
various participants when determining their roles
teams), including the possibility of discussing
and privileges within the hierarchy of developers,
(agreeing on) and administering the changes, if
etc.;
necessary, the ability of third-party subject domain
• availability of tools and mechanisms to implement
experts help in need to solve some contradictions.
the process of material incentives for developers, in
In addition, with an increase of the knowledge base
particular, investing in certain areas of development,
size, it becomes important to organize the hierarmicro-investment;
chical administration of the knowledge base, with
• availability of design management tools, including,
indicating the responsibilities of each administrator;
at a minimum, means of current tasks fixation, their
• the possibility, when experts have opposing points
priorities, dependencies, deadlines and performers,
of view, in the process of agreeing on any fragments
tools of controlling the process of performing tasks,
of the knowledge base to fixate and/or resolve these
etc.;
contradictions. This problem is particularly relevant
• focus on the use of reusable components of difin scientific projects where the truth of certain
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ferent degrees of complexity, involving both the
organization of the accumulation process, the specification and the search for components within the
relevant library, and the organization of the process
of integrating components from the library into the
system being developed, as well as including new
components into the library;
VI. T HE PROPOSED APPROACH TO THE
ORGANIZATION OF SEMANTIC COMPUTER SYSTEMS
DEVELOPMENT
Taking into account the formulated requirements, the
following basic principles were used as the basis for the
proposed approach to the development of ostis-systems
and the means of automation of this process:
• tools for the ostis-systems development process
automation are also implemented as ostis-systems
and are built according to the same principles. This
principle allows:
•• to ensure the modifiability of the tools themselves, as well as the hybridity of such tools,
which is expressed in the possibility of combining within such tools different approaches
(methodologies) to the development and verification of the knowledge base;
•• provide information support to developers and
their learning directly in the process of working
with automation tools due to the possibility of
presenting in the knowledge base of such tools
the information about the project, development
methods, architecture and principles of operation of the tools themselves in a structured
manner, as well as the ability to ask different
questions;
•• the possibility of implementing tools for analyzing information about a project with the possibility of permanent expanding the functionality
of such tools if necessary;
•• the possibility of implementing tools of various kinds of modeling with the possibility of
permanent expanding the functionality of such
tools if necessary;
• development process automation tools ostis-systems
are embedded as a subsystem in the developed
ostis-system, thus the knowledge bases and problem
solvers of the developed system and automation
tools are integrated. This ensures the reflexivity of
the development process, that is, the possibility of
the participation of the developed system in the
development process itself. Due to this principle the
following advantages appear:
•• eliminating the need to use the source code of
the knowledge base and eliminating the stage
of assembling and deployment of the system, as
well as the need to restart the system to make
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changes. Thus, at any time there is a working,
serviceable version of the ostis-system, which
fully complies with the principles of Agile;
eliminating the need to document the system
being developed (which is also consistent with
the principles of Agile), since the knowledge
base itself contains all the necessary information, which is accessed by the same tools as
when solving any other problem;
when forming project tasks and discussing
them, it becomes possible to appeal directly
to fragments of the system’s knowledge base,
which have an arbitrary configuration, which
makes it more flexible, for example, in the
process of specifying problem parts of the
knowledge base;
communication between developers is carried
out on the same principle as the solution of
problems by a team of agents, that is, all actions
performed (including actions for the formation
of natural language messages) are recorded in
a common memory. At the same time, the
authorship of the action, the object of the action,
if any, and any other necessary information is
indicated. This approach does not fully correspond to the principle of personal communication adopted in Agile, however, on the one hand,
it does not exclude the possibility of personal
communication of developers, and on the other
hand, it makes it possible to develop a project
by a distributed team of developers, including
the case of open-source development;
it is possible not only to automatically detect
errors and problems, but also to automatically
generate tasks for correcting them within the
framework of automation tools;
it becomes possible to record in the knowledge
base not only the authorship of certain fragments, but also the whole process of agreeing and discussing the changes made, and, if
necessary, even to have contradictory fragments
in the knowledge base, the truth of each of
which cannot be installed exactly. At the same
time, the opinions of various experts who took
part in the discussion, the arguments for and
against, etc. are recorded. At the same time,
solving problems in a knowledge base containing conflicting information remains possible by
specifying the solution context for each problem, that is, that area of the knowledge base
that is considered correct when solving a specific problem. Thus, the proposed approach not
only makes the discussion of the changes open
and transparent, but also makes it possible to
record in the knowledge base simultaneously

any points of view on the same fragments,
including contradictory.
The implementation of these principles implies the
implementation of subsystems of the ostis-systems development automation tools, similar to all classes of
existing automation tools for the development process
of traditional computer systems. However, this task is
rather time-consuming, and it would be inappropriate
to make the possibility of ostis-systems development
dependent on it. At the present stage of development,
OSTIS Technology for solving many particular problems
related to ostis-systems design, traditional tools can be
used (some of mentioned advantages will be absent at
this stage), while with the development of technology
there will be a step-by-step transition from traditional
tools to automation tools built on the basis of OSTIS
Technology.
Besides the development automation tools ostissystems embedded in the system being developed,
IMS.ostis Metasystem [73] plays an important role in
the development process.
IMS.ostis Metasystem is also an ostis-system and
solves the following main tasks:
• informational support for ostis-systems developers,
which assumes that the knowledge base of the
metasystem in each current time is a complete
formal description of the current version of OSTIS
Technology (including a complete description of
the metasystem itself, all the main models used
in the technology, and also methods and tools for
developing components of ostis-systems), as well
as the availability of navigation tools in such a
knowledge base;
• the accumulation of ostis-systems development experience and the implementation of the component
approach, which is expressed by the presence of
libraries of reusable components ostis-systems, as
well as the means of component specification and
search tools components based on their specifications.
To implement the principles discussed earlier, it is
proposed to use an integrated ontological approach to
the design of computer systems, discussed in [74]. This
approach involves the construction of two ontological
models:
• ontological model of the design object, in this case,
ostis-system;
• ontological model of project activities aimed at the
development of appropriate design objects;

opment of sc-models of the following subject domains
[4] and their corresponding ontologies (in SCn):
Subject domain of project activities
=> particular subject domain*:
Subject domain of actions of knowledge bases
sc-models developers
=> particular subject domain*:
Subject domain of actions of problem solvers
sc-models developers
<= particular subject domain*:
Subject domain of actions and tasks
Subject domain of problem fragments of knowledge
bases
=> particular subject domain*:
• Subject domain of incorrect fragments of
knowledge bases
• Subject domain of incompleteness in the
knowledge base
• Subject domain of information garbage

All the listed sc-models of subject domains and corresponding ontologies are included in the relevant sections
of the knowledge base of IMS.ostis Metasystems.
Next, we will consider in more detail the library of
reusable components of ostis-systems, the ostis-systems
development methodology, based on the family of subject
domains and ontologies listed above, as well as the
corresponding automation tools.
VII. L IBRARY OF REUSABLE COMPONENTS OF
SEMANTIC COMPUTER SYSTEMS

Reuse of ready-made components is widely used in
many industries related to the design of various types
of systems, because it allows to reduce the complexity
of development and its cost (by minimizing the amount
of labor due to the absence of the need to develop
any component), to improve the quality of the created
content. The use of ready-made components assumes that
the distributed component is verified and documented,
and possible errors and limitations are eliminated or
specified and known.
The basis for the implementation of the component
approach within the OSTIS Technology is Library of
reusable components of ostis-systems, which is part of
the IMS.ostis Metasystem.
It is important to note that since the library is part of
the IMS.ostis metasystem, its replenishment is carried out
in the same way as any other section of the knowledge
base in accordance with the knowledge base editing
mechanism discussed below.
General structure of Library of reusable components
of OSTIS, presented in SCn-code:

Ontological models of ostis-systems and their components were considered in detail in the previously
mentioned works [74], [4], [5].
Building an ontological model of a project activity Library of reusable components of OSTIS
aimed at ostis-systems development involves the devel- = Library of OSTIS
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= reusable components of OSTIS
= reusable components of intelligent systems, build on
OSTIS Technology
<= subdividing*:
{
• Family of sc-models of computer systems
interpretation platforms
• Library of reusable components of knowledge
bases sc-models
• Library of standard components templates of
computer systems sc-models
• Library of reusable components of problem
solver sc-models
• Library of reusable components of user
interfaces sc-models
• Library of typical subsystems of computer
systems developed by OSTIS Technology
}
Library of reusable components of OSTIS includes:

• set of such components;
• means of the specification of such components;
• tools of components search automation based on
their specifications.
The reusable component of OSTIS is generally understood as a component of some ostis-system that can
be used in another ostis-system. For this, at least two
conditions must be met:
• it is technically possible to embed a component into
a child ostis-system by either physically copying,
transferring and embedding it into the designed
system, or using a component hosted in the original
system like a service, that is, without explicitly
copying and transferring the component. The complexity of embedding depends, among other things,
on the implementation of the component;
• use of the component in any ostis-systems, except
for IMS.ostis Metasystem, is expedient, that is, a
component cannot be a particular solution oriented
to a narrow circle of tasks. It is worth noting,
however, that in the general case almost every
solution can be used in any other systems, the range
of which is determined by the degree of generality
and the domain dependence of such a solution.
From a formal point of view, each reusable component
of OSTIS is a structure that contains all those (and only
those) sc-elements that are necessary for the component
to function in the child ostis-system and, accordingly,
must be copied into it while including a component
into one of such systems. The specific composition of
this structure depends on the type of component and
is specified for each type separately. In essence, this
structure is a standard (or sample), which is copied when
the corresponding component is included in the child
system.
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Each reusable component of OSTIS can be atomic
or non-atomic, that is, it can consist of simpler selfcontained components.
At any given time in the current state of the scmemory, each reusable component can be fully represented, that is, all sc-arcs of membership that connect
the structure corresponding to the component and all
its elements are clearly present in memory, or it can
be presented implicitly, for example, by setting the
decomposition of this component into more particular
ones.
A. Library of reusable knowledge base components
The main semantic classes of reusable components
knowledge bases stored in the library of components
knowledge bases include:
The main semantic classes of reusable components
knowledge bases stored in the library of components
knowledge bases include:

of
of
of
of

• semantic neighborhoods of various entities;
• ontologies of various subject domains;
• specifications of formal languages describing various subject domains;
• sections of the knowledge base of various semantic
types (including non-atomic ones);
• knowledge base of entire subsystems that provide
solutions to various problems;
• knowledge bases of applied system;
• and others.

Each reusable knowledge base component must be
specified within the library. This specification includes
the following minimum required information:

• information about the authorship of the component,
i.e. the connection of the component with the sign
of the author (individual, team, etc.);
• information about the atomicity or non-atomicity of
the component;
• information about the semantic class of a component by specifying that the component belongs to a
class of reusable components;
• information about the subject domain, a fragment
of which is described in the component;
• description of the purpose of the component, its
features;
• date the component was created and last modified;
• information about the dependent components for
this, that is, such components that cannot be used
separately from this. An example of such components are the components describing the ontologies
of the subject domain of persons and the subject
domain of historical personalities, since the first
contains specifications of the concepts used to describe the objects of the second subject domain;

• information about the openness of the component knowledge that are used in most intelligent systems were
and the possibilities of its use in various systems developed:
from the point of view of proprietary.
• Subject domain of situations and events in scThis list can be expanded if necessary.
memory;
An example of the specification of a reusable knowl• Subject domain of relations and connections;
edge base component is shown in the figure 2.
• Subject domain of parameters and values;
• Subject domain of logical formulas and logical
Integration of the reusable component of the knowlontologies;
edge base into the system is reduced to merging of key
• Subject domain of unified logical-semantic models
nodes by identifiers and eliminating possible duplications
of computer systems;
and contradictions that could arise if the developer of
• Subject domain of numbers and number structures;
the child system manually made any changes to its
• Subject domain of actions and tasks;
knowledge base.
• Subject domain of information constructions that do
To ensure the semantic compatibility of components
not belong to the SC-code;
of knowledge bases, it is necessary to:
• Subject domain of temporary entities;
• match the semantics of all used key nodes;
• Subject domain of characters that are not elements
• match the main identifiers of the key nodes used
of SC-code texts;
in different components. After that, the integration
•
and
others.
of all components that make up the library in any
Together with the Knowledge base kernel, the ontolocombination is carried out automatically, without
intervention by the developer, using the mechanisms gies of the specified subject domain make up Extended
knowledge base kernel.
proposed in [75].
Components automation tools include the following
B. Library of reusable components of problem solvers
sc-agents:
Classification of reusable components of problem
• agent of formation of a non-atomic component from
solvers
in SCn-code:
the atomic components – the task of this agent is
to explicitly form a structure containing all the scLibrary of reusable components of problem solvers
elements that make up the indicated non-atomic
= reusable component of problem solvers
component;
<= subdividing*:
• agent of dependency searching between components
{
– the task of this agent is to search for all com• Library of reusable problem solvers
ponents, without which the use of the specified
• Library of reusable atomic abstract sc-agents
component is impossible. In this case, the search
• Library of reusable sc-text processing programs
is performed recursively, taking into account the
}
dependence of other components;
• agent of search for all non-atomic components,
The reusable abstract sc-agent means the component
which include the indicated component;
corresponding to a certain abstract sc-agent that can be
• agent of component search, within which the indi- used in other systems, possibly as part of more complex
cated concepts are described;
non-atomic abstract sc-agents. The specified abstract sc• agent of component search by specification frag- agent is included in the corresponding structure under
ment.
the key sc-element’ attribute. Each reusable abstract scThe most important component of the library is agent must contain all the information necessary for
Knowledge base kernel, which is the basis for building the operation of the corresponding sc-agent in the child
the knowledge base of any system, since it contains the system.
Classification of reusable sc-agents in SCn-code:
set of the top-level ontologies:
• Subject domain of sc-elements;
Library of reusable abstract sc-agents
• Subject domain of entities;
= reusable abstract sc-agent
• Subject domain of sets;
<= subdividing*:
• Subject domain of structures;
{
• Subject domain of knowledge;
• Library of information search sc-agents
• Subject domain of semantic neighborhoods;
• Library of sc-agents of immersing integrable
• Subject domain of subject domains;
knowledge in the knowledge base
• Subject domain of ontologies.
• Library of sc-agents for align ontology of
integrable knowledge with the basic ontology of
On the basis of the proposed knowledge base model,
the current state of the knowledge base
ontologies of subject domains describing the types of
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Figure 2. Example of the specification of a reusable knowledge base component

• Library of sc-agents for planning explicitly
defined tasks
• Library of sc-agents of logical inference
• Library of sc-models of high-level programming
languages and their corresponding interpreters
• Library of sc-agents of knowledge base
verification
• Library of sc-agents of knowledge base editing
• Library of sc-agents for knowledge developers
activity automating
}
For the convenience of working with the library of
reusable components, tools for automating the search
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for components based on a given specification have also
been developed, which are implemented as non-atomic
sc-agent, which is decomposed into particular ones.
The following is the structure of such an agent in the
SCn-code:
Automation tools of library of reusable abstract
sc-agents
<= decomposition of sc-agent*:
{
• Abstract sc-agent of forming a non-atomic
component from atomic components
• Abstract sc-agent of search for all non-atomic
components of which a given atomic component

is part
• Abstract sc-agent search for all related
components
• Abstract sc-agent of sc-agent search by initiation
condition
• Abstract sc-agent of sc-agent search by the
result of work
• Abstract sc-agent of scp-program search by
input/output parameters
• Abstract sc-agent of sc-agents search for which
the elements of a given set are the key
sc-elements
}

The non-atomic component of problem solvers is understood as such a component in which it is possible to
select other components that can be used independently,
separately from the source component. Most often, nonatomic sc-agents act as such non-atomic components, as
part of which can be isolated self-sufficient sc-agents
that can be used separately from the original non-atomic,
or scp-program that are common to several agents and
can be used not only as part of a non-atomic sc-agent.
Thus, the task of the Abstract sc-agent of forming a
non-atomic component from the atomic is the formation
of a structure containing the complete sc-text of the
non-atomic component, including the specifications of
all sc-agents in its composition, as well as the texts of
all the necessary scp-programs. The formation of such a
structure is necessary in order to simplify the process of
copying the specified component to other ostis-systems.
The related component is a component that is often
used in the ostis-system simultaneously with some other
component. Such a relationship between components is
specified explicitly with the help of the related component* relation. Examples of such components are some
sc-agent and a user interface command that allows the
user to initiate the execution of the specified agent with
the given arguments. In this case, the sc-agent will
function even without the presence of such a command
in the system, however, to initiate it, it will be necessary
to form the corresponding structure in the sc-memory
manually.
Abstract sc-agent of sc-agents search for which the
elements of a given set are the key sc-elements plays an
important role when making changes in the knowledge
base, in particular, when redefining any concepts. The
specified sc-agent allows to identify those sc-agents that
may require changes in the algorithm of work due to
changes in the semantic interpretation of any concepts.
VIII. M ETHODS OF SEMANTIC COMPUTER SYSTEMS
DEVELOPMENT

As mentioned earlier, the development of the ostissystem comes down to the development of its knowledge
base. In this section, we will take a closer look at the
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principles for the development of knowledge bases of
ostis-systems, as well as some features specific to the
development of ostis-system problem solvers.
In accordance with the requirements formulated above,
the approach to the development of ostis-systems itself
does not limit the use of any specific methods for
the coordination of project activities. However, taking
into account the current goals of OSTIS Technology, in
particular, the need to develop the IMS.ostis Metasystem, currently the development methodology of ostissystems and the corresponding tools implement an opensource project coordination mechanism borrowing the
main ideas from
• traditional modern tools of collective development
of such projects, for example [76]
• modern approach to the review of scientific articles
adopted in the vast majority of scientific journals.
The most important features of the proposed methodology and tools are ensuring at each time point the
integrity and consistency of the current version of the
knowledge base directly during its operation, as well
as the transparency and openness of the agreement
mechanism, which are achieved through the previously
presented principles.
The proposed method involves two main stages – the
stage of creating the initial version of the developed ostissystem, whose knowledge base is synthesized from the
components of the library of the reusable components
of the ostis-systems knowledge base, and the stage of
expanding and improving the knowledge base of the
ostis-system being developed. The initial version of the
ostis-system contains a set of knowledge and tools for
problems solving, sufficient for the further development
of the system.
The process of creating the starting version of the
ostis-system can be divided into next main stages:
• selection and installation of ostis-systems sc-models
interpreting platform;
• installation of Knowledge bases kernel from the
library of reusable components of knowledge bases;
• installation of Problem solver kernel from the
library of reusable components of problem
solvers [5], that is, a set of basic reusable
components of problem solvers necessary for the
starting version of the ostis-system;
• installation of Interface kernel [77], i.e. a set of basic reusable components of sc-models of interfaces
necessary for operation of the starting version of
the ostis-system;
• installation of support system for collective development of knowledge bases.
After the basic configuration of the starting version of
the ostis-system is assembled, the stage of developing
the knowledge base begins, which is discussed in more
detail below.

A. Structuring knowledge base from the point of view of
the development process
To support the evolution of the ostis-system, it is
necessary to distinguish sections of the knowledge base
containing information on its development plans (the
future of the system), current development processes,
including the current processes for coordinating changes
to the knowledge base, as well as information on completed knowledge base development processes in order
to provide the ability to track and cancel changes to the
knowledge base.
Thus, from the point of view of the development
process, the knowledge base is conventionally divided
into overlapping areas, describing the part of the knowledge base that is available for operation to the end user
(agreed part of the knowledge base), a section containing
information about the operation of the system, and a
section containing information about the evolution of the
system.
Figure 3 shows the structure of the knowledge base
from the point of view of the development process.
The agreed part of the knowledge base is the part
of the knowledge base that is agreed between all the
participants in the development at the current time. The
knowledge presented in this section of the knowledge
base is available to the end users of the system in the
operating mode of the system. The distinguishing of the
agreed part of the knowledge base is necessary in order to
be able to hide from the end user system information that
is not directly related to the operation of an intelligent
system.
In turn, agreed part of the knowledge base is divided
into subject part of the knowledge base, context of the
subject part of the knowledge base within the Global
Knowledge Base and computer system documentation
(figure 3).
By Global knowledge base we mean the global abstract semantic space of all knowledge accumulated by
mankind to the current time [2].
Subject part of the knowledge base contains all information about the subject domain (or several interrelated
subject domains within the same knowledge base) for
which the developed system is intended to work. For
example, the section describing Euclidean geometry in
the geometry intelligent reference system.
The context of the subject part of the knowledge base
within the Global knowledge base contains a specification of objects that are not directly studied in the subject
part of the knowledge base of this system, but are related
to it, i.e. used for description of concepts studied in the
subject part of the knowledge base. For example, for the
IMS.ostis Metasystem, these could be such concepts as
artificial intelligence or intelligent system, for the system
according to Euclidean geometry - historical information
about Euclidean life, mathematics, etc.
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The computer system documentation section contains
documentation of the ostis-system itself, at a minimum,
the specification of its knowledge base, problem solver
and interface, as well as all the necessary manuals that
provide the opportunity for learning in working with the
system.
Section history and current processes of computer
system operation includes the following sections:
• computer system operation history;
• current processes of computer system operation.
The computer system operation history section stores
the history of the system’s dialogue with its users.
The current processes of computer system operation stores the specifications of all actions performed
by the ostis-system at the moment (which are present
entities), as well as all temporary auxiliary constructions,
generated by sc-agents in the process of work and not
yet deleted. After performing these actions, their signs
and specifications are transferred to the computer system
operation history section.
The history, current processes and development plan
of computer system section is decomposed into the
following sections:
• structure and organization of a computer system
project;
• history of the computer system development;
• current development processes of computer system;
• computer system development plan.
Section structure and organization of a computer
system project describes the structure of a project aimed
at the ostis-system development, including its subprojects
and the roles of the developers responsible for each
project.
The history of computer system development section
contains specifications of project activities performed
during system development (past entities), with the obligatory indication of the performers, the sequence and the
result of each activity. The presence in the knowledge
base of this kind of information will allow to rollback
the changes made to the knowledge base, as well as to
take into account completed design tasks when planning
further work within the project.
The current development processes of computer
system section contains specifications of approved and
initiated project actions performed by the system developers at a given time (real entities), with the obligatory
indication of the performers, the sequence and purpose
of the implementation, and also all the information
describing the proposals for editing the subject part of the
knowledge base and computer system operation history
and their discussion by administrators, managers and
experts.
In the computer system development plan section
there are specifications of project actions that are approved for execution, but have not yet been fulfilled for

Figure 3. The structure of the knowledge base from the point of view of the development process

any reason, as well as all the information describing
proposals for editing the section history, current processes and development plan of computer system and
their discussion by administrators, managers and experts.
B. General mechanism for knowledge bases sc-models
development
The process of a knowledge base development is a
sequence of the following steps:
• Formation of the initial structure of the knowledge
base, which involves:
•• the formation of the structure of the knowledge base sections corresponding to the above
mentioned variant of structuring the knowledge
base from the point of view of the development
process;
•• identification of the described subject domains;
•• building a hierarchical system of the described
subject domains;
•• building a hierarchy of knowledge base sections
within the subject part of the knowledge base,
which takes into account the hierarchy of subject domains constructed at the previous stage.
• Identifying knowledge base components that can be
taken from a library of reusable knowledge base
components and including them into the knowledge
base that is being developed.
• Formation of project tasks for the development of
missing fragments of the knowledge base and the
assignment of tasks to developers.
• Development and coordination of knowledge base
fragments, which, in turn, may later be included in
the library of reusable knowledge base components.
• Verification and debugging of the knowledge base.

It should be noted that in the process of the knowledge
base improving, stages 3–5 are performed cyclically.
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Figure 4 shows a diagram reflecting the sequence of a
knowledge base building steps according to the proposed
methodology.
The basis of the methodology under consideration is
a formal model of developer activity aimed at developing and modifying of knowledge bases, formal means
for specifying proposals for editing a knowledge base,
method for introducing changes to the knowledge base,
formal means for specifying transition processes in the
knowledge base, and formal means for specifying contradictions and incompleteness in the knowledge base.
To ensure the reflexivity of the intelligent system,
in particular, the ability to automate the analysis of
the history of the evolution of the knowledge base and
generate plans for its development, all activities related
to the development of the knowledge base are specified
in this knowledge base by the same means as the subject
part.
The process of creating and editing the knowledge
base of the ostis-system is reduced to the formation
of proposals for editing of a particular section of the
knowledge base by developers (picture 5) and the subsequent consideration of these proposals by knowledge
base administrators. In addition, it is assumed that, if
necessary, experts can be involved in verifying incoming
proposals for editing the knowledge base, and the development process is managed by managers of relevant
knowledge base development projects. In this case, the
formation of design tasks and their specification are also
carried out using the mechanism of proposals for editing
the relevant section of the knowledge base. Thus, all
information related to the current processes of developing
a knowledge base, history and plans for its development
is stored in the same knowledge base as its subject part,
that is, the part of the knowledge base accessible to the
end user of the system. This approach provides wide
opportunities to automate the process of knowledge bases

Formation of the starting version
of ostissystem

Formation of the structure of
knowledge base sections

Formation of the initial structure of
the knowledge base

Identify the described subject
domains

Identification of the components of
the knowledge base, which can be
borrowed from the library

Building a hierarchical
system of the described
subject domains

Formation of project assignments for
the development of missing fragments
of knowledge base

Construction of the sections
hierarchy of the knowledge
base in the subject part of the
knowledge base

Development and coordination of
fragments of knowledge base

Verification and debugging of
knowledge base

Semantic model of knowledge base

Library of reusable components
of knowledge base
Activity model of
knowlege base developers
Means of proposal specification
The way to make changes in the
knowledge base
Means of specification of transitional
processes of evolution of knowledge base
Means of specification of contradictions
and incompleteness in the knowledgw base

Figure 4. Methods of building and modifying of knowledge bases

creation, as well as subsequent analysis and improvement
of the knowledge base.

for developing intelligent systems, where anyone can
become a developer.
Next, we consider in detail the typology of developer
roles and classes of actions they perform.
C. Typology of knowledge base developers
First of all, all users of any ostis-system are divided
into registered users and unregistered users.
To describe this fact, the following relations are used
in the knowledge base:

Figure 5. Illustration of the knowledge base editing process

• unregistered user is a binary relation connecting
ostis-system and sc-element, denoting person that
did not pass the registration procedure in system;
• registered user is a binary relation connecting ostissystem and sc-element, denoting person that has
passed the registration procedure in system.

Each proposal for editing the knowledge base is a
An unregistered user has access to read the subject part
structure containing sc-text that is proposed to be included in the agreed part of the knowledge base. The of the ostis-system knowledge base. This type of users
structure of such proposals may include signs of actions can work with the ostis-system in the operation mode,
for editing the knowledge base, which are automatically i.e. it can only set queries addressed to the subject part
initiated and executed by the relevant agents after the of the knowledge base (i.e., solve subject problems).
approval of the proposal.
A registered user has access to read the entire knowlFigure 6 shows the stages of developing a certain piece edge base and make proposals to the entire knowledge
of the knowledge base, starting with the formulation of base, can play the role of the end user of the ostis-system,
the project task and ending with the final approval or that is, work in the operating mode, and also the role of
rejection of the proposal for editing the knowledge base. its developer. At the same time, regardless of the role
The proposed methodology for developing a knowl- that a particular user performs, he can make proposals for
edge base is primarily focused on open-source projects editing any part of the knowledge base, which, depending
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Figure 6. Illustration of the mechanism of making changes in the knowledge base

on its level, will either be automatically accepted or
• making changes in various parts of the knowledge
separately considered.
base by using the appropriate editing commands
(in this case, changes are automatically made out
Among registered users there is a separate type of
as proposals and entered into the section of the
users - developer.
development history of the ostis-system).
Developer is a binary relation connecting a project to
develop a section of the knowledge base of the ostisIf it is necessary to develop a knowledge base of a
system (in the limit, the entire knowledge base) and a big size, a hierarchy of developers can be introduced
sc-element denoting a person who can be the developer corresponding to the hierarchy of sections of the knowlof this section of the knowledge base, i.e. perform project edge base being developed. In this case, the approval
tasks within this section.
of a proposal by the administrator of the lower level
In addition to operating the ostis-system, the devel- section does not lead to the integration of the proposal
oper can make proposals for changing any part of the into the appropriate section, but requires consideration
knowledge base, leave comments on the such propos- by the higher level administrators. The final decision is
als. Among the developers, such roles as administrator, made by the administrator of the entire knowledge base.
manager and expert are distinguished.
Figure 7 shows a fragment of the knowledge base that
Administrator is a binary relation connecting a project describes the hierarchy of knowledge administrators.
to develop the knowledge base section of the ostisManager is a binary relation connecting a project
system (in general, the entire knowledge base) and the to develop the knowledge base section of the ostissc-element denoting the person who is the administrator system (in general, the entire knowledge base) and the
of this knowledge base section.
sc-element denoting the person who is the manager of
Tasks of administrator are:
this knowledge base section.
Tasks of the manager are:
• control of the integrity and consistency of the entire
• planning the amount of work on the development
knowledge base;
of the knowledge base;
• define access levels for other users;
• detailed elaboration of project tasks for subtasks,
• a decision regarding the acceptance or rejection of
formulation of project tasks, assignment of performproposals in various parts of the knowledge base,
ers of project tasks;
including, if necessary, sending them for expertise;
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Figure 7. Knowledge base administrators hierarchy

• setting priorities and deadlines for tasks completing; has the opportunity to leave a natural language commentary to any fragment or element of the knowledge
• control the timing of project tasks.
Manager makes changes to the part of the relevant sec- base, thus, any issues related to the specified fragment
tion that describes the project tasks using the appropriate or element of the knowledge base can be discussed. Such
editing commands, and the changes are automatically comments fall into the knowledge base section current
presented as proposals and entered into the section de- processes of computer system development.
An example of using these relations to indicate the
scribing the development plan of the ostis-system. Thus,
the manager is the administrator of the specified section. roles of developers in a project to create a knowledge
Expert is a binary relation connecting a project to base in the SCg is presented in the figure 8:
develop a section of the knowledge base of the ostissystem (in general, the entire knowledge base) and an D. Ontology of actions of knowledge base developers
sc-element denoting a person who is an expert of this
In the process of developing the knowledge base
knowledge base section.
of the ostis-system, each of the users involved in the
Tasks of the expert are:
development process uses a specific set of commands
• verification of the results of the project tasks;
corresponding to the knowledge base editing mechanism
• if necessary, the expert can leave comments on described above. Each such command corresponds to a
any fragment of the knowledge base regarding its certain class actions in sc-memory [5]. All such actions
correctness. All comments fall into the section de- are combined into a common class actions of the knowlscribing the plan for the development of a computer edge base developer.
system.
For the purpose of subsequent automation, some
In addition, any participant in the development process classes of actions of the knowledge base developer are
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⊃ action. approve the result of the proposal
verification
⊃ action. reject the result of the proposal verification
⊃ action of knowledge base manager
⊃ action of knowledge base expert
⊃ action. verify the specified structure
⊃ action. approve verifying proposal
⊃ action. reject verifying proposal
⊃ action. create a task for consideration of the
proposal verification result
For the specification of knowledge bases sc-models developer action and structures describing the proposal for
editing the knowledge base, relations such as proposal*,
approved*, rejected*, new version*.
An example of a specification of a proposal for editing
a knowledge base using the above relations and classes
of actions in the SCg-code is presented in the figure 9:
E. Typical mistakes and difficulties in the development
of knowledge bases of semantic computer systems

Figure 8. The roles of developers in the knowledge base

formally specified and detailed to the level of elementary
transformations in the system memory.
To identify classes of actions, the names of the following form will be used: action. «action class name».
The hierarchy of the actions of the knowledge bases
sc-models developers in the SCn-code, taking into account the roles considered and the corresponding responsibilities (the actions of the manager are not shown,
since they repeat the actions of the administrator, but are
applicable only for certain sections):

As mentioned earlier, one of the important tasks of
IMS.ostis Metasystem is the information support for the
developers of sc-models of ostis-systems, which also involves learning of developers using typical examples and
exercises. To solve this problem, a section of the knowledge base of the Metasystem IMS.ostis was developed,
describing typical errors and difficulties in developing of
knowledge bases sc-models. In this section we consider
some of the most common examples of such problems.
1) It is necessary to distinguish:
• Syntactic typology of sc-elements (sc-node, scedge, sc-arc);
• Semantic typology of sc-elements.
That is, membership pair 6= sc-arc of membership
membership pair
⊃ sc-arc of membership

knowledge bases sc-models developer action
⊃ action of knowledge base ordinary developer
2) It is necessary to distinguish:
⊃ action. build a new fragment for inclusion in the
• variable sc-arc of membership;
knowledge base
• constant sc-arc of membership.
⊃ action. modify the proposal for editing the
Sometimes, for example, constant sc-arcs of memberknowledge base
ship can go out of constant sc-nodes, but are included in
⊃ action. make a proposal for editing the knowledge variables sc-elements (figure 10).
base
3) It is necessary to distinguish:
⊃ action. form a project task proposal
• permanent (stationary) sc-arcs of membership;
⊃ action. form a project task performer proposal
• temporal (situative) sc-arcs of membership.
⊃ action of knowledge base administrator
4) It is necessary to distinguish:
⊃ action. consider a proposal for editing the
• the entity being described;
knowledge base
• abstract sign (internal sign, sc-sign) of the described
⊃ action. approve a proposal for editing the
entity;
knowledge base
• external sign (identifier, designation, name) of the
⊃ action. reject a proposal for editing the knowledge
described entity;
base
• specific occurrence of an external sign of the de⊃ action. create a task for the verification of the
scribed entity in a specific sign structure;
proposal
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Figure 9. Specification of the proposal for editing the knowledge base

Figure 10. Incidence of constant sc-arcs and variable sc-nodes

• text, which is the natural language formulation of a
statement, which could be a concept definition, but
is not (a statement of a defining type);
• sc-node denoting a statement, which is the concept
definition, presented in the SC-code;
• sc-node denoting the entire sc-construction, which
is the concept definition, presented in the SC-code.
7) It is necessary to distinguish:
• concept of set;
• concept of a set of sc-elements (semantically normalized set, sc-set).
8) It is necessary to distinguish:
• sc-sign atomic logical formula;
• sc-sign non-atomic logical formula;
• sc-sign of the full sc-text of the logical formula.

• unambiguous specification of the described entity,
represented in sc-memory or in any external language.
5) It is necessary to distinguish:
• set of sc-elements itself, which can be a described
For an atomic logical formula, the sc-sign of this
entity;
formula coincides with the sign of its full text.
• sc-element, which is the sign of the corresponding
9) It is necessary to distinguish:
(denoted by it) set of sc-elements;
• concrete number as a sign of the corresponding
• sc-text, which describes the connection of the sign
abstract entity;
of some set of sc-elements with all sc-elements that
• unambiguous specification of this number, for exare members of this set.
ample, in one or another number system;
6) It is necessary to distinguish:
• string of digits, which is the external identifier
• concept;
(name) of this number corresponding to a particular
• natural language text (text file), which is one of the
number system.
wording of the concept definition;
10)
It is necessary to distinguish:
• natural language text that is an another formulation
of the concept definition;
• constant sc-element that is a sign of a specific
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known (identified), uniquely defined, specified entity – known sc-constant;
• variable sc-element that is a sign of an arbitrary
entity from some additionally defined (using logical
statements) set of entities – sc-variable;
• constant sc-element, which is a sign of a specific
entity, but not currently known – unknown scconstant.
11) It is necessary to distinguish:
• sc-constant which is a member of a given set;
• sc-variable, any value of which is a member of a
given set;
• sc-variable, which itself is a member of a given set
(for example, a structure).
12) It is necessary to distinguish:
• sign of some specific (constant) entity class. At the
same time, the elements (instances) of a class can
be signs of other classes, signs of variables, signs
of specific temporary entities, and signs of specific
permanent entities;
• sign of some constant element (instance) of the
above class;
• sign of a specific subset (subclass) of the specified
class;
• sign of some arbitrary (variable) entity, possible
values of which can only be signs of elements of
the considered class of entities;
• sign of some arbitrary (variable) entity, one of the
values of which is the sign of the entity class itself.
13) It is necessary to distinguish a section describing
the subject domain and the subject domain being
described
14) It should be remembered that for binary oriented
relations there is no semantic need to introduce
inverse relations, i.e. semantically, all links of each
binary relation are also links and its inverse relation
and vice versa (sin*=arcsin*, be a subset*=be a
superset*)
15) It is necessary to distinguish:
• sign of non-role relation;
• sign of role relation corresponding to a given nonrole relation;
• signs of relation domains (a domain is a set of those
and only those entities that, in the tuples of a given
relation, perform the specified role).
16) It is necessary to distinguish the connection of
membership and inclusion* (figure 11).
17) It is necessary to distinguish:
• case when the element ei is included in the set si,
while performing multiple roles at the same time
(figure 12)
• case when the element ei is included in the set
si multiple times. Moreover, within the framework
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Figure 11. Membership and inclusion

Figure 12. Multiple element roles in the set

of different occurrences, the specified element may
perform different roles (figure 13)

Figure 13. Multiple occurrences of an element in a set with different
roles

18) It is necessary to distinguish the sc-element, denoting some described entity and a singleton, the
only elements of which is the sign of this entity
(figure 14)
19) It is necessary to distinguish the relation between
classes and the relation between instances of these
classes (figures 15, 16)
F. Methods for sc-models of problem solvers development
The proposed methods for problem solvers constructing and modifying includes several stages. Figure 17
presents a list of such stages, indicating the sequence
of their execution.
The considered methods can be applied both in the
development of hybrid solvers and in the development
of simpler solvers, since from a formal point of view all
of them are treated as a non-atomic abstract sc-agent.

Figure 14. The difference of the sign of the entity and the singleton
containing this sign

Figure 17. Stages of the process of problem solvers constructing and
modifying

Figure 15. Incorrect (left) and correct (right) example of using the
concepts of a triangle and a segment

Stage1. Requirements formation and problem
solver specification
At this stage, it is necessary to clearly identify the
problems that should be solved by the problem solver,
consider the intended ways of solving them and, based
on this analysis, determine the place of the future solver
in the general hierarchy of solvers. The importance of
this stage lies in the fact that, with proper classification,

Figure 16. Incorrect (left) and correct (right) example of using the
concept of intersection*
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there is a possibility that there is already an implemented
version of the required solver in the component library.
Otherwise, however, the developer has the opportunity to
include the developed solver into the component library
for later use. These facts are due to the fact that the
structure of the library of problems solvers components
is based on the semantic classification of such solvers
and, accordingly, of their components.
With an insufficiently precise specification and classification of the solver being developed, it is more likely
that a suitable solver will not be found in the component
library, even if it is there, and the newly developed
solver cannot be included in the library. Thus, the idea of
reuse of already developed components will be broken,
which will significantly increase the cost of such a solver
development.
Stage2. Formation of a sc-agents collective that are
part of the developed solver
In the case when it is not possible to find a readymade solver in the library that meets all requirements, it
is necessary to distinguish and specify all the components
of such a solver.
The result of this stage is a list of fully specified
sc-agents, which will be part of the developed solver,
with their hierarchy up to atomic sc-agents. Within this
stage, it is very important to design a group of agents
in such a way as to maximize the use of reusable
components already presented in the library, and in
case of the necessary component absence, be able to
include it in the library after implementation. Depending
on the complexity of the solver being developed, such
components can include both atomic sc-agents and whole

teams of sc-agents (non-atomic sc-agents).
When developing the list of agents (including their
specifications) it is necessary to follow a number of
principles:
• each sc-agent being developed should be as independent as possible, that is, the set of key nodes
of this sc-agent should not include concepts that
are directly related to the subject domain under
consideration. The exceptions are concepts from
general subject domains that are interdisciplinary
in nature (for example, the inclusion* relation or
the action concept). This rule can also be violated
if the sc-agent is auxiliary and is focused on processing a particular class of objects (for example,
sc-agents that perform arithmetic calculations can
work directly with specific relations addition* and
multiplication*, etc.). All the sc-agent information
needed to solve the problem must be extracted from
the semantic neighborhood of the corresponding
initiated action. Obviously, the sc-agent, developed
with these requirements, can be used to design a
larger number of osti-systems than if it was implemented with a focus on a particular subject domain.
After development and debugging is completed,
such a sc-agent should be included in the Library
of reusable abstract sc-agents;
• it is important to distinguish the concept of sc-agent
and agent program (including agent scp-program).
The interaction of sc-agents is carried out exclusively through the specification of information processes in common memory, each sc-agent responds
to a certain class of events in sc-memory. Thus, each
sc-agent corresponds to a condition of initiation and
one agent program that starts automatically when an
appropriate condition of initiation occurs in the scmemory. In this context, various subprograms can
be called as many times as necessary. However,
it is important to distinguish the initiation of the
sc-agent, which occurs when the corresponding
construction appears in the sc-memory, and the
subprogram call by another program, which implies
an explicit specifying of the called subprogram and
the list of its parameters;
• each sc-agent should independently verify the completeness of its own initiating condition in the
current state of sc-memory. In the process of problem solving, a situation may arise when several
sc-agents reacted to the appearance of the same
structure. In this case, the execution continues only
those of them, the condition of initiation of which
is fully consistent with the situation. The remaining
sc-agents in this case stop execution and return
to the standby mode. The implementation of this
principle is achieved by carefully specifying the
specifications of the developed sc-agents. In the
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general case, the initiation conditions for several scagents may coincide, for example, in the case when
the same task can be solved in different ways and
it is not known in advance which of them will lead
to the desired result;
• it is necessary to remember that a non-atomic scagent from the point of view of other sc-agents that
are not part of it must function as an integral scagent (perform logically atomic actions), which imposes certain requirements on the specifications of
the atomic sc-agents included in its composition: as
a minimum, it is necessary that at least one atomic
sc-agent is present in the composition of a nonatomic sc-agent, the initiation condition of which
completely coincides with the initiation condition
of this non-atomic sc-agent;
• if necessary, the implementation of a new sc-agent
should be guided by the following principles for
atomic abstract sc-agents design:
•• the designed sc-agent should be as independent
as possible from the subject domain, which will
enable it to be used in the development of
solvers for the maximum possible number of
osti-systems in the future. At the same time,
universality implies not only minimizing the
number of key nodes of the sc-agent, but also
distinguishing the class of actions performed
by this sc-agent in such a way that it makes
sense to include this sc-agent into the Library
of reusable abstract sc-agents and use it when
developing solvers of other ostis-systems. One
should not artificially link a set of actions
into one sc-agent and, conversely, dismember
one self-sufficient action on sub-actions: this
will cause difficulties in understanding how scagents work by developers and will not allow
using sc-agent in some systems (for example,
in learning systems which should explain the
decision-making way to the user);
•• the act of activity of each sc-agent (the action performed by this sc-agent) must be logically consistent and complete. It should be
remembered that all sc-agents interact exclusively through common memory and avoid situations in which the initiation of one sc-agent
is performed by explicitly generating a known
initiation condition by another sc-agent (i.e., in
fact, explicitly direct calling one sc-agent by
another);
•• it makes sense to separate into sc-agents those
relatively large fragments of the implementation
of a certain general algorithm that can be executed independently of each other;
• when combining sc-agents into teams, it is recommended to design them in such a way that they can

• debugging of individual atomic sc-agents;
be used not only as part of the non-atomic abstract
• debugging of non-atomic sc-agents included in the
sc-agent considered. If this is not possible and some
problem solver;
sc-agents, being separated from the team, lose their
• debugging of the entire problem solver.
meaning, it is necessary to indicate this fact when
documenting the sc-agents;
Note that Stage5 and Stage6 can be executed in
• the actual initiator of the sc-agent launch via com- parallel and are repeated until the developed components
mon memory (the author of the corresponding con- meet the necessary requirements.
struction) can be either the system user directly or
another sc-agent, which should not be reflected in G. Ontology of the activity of problem solvers developers
the work of the sc-agent itself.
In the framework of the proposed approach, the methStage3. Development of algorithms for atomic sc- ods for constructing and modifying problem solvers is
agents
based on the formal ontology of the activities of such
Within the framework of this stage, it is necessary solvers developers.
to think over the algorithm of each developed atomic
It is important to note that, according to the model
sc-agent. The development of the algorithm implies the mentioned earlier, the problem solver is a abstract scdistinguishing of logically consistent fragments in it, agent, in connection with which the development of a
which can be implemented as separate scp-programs, solver comes down to the development of such an agent.
including those executed in parallel. Thus, there is a
A fragment of a formal ontology of activity aimed at
need to speak not only about the Library of reusable constructing and modifying problem solvers in the SCnabstract sc-agents, but also about Library of reusable code looks as follows (for convenience of reading, the
programs for sc-texts processing in various programming relations defining the order of actions are omitted):
languages, including Library of reusable scp-programs.
Due to this, part of the scp-programs that implement the action. develop an osti-system problem solver
algorithm of the operation of a certain sc-agent can be = action. develop an abstract sc-agent
<= subdividing*:
taken from the corresponding library.
{
It is important to remember that if sc-agent generates
• action. develop an atomic abstract sc-agent
any temporary structures in memory during the work,
• action. develop non-atomic abstract sc-agent
then at the completion of the work it is necessary to
}
delete all information, the use of which in the system
=>
abstract
subaction*:
is no longer advisable (to remove information garbage).
•
action.
specify an abstract sc-agent
The exceptions are situations when such information is
•
action.
find an abstract sc-agent in the library
necessary for several sc-agents to solve one problem,
that
satisfies
the given specification
but after solving a problem, the information becomes
•
action.
verify
sc-agent
useless or redundant and requires removal. In this case,
•
action.
debug
sc-agent
a situation may arise when none of the sc-agents is able
to remove the garbage. In this case, there is a need to action. develop a platform-independent atomic
talk about the inclusion of specialized sc-agents into the abstract sc-agent
solver, whose task is to identify and destroy information => abstract subaction*:
garbage.
• action. decompose a platform-independent
Stage4. Implementation of scp-programs
atomic abstract sc-agent into scp-programs
The final stage of development is the implementation
• action. develop an scp-program
of previously specified scp-programs or, if necessary,
action. develop a non-atomic abstract sc-agent
programs implemented at the platform level.
=>
abstract subaction*:
Stage5. Verification of the developed components
• action. decompose a non-atomic abstract
The verification of the developed components can be
sc-agent into particular
carried out both manually and using the specified tools
•
action.
develop an abstract sc-agent
that make up the automation system for constructing and
modifying of problem solvers built on the base of OSTIS action. develop an scp-program
Technology.
=> abstract subaction*:
Stage 6. Debugging of developed components. Error
• action. specify scp-program
correction
• action. find in the library an scp-program that
The debugging phase of the developed components, in
satisfies the given specification
turn, can also be divided into more specific stages:
• action. implement the specified scp-program
• action. verify scp-program
• debugging of individual scp-programs or programs
• action. debug scp-program
implemented at the platform level;
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action. verify sc-agent
<= subdividing*:
{
• action. verify atomic sc-agent
• action. verify non-atomic sc-agent
}
action. debug sc-agent
<= subdividing*:
{
• action. debug atomic sc-agent
• action. debug non-atomic sc-agent
}
The presence of such a formal ontology allows, firstly,
to partially automate the process of constructing and
modifying solvers, and secondly, to increase the effectiveness of information support for developers, since
this ontology is included in the knowledge base of the
IMS.ostis Metasystem.
IX. AUTOMATION TOOLS FOR THE DEVELOPMENT OF
SEMANTIC COMPUTER SYSTEMS

A. Architecture of automation tools for the development
of knowledge bases sc-models

The architecture system for the collective knowledge
bases development support is presented in the figure 18.
As can be seen from the figure, the system is an ostissystem and interacts with the IMS.ostis Metasystem,
which includes a library of reusable components, which
allows, on the one hand, to take components available
in the library in accordance with the proposed methods
of knowledge bases developing, on the other hand – to
provide the opportunity to replenish the library with new
components obtained in the process of knowledge bases
development.
Let us consider in more detail the composition of each
system component.
B. The knowledge base of system for the collective
knowledge bases development support
The knowledge base of system for the collective
knowledge bases development support includes sections
containing all the knowledge necessary to support the
process of the knowledge base developing and evolving.
Such knowledge includes:
• set of top-level ontologies necessary for the functioning of the SKBD itself and being the basis for
building knowledge bases of the systems being developed. These ontologies are part of the previously
considered Knowledge base kernel;
• formal ontology of the subject domain of developers’ activities aimed at knowledge bases developing and modifying, including a description of
the typology of roles of developers of knowledge
bases, classification of developer actions, as well
as formal means of specifying proposals for editing
a knowledge base. The concepts included in this
ontology were discussed above;
• ontology of the subject domain of problem structures in knowledge bases, i.e., those structures that
describe incomplete, incorrect or redundant information in the knowledge base;
• means for specifying changes and transients in the
knowledge base.

To reduce the complexity of the process of developing
knowledge bases and reduce the requirements for developers in the framework of OSTIS Technology, tools have
been developed to automate the processes of knowledge
bases development and information support for such
knowledge bases developers.
The information support tools for developers are implemented in the form of the previously mentioned
IMS.ostis Metasystems [73].
Tools for automating knowledge base development
processes are implemented in the form of system for
the collective knowledge bases development support
(SKBD). An important aspect of the knowledge bases
development support is support of activities of knowledge base developers directly during the operation of the
system being developed, which is possible due to the fact
1) Problem structures in knowledge bases and their
that the support system for the collective development of
typology:
One of the tasks of the system for the collective
knowledge bases is embedded as a subsystem into each
knowledge bases development support is the identificadeveloped system.
Figure 4 shows the stages of the process of devel- tion of problem structures in the knowledge base with
oping a knowledge base in accordance with the methods the aim of correcting them.
Search and elimination of incompleteness, incorrectdescribed above. Actions performed by developers in the
first two stages cannot be fully formalized, and therefore ness and information garbage is carried out on the basis
of:
their implementation cannot be fully automated.
• ontologies of completeness, which formally set the
Thus, in the framework of the system for the collective
requirements for the completeness of the specified
knowledge bases development support, the actions of desubject domains in the sc-memory;
velopers carried out in the last three stages are automated.
• ontologies, within which classes of constructions
These actions are performed cyclically throughout the
are specified, representing incorrectness and inforentire life cycle of the system being developed (figure
mational garbage in the respective subject domains.
4).
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Figure 18. Architecture of system for the collective knowledge bases development support

The selection of classes of problem structures in the
knowledge base allows us to specify such structures
for knowledge base developers and for their automatic
processing by agents.
In addition, the specification of the problem structures
in the knowledge base allows the system to analyze
its own knowledge base for correctness, completeness
and redundancy, evaluate acquired knowledge and skills,
which ensures the property of reflexivity of the intellingent system.
Consider the typology of such structures:
• incorrect structure;
• structure describing the incompleteness in knowledge base;
• informational garbage.

Under the incorrect structure we mean a structure
containing a fragment of the knowledge base, in which
in any way revealed any incorrectness. Additional concretization of the fact of incorrectness can be carried out
by adding this structure to a particular class of incorrect
structures or by specifying additional relations specifying
this structure, for example, the contradiction relation.
The structure describing the incompleteness in the
knowledge base means a structure containing a fragment
of a knowledge base that lacks any information that is
necessary (or at least desirable) for an unambiguous and
complete understanding of the meaning of this fragment.
By informational garbage is meant a structure containing a fragment of the knowledge base, which for some
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reason has become unnecessary and requires removal.
The formation of a structure describing such a fragment
of the knowledge base, and, accordingly, the removal of
its contents can be performed both by the sc-agent that
generated the fragment and by the specialized sc-agents
of garbage collection.
The following are the selected classes of incorrect
structures:
• structure that contradicts the property of uniqueness
(a special case of this class of structures is the class
Cantor set contains a repeating element);
• cycle within order relation – failure to comply with
the antisymmetry property for the order relation;
• mismatch of elements tuple with relationship domains;
• power mismatch of relation arity;
• elements of a single subdividing have a non-empty
intersection;
• mismatch of a fragment of the knowledge base with
a logical statement;
• and more.
As an example, consider the detection in the knowledge base of the contradictions associated with the indication of the angle in a right-angled triangle. As a result
of fragment analysis, two contradictions arose:
• contradiction with the definition of a right triangle
(figure 19);
• a contradiction with the theorem on the sum of the
angles of a triangle (figure 20).

Among the situations that describe the incompleteness
of the knowledge base, the following can be distinguished:
• specified the main identifiers of a given entity for
some, but not all external languages;
• system identifier is specified for the given entity, but
the main identifiers for all external languages are
not specified;
• the definition or explanation for the concept of the
subject domain is not specified;
• no constants are used in the definition;
• the key sc-element of the semantic neighborhood is
not specified;
• maximum studied object class is not specified for
subject domain;
• relation domains are not specified;
• no unit or scale for the measured parameter is
indicated;
• concept is not related to any subject domain.
To identify incompleteness in the knowledge base,
rules are used that are recorded within the framework
of the corresponding ontologies in the knowledge base.
The figure 21 shows an example of such a rule, according
to which each relation must have a definition domain.
The listed classes of problem structures are specified
in the ontology of subject domain of the problem parts
of the knowledge base. The specified list of classes can
be expanded and supplemented.
2) Means of specifying changes and transitions in
the knowledge base: In the course of its evolution,
the knowledge base undergoes significant changes, in
particular, it is necessary to make changes that affect the
conceptual structure of the subject domains described in
the knowledge base. Among these types of changes the
most problematic are the following:
• in the knowledge base you need to override the
already introduced and used concept.
• in the knowledge base an alternative concept appears, which excludes the use of another concept
associated with it.
To solve problems in the above situations, the following classes of concepts are introduced that are part of the
ontology of situations and events in sc-memory:
• main concept;
• non-main concept;
• concept moving from main to non-main;
• concept moving from non-main to main.
The figure 22 shows an example of the specification
of the transition process in the knowledge base with the
indication of the planned completion dates of this process
and the rule on the basis of which the transition is made.
As mentioned earlier, the history of computer system
development section is used to store the history of
changes in the knowledge base in the process of its
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evolution. Figure 23 shows an example of a structure
that uses means for specifying changes made in the
knowledge base.
It should be noted that in this case, actions are
specified not only for editing the knowledge base, but
also actions for coordinating the changes made to it.
All performed actions, as well as their specifications,
are included into the section history of computer system
development.
This mechanism for changes fixation in the knowledge
base is the basis for managing versions of the knowledge
base. In the framework of the proposed approach, it is
assumed that, if necessary, a rollback of the changes
made before any action in the history is required to
perform in reverse order a number of actions, which are
inverse to the actions that follow the specified action in
the history. At the same time, actions performed in this
way are also added to the change history in the order of
execution.
C. Problem solver and user interface of system for the
collective knowledge bases development support
Problem solver of system for the collective knowledge
bases development support is a team of knowledge
processing agents, each of which automates actions belonging to any of the classes of actions of the knowledge
bases developers discussed above.
The structure of the considered solver in SCn-code:
Problem solver of system for the collective knowledge
bases development support
<= abstract sc-agent decomposition*:
{
• Non-atomic sc-agent of knowledge bases editing
• Non-atomic sc-agent for automation of activities
of ordinary knowledge base developer
• Non-atomic sc-agent for automation of activities
of knowledge base administrator
• Non-atomic sc-agent for automation of activities
of knowledge base manager
• Non-atomic sc-agent for automation of activities
of knowledge base expert
• Non-atomic sc-agent for knowledge base
characteristics calculating
}
Traditionally, when working collectively with a shared
resource, in this case, a knowledge base, conflicts may
arise, for example, several developers try to enter conflicting or duplicate information in the knowledge base,
try to simultaneously change the same piece of knowledge base. The final decision is the responsibility of the
knowledge base administrator.
User interface of system for the collective knowledge
bases development support is presented by a set of
interface commands that allow developers to initiate

Figure 19. Example of the description of the contradiction with the definition in the knowledge base

Figure 20. Example of the description of the contradiction with the theorem in the knowledge base
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Figure 21. Example of incompleteness specification in the knowledge
base

the activity of the desired agent that is part of this
system [77], as well as a set of editors which allow
editing knowledge base fragments taking into account
the mechanism discussed earlier.
In the current version of the tools, there are two editors
that support the ability to edit in the SCg (figure 24) and
SCn (figure 25) languages.
D. Tools of automating the development of problem
solvers sc-models

• debugging at scp-program level.
In the case of debugging at the sc-agents level, the act
of execution of each agent is considered indivisible and
cannot be interrupted. In this case, both atomic sc-agents
and non-atomic ones can be debugged. The initiation of
one or another agent, including one that is not part of an
atomic one, is done by creating appropriate constructions
in sc-memory, thus, debugging can be done at different
levels of detailing of agents, even atomic ones.
Taking into account the fact that the model of agents
interaction used within the framework of OSTIS Technology uses a universal variant of interaction of agents
through common memory, the considered agent design
support system can serve as a basis for agent modeling
systems that use other communication principles, for
example, direct message exchange between agents.
Debugging at the level of scp-programs is carried out
similarly to the existing modern approaches to debugging procedural programs and suggests the possibility of
setting breakpoints, step-by-step program execution, etc.
The considered system for automating the constructing
and modifying of problem solvers, accordingly, its scmodel, is divided into two more specific ones:
System for automating the constructing and modifying
of problems solvers using OSTIS Technology
<= basic decomposition*:
{
• System for automating the constructing and
modifying of knowledge processing agents
• System for automating the constructing and
modifying of scp-programs
}

Among the tasks solved by tools of automating the
In turn, these subsystems are decomposed in accordevelopment of problem solvers sc-models are technical
dance
with the general principles of ostis-systems buildsupport for problem solver developers, including ensuring
into
sc-models of the knowledge base, problem solver
ing the correct and efficient implementation of the steps
and
user
interface. Next, we consider in more detail the
provided by the above methods. These tools are also
components
listed.
implemented as an osti-system, which can be used both
The knowledge base of the system for automating the
in the local version and as a subsystem for the automation
constructing and modifying of problem solvers includes,
system for the development of knowledge bases.
In turn, within the framework of the system under in addition to the Knowledge base kernel and kernel
consideration, two subsystems are conventionally dis- extensions, sc-models of knowledge bases provided at
tinguished: the subsystem of automation of the process the level of OSTIS Technology and models of subject
of constructing and modifying of knowledge processing domains of scp-programs and scp-interpreter as well the
agents and the subsystem of automating the process of description of key concepts related to verification and
debugging of scp-programs such as breakpoint, incorconstructing and modifying of scp-programs.
rectness
in the scp-program, error in the scp-program
Graphically, the structure of the system under considand
others.
eration and its subsystems can be represented as follows
The problem solver of the system for automating the
(figure 26).
constructing
and modifying of knowledge processing
An important stage in the development of software
agents
has
the
following structure:
systems is the debugging of the developed components.
In the case of problem solvers based on OSTIS Technol- Problem solver of system for for automating the
ogy, two fundamentally different levels of debugging are constructing and modifying of knowledge processing
distinguished:
agents
<= decomposition of sc-agent*:
• debugging at sc-agents level;
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Figure 22. Transition process specification in knowledge base

Figure 23. Means of specifying changes made in the knowledge base
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{
• Abstract sc-agent of sc-agents verification
<= decomposition of sc-agent*:
{
• Abstract sc-agent of sc-agents specification
verification
• Abstract sc-agent for checking a nonatomic
sc-agent for the consistency of its
specification to the specifications of
particular sc-agents in its composition
}
• Abstract sc-agent of sc-agents teams debugging
<= decomposition of sc-agent*:
{
• Abstract sc-agent of search for all running
processes corresponding to a given sc-agent
• Abstract sc-agent of initiation of a given
sc-agent on the given arguments
• Abstract sc-agent of activation of a given
sc-agent
• Abstract sc-agent of deactivation of a given
sc-agent
• Abstract sc-agent of setting a lock of a
given type for a given process on a given
sc-element
• Abstract sc-agent of unlocking of all locks
of a given process
• Abstract sc-agent of unlocking of all locks
of a given sc-element
}
}

Figure 24. SCg-editor example

In turn, the problem solver of the automation system
for automating the constructing and modifying of scpprograms has the following structure:

Figure 25. SCn-editor example
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Task solver of the automation system for automating
the constructing and modifying of scp-programs
<= decomposition of sc-agent*:
{
• Abstract sc-agent of scp-programs verification
• Abstract sc-agent of scp-programs debugging
<= decomposition of sc-agent*:
{
• Abstract sc-agent of launch of a given
scp-program for a given set of input data
• Abstract sc-agent of launch of a given
scp-program for a given set of input data
in step-by-step mode
• Abstract sc-agent of search of all
scp-operators in the scp-program
• Abstract sc-agent of search of all
breakpoints within the scp-process
• Abstract sc-agent of adding breakpoint in
scp-program
• Abstract sc-agent of removing breakpoint

IMS.ostis Metasystem
Set of components

Means of components
specification

Tools of components search

Library of reusable components of problem solvers

System for automating the constructing and modifying of problem solvers

Subsystem for automating the constructing
and modifying of scagents

Knowledge
base

Problem
solver

Interface

Subsystem for automating the constructing
and modifying of scpprograms

Knowledge
base

Problem
solver

Interface

Figure 26. The structure of the system for automating the constructing and modifying of problem solvers

}

from scp-program
• Abstract sc-agent of adding breakpoint in
scp-process
• Abstract sc-agent of removing breakpoint
from scp-process
• Abstract sc-agent to continue the execution
of the scp-process on one step
• Abstract sc-agent to continue the execution
of the scp-process to a breakpoint or end
• Abstract sc-agent for viewing information
about the scp-process
• Abstract sc-agent for viewing information
about the scp-operator
}

Since the objects of the design of the described
automation system are the components of the problem
solvers, in particular, agents and knowledge processing
programs presented in the SC-code, such a system can
use the basic means of external representation of the texts
of the SC-code, for example, SCn or SCg languages.
In order to visually simplify the process of verifying
and debugging the components of the solver, an approach
is used that assumes that only the minimum necessary set
of sc-elements is displayed to the system user at a time.
For example, when debugging a scp-process, it suffices to
display the scp-operators and connections between them.
If necessary, the user can manually request and view the
specification of the desired scp-operator at the time of
the break. This approach is embedded in the algorithms
of all agents of the described system.
Thus, at present, the user interface of the system for
automating the constructing and modifying of problem
solvers is represented by a set of interface commands
that allow the user to initiate the activity of the necessary
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agent that is part of this system.
X. M EANS OF PROJECT TASK SPECIFICATION
To represent the project tasks and their specifications
in the knowledge base of the system for automating the
development of knowledge bases, the first version of the
sc-model of the Subject domain of project actions and
its ontology were developed. This subject domains is
particular for the Subject domain of actions and tasks
[73] and, thus, inherits from it many general concepts,
such as action, action class, task , decomposition of
action*, subaction*, performer* and others.
In the framework of the Subject domain of project
actions, concepts are studied that are directly related to
project activities, in particular, with classes of project
activities, priorities of project activities and dependencies
between them. The corresponding ontology can become
the basis for the formalization of existing methods and
standards in the field of organization of project and
intelligent activity [78], [79] and was developed taking
into account existing standards in this field.
It should be noted that in the framework of the proposed approach to the formalization of activities task is
treated as a specification (semantic neighborhood within
the framework of the knowledge base) of a certain
action. Thus, each action can be assigned a certain
task, containing the conditions in which the specified
action is or should be performed. In this connection, it
turned out to be inexpedient to introduce separately the
classification of actions and the classification of tasks,
and the choice was made in favor of the classification
of actions, since the concept of action can be used in
a wider context, which is not necessarily related to the
project activity. Thus, in describing project activities, the
concepts action and action class will be used, and it is

understood that, if necessary, a project action can always
be put in correspondence with a project task.
Examples of the specification of concepts studied in
the Subject domain of project actions in the SCn-code:
project action
⊂ action

dependent action*
∈ binary relation:
=> first domain*:
project action
=> second domain*:
project action
Tuples of dependent action* relation connect together
some project action and another project action, which
cannot be completed until the original project action is
successfully executed. It is assumed that the original
action is not a subaction for the dependent action.
action priority*
∈ binary relation:
=> first domain*:
project action
=> second domain*:
project action

An example of the specification of project activities for
the development of the IMS.ostis Metasystem knowledge
base:
Section. Development plan of the IMS.ostis
Metasystem
3 key sc-element’:
• Action. develop exercises for the formalization of
basic knowledge
• Action. develop a family of introductory sections
on OSTIS Technology
• Action. build sc-model of the subject domain of
artificial neural networks
=> subaction*
• Action. build a structural specification of
the subject domain of artificial neural
networks
• Action. build a terminological ontology of
the subject domain of artificial neural
networks
• Action. build a set-theoretic ontology of the
subject domain of artificial neural networks
• Action. build a logical ontology of the
subject domain of artificial neural networks
XI. M EANS OF SPECIFICATION OF PARTICIPANTS IN

Tuples of action priority* relation connect two project
actions, the first of which is of higher priority for some
reason. Most often it is assumed that both actions are the
actions of some general action.
In turn, for the development of ostis-systems, additional classes of project activities were allocated, taking
into account the specifics of developing sc-models of
knowledge bases and sc-models of problem solvers. The
specified classes of actions are studied in the framework
of the Subject domain of actions of knowledge bases scmodels developers.
Fragment of the typology of project actions of the
ostis-systems sc-models developers in the SCn-code:
action. build a new fragment for inclusion in the
knowledge base
⊃ action. build subject domain sc-model
=> abstract subaction*:
• action. build a structural specification of
subject domain
• action. build a terminological ontology of
subject domain
• action. build a set-theoretic ontology of
subject domain
• action. build a logical ontology of subject
domain
⊃ action. build a semantic neighborhood of a given
entity
⊃ action. develop an example of the given concept
use

THE DEVELOPMENT OF SEMANTIC COMPUTER
SYSTEMS

One of the important advantages of the approach to the
organization of the development process, in which all
the information about executing, executed and planned
actions, participants in the process, etc., is recorded in the
knowledge base, is the possibility of creating professional
”portraits” of developers which can be further analyzed
and taken into account when solving, for example, such
tasks as:
• evaluation of the developer’s total contribution to
the development results for a certain period, including in material terms;
• evaluation of the experience and competence of the
developer in solving tasks of certain classes for
•• planning available resources and optimizing the
assignment of tasks in terms of their implementation;
•• determining the need to train certain developers
in any areas, the improving of certain skills of
a specific developer;
•• assignment of authority and determining the
value of a particular developer’s opinion when
making any collective decisions;
• the ability to automate the above processes.

An example of a fragment of a knowledge base in
the SCg-code describing a specific participant in the
development process (figure 27):
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and, accordingly, can be analyzed by the system itself,
provides additional opportunities for automating the process of evaluating the contribution of the developer.
The assessment of the contribution in the general case
may depend on the following factors:

Figure 27. An example of the description of a developer professional
portrait

XII. M ECHANISMS FOR ASSESSING THE
COMPLEXITY OF PROJECT TASKS AND THE
CONTRIBUTION OF THE DEVELOPERS OF SEMANTIC
COMPUTER SYSTEMS AND THEIR COMPONENTS

• directly the amount of the changes made (the
number of concepts, the number of sc-arcs, the
number of operators in programs, etc.) and the
amount of work performed (in man-hours or other
conventional units of labor intensity);
• the complexity of the changes (in general, a fragment of the knowledge base describing a formal
logical statement is considered more complicated
than, for example, the description of a simple settheoretic connection between concepts);
• quality of the changes made, which is assessed not
only in terms of the correctness of the changes,
but also their completeness, compatibility with other
fragments of the system, etc. As was shown earlier,
the assessment of the quality of fragments of knowledge bases of ostis-systems (including the specifications of knowledge-processing agents and their
corresponding programs) can be largely automated;
• importance (purposefulness, expediency, priority) of
the task (accomplishment of the task with a priority
higher in terms of achieving current goals, is rated
higher than solving a useful, but not very priority
task).

Evaluation of the developer’s experience and the construction of his professional portrait are closely related
to the mechanisms for assessing the contribution of
each particular developer to the system being developed.
At the same time, the assessment of the contribution,
One of the problems that arise in assessing the contriexpressed in any conventional quantitative units, will bution of the developer, and in assessing his professional
allow both to evaluate the developer’s experience and experience, is the problem that the author is sometimes
directly provide his material remuneration and solve from the point of view of the system (the person who
a number of other tasks related to the assessment of directly formed the proposal to edit the knowledge base)
the participation of developers in the development of and the real author of knowledge introduced into the
a specific system. Thus, it is important to move from system (an expert who does not use the technical tools of
continuous improvement of methods and tools of assess- the knowledge base editing) may turn out to be different
ing the complexity of project tasks in developing such people, and the formal authorship will be attributed not
systems, as well as assessing the quality, timeliness and to the expert, but to his technical assistant. To solve
value of project developer’s results to improving methods this problem, in addition to the obvious option, which
and tools of project activities stimulating.
involves simplifying technical tools and adapting them
In the development of modern computer systems, the to subject domain experts, an option is proposed where
assessment of the complexity of the tasks being solved, the authorship of the expert is clearly specified manually
as a rule, manually on the basis of accumulated experi- and considered in the same way as any other proposal
ence and is expressed in man-hours. Real remuneration is for editing the knowledge base.
formed depending on the qualifications of the developer
and the total number of man-hours corresponding to the
XIII. C ONCLUSION
tasks solved for a certain period of time.
When assessing the contribution of the developers of
The paper discusses the principles of developing new
osti-systems, it is possible to take into account the se- generation semantic computer systems based on the Open
mantics of the fragments being developed, which, on the Semantic Technology for Intelligent System Design (OSone hand, will allow automate the process of assessing TIS Technology), justifies the advantages of transition
contribution for each developer, and on the other, allow from traditional computer systems to semantic computer
to make such an assessment more objective.
systems from the point of view of their design process,
In addition, the fact that all project activities are and considers the advantages of developing design audescribed in the knowledge base of the designed system tomation tools as semantic computer systems.
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The main conclusions on the work include the following:
• the accumulated experience of organizing and automating the development of modern computer systems (synthesis, assembly, analysis, testing, diagnostics, etc.) is a rich basis for creating models,
methods and means of organizing and computer
support for project activities that should be directed:
•• on the consistency of project actions of all
developers (compatibility of project results);
•• on the reduction of the time of transition from
the current workable version to the next also
consistent version not due to the intensification
of the developers’ activities, but due to:
• • • increasing the consistency of their actions;
• • • increase the level of valuation, the purposefulness of the results of each developer from the point of view of the
earliest construction of the next consistent workable version of the developed
system, which has qualitative advantages
over the previous version;
• the features of the development objects themselves
(semantic computer systems) due to the possibility
of their consideration at the semantic level create
favorable prerequisites for effective analysis:
•• consistency of project activities;
•• quality of project results (consistency, completeness, clearness);
•• valuation (purposefulness) of project results;
•• scope of completed design work;
This, in turn, creates prerequisites for creating
methods and tools of effectively stimulating project
activities, which can also be used in open source
projects that assume free entry into the development
team;
• development of semantic computer systems in the
presence of a satisfactory version of the implementation of a universal interpreter of semantic
models is reduced to the development of the relevant sections of knowledge base. Therefore, the
intelligent system to support the collective design
of knowledge bases of semantic computer systems
has a special place in the complex of design tools
for semantic computer systems.
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is the common situation when systems, that use neural
network algorithms, are in need for additional semantic
analysis of results of ANNs work and decision-making
on the basis of this analysis.
In this regard, there is a need to develop approaches to
the building of systems that can use both neural network
and semantic models, as well as able to combine these
models in the search for problem solving. There are two
main requirements for such a system:
• flexibility in adding new models;
• adaptivity to existing models changing.
This article will consider an approach to the building
of such systems on the example of a subsystem of
marking quality control for the company JSC ”Savushkin
product”.

Despite the significant results obtained in different
directions of research in the field of artificial intelligence,
the problem of integration of such results is gaining
more and more relevance. A large number of problems
I. F ORMULATION OF THE PROBLEM
that should be solved by modern intelligent systems (IS)
require the joint use of different models of problem A. General statement of the problem
solving and models of knowledge representation. In turn,
This article discusses the use of integration of artificial
the integration of different models of this kind within a neural networks with knowledge bases to solve problems
single system often presents significant challenges due of a particular class, the general condition of which can
to the development’s isolation of these models.
be formulated as follows: it is necessary to perform a
Currently, one of the most actively developed direc- semantic analysis of the results of the machine vision
tions in the field of artificial intelligence is the direction system with use of the knowledge available in the system.
related to problem solving based on machine learning
In the formal way the general condition can be formethods. The popularity of methods for problem solv- mulated as shown below. There is a signal of fixed size
ing based on machine learning is largely due to the s. For the machine vision system it is required to find
development of theoretical models of artificial neural the transformation f of this signal satisfying the set of
networks (ANNs) and productive hardware platforms for constraints Rf in the feature space [1]:
their implementation. The variety of architectures, methF q∗d
ods, directions and ways of ANNs using is constantly
F ⊆S×V
increasing.
where q is the number of simultaneously tested signals,
However, it should be noted that not all problems are d is the length of the time interval, S is the set of signals,
convenient to solve with the using of machine learning F is the set of product features, V is the set of feature
because the complexity of modern tasks creates the need values. Moreover, it is required that f should be such
to integrate different approaches to problem solving. It that there is a transformation g:
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g ⊆ V q∗d × D,
satisfying a set of constraints Rg , where D is a set of
decisions, the simplest of which are:
• notifying the operator;
• stopping the process;
• making fixes in some devices if possible;
• moving the video camera;
• cleaning the video camera;
B. Approach to solving the problem

ANNs similar to ANNs of the first subtask;
ANNs is other than ANNs of the first subtask;
• not adaptable (trainable) model that are not related
to ANNs;
• adaptable (trainable) model that is not related to
(being) ANNs.
The first option does not require serious integration or
requires integration by inputs and outputs, the second
option requires integration by inputs and outputs, the
third and fourth options require the most serious work
on the integration of models. The fourth option, unlike
the third one, does require the use of flexible knowledgebased systems with developed means of knowledge representation and adaptation of the knowledge base. The
complexity of integration in this case will depend on the
choice of a specific model to solve the second sub-task
(decision-making). These models can be attributed to:
• problem solving strategies as decision trees and
others;
• classical and non-classical inference models, including fuzzy and Bayesian models of reasoning, nonmonotonic reasoning systems etc.;
• and others.
•
•

This problem solution consists of two parts, described
by transformations f and g, the implementation of which
must be integrated to obtain a system that provides a
complete decision. In this paper, it is proposed to use
models based on artificial neural networks to implement
the transformation f , respectively, to implement the
transformation g, it is proposed to use ontologies based
decision-making models. Thus, the results obtained by
the authors in [1], devoted to the integration of ANNs
with knowledge bases, will be used in this work.
This integration can be considered at different stages
of building partial decisions:
• the training of ANNs for recognition;
• data supply to the input of ANNs;
II. E XISTING APPROACHES TO SOLVING THE
• ANNs work results processing
PROBLEM
• decision development on action or inaction on the
A. Integration approaches
basis of the knowledge base.
The main approaches to integration are the following:
The first step is to select and train the model to solve
• integration by inputs and outputs, including control
the first part of the problem. Integration is appropriate
and messaging transfer;
if these choices and training are partially automated. For
• integration by immersion, embedding one model
example, under the condition that there is a system with
into another when one model is modeled (interthe knowledge base, which knows what models (ANNs)
preted) by another.
can be used to solve the formulated problem and compare
on the grounds that there are restrictions in Rf . Or, the
Details of the implementation of these approaches
system knows which training methods can be applied and depend on the complexity of selected integrated models:
for which data sets (training samples), in which case the language, set of states and set of operations. For complex
system can manage the training process by passing this models, immersion is a labor-intensive process, so the
data for training and testing.
choice of integration by inputs and outputs can be due
The second stage is also reduced to ANNs manage- to reduced labor costs.
ment and integration is appropriate in the presence of
The advantages of the approach of integration by
a system with the knowledge base, storing knowledge inputs and outputs are the possibility of reducing the
about the input data (eg, video signal).
labor costs of integration and higher performance of the
At the stage of processing the results of ANNs, if decision making.
the network solves the problem approximately, and not
exactly, there may be situations when the results are B. Problems encountered in the task solving
The main problems that are solved by the models
not validated on the data that were not included in
integration:
the training (or test) sample. In this case, integration
is possible if the knowledge base contains knowledge
• the reduction of labor costs for the complete deciabout the required feature properties from the set of
sion making model development;
Rf constraints. If invalid conditions are detected, the
• satisfying restrictions on transformations describing
network can be adapted.
decisions, including its computational complexity,
in order to improve the efficiency and performance
At the last stage, the feasibility and complexity of
of the entire system;
integration depend on the type of model used for the
• obtaining a decision that has a model, i.e. the
solution. In this case, the options for selecting the model
decision implementation is not just a computational
are as follows:
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process, but a formula that has a model semantics
in a certain model of knowledge representation with
the necessary properties, in order to conduct a semantic analysis of the obtained decision and explain
its results and continue the process of adaptation and
integration.
The benefits are reduced labor costs, finding the most
efficient (productive) solution, and building a flexible
system focused on these benefits.
III. P ROPOSED APPROACH
A. Detailed problem description
The task of marking control is described in detail in
[1]. Brief description – the marking control module is
installed on the bottling line. It consists of a camera
connected to an industrial computer. The camera is fixed
in the box and installed above marked covers. The system
shall ensure continuous monitoring of marking quality.
Next, we consider in more detail the analysis of the main
reasons for obtaining defective marking and typical ways
to eliminate them.
• no ink. If empty bottles start to go, it means the
printer is out of paint. The system can access it
additionally (since the printer is connected to the
network) and check the availability of ink.
• camera shift. the system knows that batch bottling
has started, but there are no positive recognition
results from the camera.
• incorrect marking. The marking is recognized,
transferred to the system, but it does not match the
reference – so there was an error when specifying
the text marking and it is necessary to stop the
bottling process and notify the operator.
• unreadable marking. The marking is not recognized – one or more digits are not recognized, so
the printer nozzles are clogged – you need to stop
the filling process and notify the Instrumentation engineer about the need to clean the printer nozzles. It
is desirable to remove the bottles with the incorrect
marking of the pipeline.
B. Technology
The proposed approach is based on the OSTIS technology ( [2], [3], [4]) and its principles. The OSTIS
technology uses models of knowledge representation and
processing focused on the unification and work with
knowledge at the semantic level. The basic principles
and models used in the approach include:
• knowledge integration model and unified semantic
knowledge representation model [1], which is based
on the SC-code [2];
• principles of situational management theory [5];
• ontological model of events and facts in knowledge
processing [6];
• multi-agent approach [7];
• hybrid knowledge processing models [8].
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IV. A RCHITECTURE OF THE PROPOSED SYSTEM
As mentioned above, the proposed subsystem of marking quality control is developed on OSTIS technology.
The system, developed on OSTIS technology, is called
ostis-system. Each ostis-system consists of a platformindependent implementation of a unified logical-semantic
model of the system (sc-model of a computer system)
and a platform for the interpretation of such models.
In turn, each sc-model of a computer system can be
decomposed into sc-model of knowledge base, sc-model
of problem solver, sc-model of interface and abstract scmemory which stores the constructions of the SC-code
[2].
Based on this, the developed system, like any ostissystem, has three main parts:
•

•

•

sc-model of interface. Describes the SCADAsystem project [9], which can be used to track the
decisions made by the system, including decisions
about the need of an engineer’s involving. Also
here the engineer can set a sample to configure the
system to recognize markings on new products.
sc-model of knowledge base. Describes the knowledge base [10] of the system, which contains all the
necessary knowledge for decision making, such as
logical rules, statements, current markings, device
states and etc. The knowledge base of the system
of quality control marking is described in the VI
section.
sc-model of problem solver. Describes problem
solver based on the multi-agent approach ( [8],
[11]). Contains a set of internal and external agents
that work with the knowledge base. With the help of
these agents, problem solver can initiate the recognition process, implement the reverse inference (
[12], [13]) on the recognition results, call external
programs for decisions implementation, prepare a
decision for the engineer’s terminal. The problem
solver of the subsystem of quality control marking
is considered in more detail in the VII section.

Also system has additional modules such as:
•

•

•

device serving image marking. For the knowledge
base, these devices are represented by agents that
are initiated by the recognition request.
marking recognition module. The task of this module is to localize and recognize product markings on
the image. This module is described in more detail
in V section.
robotic subsystem control module. This module has
access to the subsystem that directly carries out
the marking of products. The task of this module
is implementation of system decisions that can be
taken without the involvement of the engineer, such
as marking updates, switching the subsystem on and
off, etc.

The figure 1 shows the general diagram of all modules
interaction of the system of marking quality control.
subsystem of marking
quality control

Image
Module of computer
vision

Problem reports,
responses to requests

artificial neural
network

system

Terminal
engineer
Requests about
the current state
of the system,
control actions

•

Marking
recognition
results Requests of
program
Decisionmaking interpretation

Module of robotic
installation control

Knowledge base
Strategy of decision
making (reverseinference)

Information
about faults

Interpretation of
management
programs

Interpretation of logical rules
Associative search

Figure 1. Diagram of all modules interaction of the system of quality
control marking

V. S TRUCTURE OF THE RECOGNITION MODULE
To solve the problem of caps marking detection we use
two different approaches. One of them is a component
of the real system, which already used in the work.
Another approach is still being explored and this section
is dedicated to it.
To solve caps detection task we used deep neural
network SSD (Single-shot detector) [14]. A main feature
of this architecture is that it detects objects in images in
one pass (one-look), without solving two independent
tasks (localization and classification). Using of such
network gets acceptable speed of objects detection, and
with modified classificator (for example, Tiny SSD or
MobileNet SSD) allows to work in real-time mode ( [15],
[16]). Use of networks such as Faster-RCNN [17] gives
better efficiency, but fundamentally unacceptable for realtime applications because of the high resource intensity
[18].
SSD-network as the YOLO-network [19], belongs to
category of one-look methods, which solve detection task
with using only one network. A schematic representation
of the architecture is shown in figure 2. SSD has a typical
structure inherent to convolutional neural networks [20].

•
•
•

model participates in the formation of information
about objects and their location (taking into account
the scale of these objects – each subsequent layer
detects objects of larger size than the previous one)
(figure 3);
It uses pretrained neural network (VGG16 [21],
ResNet50 [22], etc.) as a base item, which is integrated into the SSD network and forms features
maps that are used to make decisions about the
position and class of objects. These networks trained
on massive set of images. As a alternative path to get
pretrained network is a use of special pretrain procedure [23]. Layers for classification are discarded;
The network uses the Non-Maximum Suppression
algorithm to reduce the number of generated boxes;
Each item of feature map forms set of default boxes
(or anchors), which differ in scale and aspect ratio.
Network is trained until for each anchor gets right
prediction for its class and offset.

Although SSD-network with VGG16 works faster in
contrast with networks, which use a two-stage process,
this architecture cannot be considered as a working
version to detect in a simple mobile systems. In this
case it seems appropriate to use the MobileNet as a basic
convolution network. MobileNet can significantly speed
up SSD-network, therefore makes possible to process the
video stream received from the camera over the pipeline
in real-time mode. The main feature, due to which an
increase in processing speed is achieved, is that MobileNet contains fewer number of parameters compared
to VGG16, but it is not inferior to it in efficiency [16].
Reducing the number of parameters in turn is achieved
by using a Depthwise Separable Convolution.

Figure 3. Localization of objects on feature maps of different sizes
[14]

Figure 2. SSD-network architecture

On output of SSD-network we gets coordinates of
rectangle boxes, which contains objects and labels for
each box, which represent class of object.
We note main features of this network.
• It differs from other single shot detectors (in particular, from YOLO) in that each layer of the
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Structure of the caps detection system. SSD-network
has one significant drawback – poor ability to detect
small objects in the image ( [24], [25]) This is due
to the fact that the feature maps of this network have
low resolution. Therefore, when designing a system for
the detection of caps and labels with the subsequent
recognition of the individual chars, which are included
in the label, we must perform the decomposition of the
general task into two subtasks.
•

Detection of caps and labels. At this stage the

•

missing labels are detected and a decision is made
to send message to the operator about incorrect cap.
Detection and recognition separate chars. The detection and recognition of chars and the formation
of the marking representation are perform at this
stage.

Both of these tasks can be solved using SSD-network.
But in the case of using one detector for detection
and recognition of all objects of interest (caps, labels,
individual characters) is impossible to ensure acceptable
quality of work for individual characters, because the
original image will be scaled to the size, which makes
the detection of the symbols a difficult task.
Therefore we used two separate SSD-networks for
detection of caps/labels and recognition chars. First network detects two classes of objects (caps and labels),
then feeds image of label to second network in original
quality.
Description of training set and features of labeling To
solve the task of detection of caps and labels, the training
set preparation consisted in manual processing of images
with the definition for each image characteristics of
rectangular areas (boxes), which include caps and labels
(length, width, coordinates of the upper left corner).
As a result, a total set of 940 images was prepared,
80% of which form a training set, and the remaining 20%
- a test set.
Example of image labeling is presented in fig. 4.

where Sground true defines the area of the etalon box,
which uses to labeling of the training set, and Sbox is
the area of the detected box.
As you know, the precision is calculated by the formula
TP
P =
(2)
TP + FP
where T P and F P denote, respectively, the number
of true-positive and false-positive detection results, and,
accordingly, P determines the share of correct detections
in the total number of detections received by the neural
network.
With respect to the object detection task, the number
T P determines the total number of rectangular areas
for which the value of IoU calculated with respect to
ground-true boxes is greater than some given threshold
(usually the threshold of 0.5 is chosen). Thus, if the
value of IoU for such a predicted region exceeds 0.5,
the detection is considered to be true-positive. If there
are several detections for a given true region, then one
detection with the largest value IoU is selected, and the
rest are considered as F P .
The averaged value for all values of recall gives the
AP :
N
T Pi
1 X
(3)
AP =
N i=1 T Pi + F Pi

where N is the number of equally spaced recall values.
The value of mAP is obtained from AP by subsequent averaging over all available classes (for the solved
problem of such classes two are objects ”cover” and
”label”).
Results of objects detection and recognition After
training the SSD-network for detection of caps and labels
we have got the results of detection with efficiency
in mAP = 0.98 (on both classes). This is the result,
which in most cases guarantees an acceptable quality
of detection with the possibility of application in real
systems. Examples of detection are presented in Fig. 5.

Figure 4. Example of image labeling

Estimation of recognition efficiency The mAP (mean
average precision metric) was used to evaluate the detection quality of caps and labels. This metric is the de
facto standard of metrics used to evaluate the quality
of models used for detection [26]. It is used together
with its modifications computed for various threshold
values of IoU (Intersection over Union, a quantity called
the Jaccard index). Value of IoU is calculated by the
Figure 5. Result of the detection objects by using SSD-network
formula:
SSD-network was trained during 4000 iterations, on
Sground true ∩ Sbox
IoU =
(1) each of which the adjustment of network parameters was
Sground true ∪ Sbox
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made for mini-batch, with size of 8 images. Evolution of
the mAP presents in fig. 6.

Figure 6. Evolution of the mAP during training

can correspond to the same recognized class from the
knowledge base. Naturally, when moving to the next
stage of integration of semantic and neural network
models and the implementation of neural network models
on OSTIS technology, the need for a set of integration
identifiers will disappear, and the system is designed
in advance so that the removal of this set occurs with
minimal effort.
Figure 7 shows a piece of the knowledge base that
describes two trained ANNs, where one classifies the
image and the other classifies the text. Also, each network has a set of recognizable classes that intersect in
the knowledge base, but these classes are different in the
recognition module.

VI. S TRUCTURE OF THE DECISION - MAKING SYSTEM
KNOWLEDGE BASE

A. Representation of the trained ANN in the knowledge
base
At this stage of integration, the knowledge base stores
the trained ANNs and following data about its:
• type of ANN;
• type of input data;
• set of recognized classes or output type;
• additional identifiers for linking objects in the
knowledge base and corresponding recognition engine components
Figure 7. Representation of trained ANNs in the knowledge base
At this stage, it is necessary to specify the type of
ANN when there are several different ANN of a certain
type in the system and there is a need to make a decision
B. Representation of logical rules for decision making
on the use of a particular network. The system should
independently make a decision on the basis of knowledge
To make decisions, the system must have a set of
about the recognized object, and therefore there is a need implicative and equivalence tuples, which for brevity will
to describe in the knowledge base the entire hierarchy of be called logical rules. According to these rules, the
subject domains of ANN proposed in [1]. With the help reverse inference is used to make the decision or a set of
of this hierarchy of subject domains, it is possible to decisions. The rules are described in the knowledge base
describe such important for making decisions knowledge using constant and variable sc-nodes and sc-connectors.
about the use of the trained ANN as:
Inference works on the basis of such rules. Inference
• class of problems solved by ANN;
uses the if part as search patterns in the knowledge
• architecture of ANN;
base. When matching the if part of a statement was
• the average work time of ANN;
found, the system generates the knowledge described in
• quality of recognition;
the then part of the implicative bundle of the used
• and others.
logical rule. For logical rules, presented in the form
In addition, such a detailed description of the trained of equivalence tuples, the mechanism of its using is
ANN in the knowledge base can be used to provide similar, with the only difference that in place of the ifinformation support to the engineer who will update the then parts there can be any part of the equivalence tuple.
It should be noted that the logical rule can be the
architecture or retrain the ANN.
A lot of IDs in an external module is used to communi- specification of agents or programs. These specifications
cate the results of the recognition module with fragments are represented in the form of the implicative tuple,
the knowledge base. For example, it is necessary to in which if part describes the input data, and in
make a clear matching between the recognized classes then part describes the output data. When making the
in the recognition module and the corresponding classes inference, the problem solver will use these logical rules
in the knowledge base. Different recognizable classes on a par with the rest, but when using these logical rules,
from different trained ANN in the recognition module the appropriate agent or program will be called.
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Each logical rule has the number of times it is used by
inference. This technique will allow the system to selflearn and speed up the inference for trivial situations.
Logical rules are related to the specific subject domain
in which its are used. In the case of the task under
consideration, this is the subject domain of product
marking. Figure 8 shows a fragment from this subject
domain that describes the set of recognizable yogurt
bottles of a certain class, its current standard marking
of the current product that will be tested, the marking
photo and the marking recognition result by module’s
recognized.

Figure 9. Logical rule for checking of marking compliance to standard

Figure 8. Fragment of the subject domains of product marking for
bottles of yogurt X

The knowledge presented in figure 8 creates a prerequisite for the use of a logical rule for checking of
marking compliance to standard(figure 9). This rule is:
matching the marking of a product from a certain subset
of the marked product with the standard marking of this
subset is equivalent to the fact that this product belongs
to a set of correctly marked products. This rule should be
used after the recognition is completed in the first place
to effectively handle most of the situations that arise in
the system when the products are marked correctly.
However, before using the rule shown in figure 9, it is
necessary to compare the recognized marking with the
standard, for which it is needed to use a simple program
of string comparison. This program is bound to a logical
rule (figure 10), which says that if you apply to the input
of this program two strings, it will generate in memory
one of the three structures:
• strings are equal;
• the first string is greater than the second in lexicographical order;
• the first string is smaller than the second in lexicographical order.
C. Representation of the system work result
One of the most important features of the system is
the ability to explain made or proposed decisions. For
this purpose, the inference makes a decision tree in the
course. Decision tree stores the input recognition data,
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Figure 10. Logical rule of using a program compared to two strings

the recognized marking, the chain of applied logical
rules and the applied (proposed for application by the
engineer) decision.
With the help of the decision tree, it becomes possible
to restore the chain of logical rules that led to the final
decision. The restoration of such a chain is not a trivial
task, since the use of reverse inference may lead to
deadlocks after using of logical rules, and the knowledge
generated as a consequence of using these rules may be
a prerequisite for using of other logical rules which will
lead to the final decision (or decisions).
VII. P ROBLEM SOLVER OF DECISION - MAKING
SYSTEMS

The general problems of the decision-making system’s
problem solver are:
• access to the knowledge base;
• processing (analysis, verification and generation) of
knowledge;
• interaction with other modules of the system.
In OSTIS technology, problem solvers are constructed
on the basis of the multi-agent approach. According to
this approach, the problem solver is implemented as a set

of agents called sc-agents. All sc-agents interact through
common memory, passing data to each other as semantic
network structures (sc-texts).
Initiation condition of the sc-agent is some event in the
knowledge base. These events are changes of temporary
non-belonging to the temporary belonging of the element
to the situative set, which is interpreted as a set of scagent initiation commands. Each command represents the
data that will be processed by the sc-agent. This data can
be a single sc-element and its semantic neighborhood
available in common memory, or some structure (scstructure) linked by such a sc-element [8].
After the operation started and executed, the temporary
belonging is replaced with a temporary non-belonging,
however, new temporary belonging may appear that will
initiate the work of other sc-agents.
Sc-agents can be divided into external and internal.
External sc-agents interact with the knowledge base but
are its not part of it. Internal sc-agents are part of
the knowledge base and can be implemented using the
internal language called SCP.
It should also be noted that some agents may be nonatomic. This means that two or more other sc-agents are
used to implement its functionality.
Copies of the same sc-agent or functionally equivalent
sc-agents can operate in different ostis-systems, while
being physically different sc-agents, since it is assumed
that the proposed system can be used in other systems
of quality control marking, and some sc-agents can be
used in other decision-making systems. Therefore, it is
advisable to consider the properties and typology not of
sc-agents, but of classes of functionally equivalent scagents, which we will call abstract sc-agents.

Figure 11. Decomposition of abstract non-atomic sc-agent of quality
control marking system

ANNs(different products, cameras and shooting angles)
can be used to recognize different marking sources, the
agent finds a suitable ANN in the knowledge base and
initiates its using with the help of an abstract sc-agent
interaction with the recognition module.
3) Abstract sc-agent of interaction with the recognition module: external sc-agent that reacts to the events
of ANNs usage from the recognition module. Receives
the pointer on the necessary ANN and input data. After
finish ANN work, it put the result of its work into the
knowledge base and then initiates the work of an abstract
non-atomic sc-agent of decision-making.
4) Abstract sc-agent for interaction with the robotic
installation control module: external sc-agent, whose
task is to make various external requests to the robotic
installation control module, such as checking the level
of paint in the printer, changing the marking label or
rejection of a certain bottle.
5) Abstract sc-agent of interaction with interface: internal sc-agent, whose task is to implement user requests
to the knowledge base.

A. Abstract non-atomic sc-agent of marking quality control system
The whole problem solver of the system under consideration can be represented as a decomposition of an
abstract non-atomic sc-agent of quality control marking
system, which is presented in figure 11.
Before going to the consideration of the main scagent, which is an abstract non-atomic sc-agent of quality B. Abstract non-atomic sc-agent of decision-making
control marking system, there is a brief description of the
The main task of the abstract non-atomic sc-agent of
rest:
decision-making is to develop and apply a decision about
1) Abstract sc-agent of initiation the marking verificathe quality of the marking applied to the products. In
tion process: external agent who receives a photo of the
turn, this agent is decomposed into:
marked product from the camera and creates a semantic
• Abstract non-atomic sc-agent of search decision;
structure in the knowledge base that describes the product
• Abstract sc-agent of using decision;
for verification, a photo with its marking, as well as the
• Abstract sc-agent of creation messages to the user;
source of the photo (number of the camera from which
• Abstract sc-agent of providing the reason of decithe photo was taken).
sion.
The figure 8 presents an example of sc-structures,
Abstract non-atomic sc-agent of search decision is
which this agent creates in the memory.
2) Abstract sc-agent of the search ANN for recogni- work on development of decision and compilation of
tion: internal sc-agent that reacts to the appearance of decision tree. Its functionality is implemented with two
a new product with a photo of marking. Since different agents:
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1) Abstract sc-agent of using reverse-inference: the
work of this sc-agent is initiated by an abstract sc-agent
of interaction with the recognition module immediately
after adding the recognition result to the knowledge base.
Figure 8 shows an example of the initial knowledge with
which this agent starts working.
The search for a decision is divided into two stages.
At the first stage, sc-agent checks whether the products
are correctly marked. At the second stage, which begins
only if the product is not correctly marked, there is a
search for the decision to the situation.
Since the sc-agent uses reverse inference, it starts with
the final states. At the first stage, it tries to use logical
rules before appearing one of the following semantic
constructions in the knowledge base:
• the product belongs to set of correctly marked
products(figure 12);
• the product does not belong to set of correctly
marked products(figure 13).

Figure 12. Example of the semantic structures describing the belonging
of the product to set of correctly marked products

Figure 13. Example of the semantic structures describing not belonging
of the product to set of correctly marked products

At the start work of agent tries to create sets of
logical rules(by pattern search), the application of which
will lead to the appearance of the necessary semantic
construction in the knowledge base. Next, it tries to apply
the most frequently used logical rule. The logical rule
can be applied when there is semantic construction in
the knowledge base that isomorphic to the construction
that was obtained by substituting nodes associated with
the processed product into a template from a logical rule.
This pattern is the first part of the logical rule, the second
part describes the knowledge that will be generated after
applying this logical rule.
If the rule can be applied, the system initiates
abstract sc-agent of using logical rule, and adds the logical rule and the result of its using to the decision tree.
In the case when there is not enough knowledge to
apply a logical rule in the system, the agent recursively
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initiates the work of itself, where it is already trying to
find logical rules, the application of which will lead to the
appearance of the missing knowledge in the knowledge
base.
If the using of any logical rule does not result in the
appearance of the necessary semantic constructions in
the knowledge base, the agent reports that it can’t find
the decision for this problem.
In the second stage of search system uses the same
principle, only the recursive search of logical rules starts
with another set of final states:
• send messages to the engineer about the lack of
paint in the printer;
• send a message to the engineer about shifting camera;
• request permission from the engineer to update the
printed marking;
• request permission from the engineer to update the
standard marking;
• ignore.
This list can be expanded after adding new logical
rules to the system.
2) Abstract sc-agent of using logical rule: sc-agent
receives the logical rule and the matching constant nodes
to variable nodes of one of the logical rules parts. Next,
it uses a logical rule, which is expressed in one of three
actions:
• if the logical rule is implicative or equivalence
bundle, the sc-agent will substitute the matched constant nodes into the logical rule nodes and generate
the knowledge described in the ”to” part(for the
equivalence bundle, the if-then roles are specified
at the sc-agent input for each part of the bundle);
• if the logical rule assumes the call of any program,
it is called with the matched input data, after which
the sc-agent waits for program completion;
• if the logical rule assumes the initiation of any scagent, it is initiated with the matched input data,
after which the main sc-agent waits for the completion of the initiated sc-agent.
After applying the logical rules, the agent increases
the use count of this logical rules and exits.
Next, let’s take a brief look at the work of other scagents:
3) Abstract sc-agent of using decision: the task of this
sc-agent is using of the developed decision in the process
of inference. The decision could be sending a message to
the engineer, reaction to the response of the engineer, the
automatic rejection of products, the change of a marking
label, etc.
4) Abstract sc-agent of creation messages to the user:
this sc-agent is initiated by the abstract sc-agent of using
decision in the case when there is a need to compose a
message to the user whose template was defined at the
stage of decision search.

The task of the sc-agent is to substitute the necessary
variables into the message template. Variables can be:
control point, printer, paint level in the printer, etc.
5) Abstract sc-agent of providing the reason of decision: sc-agent is initiated by user request when he wants
to see the reasons for decision-making. Sc-agent receives
the node of the decision, from which the decision tree is
easily extracted.
The task of the sc-agent is to transform the decision
tree into a view that is readable for user. To do this, the
sc-agent creates a chain of logical rules from the decision
tree, the using of which led to the decision and cuts
off the logical rules, the using of which did not help in
making the decision. Sc-agent made naturally language
text for on the basis of natural language formulations that
each logical rule has.
VIII. E XAMPLE OF SYSTEM ’ S WORK

Figure 14. Fragment of the knowledge base that describes knowledge

Let us consider an example of the system operation on about the processed bottle after finish work of the recognition module
the case of the camera shift on the tape for marking of
some yogurt bottles. The engineers set up the system to
receive a message with a marking problem if problems then the product does not belong to a set of correctly
were found with the recognition of three consecutive marked products (figure 15).
bottles.
The system gets to check the next bottle. System create
a description in the knowledge base that includes:
• photo of the bottle cap with lint to the camera from
which the photo was taken;
• specify the type of product that the bottle is;
• specify the control point where the photo was taken.
After that, the photo of the bottle is transferred to
the recognition module to determine the bottle marking
correctness.
Figure 14 shows a part of the knowledge base that
describes the knowledge about the processed bottle after
finish work of the recognition module, which shows that
the module was unable to recognize the marking.
After finish work of the recognition module, the
problem solver starts searching for a decision using the
reverse-inference, the logic of which is described in the
VII section.
Figure 15. Logical validation rule for exceeding the allowable number
First of all, the problem solver tries to use all logical of consecutive unmarked products
rules in which the concept of correctly marked products
is involved. The solver tries to apply the rule of checking
The solver can’t use this rule because there is no
for compliance with the standard marking, shown in information about whether a product belongs to the set
figure 9.
of consecutive unmarked products. The solver then looks
Since it is not known whether the recognized marking for logical rules that can provide this information and
is equal to the standard one, solver call the lexicographic finds the following rule: if the marking of a product is
string comparison program, the specification of inputs equal to the empty string, then the product belongs to
and outputs of which are presented in figure 10.
the set of consecutive unmarked products(figure 16).
Because the strings are not equal, the solver tries to
This rule also cannot be applied, since the marking
use the following logical rule: if a product belongs to still needs to be compared with an empty string, for
a set of consecutive unmarked products at its control which solver uses the lexicographical string comparison
point and the capacity of this set is greater than the program (Figure 10). Next, the solver recursively goes up
allowable number of consecutive unmarked products, the search tree and applies the logical rule from figure
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Figure 16. Logical rule of handling the situation of exceeding the
allowable number of consecutive unmarked products

16 and then the logical rule from figure 15. The search
for a decision is completed since the logical conclusion
came to one of the two final states of the first stage.
Since the product was not added to the set of correctly
marked products, the second stage begins. The problem
solver starts the reverse-inference, starting with one of
the final states of the second stage described in the VII
section.
The first logical rule that the solver will try to apply
is as follows: if the paint level in the printer is zero,
then the decision is to send the engineer reports about
the lack of paint and to call the program of products
rejection (figure 17).
The solver can’t apply this rule because the paint level
in the printer greater than zero and it finds the following
rule: if the paint level in the printer is zero, then the
decision is to send the engineer reports about the lack
of paint and to call the program of the products rejection
(figure 18).
After applying this logical rule, system creates the
decision node, which stores the control point, the set of
message templates to be sent, and the set of programs
to be called for the decision making. Next, an abstract
sc-agent of using decision works with this node, which
compiles and sends all messages to the engineer, as well
as calls all the necessary programs. All the necessary parameters for composing messages and calling programs
are taken from the control point attached to the decision
node.

Figure 17. Logical decision rule in case of paint lack in the printer

C ONCLUSION
The use of the considered approach to the building
Figure 18. Logical rule of decision-making in case of camera shift
of decision-making systems based on the integration
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of neural network and semantic models allows us to
design systems with a high level of intelligence. Such
systems are able not only to make or propose decisions
but also to provide its justification. However, a greater
level of integration is required for a deeper retrospection
of the system, in which the system will be able to
analyze and justify its work not only in the search
for decision but also on the recognition stage. Namely,
the implementation of the neural network model in the
knowledge base and its processing with the help of a
problem solver.
The proposed subsystem of quality control marking
for the JSC Savushkin product can be scaled to any
product of the company with minimal changes, it will
be enough only to configure the recognition module to
detect marking on new products. The basic decisionmaking mechanism can be used in other decision-making
systems, as it depends only on a set of logical rules,
which is made by the engineer for each system.

[10] I. Davydenko, “Semantic models, method and tools of knowledge
bases coordinated development based on reusable components” Otkrytye
semanticheskie tekhnologii proektirovaniya intellektual’nykh system [Open
semantic technologies for intelligent systems], vol. 2, pp. 99–118, 2018.
[11] A. Ragovskii, "Intellektualnaya mnogoagentnaya sistema deduktivnogo
vivoda na osnove setevoi organizacii Iskusstv. intellekt i prinyatie reshenii
[Artificial intelligence and decision making], vol.2, pp. 73-86, 2011.
[12] V. Vagin, A. Zagoryanskaya, M. Fomina, "Dostovernii i pravdopodobnii
vivod v intellektualnih sistemah Moscow: FIZMATLIT, 2008, 704 p., (in
Russian).
[13] S. Yakimchik, D. Shunkevich, "Principi postroeniya reshatelei zadach v
prikladnih intellektualnih sistemah Minsk, ITS 2014, pp. 160-161. (in
Russian).
[14] W., Liu, D. Anguelov, D. Erhan, C. Szegedy, S. Reed, C. Fu, A.
C. Berg, "SSD: Single Shot MultiBox Detector [Online]. Available:
https://arxiv.org/pdf/1512.02325.pdf.
[15] A. Wong, M. J. Shafiee, F. Li, B. Chwyl, "Tiny SSD: A Tiny Single-shot
Detection Deep Convolutional Neural Network for Real-time Embedded
Object Detection [Online]. Available: https://arxiv.org/pdf/1802.06488.pdf.
[16] A. G. Howard, M. Zhu, B. Chen, D. Kalenichenko, W. Wang, T.
Weyand, M. Andreetto, H. Adam, "MobileNets: Efficient Convolutional
Neural Networks for Mobile Vision Applications [Online]. Available:
https://arxiv.org/pdf/1704.04861.pdf.
[17] S. Ren, K. He, R. Girshick, J. Sun "Faster R-CNN: Towards RealTime Object Detection with Region Proposal Networks [Online]. Available:
https://arxiv.org/pdf/1506.01497.pdf.
[18] J. Hui, "Object detection: speed and accuracy comparison (Faster
R-CNN, R-FCN, SSD, FPN, RetinaNet and YOLOv3) [Online].
Available: https://medium.com/@jonathan_hui/object-detection-speed-andaccuracy-comparison-faster-r-cnn-r-fcn-ssd-and-yolo-5425656ae359.
[19] J. Redmon, S. Divvala, R. Girshick, A. Farhadi, "You Only
Look Once: Unified, Real-Time Object Detection [Online]. Available:
https://arxiv.org/pdf/1506.02640.pdf.
[20] V. Golovko, V. Krasnoproshin, "Neirosetevie tehnologii obrabotki dannih:
uchebnoe posobie Minsk: BSU, 263 p., 2017, (in Russian).
[21] K.
Simonyan,
A.
Zisserman,
"Very
Deep
Convolutional
Networks for Large-Scale Image Recognition [Online]. Available:
https://arxiv.org/pdf/1409.1556.pdf.
[22] K. He, X. Zhang, S. Ren, J. Sun, "Deep Residual Learning for Image
Recognition [Online]. Available: https://arxiv.org/pdf/1512.03385.pdf.
[23] V. Golovko, A. Kroshchanka, D. Treadwell, "The Nature of Unsupervised
Learning in Deep Neural Networks: A New Understanding and Novel
Approach Optical Memory And Neural Networks (Springer Link), 2016,
Vol. 25, № 3, pp. 127—141.
[24] J. Huang, V. Rathod, C. Sun, M. Zhu, A. Korattikara, A. Fathi, I. Fischer,
Z. Wojna, Y. Song, S. Guadarrama, K. Murphy, "Speed/accuracy tradeoffs for modern convolutional object detectors Computer Vision and Pattern
Recognition, 2017, pp. 7310–7319.
[25] J. Hui, "What do we learn from single shot object detectors (SSD,
YOLOv3), FPN & Focal loss (RetinaNet)? [Online]. Available:
https://medium.com/@jonathan_hui/what-do-we-learn-from-singleshot-object-detectors-ssd-yolo-fpn-focal-loss-3888677c5f4d.
[26] K. Oksuz, B. C. Cam, E. Akbas, S. Kalkan, "Localization Recall Precision
(LRP): A New Performance Metric for Object Detection [Online]. Available:
https://arxiv.org/pdf/1807.01696.pdf.

ACKNOWLEDGEMENTS
The presented results were conducted in close collaboration of research teams of the Department of Intelligent
Information Technologies of Belarusian State University
of Informatics and Radioelectronics, Department of Intelligent Information Technologies of Brest State Technical University and JSC Savushkin product. Authors
would like to thank Daniil Shunkevich, associate professor of the Department of Intelligent Information Technologies of Belarusian State University of Informatics
and Radioelectronics, for help and valuable comments.
R EFERENCES
[1] V. Golovko, A. Kroshchanka, V. Golenkov, V. Ivashenko, M. Kovalev,
V. Taberko, and D. Ivaniuk, "Integration of artificial neural networks
and knowledge bases,"Otkrytye semanticheskie tekhnologii proektirovaniya
intellektual’nykh system [Open semantic technologies for intelligent
systems], vol. 2, pp. 119–132, 2018.
[2] V. Golenkov and N. Gulyakina, "Proekt otkrytoi semanticheskoi
tekhnologii komponentnogo proektirovaniya intellektual’nykh sistem. Chast’
2: Unifitsirovannye modeli proektirovaniya [project of open semantic
technology of component design of intelligent systems. part 2: Unified design
models] Ontologiya proektirovaniya [Ontology of design], no. 4, pp. 34–53,
2014, (in Russian).
[3] G. Zagorulko, Y. Zagorulko, "Podhod k organizacii kompleksnoi
podderjki processa razrabotki intellektualnih SPPR v slaboformalizovannih
predmetnih oblastyah Otkrytye semanticheskie tekhnologii proektirovaniya
intellektual’nykh system [Open semantic technologies for intelligent
systems], vol. 2, pp. 61–64, 2016.
[4] (2018, Dec.) IMS metasystem. [Online]. Available: http://ims.ostis.net
[5] D. Pospelov, "Situacionnoe upravlenie. Teoriya i praktika Moscow: Nauka,
228p, 1986, (in Russian).
[6] V. Ivashenko, "Ontologicheskaya model’ prostranstvenno vremennykh
otnoshenii sobytii i yavlenii v protsessakh obrabotki znanii Vestnik BrSTU,
Brest, No5(107), pp. 13-–17, 2017, (in Russian).
[7] V Tarasov, "Ot mnogoagentnih sistem k intellektualnim organizaciyam
filosofiya psihologiya informatika Moscow: Editorial URSS, 352 p., 2002,
(in Russian).
[8] D. Shunkevich, “Agent-oriented models, method and tools of compatible
problem solvers development for intelligent systems,” Otkrytye
semanticheskie tekhnologii proektirovaniya intellektual’nykh system [Open
semantic technologies for intelligent systems], vol. 2, pp. 119–132, 2018.
[9] E. Andreev, N. Kucevich, O. Sinenko, "SCADA-sistemy: vzglyad
iznutri Moskow: RTSoft, 2004, 176 p.

ПРИНЦИПЫ ПОСТРОЕНИЯ СИСТЕМ
ПРИНЯТИЯ РЕШЕНИЙ НА ОСНОВЕ
ИНТЕГРАЦИИ НЕЙРОСЕТЕВЫХ И
СЕМАНТИЧЕСКИХ МОДЕЛЕЙ
Головко В. А., Крощенко А. А., Таберко В. В.,
Иванюк Д. С., Ивашенко В. П., Ковалев М. В.
В работе рассматриваются преимущества интеграции нейросетевых и семантических моделей для построения систем принятия решений. Предложен подход к интеграции искусственных нейронных сетей
с базами знаний по входам и выходам и спецификация этих сетей в базе знаний с использованием
онтологий соответствующих предметных областей.
Предложенный подход рассматривается на реальных
производственных задачах ОАО «Савушкин продукт»
для контроля качества маркировки продукции.

102

Received 29.12.18

Semantic analysis of voice messages
based on a formalized context
Vadim Zahariev, Timofei Lyahor,
Nastassia Hubarevich, Elias Azarov
Belarussian State University Informatics and Radioelectronics
Minsk, Belarus
zahariev@bsuir.by, linoge@bsuir.by,
stasia@tut.by, azarov@bsuir.by
Abstract—The report is devoted to the problem of using
formalized contextual information for the semantic analysis
of voice messages in conversational systems with a speech
interface. The paper proposes an approach based on several
fundamental principles: the transition from the acoustic
pattern to the semantic representation bypassing a separate
stage of textual presentation of information, saving and
processing contextual information at all levels in a single
knowledge base, transferring the linguistic processing stage
to the semantic analysis block (which allows to take into
account not only statistical but also semantic links at this
level), of applying feedback from the semantic level to the
lower level to adjust the result of links work. To implement
the approach, the original signal processing technique based
on instantaneous harmonic analysis, convolutional neural
networks for solving the classification problem, as well as
the capabilities of the OSTIS methodology and technology
were used.
Keywords—natural language understanding, context formalization, automatic speech recognition, neural networks

particular importance, due to the variety of conditions
in which dialogue systems are currently used (indoors
and outdoors, in the car, in the office, etc.), which leads
to an increase in ambiguity in recognition and, as a
result, the errors are caused [4]. The use of contextual
information (contained both in the message itself and in
external sources – meta-information) allows to increase
the accuracy of recognition of [6], [7], [8].
In previous works, the authors addressed to the issues
related to the understanding of the speech signal based
on the proposed method of semantic-acoustic analysis
[9]. The main motivation of the authors is an attempt
to confirm or decline the following hypothesis. Since
the textual and speech forms of presenting the message
are equivalent in terms of the message load, there is
a shorter way to go from the speech signal to the
semantic presentation (“speech” – “meaning”), than a
three-level scheme for translating a speech signal into a
representation in the form of spelling text and the further
implementation of its semantic processing (“speech” –
“text” – “meaning”). Such a transition is carried out with
the direct perception of speech by human. According
to the author’s opinion this approach should give a
number of advantages. For example, reduction of errors
due to imperfection of linguistic statistical models, the
ability to take into account additional information that is
present in the speech signal (intonation, pauses, acoustic
environment), but not in the spelling text in the process
of semantic analysis, and vice versa, at the level of
linguistic models to take into account information about
the formalized representation of the context placed in the
form of ontology in the knowledge base of intelligent
system.

I. I NTRODUCTION
The ability to conduct a dialogue with the user is
one of the key and distinctive features of intelligent
systems. This process can be realized effectively only
when the dialogue flows in the most natural way – using
the verbal channel of communication, i.e. through the
speech interface.
The latest achievements in the field of machine learning and artificial intelligence, connected primarily with
the development of neural network approaches and methods of formalisation of semantics, made it possible to
bring qualitative characteristics of dialogue systems with
speech interface to the level of commercial solutions [1].
This fact in it’s turn contributed to the rapid spread of
this technology on the mass market, primarily in the form
In this paper, obtained results and formulated ideas
of personal voice assistants such as "Alexa" (Amazon),
are used to solve a broader problem of understanding
"Siri" (Apple), "MicroSoft", "Alice" (Yandex) [2].
An important component of the dialogue system with speech fragments of a larger volume while the interactive
a speech interface is a module of recognition and system is used in the mode of transcribing information
comprehension of speech signal [3], [5]. It allows to (interview, lecture, etc.). It is also potentially one of the
distinguish the basic semantic entities in the statement, promising options for such systems use [2]. To solve
to define relations between them, and to take into ac- this problem, we may take into account the predefined
count peculiarities of context. The latter possibility is of context (the topic of the lecture or interview), which will
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allow us to narrow the number of possible options while
understanding specific terms.

– it is easy to add new topics, also without
adding new concepts, and using the concepts
that already exist in other topics;
Since the selection of topics is rather arbitrary, it
is likely that the restriction of the context to only
one topic may turn out to be too strong restriction;
a person can use terms from different areas even in
thematic speech;
Modern approaches take into account a rather limited context. As a rule, they don’t consider metainformation, for working with which a common
knowledge base, accessible throughout the system,
is necessary.

II. P ROBLEM OF CONTEXT CONSIDERATION
•
A comprehensive consideration of the context in the
process of dialogue with a user is the key for his
statements understanding and interpreting. The main
problems of the current work in the subject domain
include: identifying the topic of conversation based on
•
the analysis of semantic information [10], using semantic
information to reduce recognition errors [11], tracking
the state of dialogue by means of a formalized context
[12], building contextual models based on speech [13].
However, there are some problems associated with the
fact that contextual information in modern systems, in
III. P ROPOSED APPROACH
our opinion, is not used in its entirety. The first part
The previous work of the author [9] reported, that
of the context (so-called linguistic context) is modeled
not at the level of semantic data presentation, but at the in modern speech interfaces the task of meaning comlevel of statistical language models that do not allow prehension is most often solved by the «bottom-up»
fully capturing many relationships, the complexity and method. Firstly, the recognition of the speech segments
diversity of contextual links, unlike semantic models, but of the signal takes place, converting them into text in
only reflect certain distribution of following some words the linguistic processing module. Then a recognized
(or parts of words) after others. And only the second part fragment is transferred to the semantic module, which
of the context (situational context and meta-information) is implemented separately from the linguistic. It has a
knowledge base which is independent of the linguistic
is described at the level of semantic models.
There are also certain limitations connected with the module. The information at the input of the linguistic
storage and processing of context information to be im- module is represented as a matrix that is made of
plemented [7], [8], [15]. In modern systems, dictionaries the recognition probability vectors of each speech flow
(or even ontologies) corresponding to specific topics, are segment. With successful segmentation it corresponds
stored separately from each other, meta information from to a phoneme, allophone, diallophone, etc. Subsequent
one ontology is not available for the usage in another, processing involves building a list of meaningful sentheir number in each system is limited [15]. Thus, the tences based on some grammar from these probability
contextual information is also stored in various isolated vectors. Spontaneous speech, especially in flow and natuparts of the system, databases and knowledge bases, ral surroundings, is often agrammatic. For example, case
containing ontologies from certain subject areas. In the endings in flexive languages are most often “swallowed”,
existing voice assistants, they are called «abilities» or i.e. do not pronounce clearly [16]. Additionally, in the
«skills» (picture 1) [2].
Russian language there is almost free order of words in
The dialogue system tries to determine which one of sentences. It results in not effective use of only statistical
the all «skills» the user is currently accessing. Then it n-gram models for this language [17]. Therefore, it is
connects the corresponding ontology and context, for not enough to use only one grammar, without taking
example: «search», «news», «weather», «navigation». into account the context and semantic means, especially
Thus, the system becomes task-oriented, designed for a at the linguistic level, as it complicates the process of
specific subject area, and does not always allow for a understanding and introduces additional distortions into
«seamless» transition between different application areas. it. But in traditional architecture it is not possible to solve
This causes the following main problems:
this problem due to the different ways of information
• Topics can strongly intersect by concepts. If we
storing in the linguistic and semantic processing modules
exclude this possibility, then it is very difficult to (Figure 2 a).
decide where to place a specific concept. On the
Therefore, the approach, that is proposed in this work,
other hand, if we duplicate concepts in each topic, implies primarily consideration of the background, conthe percentage of duplications can be very large;
text identification and case-role relationships, as well
• Selection of a topic is rather arbitrary, which, in
as using various available meta-information (audio deturn, makes it necessary to have the following scription in tags: genre, author, speakers, recording tranpossibilities:
scripts), with all this information stored in a single
– it is easy to change the boundaries of specific knowledge base. Additionally, the authors offer to use
topics, both with the addition of new concepts, the feedback of the semantic module with the recognition
module: the search list for probable words in recognition
and with the use of existing concepts;
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Figure 1. Natural language understanding with «skills» based context formalization [14].

is updated with associative vocabulary with subsequent it becomes possible not only to solve the problems
recalculation of probability vectors. By repeating the discussed above, but also to get some additional benefits,
cycle it is possible to achive higher percentage of correct namely:
understanding of the meaning.
• completely eliminate duplication of information
Since the approach proposed by the authors is a rela(one of the fundamental principles of the SC-code);
tively new approach to solving the problems considered,
• remove the restriction on the number of possible
especially with regard to the systems of recognition and
topics, even for a given set of concepts;
understanding of the Russian language, it is not possible
• to be able to specify the degree (believability) of the
to translate a comprehensive review of the literature
concept correlation to a particular topic and take this
on this subject. Among the existing publications, ideinto account when analyzing messages;
ologically close to this work, are works devoted to the
• to be able to specify various meta-links between topconstruction of direct models for transforming sounds
ics, for example, to indicate related topics with an
into words [18], end-to-end models of segmentation of
indication of the closeness degree (both qualitative
speech parameter sequences [19], increasing the accuracy
and quantitative). This will allow to intellectualize
of speech recognition through semantic analysis [20].
the process of choosing the most appropriate conAs already was mentioned in the previous work, the
cepts, i.e. if the contradiction cannot be resolved
limitations of the proposed approach are homonymy and
within the framework of one topic, then system can
so-called information "garbage" (words that are not in
try to expand the search context by related topics;
the recognition vocabulary), as well as various kinds of
• to be able to analyze the correctness of the knowlinterferences, both speech and non-speech. To eliminate
edge base fragments of arbitrary configuration, set
various kinds of noise and artifacts while working with
complex rules and relationships between objects.
a signal in the most efficient way is possible, including
In addition, the SC code allows storing and specifythe use of more advanced models and methods of signal
ing any external files in the knowledge base. Thus an
processing. In particular, in this work it is proposed to
analyzed file can be specified (for example, the author
use a hybrid model of signal representation and a method
of the lecture is indicated), as a result, the system can
for estimating its parameters based on instantaneous
independently choose more or less suitable topics based
harmonic analysis.
on the analysis of this specification.
The approach for solving the problem of resolving
paronyms and homonyms in the context of the voice
IV. I MPLEMENTATION OF THE PROPOSED APPROACH
messages understanding is described in work [9]. However, when analyzing a specific message, it is proposed A. General system architecture
The architecture of the system implementing the proto use not the entire knowledge base, but some part of
the knowledge base corresponding to a specific topic or posed approaches is presented in the figure 2.
set of topics. In accordance with the approach to the
It is easy to see that the standard architecture of the
development of knowledge bases, used in the framework understanding subsystem (2) a), in which the recognition
of the OSTIS Technology, the knowledge base is defined process precedes the understanding stage, includes three
by a hierarchical system of subject domains and their types of transformations: signal analysis with selecting
relevant ontologies [23]. Thus, the topic corresponds to basic units of speech flow (phonemes, morphemes),
the subject domain model and the family of ontologies linguistic processing and translation into spelling text,
corresponding to this subject domain.
and only then translation into semantic models. ApThanks to the listed components of the technology, proaches based on statistical models, that allow to take
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Figure 2. Speech understanding system architecture: a) implementing standart approach; b) implementing proposed approach.

into account only a fraction of the possible links, are
used at the stage of the linguistic processor. In the
proposed architecture, the use of semantic models instead
of statistical ones permits at an early stage (when moving
from acoustic models to immediately semantic ones) to
carry out a detailed analysis of the context, not based
solely on statistical relationships in word sequences.
The system consists of two main parts: modules for
acoustic and semantic analysis.

where s(n) – input speech signal, h(n) – harmonic
component, r(n) – noise component of the signal, n and
N – current sample number and the total duration of the
analysis frame in samples, respectively.
The harmonic component can be represented by the
following expression:
h(n) =

K
X

k=1

Gk (n)

C
X

Ack (n) cosck n + φck (0))

(2)

c=1

where Gk – gain coefficient on the basis of the spectral
envelope, c is the number of sinusoidal signal compoThe speech signal is fed to the input of the analysis nents for each harmonic, Ack – instantaneous amplitude
module, where the procedures for dividing the signal into of the c-th component and k-th harmonic, fkc and φck (0)
frames with a duration of 50 msec with 25% overlap are – frequency and initial phase of the c-th component of
performed, the signal frames are weighted by multiplying the k-th harmonic, ek is the excitation signal of the k
the current signal fragment by the Hamming window, and harmonic. The amplitudes AC
k are normalized in order
provide the sum of the energy of the harmonics equal
the pitch frequency is searched. Next, the parameters of to P
C
the signal model are estimated and a characteristic vector to c=1 [Ack ]2 = 1 for k = 1, ..., K. It is easy to see that
x~m is formed for the current frame, which is placed in one of the features of the models is the fact that each
~
harmonica is described not by one but with c sinusoidal
a sequence of similar vectors X,
For speech analysis it is proposed to use a model somponents (multiband excitation).
In this case, the aperiodic component is modeled in the
based on a hybrid representation of speech signal with
whole
frequency band, as it is observed in the spectrum
multiband excitation, which allows the most adequate
representation of any fragments of the speech signal of of the real speech signal [26]. The apperiodical compoa different nature of sound formation [24]. Voiced and nent is determined, according to the expression (1), as
unvoiced fragments of the signal refer to separate parts the signal remainder r(n) = s(n) − ĥ(n). Model implies
of the model: periodic (harmonic) and aperiodic (noise). the use of signal analysis through synthesis technique
and subtraction of the harmonic part ĥ from the original
s(n) = h(n) + r(n), n = 0, .., N − 1
(1) signal.
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B. Acoustic processing part

The aperiodic component r(n) in the frequency do- and partly in the semantic processing unit. And each
main R(w) can be approximated using its spectral enve- of the words will be associated with some node in the
lope and parametrized using the linear spectral frequen- semantic network, which will later perform the procedure
cies RpLSF = LSF (r(n)), where p is the number of of linguistic modeling of the statement already taking
into account the contextual information available on both
spectral envelope coefficients [27].
The estimation of parameters of the model is pro- the linguistic and semantic levels.
The neural network architecture was chosen on the
posed to be carried out using the original method of
instantaneous harmonic analysis (IHA), which allows basis of the structure of the network proposed in the
to significantly increase the accuracy of the definition work [30], which is a combination of RCNN and BLSTM
of parameters of the periodic component [28]. In con- networks. This architecture has proved to be effective for
trast to classical methods based on a short-time Fourier solving the problem of recognition of Russian spontatransform (STFT) or the definition of the autocorrelation neous speech [31], compared to the approaches based on
function of a signal on a short fragment, the method one type of networks [32]. The architecture is presented
in question does not impose strict limitations connected in the figure 4.
with observance of the stationary conditions of the signal
Features were transformed into tensors of a dimension
parameters on the analysis frame. This allows to obtain 40 × 11 and were sent to RCNN with T = 3. Then,
a high temporal and frequency resolution of the signal, there was a unit that was consist of two convolutional
as well as a clearer spectral picture of the localization layers with a batch-normalization and ReLU, 3×3 kernel
of energy at the appropriate frequencies 3, and as a with padding and 1 : 1 stride. Then, convolutional layer
result, to perform a more accurate estimation of the signal with 2 × 2 and 1 : 1 stride. Finally, BLSTM’s stack
parameters (on average above standard methods for 10- (three layers with 512 units in each layer) was applied.
15 %) [29].
Initialization and training of the network is carried out
Consequently, for one frame of signal with the num- according to the schemes presented in the work [33]. For
ber m and duration N of counts the characteristic the input feature vector, the procedure of lowering the
vector which includes coefficients of model xm = dimension based on the principal component analysis to
C
LSF
[Gk , AC
] is formed. And the acoustic the dimension of the input layer is applied. To initialize
k , fk , K, C, rp
image of a signal duration M is a sequence of such the training, limited Boltzmann machines were used. The
network was trained using the criterion for minimizing
characteristic vectors: X = (x1 , x2 , ..., xM )T .
In terms of signal processing, this sequence can be mutual entropy. The implementation of the network was
represented as a analogue of the spectrogram with an carried out using Kaldi and CNTK software packages
extended number of parameters, where the values of in accordance with the methods described in the paper
[30]. Two corpuses of speech phonograms were used for
normalized instantaneous amplitude harmonic AC
k and
linear spectral frequencies RpLSF , characterizing the dis- model training:
tribution of energy in the periodical and the aperiodic
• The first corpus contains about 100 hours of aupart of the signal respectively (which equals the area
dio recordings received from the video lectures on
of low and high frequencies in the Fourier spectrogram),
YouTube by automatic extraction of audio tracks.
supplemented with information about their instantaneous
For the training of models and context accounting
frequency fkC , and energy Gk in the band (excitation
also both user-provided and auto-generated subtitles
signal parameters).
(automatic captions) for the extracted audio were
used. The enclosure is characterized by variabilIn contrast to the previous work, where the fragment
ity and includes recordings containing voices of
of the signal was converted into a phonetic word, and
80 speakers obtained in different acoustic environthe method of comparison of the acoustic image with
ments. The thematic area of the video was taken
the benchmark was used, which was quite applicable to
in accordance with the main subject domain conthe problem of recognition with a limited dictionary, in
sidered in the article: lecture materials, reports of
this work, to realize the possibilities of working with
conferences from various sections of mathematics
unlimited dictionary, and fragments of high-length audio
including algebra, geometry, graph theory.
recordings, a classic approach is used based on obtaining
• The corpus of training data and test data was made
a sequence of spelling words in sequence characteristic
up of available «Voxforge», «SPIIRAS» and «STC»
signal parameters vectors. This sequence arrives at the
speech corpus fragments [35]. Total duration of
input of a deep neural network to solve the problem
audio training set was about 30 hours. The lexicon
of classifying the obtained sequence of parameters and
corresponds to the common form of speech. Since
converting it into a sequence of phonemes of units, on
a comparatively small amount of data were availthe basis of which the trigram model is built a sequence
able for experiments with this corpus, the system
of spelling words. Linguistic modelling was partially
dictionary at the moment was about 1000 words.
carried out using the statistical models of the HMM,
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Figure 3. STFT and IHA based spectrograms

train the neural network. The main feature of the training
sample preparation process was the fact that their lexical
composition was selected in such a way as to maximally
reuse the existing knowledge bases made on the base
of OSTIS Technology, for example, geometry and graph
theory [23], [37]. The lexical composition of the training
set corresponded to the concepts and relations available
in the knowledge base. For example, the most frequent
words in the training sample corresponded to the main
nodes of the ontology, containing such concepts as: geometric shape, point, segment, ray, line, plane, polygon,
triangle, quadrilateral, etc. As a result, there was no need
to carry out the procedure of forming a knowledge base
from scratch, but it was possible to supplement it with
new concepts.
As a phoneme alphabet was chosen a set of 54
phonemes: 16 vowel phonemes, 36 consonant phonemes,
one phoneme for pauses and one for speech noise.
This set of phonemes has been successfully used in the
development of an automatic subtitle generation system
Figure 4. Neural network architecture based on a combination of
for real-time television shows [34]. For the simulation of
RCNN and BLSTM networks [30]
vowel sounds, 6 nuclear, 4 postnuclear, 5 prenuclear and
1 preprenuclear phoneme were used. Consonant sounds
The recordings were characterized by a large inter- were modeled using 21 hard and 15 soft phonemes. This
dictatorial variability, as well as by the diversity of separation of vowels and consonants improves the quality
the acoustic environment.
of speech signal modeling, since both vowel sounds
All phonograms in both corpora were recorded at a (stressed and unstressed) and consonant sounds (hard and
sampling frequency of 16,000 Hz, 16 bits per sample. To soft) have noticeable differences in spectral and temporal
test the system, 500 phonograms were selected from each characteristics.
The integration of the neural and semantic parts is
enclosure containing phrases ranging from 10 seconds
to 1 minute. The remaining phonograms were used to carried out using the approaches presented in [36]. Fur108

ther processing is carried out in the semantic processing
module.
C. Semantic processing part
The semantic processing module, in accordance with
the architecture of systems built on the OSTIS technology, includes a knowledge base, which is interpreted as
a hierarchical system of subject areas and corresponding
ontologies, and also a problem solver, which is interpreted as a hierarchical system of agents, managed by
situations and events in the knowledge base.
The main classes of agents that make up the task solver
of the semantic processing module were considered in
[9].
Let us consider several fragments of the knowledge
base of the semantic processing module, illustrating the
possibility of solving the problems formulated earlier.
Figure 5 shows an example of correlating several
concepts to several subject domains (SD) with an indication of the membership believability to a particular
subject domain. As it can be seen from the example,
each concept can be part of an arbitrary number of
subject domains. At the same time, topics separation
can significantly narrow the search area when resolving
paronyms and homonyms, for example, the word «graf»
in the meaning of a noble title will be considered in the
last order for a lecture on discrete mathematics, and the
word «graph» in the sense of the mathematical structure
will be the last to be considered in the framework of the
lecture on history.
Figure 6 shows an example of specifying meta-links
between subject domain. The main relations in this
case are the relations particular subject domain and
related subject domain. It can also indicate the degree of
closeness, which can be taken into account, for example,
when expanding the analysis context (a particular subject
domain is automatically considered to be related with the
maximum degree of closeness).
Figure 7 illustrates an example of an audio file specification (lecture recording) with attribution. In turn, the
author of the record with an equal degree of confidence
corresponds to a set of subject domains to which the
lecture will most likely be devoted.
It is important to note that such characteristics as the
degree of correspondence of a concept and a subject
domain and the degree of relationship between subject
domains can be established both by an expert and
automatically calculated on the basis of analysis, for
example, subject texts corpus. Thus, the task of building
knowledge base fragments corresponding to different
topics can be significantly simplified.

The Word Error Rate (WER) metric is used to evaluate
perfomance. Since at the moment the performance was
evaluated only for the signal and linguistic levels processing modules, this type of metric (widespread for testing
ASR systems) was used. It represents a normalized
levenshtein distance between two word sequences that is
averaged for all samples. The WER is defined as follows
W ER = (I + D + S)/N , where I – is the number
of insertions, D –is the number of deletions, S –is the
number of substitutions, and N is the number of words
in the reference. The speech corpus collected on the
basis of the lecture material on YouToube had the name
«YtO18Trn» and «YtO18Tst» for training and testing
respectively. The speech corpus collected from fragments
of cases «Voxforge» was called, «SPIIRAS» and «STC»
for training «VoxssO18Trn» and testing «VoxssO18Tst».
Two modes of work were considered, taking into account
the semantic context in the linguistic module and without
accounting. The results of the experiments are presented
in Table 1.

The obtained results allow us to assert that the use of
formalized context, based on the approach suggested in
the article, allows to reduce the word error rate by 57% on average, depending on the size and composition
of the training sample. To obtain more representative
experimental results, it is necessary to expand the training
sample of audio recordings and conduct additional experiments. For learning of deep neural networks, shells
are used that usually include from 500 to 2000 hours
of audio recordings[20], [31]. This fact also explains the
relatively low percentage of recognition accuracy and the
WER metric value.

VI. C ONCLUSION
An approach to the problem of semantic analysis of
voice messages with the use of formalized context is
proposed. This approach involves saving and processing of contextual information at all levels in a single
knowledge base, transferring a stage linguistic processing
into a block of semantic analysis, using joints specific
acoustical, statistical and semantic models and methods.
V. E XPERIMENTAL RESULTS
This approach allows acheiving deduplication of context
Experiments were conducted to identify the efficiency information, taking a degree (believability) of the concept
of proposed approach, i.e. the application of an additional correlation to a particular topic and take this into account
formalized context at the semantic and linguistic levels. when analyzing messages, analyzing the correctness of
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Figure 5. Correspondence of concepts with subject domains

Figure 6. Metalinks between subject domains

the knowledge base fragments of arbitrary configuration,
setting complex rules and relationships between objects.
The original system architesture developed with the help
of signal processing technique based on hybrid speech
model and IHA, deep neural network for solving the
classification problem, as well as the capabilities of
the OSTIS methodology and technology are used. This
allows to reduce the word error rate by 5-7% on average.
Further work will be aimed to improving the quality
characteristics of the proposed approach and testing it
on large corpus of speech data.
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СЕМАНТИЧЕСКИЙ АНАЛИЗ РЕЧЕВЫХ
СООБЩЕНИЙ НА ОСНОВЕ
ФОРМАЛИЗОВАННОГО КОНТЕКСТА
Захарьев В.А., Ляхор Т.В., Губаревич А.В., Азаров
И.С.
Доклад посвящен проблеме применения формализованной контекстной информации для семантического анализа речевых сообщений в диалоговых системах
с речевым интерфейсом. В работе предлагается подход
на основе нескольких основополагающих принципов:
перехода от акустического образа к семантическому представлению минуя отдельный этап текстового
представления информации, сохранения и обработки
контекстной информации всех уровней в единой базе
знаний, переноса этапа лингвистической обработки в
блок семантического анализа (что позволяет учесть
не только статистические но и семантические связи
уже на данном уровне), применения обратной связи
от семантического уровня к нижестоящем для корректировки результатов их работы. Для реализации
подхода используются оригинальная техника обработки сигналов на основе мгновенного гармонического
анализа, свёрточные нейронные сети для решения
задачи распознавания, а также модели, средства и
методы технологии OSTIS.
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Abstract—In this paper we propose the architecture to
perform a task of semantic image analysis. The approach
uses the advantages of the state-of-the art deep convolutional neural networks for object detection and builds
the semantic graph that represents the scene. Ontological
system is used in both graph construction and model
verification. The method can be used as a part of a more
extensive intelligent system.
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I. I NTRODUCTION

these areas [4]. Thus, in the framework of certain modern
approaches a graph model that reflects semantic relations
between objects is constructed based on the results of
automatic detection [5].
A promising direction for further development in this
area is the use of more advanced semantic means, both
for describing the results of image analysis (objects and
relations), and directly in the analysis process. Such tools
currently are knowledge bases and ontologies [6].
Integration of knowledge about the image and the
objects represented on it into the knowledge base will
allow, on the one hand, to improve the accuracy of understanding through the context and information available in
the knowledge base, and on the other hand, to supplement
the results of the analysis with new knowledge, that is
not clearly presented in the analysis results, but can be
generated on the basis of these results and information
from the knowledge base (to “discover” the image) [7].
As part of this work, an approach to semantic image
analysis based on the integration of a model using convolutional neural networks and information representation
and processing tools within the framework of an Open
semantic technology for intelligent systems design is
considered.

The human interpretation of the image is based on a
clear understanding of the meaning of both the scene
itself and its individual elements as well as semantic connections between these elements. So, when on
an image we see a roadway along with a traffic, we
conclude, that the action takes place on the road and
obeys the traffic regulations. We easily select the objects
of the scene – cars, buses, motorcycles, pedestrians,
traffic signs, and road markings. Paying attention to
the objects of the scene and their relative position, we
understand the situation well. All this happens quickly
and naturally. However, for artificial vision systems, such
an interpretation is still a challenge today.
In recent years great progress has been made in the
II. I MAGE UNDERSTANDING PROBLEM
field of image classification [1], where the task is to assign a label (or class) to each image. Further development
Currently, the majority of works related to image
in image analysis went in two directions:
analysis, including semantic analysis, are devoted to
• the improvement of the results in the field of ausolving image recognition tasks, which involves object
tomatic detection of multiple objects in an image detection, classification, and sometimes building seman(identification of object labels and the locations of tic links between objects. The result of solving this
the objects) [2];
problem is a description of the depicted objects, which
• semantic description of the image, which, given a
can be both formal and natural-language based. For the
set of objects from the image, would allow to obtain formal representation of the identified relations between
a sequence of words describing more complex con- objects it is convenient to use models based on semantic
cepts than simply listing the objects in the image [3], networks.
thus creating a text (including the one in simplified
However, building complex intelligent system, espenatural language) describing relations between the cially autonomous one, implies the ability of not only
objects in the image.
processing the images, acquired by the system from
Solving the problem of understanding and interpreting the external sources, but also the ability of the system
images today requires the integration of methods from to understand the information that can be obtained by
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analyzing the image, i.e. integration of recognition results
into the knowledge base of an intelligent system for
subsequent analysis, correction, elaboration, decisionmaking on the basis of the information acquired, and
other problems solving.
The task of image understanding can be represented
by the following pipeline:
1) Detecting the objects in an image – the estimation
of the regions, containing the objects, and their
classification.
2) Building an equivalent semantic network, its analysis and verification.
3) Integrating the model into the knowledge base,
eliminating synonyms, resolving contradictions.
4) Supplementing the new knowledge with the information already stored in the knowledge base.
The solution to the problem of integrating new fragments into the existing knowledge base, identifying and
eliminating synonyms and contradictions, is also carried
out in several stages and is discussed in more detail in
[8].
The approach to the development of a mechanism for
supplementing knowledge obtained by a system from the
external sources using information from the knowledge
base is discussed in [9].
Thus, this paper will focus on the first two stages, in
particular, improving the quality of image recognition
through the use of a priori knowledge stored in the
knowledge base. Moreover, the approach proposed in
this paper can easily be integrated with the approaches
considered in the indicated papers and used to solve the
problem of image understanding.
III. E XISTING APPROACHES ANALYSIS
To solve such a complex task as understanding and
interpreting an image, it is necessary to integrate an
artificial neural network with a knowledge database [10]:
• using hybrid neural network architectures, such as
convolutional neural networks and recurrent networks [11],
• by application of the semantic text analysis [12].
The solution will naturally include object detection
(e.g. by means of convolutional neural network approach)
and constructing the semantic structure in the form of
graph.
A. Object detection

(each pixel of the image must be processed separately),
this approach is very inefficient.
2) Classification and localization: determine the class
of the object in the image and its exact location. This task
is now considered to be solved [15], however, since the
solution is mainly focused on the determining of the class
and location of only one object, the existing effective
solutions [16] can be applied, for example, to a part of
the image (or the scene) with already selected regions.
3) Object Detection: determine the class and the
rectangular region for each of the objects in an image.
As noted above, the problem can be solved by proposing
the number of regions of interest [17] and determining
whether there is an object in the selected block and which
class it belongs to. It is possible to use already pre-trained
model of the convolutional neural network [18].
4) Instance Segmentation: the task is to determine
object contours (all visible pixels) and its class on the
image with multiple objects [19]. This way it will be
possible to analyze the exact relative position of objects
in an image, including distortions and occlusions.
For further construction of the semantic network in
image analysis the solutions of the two last subtasks
based on the class of neural network models with the
so-called “region proposal” (R-CNN) are most effective:
• R-CNN [20] is a sequential image processing which
generates a set of region proposals using a certain
pre-trained convolutional neural network [21] with
the final SVM layer [22], and linear regression for
more accurate region estimation.
• Fast R-CNN [23] adds the selection of regions and
the unification of all neural networks into one model
to speed up the performance.
• Faster R-CNN [24] for even greater acceleration selective search of regions is used, and convolutional
features are shared between all parts of the network.
• Mask R-CNN [19] in contrast to previous models
uses a binary mask to determine not only a rectangular region – a candidate for an object, but also
a specific pixels that belong to an object, which,
in fact, is the solution to the problem of image
segmentation.
In many image analysis systems proposed today precise image segmentation is already a good result [25].
However to fully understand and interpret the image
further semantic analysis is necessary.

B. Equivalent semantic network construction
To solve cognitive tasks related to image understandThe first step in image understanding is the detection
of the objects in an image – source image processing and ing the designed model should reflect the connections
feature extraction. Today in the task of object detection and relations between objects in an image, the properties
of these objects (qualitative and quantitative), and other
the following subtasks can be distinguished:
1) Semantic Segmentation: for each pixel in the input information.
This model can be trained in two ways:
image define its category or class [13]. This problem
• supervised neural network learning using already
can be solved by means of e.g. a recurrent network [14],
labeled graph data [5];
however, due to the large amount of the data processed
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•

partially unsupervised learning with pruning of the
least likely relations between the objects [26].

Modern methods have a number of general limitations:
•
•
•

•

when identifying objects and building links between
them one most likely option is chosen;
only binary relations between objects are considered;
to cut off the least likely relations only neural
network methods, that have a limited set of outputs
and high cost of the correction (re-training), are
used;
as a consequence of what is stated above, when
cutting off the least likely relations only pairs
of objects are considered, while in human image
understanding much more complex structures of
arbitrary configuration can be analyzed.

In addition to noted above, modern approaches are
focused on solving the recognition problem and do not
consider the remaining stages of the process of image
understanding. This situation is partly due to the fact,
that a complete solution of the problem of image understanding implies the possibility of adjusting intermediate
results at each of the stages and returning to the previous
stages, which in turn implies using a combination of
several approaches to information processing, as well
as the availability of universal means for representing
information of various kinds.
The implementation of such systems on the basis of
traditional modern means is a complex task, that involves
the combination of heterogeneous components of the
system through software interfaces between them. In
addition, the system constructed in this way becomes
difficult to maintain and develop and making changes to
any of the modules is quite costly.
Thus the solution to the problem of image understanding requires a basic technological foundation that would:
•

•

•

allow to integrate various models of information
processing on a unified formal basis, both from the
field of machine learning, and, e.g. models of logical
inference;
ensure the unification of the representation of heterogeneous information in the memory of a computer system, including both intermediate recognition results and the previously accumulated knowledge base;
ensure the ability of adding and adjusting the models of information representation and processing
(system re-training).

on the other, almost without regard to approaches to
information processing presented in this form.
IV. P ROPOSED APPROACH
In this paper it is proposed to use OSTIS Technology
[31] as a formal basis for the implementation of an image
understanding system.
The orientation to this technology is due to the presence of the following components:
• a unified version of coding the information of any
kind based on semantic networks with set-theoretic
interpretation called SC-code;
• a model of an abstract semantic memory storing SCcode constructs (sc-memory) and a model of a basic
machine for processing of SC-code structures [31];
• a model of the representation of various types
of knowledge and models, methods and tools for
developing knowledge bases using SC-code [32];
• models, methods and development tools for hybrid
problem solvers in sc-memory based on a multiagent approach [33] that allow to integrate various
problem-solving models, including neural networks
[34] within one solver.
Thus OSTIS Technology meets the requirements for
the technological foundation necessary to implement the
proposed approach to image understanding and can serve
as the basis for building a hybrid system for semantic
image analysis.
Systems developed using this technology are called
ostis-systems and it is assumed that the designed system
of image understanding can be further integrated as a
subsystem into other ostis-system, it is also an ostissystem by itself and follows the same rules.
As mentioned earlier the focus of this paper are
the principles of image recognition with regard to the
information previously stored in the knowledge base.
Let us consider in more detail the stages of solving this
problem in the framework of the approach proposed in
this paper.
A. Object detection
At this stage selection of objects in the image, classification and building of a topological description of
the objects (bounding boxes in the image, see Fig. 1)
is performed.
For the object detection the Faster R-CNN (deep
convolutional neural network) is used. The output of the
network is a set of regions (coordinates of angles) and a
vector with class labels probabilities for each region as
presented in the table below.

The standards proposed by the W3C consortium RDF
[27] and OWL [28] in particular are currently widely
used as the basis for the development of knowledge bases
and ontologies. However these standards have a number B. Building object relations
In general, building of possible connections between
of significant limitations [29], [30] on the one hand,
and regulate only low-level of information representation objects can be carried out in several ways:
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Figure 1. Object detection visualization (Test image from COCO
dataset [35]).

O BJECT DETECTION
Class ID
7
7
14
14
15
15
15
15
15
15
15
15

•

•

•

Table I

WITH TOP - ONE CLASSIFICATION SCORES

Class Name
car
car
motorbike
motorbike
person
person
person
person
person
person
person
person

Score
0.9990532
0.98173344
0.98688495
0.7723496
0.99547195
0.9894701
0.9516165
0.8993606
0.8546056
0.76542825
0.66580576
0.52531904

y1
65
71
138
158
32
54
61
73
52
60
57
72

x1
417
9
4
49
313
38
568
316
604
582
594
287

y2
196
119
431
457
335
393
104
132
131
102
112
119

x2
583
65
619
245
448
248
588
341
633
600
611
309

on the creating of a priori information and has a higher
performance compared with the third option.
To build initial version of the semantic model two
neural networks are trained:
• the first neural network determines for each pair of
objects, whether they can be a subject-object pair,
using the probabilities of classes (the idea is, that
person-motorcycle are probably subject-object, and
the sky-motorcycle is probably not);
• the second neural network builds a graph for the
remaining after the first step subject-object pairs,
and marks edges with possible semantic relations
((person, motorcycle) -> person sits on motorcycle).
To train a neural network it is necessary for each
training image to have a semantic graph, such as provided
in Visual Genome dataset [5].
The data in Visual Genome was pre-processed and
manually labeled. The dataset consists of seven main
components:
• regions
• objects
• attributes
• relations
• region graphs
• scene graphs
• question-answer pairs.
An example of the labeled data is shown in Fig. 2

based on machine learning techniques without taking into account the topological connections between objects (e.g. using word2vec approach [12]);
based on machine learning techniques taking into
account the properties of objects and their topology; this option involves the training of the neural
network on manually labeled image datasets;
based on a priori knowledge formalized in the form
of ontologies stored in the knowledge base.

It is important to note that for building the knowledge
base of big volume containing this kind of information,
e.g. probabilistic rules, machine learning methods can
also be used.
In the framework of this work the choice was made
in favor of the second option, because it allows quickly
enough on the basis of available free-access image
datasets to train neural network models, which makes
possible to quickly create the initial configuration of
Figure 2. Training data from Visual Genome dataset [5].
connections between objects, that can be later adjusted
using the information from the knowledge base. At the
The initial configuration of relations at this stage is
same time this approach, unlike the first option, allows constructed considering the most probable classes for
to take into account the properties and locations of objects, obtained during the previous stage. For each
objects, and also requires a relatively small expenditure constructed link there is also a probability of belonging to
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certain classes of links (relations), from which the most
likely relation is initially selected.
C. Model immersion and verification
At this stage the resulting semantic model is immersed
in the knowledge base (at least, the merging of nodes
with the same names is performed) and verified using
the patterns presented in the corresponding ontologies.
In general, when the number of possible classes for
recognizable objects is large, the development of such
ontologies is a laborious task and can be simplified
by automation, including using neural network models.
However, at the current stage, since we are talking about
a relatively small number of classes, the development of
such an ontology was done manually based on expert
knowledge of the subject domain.
The statements presented in the knowledge base are
interpreted by the corresponding knowledge base verification agents, that are part of the problem solver of
the image understanding subsystem. To implement the
solver, the approach developed in the framework of
OSTIS Technology proposed in relevant works, e.g. [33],
is used. One of the advantages of this approach is the
ability to expand the range of agents, that are included
in the solver, without significant increase of the labour
cost. Thus the tools of knowledge bases verification can
be constantly improved.
If in the process of verification using the current
version of the ontology and the current set of agents, no
contradictions has been detected, the resulting semantic
model is accepted as final, and its further immersion
into the knowledge base, recognition and merging of
synonyms, etc. is performed. Otherwise an adjustment
step is performed.

V. S YSTEM ARCHITECTURE
As previously discussed, the solution is proposed to
be an ostis-system with corresponding architecture [36].
To improve the system performance the current implementation uses Pytorch and Tensorflow in the parts
related to neural networks. Then the detection results are
put into the knowledge base of the ostis-system, where
they are verified in accordance with the routine discussed
previously.
The proposed system architecture is summarized in the
Fig. 3.
A. Object detection unit

The object detection unit is built after the Faster RCNN [24] architecture.
1) The image is passed to the feature extraction
network. The feature extraction is performed by
one of the image classification architectures: VGG16 [37], ResNet-101 [38] or FPN [39], – with few
of the outer layers removed.
2) The feature map (e.g. with 256 distinct features for
the VGG) is passed to the RPN (Region Proposal
Network). The tasks of the RPN is to determine
a collection of regions of interest (approx. 2000
- 5000) which have a probability to contain an
object.
a) The first layer of the RPN is the 3 × 3 × 1
convolution, computing the feature vector for
each 3 × 3 window of the feature map. The
3 × 3 window in the feature map corresponds
to sufficiently large local receptive field in the
source image (228 × 228 for the VGG).
b) Two parallel fully-connected layers produce a
region proposition for each of the K anchors
situated at the center of each window (K = 9
– pre-defined windows with fixed scale and
D. Results correction and re-verification
aspect ratios):
i) The layer that calculates the “objectness”
In case verification process detects contradictions, the
(the probability to contain an object) of
semantic model is adjusted, which in turn involves seveach of the K input windows. This layer
eral steps:
is basically doing a 2-class anchor classifi• the fragment of the model containing contradictions
cation: for each anchor it decides whether
is localized; in the current version of the approach,
the anchor is having significant (70%)
adjustments are made only within the localized
intersection with an object enclosing rectfragment;
angle.
• another combination of relations between objects
ii) Bounding box regression layer: for each
is selected, taking into account the probabilities
anchor with a positive “objectness” the
obtained in step B, the verification is repeated;
layer calculates a correction to the pre• if for the selected classes of objects it is not possible
defined anchor coordinates to match them
to select a satisfactory combination of relations, then
with the actual object enclosing rectangle
roll back to the beginning of step B is performed and
(the output is 4 numbers: the correction
other classes are selected for one or several objects
to the x, y and width/height of the recttaking into account their probabilities, after which
angle).
the links between objects are rearranged based on
3) Some of the produced regions are going to share a
the newly selected classes.
lot of common pixels, such regions are eliminated
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Figure 3. System architecture.

Figure 4. Classes of situations and classes of objects.

using NMS (non-maximum suppression) algorithm
to reduce redundancy.
4) Each region of interest is projected to the region
of the feature map (the result of step 1).
5) Features extracted by the feature map for the region
are adjusted to match dimensions expected by
the classification network. One of the following
technique is used here:
a) RoiPool [23] – maximum-pooling layer with
fractional stride, ensuring the expected output
dimensionality.
b) RoiCrop [40] – learnable model, that is able
to preform scaling with interpolation.
c) RoiAlign [19] – feature map scaling using bilinear interpolation.

“background”) the network outputs 4 numbers in
addition to class probabilities – enclosing window
displacement, assuming the object class. It allows
the network to correctly detect the window coordinates in case of an RPN error, given that RNP
cannot distinguish different classes of objects thus
is unable to contain class-specific information to
determine correct object region placement.

B. Semantic analysis unit
In general, an ostis-system consists of a system model
presented using SC-code (sc-model) and an sc-models
interpreting platform. At the same time the sc-model
of an ostis-system may be subdivided into an abstract
semantic memory model (sc-memory), a knowledge base
sc-model, and a problem solver sc-model.
6) Features are passed to the classifier network to
Let us consider the contents of each of these comdetermine an object of the region. Class list is ponents in more detail from the angle of the image
extended with the catch-all “background” class understanding problem.
The approach behind the OSTIS Technology frameto give the network an opportunity to reject a
proposed region. For each class (except for the work is to represent the knowledge base sc-model of
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Figure 5. Low-probability situation classes for the example domain.

the ostis-system by hierarchic system of sc-models of
the subject domains [32] and corresponding ontologies.
As a central reusable knowledge base component, the
Knowledge Base Semantic Model Kernel is developed
within the technology. The Kernel is included in the each
newly-created knowledge base of the system and contains
a number of top-level domains and ontologies.
To solve the image understanding problem, the proposed systems uses concepts explored in the following
Kernel comprising domains:
•
•
•
•
•
•

Subject
Subject
Subject
Subject
Subject
Subject

domain
domain
domain
domain
domain
domain

of
of
of
of
of
of

actions and tasks
situations and events
spatial entities
material entities
temporal entities
parameters and values

The implemented image understanding system was
decided to be oriented towards city traffic images processing. From that followed a development of the model
fragments for the following domains describing main object classes occurring on such images, objects relations,
and typical situation classes:
•
•
•

Subject
Subject
Subject
Subject

domain
domain
domain
domain

of
of
of
of

buildings
living creatures
vehicles
streets and street situations

In turn, the sc-model of the problem solver is interpreted as a hierarchical system of agents driven by
situations and events in shared sc-memory [33]. Such
agents are called “sc-agents”. Non-atomic sc-agents,
that could be decomposed to a simpler sc-agents are
considered separately. The structure fragment of a nonatomic knowledge base verification sc-agent in the SCncode [41] is presented below.
Non-atomic sc-agent for knowledge verification
<= abstract sc-agent decomposition*:
{
• Abstract sc-agent for compliance of relations to
its domains verification
• Abstract sc-agent for compliance of action
specification to its class verification
• Abstract sc-agent for compliance of class
instance to class definition verification
• Abstract sc-agent for validation on the base of
uniqueness statements
• Abstract sc-agent for validation on the base of
statements about the impossibility of the given
situation existence
}
VI. E XAMPLE

Let us consider the following example. The source
image is shown in Fig. 6.
The object detection results are regions and objects as
The information required on the detection result verification step is specified in the ontologies corresponding presented in Fig. 7 and in the table II.
Based on the detected objects taking into account
to subject domains. In particular, object classes that are
expected in the situation of corresponding classes (Fig. 4) the coordinates of their locations a closeness graph is
and scene classes that are improbable in the context of constructed (Fig. 8). For clarity the probability values of
certain objects of the corresponding classes are omitted.
the given subject domain (Fig. 5) are specified.
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Figure 6. The source image (from COCO dataset [35]).
Figure 8. Object detection results in semantic memory.

Figure 7. Object detection results.

Next the relations between the neighbouring objects
are specified in the graph construction unit (Fig. 9).
The semantic analysis unit based on the nature of the
selected objects determines the context of the image
(street, traffic).
Further the unit determines possible errors either in
the object detection or in the relations (Fig. 10).
In our example the two fragments of the resulting
graph possibly containing errors are localized. The idenTable II
O BJECT DETECTION
Class ID
6
7
7
7
9
14
15
15
15
15

Class Name
bus
car
car
car
chair
motorbike
person
person
person
person

Score
0.991863
0.9956397
0.92731386
0.9228814
0.9342198
0.90591204
0.9992173
0.9987311
0.96812516
0.8665556

RESULTS

y1
12
157
162
146
406
204
121
131
225
276

x1
11
313
441
304
342
39
209
524
4
597

y2
326
278
282
183
475
334
479
322
360
350

x2
297
508
541
349
480
174
330
592
81
639

Figure 9. Semantic model with determined relations.

tified fragments correlate with the corresponding classes
of incorrect constructions in the knowledge base (in
figure the belonging to the indicated classes is omitted).
In this example the first of the situations is considered
incorrect, since the presence of the object of the class
“chair” is unlikely in a case of the “street situation” class
in accordance with the description in the framework of
the ontology (Fig. 4).
The second case contradicts the probabilistic statement
considered earlier (Fig. 5), that within the scope of the
“road situation” there are no situations like “personunder-person” and “car-under-car” (in the current version
it is assumed that all participants in the process are on
the street level).
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Figure 10. Semantic model with problem fragments localized.

The object detection unit (or the graph construction
unit, depending on the nature of the error) re-checks the
results for “suspicious” regions (Fig. 11). The model is
adjusted (Fig. 12).

Figure 12. Adjusted semantic model.
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According to the adjusted model, taking into account
the subject-object language relationships and replacing
the relations designation with appropriate language constructs (in this case, verbs), the following semantic
descriptions can be constructed:
“the person rides the motorbike”
“the person walks the dog”
VII. C ONCLUSION AND FURTHER WORK
The paper considers an approach to improving the
quality of image recognition based on the integration
of neural network models and the ontological approach.
The results obtained will be used further in the context
of solving the problem of image understanding.
Furthermore, as one of the ways to develop the proposed approach, it is supposed to use ontologies for
training artificial neural networks on the one hand, and to
use neural networks and labeled markers for automating
ontologies making on the other. The combination of these
approaches will reduce the requirements for the volume
and quality of a priori information necessary for building
recognition and understanding systems, and expand the
scope of application of such systems correspondingly.
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НЕЙРОСЕТОВОЕ РАСПОЗНАВАНИЕ
ИЗОБРАЖЕНИЙ С ИСПОЛЬЗОВАНИЕМ
ОНТОЛОГИЧЕСКОГО ПОДХОДА
Искра Н.А., Искра В.В., Лукашевич М.М.
В настоящей работе предлагается архитектура для
выполнения задачи семантического анализа изображений. Подход использует преимущества современных
глубоких сверточных нейронных сетей для обнаружения объектов и создает семантический граф, который представляет сцену. Онтологическая система
используется как при построении графа, так и при
верификации модели. Этот метод можно использовать
как часть более сложной интеллектуальной системы.
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the impossibility of dynamic adaptation of calculations into separate periods shorter than the forecast
horizon;
• the methodology does not provide for adaptation to
a specific production.
By analyzing this methodology it was found out that
the coefficients (staff time, staff performance, equipment
performance and depreciation of equipment) are aggregated and averaged information from the indicators of
production processes. These processes are easily represented by discrete time series. Using a fuzzy approach
allows creating models with more options such improving quality because of applying knowledge about time
series [3], [4]. Also by analyzing production processes,
I. I NTRODUCTION
it was found that this discrete interval is the one month
The technological preparation of complex production – the minimum forecast horizon, and the time interval in
at large enterprise requires the analysis of production which the indicators are unchanged.
It is necessary to take into account the existing incapacities. The aim is to increase the efficiency of the
use of material, technical and human resources [1]. The formation systems of the aircraft factory that automate
calculation of a production capacity based on a method- various business processes in the process of developing
ology approved in the industry has many disadvantages, a production capacity planning system. Data consistency
like not enough precision because of averaging and can be achieved by integrating a production capacity
troubles with adaptation to the concrete factory. The planning system with existing information environment
proposed new models and algorithms allow adapting the of the aircraft factory. Data integration means combining
methodology to increase the efficiency of management data from different data sources and providing data to
at the expense of the increasing precision of forecast of users in a unified way. The main problems of data
integration are [5]–[8]:
production processes.
The solution of these tasks allows building a uni1) Heterogeneity of data models.
fied information environment for technological support
2) Autonomy and independence of information sysof production. The task is to balance the production
tems from each other.
capacity of an aircraft factory. The current approach of
3) Distribution – data can be located in different
management is based on using a common methodology
segments of a local enterprise network and/or on
for a few factories approved in the industry. Methodology
the Internet.
contains algorithms and coefficients, accumulated from
4) Differences in data formats.
the statistic of production. The main disadvantage of
5) Differences in values representation.
this approach is a strong discrepancy between the real
6) Loss of data actuality by one of the sources.
production indicators and the collected statistical data on
Thus, it becomes necessary to solve the following
the concrete factory [2].
methodological tasks when organizing the information
Limitations of methodology application:
interaction of the production capacity planning system
with the information environment of the aircraft factory
• the long extraction time of statistical coefficients
[5]–[8]:
from production indicators;
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Abstract—This article describes the basic principles of building
the decision support system for the production capacity planning
of large aircraft factory. The method for integration of the aircraft
factory information systems with the production capacity planning
system based on ontology merging is described. The process of
mapping the database structure into the ontological representation
is performed for each information system. An integrated data
model is formed based on the ontological representations of each
information system database structure. The integrated model is a
mechanism for semantic integration of data sources. Also presents
the method of extracting the time series from the business processes
of an aircraft factory. The model of time series forecasting based
on type-2 fuzzy sets in the task of production capacity planning is
presented.
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1) Creating an integrated data model. The integrated
data model is the basis of a single user interface
of the integration system.
2) Development of methods for building mappings
between the integrated model and models of different data sources.
3) Integration of data sources metadata.
4) Removal of heterogeneity of data sources.
5) Development of mechanisms for semantic integration of data sources.
II. I NTEGRATION OF INFORMATION SYSTEMS BASED
ON AN INTEGRATING DATA MODEL

Linked Data methods are commonly used to solve
the methodological problem of building an integrating
data model of information systems. Tim Berners-Lee
introduced the term Linked Data [9]:
1) Uniform resource identifiers.
2) The HTTP protocol is used for accessing the list
of resources.
3) Standard Semantic Web technologies: RDF, OWL,
SWRL, SPARQL.
4) Hyperlinks are used to identify web documents and
domain entities.
The linked data principle uses standard tools and
mechanisms to determine the semantics of relationships
between entities represented by data. The OWL [10]
knowledge representation language is used to describe
the domain entities and the relationships between them.
The OWL knowledge representation language has the
following advantages [9]:
1) Allows linking the domain entities and documents.
2) Links and relationships between domain entities
are typed.
3) The unique identifier of resources allows linking
any domain entities by any relationships.
4) Each domain entity is part of global metadata and
can be used as a starting point for viewing the
entire data space.
5) Information from various sources can be combined
by merging a set of entities into one semantic
graph.
6) The data model structure is flexible.
Thus, the OWL knowledge representation language is
used in the integrating data model as a single unifying
data metamodel. The integrated data model based on
OWL uses common dictionaries containing terms from
various dictionaries of external data sources.
A. Ontological data model

An ontology is a model of knowledge representation
of a specific domain that contains a set of definitions of
basic concepts (classes, individuals, properties, etc.) and
various semantic links between them. The ontology is
based on a glossary of terms that reflecting the domain
concept and a set of rules (axioms). Axioms allow
combining terms to build reliable statements about the
state of the domain at some point in time [11].
Thus, the ontology of the integrating data model is:
O = hC, P, L, Ri,

(1)

where C = {C1 , C2 , . . . , Cn } – is a set of ontology classes;
P = {P1 , P2 , . . . , Pm } – is a set of properties of ontology
classes;
L = {L1 , L2 , . . . , Lo } – is a set of ontology constraints;
R is a set of ontology relations:
R = {RC , RP , RL },

(2)

where RC is a set of relations defining the hierarchy of
ontology classes;
RP is a set of relations defining the ’class-property’ ontology
ties;
RL is a set of relations defining the ’property-constraint’
ontology ties.

B. Mapping the data model to the ontological representation
At present, relational databases (RDB) are commonly
used for the realization of data models of information
systems. RDBs contains a description of the domain
in the form of related entities (tables) [12], [13]. It is
necessary to develop a method for mapping an RDB
structure into an ontological representation of a data
model.
The relational data model can be represented as the
following expression:
RDM = hE, H, Ri,

(3)

where E = {E1 , E2 , . . . , Ep } is a set of RDB entities (tables);
Ei = (name, Row, Col) is the i-th RDB entity that contains
the name, set of rows and columns;
Colj = (name, type, constraints) is the j-th column of the
i-th RDB entity that contains properties: the name, the type
and set of constraints;
H = {H1 , H2 , . . . , Hq } is a hierarchy of RDB entities in the
case of using the table inheritance function:
Hj = Ei D (x) Ek ,

(4)

where Ei and Ek are RDB entities;
D (x) is a ’parent-child’ relation between Ei and Ek ;
R = {R1 , R2 , . . . , Rr } is a set of RDB relations:
Rl = E i

F (x)
Ek ,
G (x)

(5)

Ontological engineering methods are used to imple- where F (x) is an RDB relation between Ei and Ek ;
ment the integrating data model between the data model G (x) is an RDB relation between Ek and Ei .
of production capacity planning system and data models
Functions F (x) and G (x) can take values: U is a
of existing at the enterprise information systems.
single relation and N is multiple relations.
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The following function is used to map the RDB
structure (ex. 3) to the ontological representation (ex. 1):
F (RDM, O) : {E RDM , H RDM , RRDM } →

→ {C O , P O , LO , RO },

(6)

where {E RDM , H RDM , RRDM } is a set of RDB entities and
relations between them (eq. 3);
{C O , P O , LO , RO } is a set of ontology entities (eq. 1).

The process of mapping the RDB structure into an
ontological representation contains several steps:

R. Two types of relationships are formed for each
j-th ontological representation property Pj :
a) The relationship ’class-property’. The domain
of the ontological representation relationship
is indicated by the reference to the i-th class
Ci to which the j-th property belongs, and
the range to the j-th property reference Pj .
b) The relationship ’property-data type class’.
The domain of the k-th ontological representation relationship is indicated by the reference to the j-th property Pj . The range is
indicated by the reference to the l-th class
Cl corresponding to the l-th RDB entity El ,
or the reference to the m-th ontology class
Cm corresponding to the data type of the jth RDB column Colj .
6) Formation of relations between properties of
classes and constraints of properties of classes of
ontological representation.
A set of relations RL of ontological representation
is formed based on the set of columns Col of the
i-th RDB entity.The domain of the j-th ontological
representation relationship RLj is indicated by the
reference to the k-th property Pk . The range of the
j-th ontological representation relationship RLJ id
indicated by the reference to the k-th constraint
Col → RL .
Table 1 contains the description of the mapping of
the RDB structural components with the ontological
representation entities.

1) Formation of ontological representation classes.
A set of ontological representation classes C is
formed based on the set of RDB entities C Ei →
Ci . The number of classes of the ontological representation must be equal to the number of RDB
entities.
2) Formation of properties of ontological representation classes.
A set of properties P of the i-th ontological
representation class Ci is formed based on the
set of columns Col of the i-th RDB entity Ei
Colj → Pj . The number of properties of the i-th
ontological representation class Ci must be equal
to the number of columns of the i-th RDB entity
Ei . The name of the j-th property Pj is the name
of the j-th column Colj of the RDB entity.
3) Formation of ontological representation constraints.
A set of constraints L of the properties of the ith ontological representation class Ci is formed
based on the set of columns Col of the i-th RDB
Table I
entity Ei Colk → L̂. The number of constraints of
C OMPLIANCE OF RDB COMPONENTS AND ONTOLOGY ENTITIES
the i-th ontological representation class Ci must
be equal to the number of constraints of the iRDB component
Ontology entity
th RDB entity Ei . However, there are limitations
Table Ei
Class Ci
to this approach due to the difficulty of mapping
View Ei
Class Ci
RDB Data type Colj
Class Ci
constraints if their presents as triggers or stored
Table hierarchy H
Relations RC
procedures.
Foreign key Colj
Property Pj and Relations RP
Column Colj
Property Pj and Relations RP
4) Forming hierarchy of ontological representation
Constraint Colj
Constraints L̂ and Relations RL
classes.
It is necessary to form a set of ontology relationships RC between all the child and parent
C. Formation of an integrating data model
classes corresponding to the hierarchy of RDB
It is necessary to form an integrating data model based
entities if table inheritance uses in RDB H → RC .
on the ontological representations that obtained after
The domain of the j-th ontological representation mapping the RDB structure of each of the integrated
relationship RCj is indicated by the reference to information systems into the ontological representation.
the parent class Cparent . The range of the j- The definition of an ontological system is used as a
th ontological representation relationship RCj is formal representation of an integrating data model [14]:
indicated by the reference to the child (or a set)
O
X
class Cchild .
= hOM ET A , OIS , M i,
(7)
5) Formation of relations between classes and propwhere OM ET A is the integrating data model ontology (metaonerties of classes of ontological representation.
tology);
A set of ontological representation relationships OIS = {OIS , OIS , . . . , OIS } is a set of ontological represen1
2
g
RP is formed based on the set of columns Col of tations of information systems that must be integrated;
the i-th RDB entity Ei and the set of RDB relations M is a model of reasoner.
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The following steps are necessary to form an integrating data model based on the set of ontological
representations of the information systems that must be
integrated:
1) Formation of the universal concept dictionary for
the current domain.
The process of forming an integrating data model
OM ET A is based on the presence of common
terminology. Ontological representations of all information systems that must be integrated OIS
should be built from a single concept dictionary.
The concept dictionary is formed by the expert
based on the analysis of the obtained ontological
representations.
2) Formation an integrating data model OM ET A .
At this step, the set of top-level classes C M ET A are
added to the integrating data model OM ET A . The
set of top-level classes C M ET A describes systems
that must be integrated and is used as the basis for
ontology merging.
3) Formation of class hierarchy of integrating data
model OM ET A .
At this step, the integrating data model establishes
a correspondence between the class hierarchies
IS
C Oi of ontological representations OIS of information systems that must be integrated.
4) Formation of class properties of the integrating
data model OM ET A .
At this step, the integrating data model establishes
IS
a correspondence between the properties P Oi
IS
of ontological representations O of information
systems that must be integrated. The expert decides
which class properties of ontological representations OIS should be included in the integrating
data model OM ET A .
5) Formation of axioms of classes and properties,
checking the integrating data model OM ET A for
consistency.
IS
At this step, constraints LO are applied to the
IS
IS
properties P O and classes C O of the integratM ET A
ing data model O
based on the constraints
presents in the ontological representations OIS .
After that, the resulting integrating data model
OM ET A should be checked for internal consistency using the reasoner M . However, the development of methods for checking the conditions of
constraints is required, since the existing reasoners
do not support working with such objects.

by an expert or a method. Each of them can be extracted
on the factory. As an example, staff time can be tracked
for each factory unit; depreciation of equipment can be
calculated based on summarizing volumes of completed
works.
We extract the following types of time series:
• staff work time fund (fluctuating time series);
• tool work time fund (fluctuating time series);
• performance ratio (growing time series);
• area usage (growing time series);
• depreciation of equipment (growing time series).
These types of time series may be different for different factory units. For all types of processes can be identified monthly indicator values. Very important to find
the following characteristics of time series: seasonality,
local and global tendencies. The proposition is to use
several models for smoothing, extracting and forecasting
tendencies and values of the time series of production
processes.
IV. D EFINITION OF TYPE -2 FUZZY SETS TO USE IN
TIME SERIES MODELS

The tasks of time series modeling are solved by a
large number of methods. These methods have a different
mathematical basis, are divided according to application
possibilities (that is, they may have particular applicability conditions depending on the type of problem being
solved and the nature of the time series), they may
require constant or temporary use of the analyst directly
during the modeling process. An important condition for
the application of methods is the focus on obtaining
short-term forecasts. It follows from the recent features
of the processes for which time series models are applied.
The nature of fuzzy time series due to the use of expert
estimates, the inherent uncertainty of which belongs
to the class of fuzziness. Unlike stochastic uncertainty,
fuzziness hinders or even excludes the use of statistical methods and models, but can be used to make
subject-oriented decisions based on approximate human
reasoning. The formalization of intellectual operations
that simulate human fuzzy statements about the state
and behavior of complex phenomena, forms today an
independent area of applied research, called ”fuzzy modeling” [15].
This direction includes a complex of problems, the
methodology for solving which is based on the theory
of fuzzy sets, fuzzy logic, fuzzy models (systems) and
granular calculations. In 1975, Lotfi Zadeh presented
fuzzy sets of the second order (type-2) and fuzzy sets
III. T YPES OF EXTRACTED TIME SERIES OF FACTORY
of higher orders, to eliminate the disadvantages of typeThe task is to extract changes in the values of produc- 1 fuzzy sets. These disadvantages can be attributed to the
tion processes indicators. Time series models are used for problem that membership functions are mapped to exact
tracking these changes. The methodology for calculating real numbers. This is not a serious problem for many
of production capacity uses some coefficients, defined applications, but in cases where it is known that these
above. But these coefficients not always must be given systems are uncertain.
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The solution to the above problem can be the use
of type-2 fuzzy sets, in which the boundaries of the
membership areas themselves are fuzzy [16].
It can be concluded that this function represents a
fuzzy set of type-2, which is three-dimensional, and the
third dimension itself adds a new degree of freedom
to handle uncertainties. In [16] Mendel defines and
differentiates two types of uncertainties, random and
linguistic. The first type is characteristic, for example, for
the processing of statistical signals, and the characteristic
of linguistic uncertainties is contained in systems with
inaccuracies based on data determined, for example,
through expert statements.
To illustrate, note the main differences between type-1
fuzzy sets and type-2 fuzzy sets. Let us turn to 1, which
illustrates a simple triangular membership function.

most time series have a rare change in values. Can
mark stability of intervals. For interval time series, an
algorithm for constructing a model is described in [17].
The formal model of the time series:
T S = {tsi }, i ∈ N,

(8)

where tsi = [ti , Bti ] is an element of the time series at the
moment of time ti and a value in the form of a type-2 fuzzy
set Bti . For the entire time series, the universe of type-2 fuzzy
sets is defined as U = (B1 , ..., Bl ), Bt−i ∈ U, l ∈ N, l - the
number of fuzzy sets in the universe. A set Bti is a type 2
fuzzy set, therefore, a type-1 fuzzy set is assigned to it as a
value. For interval time series, a prerequisite for creating type1 sets is a part separated from the source series, limited, for
example, by a time interval of 1 day, 1 month or 1 year. For
the selected interval, a universe of type-1 fuzzy sets is defined.

The algorithm for constructing a model will be used
the same as described in [17], except for the moment of
choice of intervals: they will be determined based not
on the time characteristic, but on the boundaries of the
initially formed sets of type 2.
The form of fuzzy sets is proposed to use a triangular
due to the small computational complexity when conducting experiments.
VI. E XPERIMENT

Figure 1. The type of fuzzy sets of the 1st (a) and the 2nd (b) types.

Fig. 1 (a) shows a clear assignment of the degree
of membership. In this case, to any value of x there
corresponds only one point value of the membership
function. If you use a fuzzy membership function of the
second type, you can graphically generate its designation
as an area called the footprints of uncertainty (FOU).
In contrast to the use of the membership function with
clear boundaries, the values of the membership function
of type 2 are themselves fuzzy functions.
This approach gave the advantage of approximating a
fuzzy model to a verbal one. People can have different
estimates of the same uncertainty. Especially it concerns
estimated expressions. Therefore, it became necessary
to exclude a unique comparison of the obtained value
of the degree of the membership function. Thus, when
an expert assigns membership degrees, the risk of error
accumulation is reduced because of the non-inclusion of
points located near the boundaries of the function and
under doubt.

The experiment plan implies the construction of time
series models and the assessment of their quality. For
experiments, time series have been generated. The fore-

Figure 2. Smoothing the time series of the coefficient

casting process at this stage will not be carried out;
therefore, an internal measure of the quality of the model
will be assessed using the SMAPE criterion [18]:
SM AP E =

n
100% X
|Ft − At |
n t=1 (|At | + |Ft |)/2

(9)

Consider the process of smoothing the coefficient. The
original time series has 60 points. For comparison, the
SETS
graph of Fig. 2 shows the smoothing of the time series
Time series modeling based on type-2 fuzzy sets by the F-transform method [19].
For smoothing, a set of 15 type-2 fuzzy sets and 5 sets
allow to build the model reflecting uncertainty of the
choice of values of coefficients or values of indicators of type-1 was selected. As can be seen from the, Fig. 2,
determined by an expert. Choose an interval time series 5 points of a smooth series were obtained. SMAPE score
as type of time series for the object of modeling. For our for both types of smoothing:
subject area, previously selected time series of indicators
• for F-transform - 2.01%,
are easily represented by proposed type of time series:
• for type-2 fuzzy sets - 0.65%.
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Figure 3. Smoothing the time series of employee count

Next smooth employee count time series, Fig. 3. For
smoothing, a set of 15 type-2 fuzzy sets and 5 sets of
type 1 was chosen. For the time series, 5 points of a
smoothed series were also obtained. SMAPE score for
both types of smoothing:
• for F-transform - 47.54%,
• for type-2 fuzzy sets - 13.23%.
It was also a comparison of the internal measures of the
quality of the model for SMAPE with simple exponential
smoothing. The estimates showed the best by 0.1%
smoothing quality by the method we proposed using
using type-2 fuzzy sets.
C ONCLUSION
This article presents the implementation of the method
of integrating the information systems of the aircraft factory
with the production capacity planning system. The principles
of linked data and ontological engineering allows mapping
database structure of each information system that must be
integrated into ontological representation. From the proposed
methodology, an integrated data model is formed based on
the obtained ontological representations for each information
systems that must be integrated.
The analysis of existing algorithms, data and information
systems has shown a strong accumulation of errors in process of
production capacity planning. These principles allow improving
the quality of technological preparation of complex industries.
Proposed methods of prediction of time series are improve the
quality of management decisions.
Successfully applied an approach based on type-2 fuzzy sets,
to form a model of a time series of production processes. It
should be noted that the approach based on modeling interval
time series gives a positive result. This moment is fixed as
a result of the smoothing procedure, when the number of
selected points and their values are as close as possible to the
stabilization intervals.
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ПОСТРОЕНИЕ СИСТЕМЫ БАЛАНСА
ПРОИЗВОДСТВЕННЫХ МОЩНОСТЕЙ
АВИАЦИОННОГО ЗАВОДА
Н. Ярушкина, А. Романов, А.Филиппов,
Г. Гуськов, М. Григоричева, А. Долгановская
В данной статье описаны основные принципы построения
системы поддержки принятия решений для планирования
производственных мощностей крупного авиационного завода. Описан метод интеграции информационных систем
авиационного завода с системой баланса производственных
мощностей на основе метода слияния онтологий. Для каждой
информационной системы выполняется процесс отображения структуры базы данных в онтологическое представление. Интеграционная модель данных формируется на основе онтологических представлений структуры базы данных
каждой информационной системы. Интеграционная модель
представляет собой механизм семантической интеграции
источников данных. Также представлен метод извлечения
временных рядов из бизнес-процессов авиационного завода.
Предложена модель прогнозирования временных рядов в
задаче планирования производственных мощностей на основании нечетких множеств типа 2.
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Dynamic integrated expert systems: automated
construction features of temporal knowledge
bases with using problem-oriented methodology
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Abstract—The work is focused on the problems of integration in the dynamic integrated expert systems (IES) architecture in the context of integration paradigm of artificial
intelligence with models, methods and tools from other domains. These systems are developed basing on the problemoriented methodology and the AT-TECHNOLOGY WorkBench. In this paper models, methods and software, for
implementing a combined method of acquisition temporal
knowledge from various sources of knowledge (experts,
natural language texts, databases) are considered.
Keywords—dynamic integrated expert systems, problemoriented methodology, AT-TECHNOLOGY WorkBench,
temporal knowledge bases, integration, temporal knowledge
acquisition, temporal knowledge representation, temporal
processing, simulation

I. I NTRODUCTION
At educational-scientific laboratory "Intelligent systems and
technologies" of the Department of Cybernetics of NRNU
MEPhI are developing dynamic integrated expert systems (IES)
with AT-TECHNOLOGY — software platform that implements
problem-oriented methodology [1], [2]. This platform supports
and automates processes of prototyping and maintaining IES
throughout their lifecycle. For a number of criteria (such
as knowledge representation models, reasoning tools, objectoriented design support, etc.) AT-TECHNOLOGY is comparable to G2 (Gensym corp., US) [3] — leading software
platform for real-time expert systems. Considering the builtin subsystem of outer world simulation, AT-TECHNOLOGY
even goes ahead of G2. While G2 and some other tools
lack automated knowledge acquisition, out platform offers
original hybrid knowledge acquisition tools enabling fuzzy
and temporal knowledge acquisition from various sources The
dynamic version of the AT-TECHNOLOGY WorkBench that
supports problem-oriented methodology for building dynamic
IES is being actively developing (described in [1], [2], [4], and
others.).

used to gain knowledge; generalized knowledge representation
language designed for building models of problem areas in
dynamic IES allows to represent temporal knowledge, based on
a modified interval Allen logic [5] and time control logic [6],
together with the basic knowledge, including those containing
knowledge with uncertainty, imprecision and vagueness; supports the use of various output means (universal AT-SOLVER
and a specialized temporal solver designed for dynamic tasks);
in the context of enhanced functionality and principles of the
components IES deep integration provides the possibility of
implementing simulation techniques for modeling the external
environment and how to interact with them: the high efficiency of the a large number of applied IES development,
including dynamic areas of concern;instrumentally supported
by a modern software such as WorkBench (complex ATTECHNOLOGY).
It should be noted that the conceptual basis of this methodology is a multi-level integration into the IES processes model,
modeling specific types of tasks, relevant traditional expert
systems technologies, methods and ways of building software
architecture IES and its components at every level of integration, etc. In particular, in the dynamic IES important place is
given to the integration of methods and means of temporal
information presentation and processing with the methods and
means of the outside world simulation, in this case discrete
complex technical systems(CTS) in real time. This leads to
expansion of the intelligent control systems architecture, built
on the concept of dynamic IES relevant subsystems adequately
reflecting all the processes and laws of functioning simulated
systems, as an integral phase of building dynamic IES.
Using [1], [2], let’s take the example of a integration model
components of simulation discrete CTS models in language
RAOAT [2] with the other components of dynamic IES

II. S OME INTEGRATION FEATURES OF MODERN IES
IN THE DYNAMIC IES ARCHITECTURE

Language RAOAT is used here for a description of discrete
CTS simulation models. This language was developed on the
basis of well-known Russian method of RAO (Resources, Actions, Operations), [7] which allow to maximize fully reflect the
behavior of any discrete type CTS (change of state resources,
the emergence of regular and irregular events, and so on.)

In the context of solving the modern IES construction
problems (in particular for the control of complex discrete
systems), problem-oriented methodology [1], which is conceptually related set of models, methods, algorithms and standard
procedures to create applied IES of different typologies and
level of complexity, has the following properties [1], [2]: a powerful combination method of acquiring knowledge that supports
the automated process of acquiring knowledge from the sources
of knowledge of different typology (experts, databases, texts) is

It is important that the description of the CTS resources and
description of the objects in the problem areas of the developed
language of knowledge representation are conceptually close,
allowing the temporal solver at AT-TECHNOLOGY complex
to use parameters of the resources from the simulation model
of discrete CTS through the working memory in the temporal
withdrawal. So are all the prerequisites for the integration of
simulation technology with dynamic IES technology in modern
intelligent control systems and etc.
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III. AUTOMATED ACQUISITION , REPRESENTATION
AND PROCESSING OF TEMPORAL KNOWLEDGE IN
DYNAMIC INTEGRATED EXPERT SYSTEMS

Acquisition, representation, and processing of temporal
knowledge (i.e., knowledge considering time as an entity of
a problem domain) play important role in the context of the
systematic approach to development of dynamic integrated
expert systems. In [1], [2] we have described basic models of knowledge representation and inference tools of ATTECHNOLOGY AT-SOLVER.
Here we consider temporal aspects of inference perfomed on
knowledge bases containing some unreliable knowledge, i.e.,
knowledge with such negative factors as uncertainty, inaccuracy, fuzziness, and with constraints on variables. Generalized
model of temporal inference with production rules for dynamic
integrated expert systems involves processing of knowledge
with temporal dependencies together with basic knowledge of
the problem domain.
We see the purpose of temporal inference in construction
of the event flow model interpretation and in generation of
a list of controlling actions for the problem domain. So we
applied Allen’s logic [5] with some enhancements together with
Osipov’s logic of control over time [6]. We define global event
flow model by a set of temporal objects (events and intervals).
Local event flow models in rules are defined by formulas of
Allen’s logic. Event flow model interpretation may be given as
a set of timestamps of events and intervals.
To represent temporal knowledge in dynamic integrated
expert systems we enhanced knowledge representation language of AT-TECHNOLOGY — AT-KRL [8]. Now it allows
representing temporal knowledge together with basic knowledge including knowledge with uncertainty, inaccuracy, and
fuzziness. To do so, we introduces new basic types of objects:
events and intervals; new type of object properties: condition
of event occurrence.
We modified the structure of rule antecedents: we added
local event flow model requirements. At last, Osipov’s control
over time concepts lead to adding new rule types into AT-KRL:
reactions, aimed to provide quick response to certaion, usually
urgent, events in probles domain,and periodic rules, aimed to
track certain duty cycles.
Reaction rules generally correspond to enhanced Allen’s
logic. Their antecedents are formulas where each operand is
a single temporal object ( an event or an interval). Antecedents
of periodic rules contain extra condition with firing period.
These enhancements of AT-KRL allow us to describe temporal
relationships of objects in a problem domain by rules. Decision
making is now performed taking into account actual event flow
of the problem domain.
As for inference process the major changes were made in
matching procedures: we implemented evaluation of formulas
containing temporal arguments in rule antecedents and construction of event flow interpretation on each inference loop.
When forming event flow interpretation, events and intervals
are bound to the time axis by identifying the facts of their
occurrence and considering the history of events. Processing
of temporal parts of antecedents uses the results of event
flow interpretation construction. For active rules AT-SOLVER
matches local event flow models with constructed event flow
interpretation.
Thus, the synergy of AT-SOLVER and temporal tools addresses both static and dynamic domains. Note that complex
discrete systems produce input data for temporal inference in
dynamic integrated expert systems. Issues related to models,
methods, algorithms, and software for simulation modeling are
considered in a number of papers, for example [8], [9].

In expert systems development we can automate experts’
work by implementing methods and tools for detecting and
extracting temporal knowledge from natural language texts
(NL-texts)(Text Mining and Natural Language Processing) and
from databases (Data Mining and Knowledge Discovery in
Databases). In world practice there is a number of approaches to
temporal dependencies acquisition but most of them are focused
on processing of English-language texts. Moreover, they do not
consider obtaining temporal knowledge for temporal knowledge bases for dynamic intelligent systems and for dynamic
integrated expert systems in particular.
The combined method of knowledge acquisition (CMKA)
[1], [2] has proven its efficiency in development of static integrated expert systems with AT-TECHNOLOGY. It automates
interviewing of experts using natural sublanguage (business
prose style), data mining, and verification of knowledge bases.
In [2], [4] we described the client-server architecture and
tools for knowledge acquisition from geographically distributed
sources of knowledge of various types: experts, natural language texts, databases.
In dynamic integrated expert systems methods of automated
detection of temporal knowledge remain an unexplored problem. In particular, for extracting information about time from
texts in Russian, only the few approaches are proposed that
pertly help to automate these processes, e.g. [10], [11]. Therefore, we focused on further evolution of combined method of
knowledge acquisition and especially its temporal enhancement
by developing new methods and tools for automated construction of temporal knowledge bases in dynamic integrated experts
systems.
Our approach to knowledge acquisition (directly from experts by automated inter-viewing) bases on original technique
of using patterns for solving typical problems [1]. We have
put meta knowledge about strategies of solving into heuristic
solving patterns for specific cases: diagnostics, engineering,
planning, control, learning, and some other. To support these
solving patterns we developed a number of methods and tools
for modeling dialog scenarios used in interviewing. These
methods [1] address both thematic structures of dialog, i.e.
problem solving pattern, and local structure of a dialog, i.e.
dialog steps –specific actions and reactions between n the expert
and the system.
As computer-aided interviewing of an expert goes on, the
problem solving pattern fills with structured data that can be
exported to knowledge base. To derive the “action-reaction”
model of dialog we use several techniques, e.g., simulation of
consultation. Interviewing of experts is carried out automatically by dialog scenario interpreter.
The interpreter also generates dialog screens for entering
answers and data including such things as uncertainty, imprecision, fuzziness. The specialized linguistic processor and s asset
of dynamically replenished dictionaries [1] support knowledge
acquisition process. Computer-aided interviewing of expert,
natural language processing, data mining from databases are
tightly coupled in AT-TECHNOLOGY [2], [4], [8], [9].
We developed a technique of detection and interpretation
of the simplest temporal pointers ( i.e., independent individual
words and phrases denoting time) within a single sentence.
We used generic classification of temporal pointers presented
in [10], [11] together with vocabulary of Russian-language
lexemes indicating temporal relations. To model dialogs we
used business prose linguistic model for medical diagnostics
and specialized linguistic processor [2].
We adopted the Random Forest algorithm [12] to work
with databases containing temporal data [13]. The ensemble
of decision trees is constructed in accordance with the basic
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Random Forest algorithm. We use multidimensional feature
space, one of which is the timestamp. However, the calculation
method of the partitioning criterion value has changed to the
arithmetic mean of entropy values. Also, the construction of
the tree is carried out until all the elements of the subsample
are proceeds without using cut – off procedure [4], [9].
To convert the ensemble of decision trees to knowledge base
format we use some helper tools: The main object containing
all features of the feature space as attributes; The counter to
measure time; Vote counters. Each leaf is converted to a rule of
the following form: f the duration of all intervals corresponding
to vertices on the path to the root is greater than zero, then
increment the vote counter for the class that corresponds to the
current vertex.
When we extract knowledge containing temporal data from
various sources of different types (experts, text, and databases)
, we get multiple fragments containing objects, types, and rules.
To merge all the fragments of knowledge together we use methods, algorithms, and software tools of the combined method of
knowledge acquisition from distributed sources taking into account temporal data. Knowledge verification is not considered
in this paper but implemented in AT-TECHNOLOGY - as well.
We studied the distributed knowledge acquisition process
where temporal databases in medical domain were used as
additional sources of knowledge. We noticed that knowledge
base growth ratio lies between 12-25 % with 15 % in average.
[4], [9]

IV. S OME ASPECTS OF THE INTERACTIONS BETWEEN
THE TEMPORAL SOLVER , AT-SOLVER AND THE
SIMULATION MODELING SUBSYSTEM

The important feature of the temporal solver is the close
interaction with the all-purpose AT-SOLVER and the subsystem of the simulation modeling of the external environment
(external world), which is an obligatory component of any
dynamic IES. [2] The temporal solver, as well as the subsystem
of simulation modeling, acts on the times and process of the
interaction between the temporal solver, while the subsystem
of simulation modeling is carried out by data and command
exchange in the asynchronous mode.
Figure 1 [8] shows the chart of the interactions between the
temporal solver, all-purpose AT-SOLVER, and the simulation
modeling subsystem. These interactions are provided by joint
functioning support facilities. Moreover, the components interact with the total working memory. It should be noted that the
interaction is carried out in two modes: the development of the
applied dynamic IESs (including the adjustment of a series of
IES prototypes) and functioning of the final prototype of the
dynamic IESs. The first mode that is needed for dynamic IES
construction is the first that was considered in the present paper.
The interaction between the components begins after the
support facilities receive a message about the start of the
adjustment of the developed prototype of the dynamic IES.
At the initial stage, this is the configuration of components,
including the setting of the duration of the operation cycle for
the simulation modeling subsystem, indicating the database for
the temporal solver and the AT-SOLVER.
The joint functioning support facilities provide the synchronization of component operation by sending messages with
start or stop commands. The selected objects, whose collection
of attributes describes the system state, are presented in the
working memory. The knowledge base contains the temporal
rules that are necessary to solve the formulated problem, as
well as to describe the events and intervals. As a result of
temporal inference on rules, the system state changes, i.e., the
attributes of the working memory objects vary according to the

solved problem. A synchronous interaction would mean that the
simulation modeling subsystem goes to the standby mode up to
the inference completion by the temporal solver following data
transmission (from the subsystem to the solver). Otherwise, the
asynchronous interaction is said to be the ability to continue
the operation of the subsystem without waiting for the temporal
inference.
Asynchronous interaction allows higher productivity due to
the use of the time of the processing of general situations
by the temporal solver to execute the next modeling cycle.
Note that similar asynchronous interactions are applied in real
practice, when it is impossible to react to an event immediately.
This is the reason that the temporal solver and subsystem are
synchronous [8].
The functioning of the simulation modeling subsystem and
the inference facilities is an asynchronous process that is
executed in parallel. The functioning of the temporal solver
and AT-SOLVER is an synchronous process that is executed
sequentially. The interaction between the components of the
AT-TECHNOLOGY complex is a very difficult process that
requires the development of models, methods, and software
facilities to support interactions. The functions of the modules
and blocks are the following: The configuration block carries
out the component configuration. It sets the duration of the
cycle of the discrete model time and the assignment of the
names for the simulation modeling subsystem objects, temporal
solver, and AT-SOLVER.
The model time generation block counts the cycles of the
discrete model time according to the cycle duration specified by
the configuration block. The working memory scanning block
observes the changes in the working memory.
The control effect calculation block implements the target
function of the interaction model. As a result of the block
operation, the target component and the control effect, which
should be set, are defined. The control effect generation block
forms the control effect as the message to the certain component. The interface module of the message exchange with the
components processes the input messages and sends control
effects. For joint functioning support facilities, the special
adjustment tools allow one to emulate the combined work of
the components of AT-TECHNOLOGY in both the stepbystep
and realtime modes. The use of these tools allows the study of
the operation of the main components of the dynamic version
of AT-TECHNOLOGY in the fullest manner.

C ONCLUSION
These experimental investigations showed the advantages
of the developed software tools compared to similar ones
according to such criteria as the KRL power, operation speed,
and reduction of the lead time of dynamic IESs. Verification
of the performance and efficiency of these tools was done by
developing a set of basic components, which is the minimum
that is needed for dynamic IES operation.
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ДИНАМИЧЕСКИЕ ИНТЕГРИРОВАННЫЕ
ЭКСПЕРТНЫЕ СИСТЕМЫ : ОСОБЕННОСТИ
АВТОМАТИЗИРОВАННОГО ПОСТРОЕНИЯ
ТЕМПОРАЛЬНЫХ БАЗ ЗНАНИЙ НА ОСНОВЕ
ЗАДАЧНО-ОРИЕНТИРОВАННОЙ МЕТОДОЛОГИИ
Рыбина Г.В., Сорокин И.А., Сорокин Д.О.
Развитие инженерии знаний привело к появлению новой
профессии, в которой активно востребованы как профессиональные компетенции, так и индивидуальные качества личности. Проанализирован методический и технологический
опыт автоматизированного построения компетентностноориентированных моделей специалистов в области инженерии знаний, в частности, специалистов по профессии
"системный аналитик с использованием обучающих интегрированных экспертных систем.
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Abstract—Problems arising in such dynamic environments as
regional power grid have the following features: partial observability, high dimensionality of the state space, interconnection and
dependence of solutions on each other, which do not allow correcting the erroneous solution in the future. Abstract-mathematical
models are limited and irrelevant to such dynamic environments.
For this reason teams of experts of various specialties or their
computer models are involved, but even they do not always
successfully solve emerging problems. The success of the team
depends largely on the ability of the decision maker to organize
the process of heterogeneous collective thinking, the diagnosis of
collective effects, the problems of group behavior and to choose
corresponding model of collective reasoning. Under the conditions
of time constraints in practice, it is not possible to organize such a
comprehensive collective problem solving process. In this regard,
the paper proposes the formalized model and the basic algorithms
of a new class of intelligent systems, namely hybrid intelligent
systems of heterogeneous thinking. Their main feature is modeling
of the discussion management in the expert team by the facilitator
with heterogeneous collective thinking methods. These methods
will allow the agent modeling facilitator’s actions to organize
communication and diagnostics of collective effects, problems and
adjustment of group behavior, ensuring the relevance of the system
to conditions of dynamic directly unobservable environments.
Keywords—heterogeneous thinking; expert team; hybrid intelligent multiagent system
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for the restoration of power grid modes. However, the
emergency conditions of the power system may differ
significantly from those adopted during the development
of the recovery plan, which reduces the likelihood of
success of the actions, leading to unacceptable loads,
voltage levels or protection systems [4]. Although, any
employee can be called up to the appropriate control
room by the request of the operating personnel and
must arrive immediately, it is not possible to organize
a comprehensive collective solution to the problem due
to the limited time to make decisions.
In this regard, the development of intelligent automated systems integrating the knowledge of experts of
various specialties, the coordination of several optimality
criteria and the consideration of a multitude of restrictions in the context of dynamically directly unobservable
environments and lack of time to make decisions are relevant. In addition, in case of technological violations at the
facilities belonging to several operators or independent
actions, the execution of which is assigned to substation
personnel without prior dispatcher’s order or permission
[5], it is important to ensure a common understanding of
the current emergency situation and coordinated work.

I. I NTRODUCTION
If there is a failure in the distribution power grid, the
rate of power supply restoration is critical [1], [2]. In
To simulate such structures for information preparation
order to reduce economic and social losses, the majority
of energy supplying organizations develop guidelines and decision-making support it is proposed to combine
and operational procedures for the restoration of power the hybrid intelligent approach of A.V. Kolesnikov [6],
supply. Such guidelines are created based among other the apparatus of multiagent systems in the sense of V.B.
on the results of the analysis of previous accidents Tarasov [7] and the methods of heterogeneous thinking
by expert teams from power engineering organizations, [8]–[10]. The result should be a new class of intelligent
representatives of design institutes who have developed systems, namely the hybrid intelligent multiagent systhe generation and power grid complex of the organiza- tems of heterogeneous thinking (HIMSHT). The use of
tion, as well as representatives of manufacturers of the HIMSHT for information preparation of decision-making
equipment being operated [3]. The guidelines regulate will automate the activities of operational personnel for
the sequence of actions-steps of operational personnel receiving and processing information about the external
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environment, the state of the management system, the
course of the controlled process, its analysis, modeling
of the emergency situation and developing options to
eliminate it by simulating collective problem solving
using heterogeneous thinking methods. The result of
such work is new images, visual forms with a definite
semantic load [11], allowing the dispatcher team to see
the problem as a whole, its solutions, forecast of the
situation development in each case, to adopt an action
plan of eliminating the failure and to coordinate actions
in its implementation.
II. P OST- EMERGENCY POWER GRID SUPPLY
RESTORATION PROBLEM

is characterized by the carrying capacity (maximum
transmittable power), the state (on/off) and operability
(good/accident). It is required to determine which lines
need to be turned on/off, and in what order, to ensure
the maximum possible amount of power consumption
while observing the following operational limitations:
maintaining the radial structure of the powered lines; for
each line, the total value of loads that are fed from the
power center through it should not exceed its carrying
capacity; consumers not affected by the initial shutdown
should not be turned off as a result of switching.
An example of the grid in GSRP is shown in Fig. 1.
As seen in the left part of the figure in the normal
state, all the loads are distributed between the two power
centers, and there are no rings of switched on lines. When
an accident occurs in such network, three consumers,
indicated by dashed arrows, are de-energized. On the
bottom of the Fig. 1 a situation is shown when all three
consumers cannot be powered through one feeder due
to an overload. In this case, the out of service part of
the power grid is divided into two parts by opening the
normally closed switch. After that, it becomes possible
to power de-energized consumers from different feeders
of the functioning part of the network.
GSRP can be used to test optimization methods for
the purpose of their subsequent coarse-grained or finegrained hybridization to solve the real problem of power
grid supply restoration planning (RSRP). Solutions obtained by GSRP problem solving methods without their
hybridization are irrelevant to RSRP because of the
significantly larger number of object types and their
properties that must be taken into account for constructing an acceptable plan in the latter, as well as nonfactors in the sense of A.S. Narinyani [16] inherent in
RSRP. The need to increase the number of types of
objects being modeled is associated, for example, with
the impossibility of remote switching in some parts of
the power grid, the presence of distributed generation
and active consumers, and the need to take power grid
physical processes into account. The number of Nonfactors of RSRP include, for example, the following:
the underdetermined nature of the accident site during
recovery planning; the inaccuracy of the amount of power
consumed by each client and the distributedly generated
power by each source; the fuzziness of the restoration
time of the power grid elements; incorrect operation of
emergency mode sensors; incomplete power grid model.
Based on the analysis of the papers [1], [15], [17]–
[27] devoted to the post-emergency power grid supply
restoration, the model of RSRP represented by the tuple
was developed:

Emergency is the state of the power grid (PG), associated with changes in the normal operation of equipment,
creating the risk of an accident [12]. Emergency sites of
the PG should be shut down within milliseconds, and the
systems are divided into subsystems unbalanced by load
and generation a few seconds later. Supplier shutdowns
occur only a few minutes after division, and systems are
restored a few hours or days after redemption [13]. PG
restoring process is to build up its structure through time
coordinating the preparation and input of many interdependent objects that have retained functionality after
an emergency, as well as objects restored by personnel
actions [14].
Planning for the restoration of the power system is
a combinatorial problem that requires extensive knowledge, includes many constraints and conditions, which
operator’s estimates are necessary further complicating
its integrated solution [1]. Three main features attribute
this problem to especially interesting for modern planners: partial observability, dimension of the state space,
which makes a complete enumeration of states absolutely
impossible, the consequences of the actions are difficult
to simulate [15]. There are many statements of this
problem, and new recovery methods are proposed that
are alternative to the commonly used procedures. Most
of them consider the problem in a simplified, “game”
form, because of which they stop at the stage of development of a prototype [1]. Such “game” power grid
supply restoration planning (GSRP) can be represented
as follows.
At GSRP, the power grid is represented by a graph
P S =< V, E > with three types of nodes V : the power
center (supplier) v s ∈ V s ⊆ V , the consumer (load)
v l ∈ V l ⊆ V , and the bus v b ∈ V b ⊆ V . The edges
E of the graph denote electrical power lines with
switches opening or closing the line. Powered lines
form a radial structure, i.e. there are no cycles of
power lines. The power center is characterized by the RSRP =< P GE, P GR, P L, RT, RC, V H, RS, ACT >,
maximum generated power, the consumer is characterized by the nominal power consumption and the state where P GE is the elements of the power grid; P GR is
(powered/disconnected), and the power transmission line the set of incident relations between the elements of the
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A bus, a switch and a power line are characterized by
the following general properties: operability, long-term
allowable current, allowable transmitting active power,
allowable transmitting reactive power, coefficient of allowable overload for a given time, location. A switch
is additionally characterized by the following properties:
switch state (on, off, or disabled with no turn on), switch
type (remote/local), synchronization ability. Power line
has properties: voltage loss, active power loss, reactive
power loss.
Location pl ∈ P L is the geographical coordinates
and/or address of power grid element of set P GE,
car depot or resource warehouse. The route rt ∈ RT
is described by the initial location, final location, travel
time, the expected delay in travel in the form of statistical or fuzzy variable. The repair crew rc ∈ RC is
characterized by the following properties: the number of
employees, the level of admission. The vehicle vh ∈ V H
has the following properties: the depot location, the
maximum number of passengers, carrying capacity, the
dimensions of the cargo compartment. Properties of
resource rs ∈ RS for the restoration of the power grid
are the weight, the dimensions, and the location. The
action act ∈ ACT on the restoration of the power grid
is characterized by the following properties: the object
of restoration, the duration, the expected repair delay,
described by statistical or fuzzy variables, the level of
personnel admission, the necessary resources.
It is required to make a power grid restoration plan,
Figure 1. Examples of graphs in the “game” planning of the supply
which includes the sequence of turning on and off the
restoration
switches, the sequence of trips of repair crews to perform
switching and repair work.
power grid; P L is the set of locations; RT is the set of
Criteria for optimality of the plan are following: minroutes between locations; RC is the set of repair crews; imizing the shutdown time of the priority consumers,
V H is the set of vehicles; RS is the set of resources to maximizing the total recovered load, maximizing the
restore the power supply; ACT is the set of actions to reliability of the power system (the stability of the power
restore the power supply. The following elements of the system to subsequent accidents).
power grid are distinguished:
The following restrictions apply to the plan: the preserps
co
bu
sw
pl
vation
of the radial structure of the network of powered
P GE =< P GE , P GE , P GE , P GE , P GE >,
lines; for each line, the total value of loads that are
where P GE ps is the power source of distributed supplied from a source of distributed generation through
generation, P GE co is the consumer, P GE bu is the it should not exceed its carrying capacity; active power
bus, P GE sw is the switch, P GE pl is the power balance must be maintained; reactive power balance must
line. The power source of distributed generation is be maintained; voltage and frequency values must be
characterized by the following properties: operability within acceptable limits; consumers not affected by the
(healthy/accident), state (disconnected/connected), his- initial outage should not be turned off as a result of the
tory of generation of active power, history of generation switch; the repair actions must be carried out by teams
of reactive power, nominal voltage, parameters of the that have the appropriate admission if the necessary retransition process at cold start, location. The consumer sources are available in their vehicle; vehicle capacity is
is characterized by the following properties (it is assumed never exceeded; brigade working time is limited; vehicles
that consumers can generate and deliver excess electric- must return to their depot; when forcibly dividing the grid
ity to the grid): state (disconnected/connected), priority, to islands, the communication lines between the islands
history of generation and consumption of active power, must have synchronization equipment for the subsequent
history of generation and consumption of reactive power, merge of the islands.
To solve the RSRP, it is proposed to model the
nominal voltage, cold start transient parameters, location.
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Figure 2. Rhombus of group decision making by S. Keiner, K. Toldi,
S. Fisk, D. Berger

valuable ideas and “grind” them until all the discussion
participants come to a final solution embodying all the
diversity of points of view. This stage is characterized
by “convergent thinking”, i.e. the classification of ideas,
their generalization, and making assessments. During
decision-making and disbandment stage the team integrated problem solution is developed, taking into account
the opinions of all the participants in the discussion.
The rhombus of group decision-making model can
be used by the facilitator or his model to identify the
current situation of decision-making and to attempt to
steer the discussion in the required direction, activating
the appropriate thinking style in the team.

collective decision-making by the operating personnel
of the energy supplying organization, power engineers,
logisticians, and labor protection specialists with the
HIMSHT.

IV. F ORMAL MODEL OF THE HYBRID INTELLIGENT
MULTIAGENT SYSTEM OF HETEROGENEOUS THINKING
IN COLLECTIVE OPERATIONAL WORK

III. T EAM DECISION MAKING IN POWER GRID

himsht =< AG∗ , env, IN T ∗ , ORG, {ht} >,


S
actag ∪
acthimsht =

MANAGEMENT

Formally HIMSHT is defined as follows:

When solving new, previously not encountered probag∈AG∗
lems, teamwork in general case consists of the fol∪actdmsa ∪ acthtmc ∪ actcol ,
lowing stages: formulation, analysis of the problem,
actag =< M ETag , ITag >, ag ∈ AG∗ ,
data collection and interpretation, search for solutions,
S
ITag > 2,
analysis of the effectiveness of solutions and final choice,
ag∈AG∗
presentation of results, implementation of the solution,
monitoring and evaluation of results [28]. The problem where AG∗ = {ag1 , ..., agn , ag dm , ag f c } is the set
solving process is superimposed on the process of form- of agents, including expert agents (EA) agi , i ∈ N,
ing and developing the team as a single entity. The latter 1 6 i 6 n, decision-making agent (DMA) ag dm , and
consist of the stages: formation, turbulence, refinement facilitator agent (FA) ag f c ; n is the number of EA; env
of proposals and preparation of alternatives, decision is the conceptual model of the external environment of
making and disbandment [29], [30], which is consistent HIMSHT; IN T ∗ = {prot, lang, ont, dmscl} are the
with team decision making model by S. Keiner, K. Toldi, elements for structuring of agent interactions: prot is the
S. Fisk, D. Berger (Fig. 2) [9].
interaction protocol; lang is the message language; ont
At the first stage, members of the team get to know is the domain model; dmscl is the classifier of collective
each other, exchange official information about each solving problem situations, identifying the stages of this
other, make suggestions on the teamwork, adhere to process (Fig. 2); ORG is the set of HIMSHT architecgenerally accepted points of view, and propose obvious tures; {ht} is the set of conceptual models of macrosolutions [30]. If the problem has an obvious solution, level processes in the HIMSHT: ht is the model of the
the discussion ends, otherwise the divergent thinking collective problem solving process with heterogeneous
process begins, within which a non-judgmental discus- thinking methods (Fig. 2); acthimsht is the function
sion and the generation of a large number of solutions of the HIMSHT as a whole; actag is the function of
are encouraged [9]. If the team managed to go beyond EA from the set AG∗ ; actdmsa is the FA’s function
the boundaries of traditional opinions, the process of “analysis of the collective problem solving situation”;
discussion goes into the turbulence stage, when conflicts acthtmc is FA’s function “choice of heterogeneous thinkcould arise between team members due to conflicting ing method”; actcol =< metma , itma > is the collecsolutions. By conflict we will understand the situation of tive dynamically constructed function of HIMSHT with
the disagreement of two or more experts about knowl- multiagent method metma and intelligent technology
edge, belief, opinions, i.e. cognitive conflict [31]. The itma ; metag ∈ M ETag is the problem solving method;
conflict is a distinctive feature of the turbulence stage, itag ∈ ITag is the intelligent technology, with which
which allows the facilitator to take measures to develop the method metag is implemented; “∪” is the union
mutual understanding and bring together the experts’ operation over tuples or sets.
points of view.
To implement the FA function “analysis of the colAt the stage of finalizing proposals and preparing lective problem solving situation”, the concepts of comalternatives, experts formulate specific proposals from patibility of the partial solutions proposed by EA, the
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intensity of the conflict between them, and the stage
of the problem solving process are introduced. Solution
compatibility cmp is problem-depended scalar function
describing the possibility of simultaneous implementation of two partial solutions.
The intensity of the conflict between the two agents
is based on the compatibility of the partial problem
solutions offered by them:
cnf (agi , agj ) =

Nj
Ni P
P

2) expect messages;
3) if a message is received about HIMSHT termination,
then the end;
4) if a message is received about the solution deck developed by the EA agi , then proceed to step 5, otherwise
the abort execution with error;
5) determine cnf (agi , agj ) for each EA agj by (1), where
j ∈ N, 1 6 j 6 n, j 6= i;
6) calculate cnfhimsht and cnf l by (2) and (3), respectively;
7) determine the stage stg of the problem solving process
according to the rules (4) and (5);
8) go to the step 2.

cmp(deck , decl )(Ni Nj )−1 ,(1)

k=1 l=1

r1res

res

(deck , agi ) ◦ r1res

res

(decl , agj ),

where Ni , Nj are the number of private solutions found
by agents agi and agj , respectively; r1res res is the
relation “to be found by” between the private solution
and the agent who proposed it; “◦” is the operation of
gluing concepts.
The conflict intensity in HIMSHT as a whole described by the expression
cnfhimsht =

n
n
X
X

i=1 j=i+1

2cnf (agi , agj )(n − 2)!(n!)−1 , (2)

where “!” is factorial.
The conflict intensity between agents or in HIMSHT
as a whole is used as a universe of the linguistic variable
“conflict”, which is then used in the implementation of
the function “choice of heterogeneous thinking method”
acthtmc . The linguistic variable “conflict” is represented
by the expression
cnf l =< β, T, cnf, G, M >,

(3)

where β = “conf lict” is the name of the linguistic variable; T = {“absent”, “minor”, “moderate”, “sharp”}
is the term-set of its values, i.e. the names of fuzzy
variables; cnf = [0, 1] is the universe of fuzzy variables;
G = ∅ is the procedure for the formation of new terms
using the elements of the set T ; M = {µabsent (cnf ),
µminor (cnf ), µmoderate (cnf ), µsharp (cnf )} is the procedure that assigns meaningful content to each term of
T by composing a fuzzy set.
The value of the character variable “stage of the
problem solving process” stg, defined on the set
ST G = {“divergent”, “turbulence”, “convergent”},
is calculated according to the rules:
stg = “divergent” ∧ (cnf l = “moderate” ∨
∨cnf l = “sharp”) →
− stg = “turbulence”,
stg = “turbulence” ∧ (cnf l = “absent” ∨
∨cnf l = “minor”) →
− stg = “convergent”.

(4)
(5)

The algorithm of the FA’s function “analysis of the
collective problem solving situation” is the sequence of
steps:
1) set
the
initial
values:
stg = “divergent”,
cnf (agi , agj ) = 0, cnfhimsht = 0, cnf l = “absent”;

The FA’s function “choice of heterogeneous thinking
method” is implemented using a fuzzy knowledge base
about the effectiveness of heterogeneous thinking methods depending on the characteristics of the problem,
the stage of its solution and the current solution situation in HIMSHT. This fuzzy knowledge base should
be developed based on the results of the computational
experiments to be carried out with algorithms that implement these methods. By now the comparative analysis of
the approaches proposed in HIMSHT and implemented
in hybrid intelligent multi-agent systems, that increased
efficiency by more than 7% solving complex transportlogistic problem [32], suggests the advantages of the
former and their greater relevance to the problems in
dynamic environments.
Thus, thanks to the FA, which initiates the use of
various methods of heterogeneous thinking, and EAs,
which implement various technologies of artificial intelligence, the HIMSHT dynamically rebuilds the algorithm
of its functioning, each time developing a hybrid intelligent solution method that is relevant to the dynamic
problem. HIMSHT combines the representation of the
heterogeneous functional structure of a problem with
heterogeneous collective thinking of intelligent agents,
which creates conditions for solving the problem without
simplifying in the dynamic environment of the regional
power grids.
V. C ONCLUSION
In this paper, the main stages of solving problems by the
team of experts engaged in operational activities are reviewed,
and the thinking styles of participants are highlighted in these
stages. The formalized model of the HIMSHT and algorithms
that simulate heterogenous thinking processes are proposed
for the relevant modeling of the problem solving process in
a small team of experts. The proposed HIMSHT moves an
imitation of collective development of operational actions to
the field of synergetic informatics, when interaction of agents
is necessary for obtaining a result greater than the sum of the
work carried out individually. This leads to self-organizing,
social management models, each element of which is developing, obtaining data and knowledge from other elements. This
reduces the cost of developing and operating the system. The
use of such systems in operational dispatching (operational and
technological) management will make it possible to develop
solutions relevant to the problems that arise in the complex,
dynamic environments of regional power grids.
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ГИБРИДНАЯ ИНТЕЛЛЕКТУАЛЬНАЯ
МНОГОАГЕНТНАЯ МОДЕЛЬ ГЕТЕРОГЕННОГО
МЫШЛЕНИЯ ДЛЯ РЕШЕНИЯ ЗАДАЧИ
ВОССТАНОВЛЕНИЯ РАСПРЕДЕЛИТЕЛЬНОЙ
ЭЛЕКТРОСЕТИ ПОСЛЕ АВАРИЙ
Колесников А.В., Листопад С.В.
Проблемы, возникающие в таких динамических средах
как региональная распределительная электросеть, обладают следующими особенностями: частичная наблюдаемость,
высокая размерность пространства состояний, взаимосвязь
и зависимость решений друг на друга, не позволяющие
исправить ошибочное решение в будущем. Абстрактноматематические модели ограничены и нерелевантны таким
динамическим средам, в связи с чем привлекаются коллективы экспертов различных специальностей или их компьютерные модели, но и они не всегда успешно решают возникающие проблемы. Успех работы коллектива во многом зависит
от способности лица, принимающего решения, организовать
процесс гетерогенного коллективного мышления, диагностику коллективных эффектов, проблем группового поведения
и выбор на их основе соответствующей модели коллективных
рассуждений. В условиях временных ограничений при решении практических проблем организовать такое всестороннее
коллективное решение проблемы не представляется возможным. В этой связи в работе предлагается формализованная
модель и основные алгоритмы нового класса интеллектуальных систем – гибридные интеллектуальные системы гетерогенного мышления. Особенность данного класса интеллектуальных систем – моделирование действий фасилитатора
по управлению дискуссией команды экспертов методами
гетерогенного коллективного мышления. Их применение
позволит агенту, моделирующему действия фасилитатора,
организовать коммуникацию и диагностику коллективных
эффектов, проблем и корректировку группового поведения,
обеспечив релевантность системы рассматриваемым проблемам в условиях динамических непосредственно ненаблюдаемых сред.
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Abstract—Operational work with the image of an object
not directly perceived is a difficult task for the operator.
The mapping methods used are not relevant to the mental
image; they prevent the operator from performing actions
in the mind and contribute to data interpretation errors. It
is supposed to change the state of affairs using the visual
event-situational subject-oriented approach, which consists
in computer simulation of a multi-structural, multi-layered
by concreteness and clarity display. In this approach, the
subject action is considered as an ordered sequence of
two-step transformations by the subject of a deformable,
limited amount of mixed perceptual and subject-schematic
information about the situations and state of the object,
in the form of a reasonable, regulatory impact on it. The
result of the implementation of this approach should be a
new class of artificial intelligent systems, namely cognitive
hybrid intelligent systems.
Keywords—visual event-situational approach, management of complex dynamic objects, cognitive hybrid intelligent systems

is proposed to overcome this drawback by obtaining
new knowledge about operational-technological, humanmachine management of complex, dynamic systems,
developing a visual event-situational subject-oriented approach of information preparation of solutions and operational technological management of complex dynamic
objects and its implementation in a new class of artificial
intelligent systems, namely cognitive hybrid intelligent
systems. Visualization of spatial-temporal relations of
resources and actions for expressing the semantics of
the state of a complex system, introduction of the psychologically justified heuristics of the functional system
of subject action and dynamic operational image in the
supporting solutions will return the subject of operational
activities to the space of meanings, the space of things,
properties and relations. It will promote the connection
of the sensual and the rational, the individual and the
universal; make out the ideas emerging from him; show
the structure and dynamics of changes in the operational
image; help to follow the movement of thought, fix it,
facilitate mental activity, establishing cause-effect and
functional relationships; significantly reduce the time
to solve operational tasks, reduce the risk of errors;
qualitatively improve the system of artificial intelligence.

I. I NTRODUCTION
Management in a dynamic environment is associated
with heterogeneity and state of distribution in the space
of the problems being solved or the systems being
developed. The decisions are interconnected and impose restrictions on each other, making it impossible
to correct an erroneous decision in the future, since
even a small initial error rapidly increases over time.
II. V ISUAL MANAGEMENT AND CONTROL
The processing of heterogeneous information through the
It is believed that visual management was born in the
integration of expert knowledge has been investigated
in the researches on hybrid intelligent systems (HIS), concept of Taichi Ono [3], who is the author of lean
synthesizing a method for solving a complex problem manufacturing, the core of the Toyota system (Japan).
Visual management is a clear, simple and effective way
over a heterogeneous model field.
However, traditional HIS [1], [2] do not involve to organize work and report on it, so that everyone can
the operator’s right-sided, visual-imaginative reasoning, see the work of everyone, and the organization becomes
complicating the operational work with an object that “transparent” [4], a process that provides the human
is not directly perceived, forcing him to think logi- factor with simple visual signals to immediately respond
cally instead of providing intuitive decision-making. It to new terms and conditions.
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(a)

(b)

(a)

(b)

Figure 2. Examples of visual management information centers: (a) complex

solution of the company POISK [7]: mnemonic scheme, plastic appliqué, LCD
panels; (b) S - 2000 dispatch board, built-in video cubes of NTK Interface LLC
[8]

are recorded, then we will get its full description, not an
abstract, but a concrete and comprehensive description
of how the object “looks” for a particular system, what
Figure 1. Examples of visualization: (a) problem solving board in the tradition
properties, at what moments it has and how it participates
of “gemba” at GAZPROMNEFT-SNABZHENIYe LLC; (b) visualization at the
office of the Atomic Energy State Corporation Rosatom; (c) an example of the
in the functioning of the system.
visualization of the entrance group in the workshop, signs of harmful substances
Event management is based on the event description
and noise exposure
of complex systems, which is the process responsible
for managing events during the life cycle, the main
One of them is gemba from Japanese management activity of operational management. Event is a change
practice that is the controlling “walk” of decision makers in the state, which is important for the management of
to workplaces to inspect and evaluate what is happening. objects and their relations. To be effective, operational
Visual control is an effective and self-regulating factor management must know the state of the control object
in the measurement of visual signals: plans, unfinished and its elements, as well as track any deviations from
tasks, inventory, resource consumption, and quality [5]. the norm. Event management is a proactive and sysThe objectives of visualization of control are to see tematic approach aimed at predicting problems, anticproblems and understand situations in the workplace and ipating threats, minimizing surprises, making decisions
to see the decisions, clarify actions to achieve goals. The on emerging issues. According to M. Lauzen, effective
methods of visual control are key indicators, photos and event management requires two-way communication, a
markup (Fig. 1).
clear formal monitoring of the environment and active,
Another approach to the visual management has been meaningful strategies [10]. According to J. and V. Coates,
adopted in information, situational and dispatch centers event management is an organized activity to identify
that are designed for deep immersion in the process, emerging trends, troublesome or controversial issues that
setting up constructive communications, prompt response may affect the organization over the next few years, and
to key events and organizing a multi-level problem solv- to develop a wider and more positive response range of
ing system (Fig. 2) [6]. Morning, ten-minute “volatiles” organizations in relation to the future [11]. The order
are sufficient to obtain operational strategic information, of event management is following: detection, filtering,
which allows to see priorities, identify deviations, and prioritization, correlation, determination of the response
outline actions to correct the situation. A huge amount method.
of data, previously scattered, is collected, systematized
The entity approach, entity thinking is traditional for
and presented in a convenient for perception, digitized the modern man, for whom the description of the world
form: graphs, charts, diagrams and tables.
as a multitude of spatially localized objects-entitiesTwo approaches to centralized visual control are resources is peculiar. Things are predetermined. The relaknown namely event and situation description of control tionship of objects is described through relations. Modern
objects in complex systems.
methods of describing or modeling complex systems
adhere to the entity ontology: at first decomposition
III. E VENT AND S ITUATIONAL M ANAGEMENT
and selection of objects, then their classification, with
L. Wittgenstein held an event-based view at the level attributing properties to objects and establishing relations
of logical, linguistic systems: “The world is a totality of between them (“part-whole”, “gender-type”, “depends”,
facts, not objects ... Progressive, the fact is the existence etc.). A.I. Uyomov [12] held an entity-based view at the
of events” [9]. Hence, the control object is considered as level of logical, linguistic systems, who expressed own
a stream of events through the set of which things are de- world view through the “entity-property-relation" triad,
termined. If all the events in which the object participated which was adapted by A.V. Kolesnikov, I.A. Kirikov and
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V.F. Ponomarev [13] to the “resource-property-action"
triad in relation to the operating activities of dispatchers
in complex systems.
Situational approach is based on the entity thinking.
In the 20s of the last century, M. Follett spoke about the
“law of the situation”. She noted that “different situations require different types of knowledge” and different
responses. A fully situational approach was developed in
the late 60s. The entity approach to the ontology of the
world was reflected in the situational approach, it was
formed in the USA in the late 1960s. Representatives
are F. Kast [14], H. Koontz [15], P. Lawrence, J. Lorsch
[16], J. Thompson [17], etc. The term “situation management” was formed in the 60s of the last century, when
Soviet scientists Yu.I. Klykov and D.A. Pospelov [18]
introduced this concept. It appeared due to the development and application of logical-linguistic models to the
management practice, when situations were described in
the language of qualitative concepts and relations, and
the means of mathematical logic were used to organize
symbolic transformations from the initial situation to the
target one.
To develop a visual event-situational subject-oriented
approach, it is proposed to develop the concept of relational, symbolic-logical language for describing the state
and situations of the control object proposed by A.V.
Kolesnikov and V.F. Ponomarev [1] on the basis of the
situational approach and the entity view of A.I. Uymov
[12].

(a)

(b)
Figure 3. Graphic statements: (a) about the situation (r-situation) in the online
service “Bus Time” (www.bustime.ru) in Kaliningrad; (b) icons for monitoring
weather conditions (left - right, top - down): cloudy, rain, temperature, partly
cloudy, wind direction, wind force, freezing rain, clear, thunderstorm, tornado,
snow

should visually express the correlation of variability
and constancy, which requires displaying the position
as a characteristic of the spatial relation of one of the
resources (dynamic) to other resources (static) within
IV. C ONSTRUCTING OF VISUAL - SYMBOLIC
some area (also static resource) at some point in time.
STATEMENTS ABOUT THE POSITION OF RESOURCES
So, we interpret three components of the p-situation: 1)
( RESOURCE - BASED SITUATION , R - SITUATION )
a dynamic resource; 2) a group of static resources; 3) an
Definition 1. R-situation (resource-based situation) is area of establishing spatial relations “resource-resource"
a set of spatial relations on resources used in production between the first and second resources. The dynamic
operations at a given point in time and in the context of resource is electricity, characterized by three main pathe spatial structure of the control object.
rameters: voltage (volts), amperage (amperes) and power
Position is a characteristic of the spatial relationship (watts). It is the object of the operation “transmission”
of one of the object’s elements to other elements within over a distance within the “resource-action” relation.
a certain area. Graphically the position is usually shown Static resources are the power grids, their devices and
in a diagram of related elements, for example, in a street installations, i.e. the means of electricity transmission
and neighborhood map. The position is interpreted as that are characterized by the main parameter - trans“resource-based situation” or “r-situation”. In Fig. 3(a) mission capacity. They are the means of transmission
graphic statements about the position of resources (about of electric energy over a distance within “resourcethe r-situations) are shown by means of the graphic action" relation. In general case, a power transmission
interface of the online service “Bus Time” in Kaliningrad line should be considered as an object with parameters
(www.bustime.ru).
distributed along one spatial coordinate (along a line).
Monitoring of weather conditions (weather r-situation) One of the main indicators of power transmission is
that are graphical statements about the weather r-situation the transmission power, i.e. the amount of energy transcan be performed by pictograms (Fig. 3(b)) according mitted per unit of time. The transmission capacity is
to data widely presented by meteosites on the Internet the highest power that, given all technical limitations,
in two aspects: current weather conditions and forecast could be transmitted through the line. For example, for
of weather conditions on the required number days. a 110 kV line, the capacity is 30 MW. Power grids are
The symbolization and the schematization of resource- characterized by a number of indicators, which primarily
based situations as applied to sectioned power grids include the magnitude of the transmitted power, nominal
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(a)

(c)

(b)

(d)

(e)

(a)

(b)

(c)

(f)

Figure 4. Graphic statements: (a) about the resource “section of the overhead
power line”; (b) about the resource “electricity"; (c) about the role-based visual
relation “resource-action”, where “overhead power line section” resource and
“transfer electricity” action are simplified; (d) “section of the overhead power
line is a mean of electricity transmission"; (e) “section of the overhead power
line, as a mean of electricity transmission, is under load (powered)"; (f) “section
of the overhead power line, as a mean of electricity transmission, is de-energized”

voltage, functional value and transmission distance, the
configuration (topology) of the network. The area of
spatial relations “resource-resource" is a region, i.e. a
part of the space occupied by the resource in its natural
environment. This could be the physical place shown in
connection with the natural characteristics of the place
itself and its immediate surroundings. This could be
the formalized place, showing the structural nature of
a place in terms of its essential characteristics with
the replacement of natural properties by a simplified
form, which does not reproduce the exact image of the
resource, but gives its generalization. This is the case
when technical clarity is more important than visually
perceived reality. Fig. 4 depicts a graphic statement about
the resource “overhead power line section”.
The construction of complex graphic statements “overhead power line section as a mean of power transmission
that contactly connects transformer and recloser is powered” and “two-sections branch of the overhead power
line is powered” is shown in Fig. 5.
The complex graphic statement about the p-situation
“normal power transmission mode, the emergency transfer switch resource is off" is shown in Fig. 6(a). Fig. 6(b)
shows the role visual relation “resource-resource”. The
role on the left is occupied by the complex graphic statement about the resource “emergency power transmission
mode, the emergency transfer switch resource is on”.
Fig. 7 depicts graphic statement about r-situation “normal power transmission mode” and its position.

(d)

(f)

(e)

(g)

(h)

Figure 5. Graphic statements: (a) about the resource “transformer”; (b) about

the resource “substation”; (c) about the role visual relation “resource – resource”
(“contact connection”); (d) “contact connection” is simplified; (e) two role visual
relations “resource – resource” form the composite graphic statement “overhead
power line section that contactly connects transformer and recloser is powered”;
(f) about role visual relation “resource-resource" (“branch", “tap off"); (g) “twosections branch of the overhead power line is powered”; (h) “two-sections branch
of the overhead power line, intended for electricity transmission, is powered”

(a)

(b)
Figure 6. Graphic statements about r-situation: (a) “normal power transmission

mode, the emergency transfer switch resource is off"; (b) “emergency power
transmission mode, the emergency transfer switch resource is on”

V. C ONSTRUCTING VISUAL - SYMBOLIC STATEMENTS
ABOUT ACTIONS THAT ARE SIMULTANEOUSLY
PERFORMED ( OPERATION - BASED SITUATION ,
O - SITUATION )

Definition 2. O-situation (operation-based situation) is Figure 7. Graphic statement about r-situation
“simultaneously” relation over the set of operations with mode” and its position (shown schematically)
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“normal power transmission

problem being solved at the moment t, qualitative fuzzy
characteristics of resources and operations, o-situations
and r-situations, at that the first is considered in the
context of the production structure, and the second is
considered in the context of the spatial structure of the
control object.
(a)
(b)
If in the case of r-situation the accents are made on
the mapping of the role spatial relations “resource –
resource”, then in the graphical statement in Fig. 8(b)
the accents are shifted to the role relations “property –
resource”. Since this view relates to the expert’s inner
world, the circles are used to symbolize. There are four
of them. Between the central and the next external in
relation to it circles there are graphical statements about
the properties of static resources available in the graphic
statement about the current r-situation. When solving
problems in the control phase, i.e. when standards for
the properties’ values are given, going beyond the limits
of standards can be symbolized by a change in the color
(c)
of triangles. In this case, the color of the central circle can
Figure 8. Complex graphic statements: (a) about the role visual relation “action
symbolize integrated either the norm in properties, or the
- action” (“simultaneously”), the symbols of actions are not detailed; (b) about the
parameters, essential for the problem solved at the moment t, and the qualitative
degree of deviation of the properties of static resources
fuzzy characteristics of the resources (role visual “property - resource” relations);
from standard values.
(c) about the state of the visual control object at time
Between the outer and following to the center circles
there are graphical statements about the properties of
the resources of the control object at a given time in
dynamic resources available in a graphic statement about
the context of its production structure (process). Since
the current r-situation (there are usually more dynamic
the operation scenario is a plan that forms the current rresources). When solving problems in the control phase,
situation, the o-situation also determines the r-situation.
i.e. when standards for the properties’ values are given,
The graphic statement about the role visual relation
going beyond the limits of standards can be symbolized
“action-action” (“simultaneously”) is shown in Fig. 8(a).
by a change in the color of triangles. In this case, the
Since this is the relation of the objects of the experts’
color of the ring between the second and third circles
inner world, it is depicted in a circle. Understanding the
from the center can symbolize integrated either the norm
symbol “o-situation” implies imaginative representation
in properties, or the degree of deviation of the properties
of the timeline and the vertical line-mark on this timeline,
of dynamic resources from standard values. To give
symbolizing the current time and crossing all actions perimaginative character it is possible to specify a rotation
formed in the control object simultaneously. At the same
for an outer star-shaped figure (or move a small circular
time, the left side of the action-rectangle symbolizes the
spot around the outer circle), which will symbolize its
actual start time of the action, and the right vertex of the
relation to the properties of dynamic elements and the
action-triangle symbolizes the planned (estimated) end
time flow.
time of the action.
In Fig. 8(c) a complex graphical statement on the state
The entry (assignment) of an action to a graphic
of the control object at the time t is shown, implemented
statement about an o-situation is calculated as follows.
using the tool “Graphite" for synthesis of functional hyThe action symbol is placed in the graphic statement
brid intelligent systems (FHIS). This statement composed
if the actual start time of the action is less or equal to
of the graphic statement about the set of parameters
the current time and the estimated end time is greater
essential for the problem solved at time t, qualitative
than or equal to the current time. The arrangement of
fuzzy characteristics of resources and operations, as well
the symbols in the graphic expression is ordered relative
as graphic statements about the o-situation and the rto the timeline. It’s possible to move along the circle,
situation.
from left to right a small round spot, symbolizing the
As shown in [19] operator focuses on the upper left
time flow.
quadrant of the working window, so it is recommended
VI. D ESIGNING VISUAL - SYMBOLIC STATEMENTS
to place the schematized image of the current o-situation
ABOUT THE STATE OF THE VISUAL CONTROL OBJECT
in the upper left part of the working field and the
Definition 3. The state of the control object S(t) at the schematized image of the predicted o-situation in the
time moment t is a set of parameters, essential for the upper right part. The left and right lower parts of the
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working field are for schematized images of the current
and forecast weather conditions, respectively. In the
center there is the graphic statement about the r-situation.
When displaying the r-situation on a small scale, visual
primitives depicting power lines “merge” into solid blue
(gray in grayscale) lines, the power flow along which is
shown by moving red (dark gray in grayscale) segments.
Laboratory studies of the developed tool prototype for
FHIS with heterogeneous visual field synthesis showed
that specialists who know the subject area of power grid
management well, but do not have programming skills,
thanks to the presence of visual designers, successfully
construct models of the control object, as well as schematized images of its states and situations. The experience
of developing FHIS makes it possible to speak of a
significant reduction in the time taken to create them
using the “Graphite” tool.
FHIS developed using the “Graphite” tool will allow
to take into account the dynamic nature of complex
problems and to synthesize an integrated method, which
is relevant at the time of problem solving over heterogeneous visual field. Such FHIS can manage the
imitation process, activating the mechanisms of visualspatial, figurative thinking, when there is a significant
uncertainty. These mechanisms allow the user to “see”
an approximate solution of the complex problem or its
subtasks, which can later be substantiated and refined by
logical and mathematical reasoning methods.
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VII. C ONCLUSION
The symbolization and schematization of situational relations and the state of the control object recreate operationally
deformed problem situations, they’re qualitatively better perceived by man, and form reference circuits for analyzing and
constructing the new, complex. Drawing, and then understanding and rational awareness of the problem with the methods for
activating the right-hemisphere thinking mode, harmonizing of
the formless, seeing the vague context of the problem situation
are the conditions for sudden, relevant decisions and actions of
visual management.
Functional hybrid intelligent systems, the architectures and
mechanisms of which implement the grammar of the visual
metalanguage, will significantly reduce the workload of the
operational and technological personnel, because visual-spatial
thinking reflects the world in the fullness of a person’s mind,
when one sight is enough to understand the conditions of a
problem situation in the control object and to assess the degree
of risk of continuing of abnormal behavior.
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ВИЗУАЛЬНЫЙ СОБЫТИЙНО-СИТУАЦИОННЫЙ
ПОДХОД ИНФОРМАЦИОННОЙ ПОДГОТОВКИ
РЕШЕНИЙ И ОПЕРАТИВНО-ТЕХНОЛОГИЧЕСКОГО
УПРАВЛЕНИЯ СЛОЖНЫМИ ДИНАМИЧЕСКИМИ
ОБЪЕКТАМИ
Колесников А.В.
Оперативная работа с образом непосредственно не воспринимаемого объекта – трудная задача оператора. Применяемые способы отображения не релевантны ментальному
образу, мешают оператору выполнять действия в уме, способствуют ошибкам интерпретации данных. Изменить положение дел предполагается в рамках визуального событийноситуационного субъектно-ориентированного подхода, заключающегося в компьютерной имитации полиструктурного, многослойного по конкретности и наглядности отображения. В таком подходе предметное действие рассматривается как упорядоченная последовательность двухзвенных
преобразований субъектом деформируемого, ограниченного
объема смешанной перцептивной и предметно-схемной информации о ситуациях и состоянии объекта, в форму целесообразного, регулятивного воздействия на него. Результатом
реализации данного подхода должен стать новый класс
систем искусственного интеллекта – когнитивные гибридные
интеллектуальные системы.
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Abstract—The concept of information warfare involves
the use of information and communication technology to
achieve an advantage over a potential enemy. The goal is to
take decisions against their interests in the interests of their
enemies. Information structures are treated as systems that
process various types of information, provide its storage
and access to users. Such structures may include neural
networks, self-learning systems, etc. They must be prepared
to train, respond to threats and ensure the safety of their
existence, which is topical during the modern information
warfare. In this paper, the theoretical aspects related to the
security of information systems from the point of view of the
system theory and ontology approach will be considered.
Knowledge base for information structures can be elements
of artificial intelligence, which must be secured against
external threats. Ontologies have gained increasing interest
in the computer science community and their benefits are
now recognized for different applications.
Keywords—artificial neural networks, cyberwar, information structures, information warfare, neural networks

I. I NTRODUCTION

— the relationship of the elite and the population to
informational and psychological influences, in order to
make adjustments to the impact parameters.
In order for the public to survive in the context of information warfare, it needs to understand the information
structures and their ability to oppose the impact of the
information warfare.
The information is tried to be stored so that it can be
easily navigated, that is to quickly find the desired information element. Therefore, the information is structured,
that is, it is written in a definite scheme. Information
structure (IS) is now the most common term for those
aspects of a sentence’s meaning that have to do with the
way in which the hearer integrates the information into
already existing information.
An information system is a system that provides:
receiving input data; processing of the data; giving out a
result or changing its external state.
An information warfare between two information systems is an open and hidden purposeful information
influence of systems on one another with the purpose
of getting a certain win.
Information impact is carried out with the use of
information weapons, i.e. such means that allow the
conceived actions to be carried out with the transmitted,
processed, created, destroyed and perceived information.
The aim of the work is to explore the possibilities of
ontologies to describe the information structures in case
of danger.

The information warfare has always existed - between
separate individuals, groups, races, religions, countries,
cultures, civilizations. It is always the forerunner and
driver of various wars. H. Lasswell [1] can be called
the information warfare theorist of the first half of the
20th century. He actively used the methods of social psychology, psychoanalysis in the study of political behavior
and propaganda, identifying the role of mass media in
the course of information warfare of various states in
the world for power. He identified four main functions
of mass media:
II. T HE C ONCEPT OF I NFORMATION WARFARE
• Collecting and spreading of information.
The term “information warfare”, as the 4th generation
• Selection and commenting of information.
war, appeared in the late 80s and very quickly gained
• Public opinion formation.
popularity. So in the beginning of the 90s, the first
• Spread of culture.
theoretical and later practical works appeared, where
It is obvious that all these functions are active com- various definitions of the “information warfare” were
ponents of the information warfare.
given.
The strategy of conducting information warfare by purNowadays, the term “cyber war” is used in parallel,
poseful influence on public opinion presupposes knowing which is often endowed with content and meanings
the moods of all social and ethnic groups, knowing attributed to “information warfare”.
The first profound definition of the term “information
the real state of things. Hence, on the one hand, informational and psychological impact through all possible warfare” was given in the 1996 report of the American
channels, and on the other hand, a thorough study of RAND Corporation “Strategic Information Warfare and
public opinion, that is, the identification of the reaction the New Face of War” [2]. According to it: "Information
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warfare is a war in the information space”. That is, a
new information space is added to the 3 military spaces
(land, naval and air) existing at that time.
Subsequently, in the joint document developed by
the headquarters of “Joint Doctrine for Information Operations" [3] the definition of “information warfare”,
as information operations - conflict in which critically
and strategically important resource is information that
is to be mastered or destructed was given. This is a
multidimensional concept, which is only one aspect,
the measurement of which is purely military. The term
“information operations” makes it possible, more precisely than the traditional term “information warfare”
explore the place and role of information confrontation
as components of global confrontations.
There are many other definitions, both official and nonofficial. According to the work “Information Warfare and
Security” D. E. Denning said [4]: “Information warfare
is a set of operations that have the aim or to exploit the
information resources". But in the work of G. J. Stein
"Information Warfare" [5]: "Information warfare - is the
use of information to achieve our national goals."
The most profound definition of “information warfare”
was proposed by the American theorist M.C. Libitsky in
his work “What Is Information Warfare?” dated 1995,
where he identified 7 types of information wars [6]:

Security measures - strengthening the protection
of the resources in order to preserve plans and
intentions.
• Direct information attacks - confusion of false and
truthful information.
Information warfare can be carried out both within the
state and between different countries. The effectiveness
of information warfare depends on well-composed campaigning, based on the feelings and desires of members
of society.
The essence of the information warfare is to influence
the society through information. The signs of information
warfare include:
• Restriction of access to certain information: the
closure of web resources, television programs.
• Creating a negative background on specific issues
(fake news).
• Spreading of forced information in various spheres
of society.
•

III. T ENDENCES OF I NFORMATION WARFARE

Information warfares follow the entire history of
mankind. Propaganda can be considered the first version
of the information warfare. French sociologist J. Ellul
[7] offered to differentiate vertical and horizontal propaganda. Vertical - this is a classic version of propaganda
- information flows from top to bottom with a passive
• Military confrontation for monopolizing commandresponse from the audience.
control functions.
Horizontal propaganda is realized in the group, and
• Confrontation of intelligence service and counterindoes not come from above. In this situation, all partelligence.
ticipants are equal. Today’s business actively uses pro• Confrontation in the electronic sphere.
paganda impact methods under other names - public
• Psychological operations.
relations and advertising.
• Organised spontaneous hacker attacks on informaG. J. Stein publishes the study “Information Warfare”
tion systems.
[5], where he emphasizes that information warfare deals
• Informational-economic wars for controlling the
with ideas. Regarding to more specific aims, he states
trade of information products and monopolizing
the following: “The goal of the information warfare is
the information that is necessary to overcome the
the human mind, especially the one that makes the key
competitors.
decisions of war and peace, and the one that makes
• Cybernetic wars in virtual space.
the key decisions about where, when and how to apply
Information warfare can be used among the military the potential and opportunities that are in their strategic
and among civilians. One of the types of information structures”.
warfare or a set of activities can be used for this purpose.
In his book “War and anti-war", A. Toffler gives
The types of information opposition include:
examples of what is most often used to influence others
[8]:
• Information warfare on the Internet - different and
• Accusations of atrocities.
often contradictory information is offered, which is
• Bid hyperbolization.
used to confuse the enemy.
• Demonization and dehumanization of the opponent.
• Psychological operations - the selection and de• Polarization.
livering of such information, which sounds like a
• Divine sanctions.
counter-argument on the mood that exists in society.
• Meta-propaganda, which discredits the propaganda
• Disinformation - the promotion of false information
of the other side.
in order to direct the opponent side on the wrong
J. Arquilla [9] has formulated the rule: only the nettrack.
work structure can work effectively against the network
• Destruction - the physical destruction or blocking of
electronic systems that are important to the enemy. structure, therefore hierarchical structures that belong to
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the system inevitably changes the system. Purposeful
information impact can lead to irreversible changes and
self-destruction [10].
Therefore, information warfare is nothing but obvious
and hidden targeted informational effects of systems on
each other in order to get a certain gain.
The use of information weapons means the supply to
the input of the information self-learning system of such
a sequence of input data that activates certain algorithms
in the system.
It can be concluded, that information weapon primarily
is an algorithm. To use an information weapon is to
select the input data for the system in such a way that
certain algorithms are activated in it, and in the case of
their absence, activate the algorithms for generating the
necessary algorithms [10].
Further, we talk about information structures - training
systems - in the simplified assumption it could be artifical
neural network (ANN) and social networks. It is assumed
that an information structure is a knowledge carrier and
knowledge of an information system is expressed through
its structure. Then, to evaluate the amount of information
perceived by the system, it is logical to use such a
concept as the degree of structure modification by the
input data.
It can be said that the information structure is resistant
to external influences if the number of its elements does
not experience sharp fluctuations from these influences.
Artificial neural networks in general can not be considered as stable information structures. It is connected
with various training algorithms that work mostly on the
"black box" principle, which can make them vulnerable
to various external threats.
Artificial neural networks are considered to be a
popular approach to machine learning and perception.
Traditionally, they are attributed to the properties of selflearning, self-organizing, having ability to process figurative information in oppose to conventional algorithms,
which are also traditionally considered to be rigidly
defined, untrained, and intended for processing symbolic
information.
IV. I NFLUENCE OF I NFORMATION WARFARE ON
The more complex the network, the more parameters
I NFORMATION S TRUCTURES
it contains, the more data is required for its training. UsuThe information weapons have a direct relation to ally we do not understand what connection the trained
the algorithms [10]. Therefore, any system capable of neural network has with the simulated phenomenon. It
processing the given algorithm by input data can be is unclear why it works and we can not predict in which
called an information system-the object of an information cases it can fail.
The issue of Artificial Intelligence (AI) limiting has
warfare.
One of the key questions leading to the indecidability been raised in recent years [11], [12]. An AI box is a
of the problem of winning an information warfare is the hypothetical isolated computer system where a possibly
following: “Is the information system able to determine dangerous AI is kept constrained in a “virtual prison"
that an information warfare has been launched against and is not allowed to manipulate events in the external
world. Such a box would be restricted to minimalist
it?”
Why is it necessary to protect the information structure communication channels. Unfortunately, even if the box
from information? Because any information entering is well-designed, a sufficiently intelligent AI may nev147
the state will always lose to the network ones. Arquilla
has formulated the following three rules for this fight:
• Hierarchies find it difficult to fight networks.
• You need networks to fight with networks.
• Those who master the first network forms will have
significant advantages.
Today, there are many ways and methods of information warfare. The author distinguishes software and
media.
Software means can be classified according to the tasks
performed with their help on means collecting information, means of distorting and destroying information,
and means of influencing the functioning of information
systems. Some means can be universal and used both
to distort or destroy information, and to influence the
functioning of information systems.
The main methods and techniques of using information
weapons can be:
• Damage to individual elements of the information
infrastructure.
• The destruction or damage to the information and
software resources of the opponent, overcoming
protection systems, the introduction of viruses, trojans and logic bombs.
• Impact on software and databases of information
systems and control systems with the aim to distort
or modify them.
• Capturing media channels in order to spread disinformation, rumors, demonstrate power and bring
their demands.
• Destruction and suppression of communication
lines, artificial overloading of switching nodes.
• Impact on computer equipment in order to disable
them.
The policy of purposeful influence on public opinion
presupposes knowing the mood of the broad masses
of the people, knowing the real state of things. From
here, on the one hand, informational and psychological
impact through all possible channels, and on the other a thorough study of public opinion.

Figure 1. Potential reaction structure in case of information warfare attack

ertheless be able to persuade or trick its human keepers
into releasing it, or otherwise be able to “hack" its way
out of the box [11].
The author presents his viewpoint on AI as the protection of information structures in the context of information warfare. In the context of information warfare
against a certain AI system (ANN or social network
based on it) a certain threshold is set up which, apparently, should be calculated by some methodology, taking
into account the various activities within the framework
of the system (fake news, social surveys, etc.). The
importance of the problem must be taken into account
by the system’s developer (corporation) and, in case of
a critical situation, by the government.
In any case, the system should have a developed
mechanism that could be called a trigger, which should
respond to an extraordinary intrusion into its structure in
the context of the information warfare. At the same time,
the system is learning, re-learning, and self-learning.
If, in case of an information warfare attack against
the information structures the trigger had to work, four
situations would be possible (see Fig. 1):
•

•

•

•

The author did not find a formal description of the IS
protection mechanism in the literature available, thus has
offered own concept in figure 1.
The paper also looks at considers the decision-making
algorithms in trigger management.
V. O NTOLOGY P OSSIBILITIES

In recent years the development of ontologies is formal
description of the terms in the domain and the relationships between them that moves from the world of
artificial intelligence laboratories to desktops of domain
experts [13]. In the World Wide Web ontologies have
become common things. Ontologies on the net range
from large taxonomies, categorizing Web sites, to categorizations of products sold and their characteristics. In
many disciplines nowadays standardized ontologies are
being developed that can be used by domain experts to
share and annotate information in their fields.
The philosophical term “ontology” is known for a long
time, but at the end of the last century, this concept
was rethought with regard to knowledge engineering. The
classic definition of an ontology in modern information
technologies: “An ontology - a formal specification of
Trigger “ON” – the self-destroyed mechanism is a conceptualization that takes place in a context of the
launched – the network activity is paralyzed, links subject area” [14].
are destroyed. The AI box protocol is interrupted.
Informally, an ontology is a description of the view
Trigger “OFF” – the attack is treated as false alarms of the world in relation to a particular area of interest.
and the system continues to work in the previous This description consists of the terms and rules for the
mode under the AI box protocol.
use of these terms, limiting their roles within a specific
Trigger “NEUTRAL” – the attack is treated as an area. Formally, ontology is a system consisting of a set
unknown alert and the system continues to work in of concepts and a set of statements about the concepts
the previous mode under the AI box protocol, but by on the base of which you can build up classes, objects,
intensifying the analysis of the causes of the attack relations, functions, and theories.
It is accepted that an ontology is a system of concepts
and trying to identify and prevent future threats.
Trigger “COUNTERATTACK” – self-learning al- of a subject area, which is represented as a set of concepts
lows the system to exit the AI box protocol frame- linked by different relations to determine the field of
knowledge. The formal structure of the ontology is an
work and the effects are not predictable.
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advantage for the quality of the method of knowledge knowledge-based applications based on ontologies. In
Protege environment a number of knowledge-modeling
representation.
On a formal level, an ontology is a system consisting structures and actions that support ontology creation,
of a set of concepts and a set of statements about visualization and editing of different display formats are
these concepts, on the base of which we can build implemented.
The development of ontologies with Protege begins
classes, objects, relations, functions and theory. The main
components of the ontology are classes or concepts, with the definition and description of the classes hierarchy, after that the instances are assigned of these classes
relations, functions, axioms, examples.
There are many and different definitions of ontologies, and different type of relationships (properties in Protege)
but the following definition has recently been accepted in order to put more meaningful information within the
as generally recognized: “An ontology is a formal ex- ontology.
The author has previously carried out the research on
plicit specification of a shared conceptualization” [14].
Ontologies are often equated with taxonomic hierarchies the ontology-based risk analysis system concept develof classes. It can be said that the purpose of ontology is opment [17].
The example of the given ontology is of an illustrative
to accumulate knowledge in a general and formal way.
Ontologies can be classified in different forms. One nature, showing a possible ontology in case of any threats
of the most popular types of classification is offered by to information structures.
Unfortunately, the author could not find examples
Guarino, who classified types of ontologies according to
their level of dependence on a particular task or point of of similar ontologies in the protection of information
structures, thus the author provides own solution.
view [15].
The following class hierarchy is defined (see Fig.2).
• Top-level ontologies - describe the most general
The top level of ontology is the Attack-detection class.
concepts that do not depend on the subject areas.
This
is an abstract class, which includes all the main
• Domain-ontologies - formal description of the subclasses
of the subject area:
ject area, used to clarify the concepts defined in the
• Government or corporation.
meta-ontology and defines a common terminology
• Situation threshold.
base of subject area.
• Task ontologies - an ontology that defines a common
In the class Situation analysis the members Trigger
terminology base, related to a specific task.
ON, Trigger OFF, Trigger Counterattack and Trigger
• Application ontologies - are often used to describe
Neutral are included.
the outcome of actions performed by the objects of
After rating all risks, the situation is analyzed accordsubject area or the problem.
ing to Figure 1. An ontology defined in Figure 2 may be
The simplest model of ontology with relations is offered to define threats.
An example of a demonstration shows that with a
usually based on a class-subclass relationships. Such
help
of Protege an effective ontology description can
models are often called taxonomies - hierarchies of concepts towards investments. Thus, the aim of building an be created, but it is a sufficiently laborious process.
ontology is a representation of knowledge in a particular The author plans to continue the work on the further
development of information warfare ontology.
subject area.
Developing framework Protege OWL tool is used for
VI. C ONCLUSION
construct this concept [16].
Information warfare is a war of technologies; it is a
Protege is an ontology and knowledge base editor.
Protege is a tool that enables the construction of domain war in which the structures of systems, as carriers of
ontologies, customized data entry forms to enter data. knowledge, collide. It is necessary to talk about the methProtege allows the definition of classes, class hierarchies, ods of information warfare because an understanding of
variables and the relationships between classes and the the techniques of information warfare makes it possible
to transfer it from the category of hidden threats into
properties of these relationships.
Protege is a special tool, which is thought to create explicit ones that can be dealt with.
Consequences of information warfare:
and edit ontology, but OWL (Web Ontology Language)
• Death and emigration of part of the population.
is a language through which it is possible to define the
• Destruction of industry.
ontology. OWL ontology may include descriptions of
• Loss of territory.
classes, their characteristics and their instances. OWL
• Political dependence on the winner.
formal semantics describes how, using these data get
• The destruction of the army or the ban on one’s own
information which was not openly described in ontology,
army.
but which follows from the data semantics. Protege is a
• Export of the most prospective and high technolofree open-source platform, which contains special tool kit
gies from the country.
which makes it possible to construct domain models and
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Figure 2. Example of ontology in case of IS threats

The research presents a description of a potential
counteraction against the threats of information warfare
against information systems (AI based on artificial neural
networks).
The creation of ontologies is a promising area of
modern research in information processing, including the
subject of risk analysis in various fields of application.
This article examined the ontology prototype approach
for identifying IS threats. The concept of ontology for
risk assessment of IS threats was proposed, some classes
and subclasses of ontology under development were
described. Thus, ontology becomes a system for storing
and managing knowledge.
R EFERENCES
[1] H. Lasswell, The Structure and Function of Communication in
Society, The Communication of Ideas, L. Bryson, Ed. Institute for
Religious and Social Studies, 1948, p. 117.
[2] R. C. Molander, A. Riddile and P. A. Wilson, Strategic Information
Warfare: a New Face of War, RAND Corporation, 1996. Available
at https://www.rand.org/pubs/monograph_reports/MR661.html (accessed 2018, Nov).
[3] Joint Publication 3-13/Information Operations, Oct. 9, 1998. Available at http://www.c4i.org/jp3_13.pdf (accessed 2018, Nov).
[4] D. E. Denning, Information Warfare and Security, Addison-Wesley,
1999.
[5] G. J. Stein, Information Warfare, 1995. Available at
http://www.iwar.org.uk/iwar/resources/airchronicles/stein.htm.
(accessed 2018, Nov).
[6] M. C. Libicki, What Is Information Warfare?, National Defense
University Institute for National Strategic Studies, 1995.
[7] J. Ellul, Propaganda: The Formation of Men’s Attitudes, Vintage
Books, New York, 1965.
[8] A. Toffler, War and anti-war. Survival at the dawn of the 21st
century, Little Brown & Co., 1993.
[9] J.
Arquilla
and
D.
Ronfeldt,
The
Advent
of
Netwar,
RAND
Corporation,
2001.
Available
at
https://www.rand.org/pubs/monograph_reports/MR1382.html.
(accessed 2018, Nov).
[10] S. P. Rastorguev, Information Warfare, M: Radio and Communication, 1998 (in Russian).
[11] D. Chalmers, The Singularity: A Philosophical Analysis, Journal
of Consciousness Studies, vol.17, no. 7-65, Jan. 2010.
[12] R. V. Yampolskiy, What to Do with Singularity Paradox?, in
Philosophy and Theory of Artificial Intelligence, vol. 5, V. C.
Muller Ed. Berlin, Germany: Springer-Verlag, 2013, pp. 397-413.
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ИНФОРМАЦИОННЫЕ СТРУКТУРЫ В
КОНТЕКСТЕ ИНФОРМАЦИОННЫХ ВОЙН –
ИСПОЛЬЗОВАНИЕ ОНТОЛОГИЙ
Грабуст П.С.
Понятие информационной войны подразумевает использование информационных и коммуникационных технологий
для достижения преимуществ по сравнению с потенциальным противником. Информационная война – это манипуляция информацией, которой доверяет цель, цель должна
принять решения против их интересов в интересах противников. Информационные структуры рассматриваются как
системы, обрабатывающие различные виды информации,
обеспечивающие ее хранение и доступ к пользователям.
Такие структуры могут включать в себя нейронные сети,
самообучающиеся системы и т.д. Они должны быть готовыми
к обучению, реагировать на угрозы и обеспечивать безопасность их существования, которая является актуальной во
время современной информационной войны. В этой работе
будут рассмотрены теоретические аспекты, связанные с безопасностью информационных систем с точки зрения теории
системы и онтологического подхода. База знаний информационных структур может быть элементами искусственного
интеллекта, безопасность которых должна быть обеспечена
от внешних угроз. В сфере изучения компьютерных технологий интерес к использованию онтологий возрастает, и их
преимущества теперь признаны для разных приложений.
Создание онтологий является перспективным направлением современных исследований по обработке информации,
включая тематику анализа рисков в различных областях
применения. В данной статье рассматривался подход разработки прототипа онтологии для идентификации угроз ИС.
Была предложена концепция онтологии по оценке рисков
угроз ИС, описаны некоторые классы и подклассы разрабатываемой онтологии. Таким образом онтология становится
системой хранения и управления знаниями.

150

Received 04.12.18

Approach to determining the number of clusters
in a data set
Ivan Ishchenko, Larysa Globa, Yurii Buhaienko, Andrii Liashenko
National Technical University of Ukraine ”Igor Sikorsky Kyiv Polytechnic Institute”
Kyiv, Ukraine
ivanishchenkoo@gmail.com, lgloba@its.kpi.ua
yura.buhaenko@gmail.com, andrey.lyashenko44@gmail.com
Abstract—For different decision-making systems, they
build knowledge bases with sets of fuzzy logic rules and
when constructing these rules on the basis of statistical
information, a complex question is the determination of the
number of clusters. The article is devoted to the analysis of
methods that allow to automatically determine the number
of clusters and their application in decision-making systems.
The analysis conducted helped to distinguish the elbow
method as the most suitable of all the scanned ones. This
was able to find the optimal number of clasters on a test
data set.
Keywords—Clustering, decision-making system, data
analyses, optimization, fuzzy logic, elbow method, X-means
clustering, silhouette method.

I. I NTRODUCTION

and between clusters, on the calculation of the values
of heuristic characteristics (stability functions), showing
compliance assigned clusters for selective elements of the
set, on the statistics defining the most likely solution,
either by estimating the density of distributions. The
difference between the levels of association, which can
be determined by the dendrogram, is the simplest and
most popular solution.
However, this visual analysis of the dendrogram is
extremely difficult when:
1) a large number of objects under consideration;
2) implicit expressiveness of the data structure.

Today clustering tasks are relevant for many areas of
For the k-means clustering algorithm, the input paramactivity. Clustering is intended to divide a set of objects eter k is used, which determines the number of clusters.
into homogeneous groups, and its purpose is to search The parameter k may be erroneous. It depends on the
for existing structures. This process is used in com- shape and scale of the distribution of points in the data
puter graphics - for image segmentation, for classifying set. The number of clusters can be from one to n − 1,
search results, for processing tables and documents, in where n is the number of objects in the sample. Ie all
marketing - for identifying groups of customers, buyers, objects belong to one cluster or each object is a cluster.
and goods for developing promotion strategies. At the [2]
same time, each data domain has its own particular data
If the number of clusters k from a given data set
sets, for example, in technical data collection systems
is
not obvious or is not specified by an expert, there
one has to work with numerical characteristics that have
are
methods for it that help to make a decision. These
a unique assessment, and for example, when working
are
direct
methods and methods of statistical testing: 1.
with user / enterprise data, the data has a completely
Direct
methods:
these are optimization of the criterion
different format. Based on this, different clustering and
within
cluster
sums
of squares (the ”elbow” method) or
data processing algorithms are used.
the average silhouette. 2. Methods of statistical testing:
The problem of determining the number of clusters is
consists of comparing evidence against the null hypothone of the main unsolved problems of cluster analysis.
esis. An example is the statistics gaps. The method is
The two most used types of cluster analysis procedures
selected depending on the characteristics of the data set.
are: hierarchical and iterative. For iterative algorithms,
the number of clusters is one of the input parameters of
One of the important issues dealt with in this paper
the algorithm. For hierarchical procedures, visual anal- is a problem of the clusters number definition in the
ysis of a dendrogram is typical, and the most preferred process of clustering that based on the statistical data.
number of clusters is determined from it. [1]
The number of clusters determines exactly the fuzzy
Despite the apparent diversity, so far no universal logical rules number that formed the fuzzy knowledge
algorithm has been found that would be effective for data base. Based on this the correct determination of the
of different nature.
clusters number has a significant impact on the quality
Most of the existing methods are based on indexes of the resulting fuzzy logic rules and consequently the
comparing the degree of ”scatter” of data within clusters quality of the fuzzy knowledge base in general.
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II. C LUSTERING METHODS ANALYS
A. The eblow method
The elbow method is based on the use of the percentage of variance, which is a function of the number
of clusters. The main task is to determine the number
of clusters, such that adding another cluster should not
provide a significant improvement in data modeling.
This means that if we build the percentage of variance
explained by clusters against the number of clusters, the
first clusters will add a lot of information (they will
explain a large variance), with a subsequent change in the
number of clusters, the limiting gain starts to decrease
sharply, and a clear sectional error appears on the graph.
At this point of inflection, the number of clusters is
determined, and from this the name ”elbow criterion”
emerges. But this inflection point may not always be
uniquely identified [1]. The percentage of variance is
determined by the ratio of the variance between groups
to the total variance, also known as the F-test. A slight
change in this method shows the curvature of the intragroup dispersion [2,3].
The optimal number of clusters can be determined as
follows:

informative in choosing the optimal number of clusters
by itself. However, for data strongly grouped around G
centers, it is expected that the value of function Wg
will drop quickly as g increases until it reaches the
”true” number of clusters in the data. Intuitively, Wg
will decrease at a much slower rate when g > G since
with more than G centers, objects belonging to the same
cluster will be partitioned.[4,5]
Therefore, an ”elbow” point in the curve of Wg may
indicate the optimal estimate of the number of cluster in
data.
In estimating the number of clusters in a data set,
methods based on the Wg criterion are aimed at appropriately determining the ”elbow” point in Wg , where
Wg is sufficiently small. The idea of the gap method
is to compare the curve of Wg from the original data
to the curve of the expected) under an appropriate null
reference distribution. The best estimate of the cluster
number is ĝ if Wg falls farthest below the expected curve
at g = ĝ. Defining the gap statistic as
Gapn (g) = En∗ {log(Wg )} − log(Wg )

(3)

the estimate g is the value of g which maximizes
Gapn (g).
An essential step of the gap method is to generate
suitable reference data sets which are used to obtain
the benchmark of the within-clusters dispersion for
comparison. The reference data can be generated by
incorporating information about the shape of the data
distribution. By definition, application of the gap method
does not depend on the clustering method used. For
Consider a multivariate observation xi
= example, Tibshirani et al. implemented the gap method
(xi1 , xi2 , ..., xip )0 , i = 1, ..., n, containing n independent under the contexts of both K-means and hierarchical
objects measured on p variables. For any partition of clustering methods in their research. Simulation studies
the n objects into g clusters (Pg ), denote by Cm the showed that the gap method is a potentially powerful
set of objects allocated to the mth cluster and by nm procedure in estimating the number of clusters for a
the number of objects in Cm , m = 1, · · · , g. Denote by data set. Moreover, the gap method has the advantage
di ,i0 the distance between objects i and i0 . The sum of over most of the other estimating methods that it can be
pairwise distances between objects in the mth cluster is used to test the null hypothesis about homogeneous nongiven by
clustered data against the alternative of clustered data.
X
Dm =
(1)
di,i0
However, a deficiency of the gap method in finding
i,i0 ∈cm
the correct number of clusters has been demonstrated
For a fixed value of g, define
in more recent studies. For example, the gap method
g
failed to detect the 4-cluster structure in the simulated
X
1
Wg =
Dm
(2) data which contain well-separated clusters generated
2nm
m=1
from distinct exponential distributions. In microarray
Note that Wg in (2) is a typical measure of the within- data analysis, Dudoit and Fridlyand developed the Clest
clusters homogeneity associated with Pg , a small value method and compared it with several other existing
of which reflects a good fit of a classification to the ”true” methods including the gap method. They noted that the
gap method tends to overestimate the number of clusters.
cluster structure of data.
In the above definition of Wg , di ,i0 can be any arbitrary One possible reason for such a deficiency in using the gap
measure of distance. If the squared Euclidean distance method may be because Wg , a statistic summarizing the
is used, simple mathematical derivation shows that Wg within-clusters homogeneity, is not suitable in measuring
is monotonically decreasing in g. Hence, Wg is not the clustering adequately.[5]
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1) Calculate the clustering algorithm (for example, k-means
clustering) for different values of k. For example, varying k from 1 to 10 clusters.
2) For each k, calculate the total intracluster sum of the
square (wss).
3) Get the wss curve in accordance with the number of
clusters k.
4) The location of the bend on the graph is usually considered as an indicator of the corresponding number of
clusters. [3]

B. The silhouette method
The average data power criterion is a criterion for
estimating the natural number of clusters. The silhouette
of a data instance is a measure of how closely it is
compared with the data within its cluster and how weakly
it is compared with the data of the neighboring cluster,
that is, the cluster, the average distance from which is
the lowest. The silhouette value maximally close to 1
means that the base point belongs to the corresponding
cluster. When the silhouette value is close to -1, it can
be concluded that the point does not belong to the given
cluster.
Optimization techniques, such as genetic algorithms,
are useful in determining the number of clusters that
give the largest silhouette. It is also possible to scale
the data so that the silhouette is maximized with the
correct number of clusters. In general, this means that
it measures the quality of clustering and determines
how well each object is located within its cluster. The
higher the average width, the better the clustering. The
mean silhouette method calculates the mean observation
silhouette for different values of k. The optimal number
of clusters k is one that maximizes the average silhouette
in the range of possible values for k. [3,6]
The algorithm is similar to the elbow method and can
be computed as follow:
1) Compute clustering algorithm (e.g., k-means clustering)
for different values of k. For instance, by varying k from
1 to 10 clusters.
2) For each k, calculate the average silhouette of observations (avg.sil).
3) Plot the curve of avg.sil according to the number of
clusters k.
4) The location of the maximum is considered as the
appropriate number of clusters. [3]

C. Silhouette statistic
Kaufman and Rousseeuw proposed the silhouette index as to estimate the optimum number of clusters in
the data. The definition of the silhouette index is based
on the silhouettes introduced by Rousseeuw, which are
constructed to show graphically how well each object
is classified in a given clustering output.[5] To plot the
silhouette of the mth cluster, for each object in Cm ,
calculate s(i) as
a(i) = average dissimilarity of object i to all other
objects in the mth cluster
d(i, C) = average dissimilarity of object i to all other
objects in cluster C, C 6= Cm

reflecting the within-cluster compactness and between¯ for g =
cluster separation of a clustering. Compute s(g)
1, 2, · · · . The optimum value of g is chosen such that
¯ is maximized over all g:
s(g)
¯
Ĝ = arg maxg s(g).
D. Gap statistic method
The gap statistic has been published by R. Tibshirani,
G. Walther, and T. Hastie (Standford University, 2001).
The approach can be applied to any clustering method.
The gap statistic compares the total within intra-cluster
variation for different values of k with their expected
values under null reference distribution of the data.
The estimate of the optimal clusters will be value that
maximize the gap statistic (i.e, that yields the largest gap
statistic)[7,8]. This means that the clustering structure is
far away from the random uniform distribution of points.
[3]
The algorithm works as follow:
1) Cluster the data under investigation for fixed cluster
number, k, where k = 1, 2, · · · . Compute Wk for all
values of g;
2) Generate B reference data sets in the way described
above. Cluster each of the B reference data sets and
calculate Wb∗ (k), b = 1, 2, · · · ,B and k = 1, 2, · · · .
Compute the gap statistic
1 X
Gap(k) = ( )
log(Wb∗ (k)) − log(W (k))
B
b

3) Compute the standard deviation
" 
#1
2
1 X
2
∗
¯
,
sdk =
(Wb (k)) − l
b
b

where

1 X
¯
l=( )
log(Wb∗ (k))
B
b
q
4) Define sk = sdk 1 + B1 The optimum number of
clusters is given by the smallest k such that
Cap(k) ≥ Cap(k + 1) − sk+1 [9, 10, 11].

III. E STIMATION OF DIFFERENT METHODS FOR
FINDING THE NUMBER OF CLUSTERS

A software solution was created to find the number
of clusters in the data sample on different methods. Obtained results (Fig. 1):Elbow method: 4 clusters solution
suggested
•
•

Silhouette method: 2 clusters solution suggested
Gap statistic method: 4 clusters solution suggested

The silhouette plots display a measure of how close
each point in one cluster is to points in the neighboring
b(i) = minC6=Cm d(i, C)
clusters. This measure ranges from –1 to 1, where 1
b(i)−a(i)
means that points are very close to their own cluster and
s(i) = max{a(i),b(i)}
far from other clusters, whereas –1 indicates that points
¯ is defined as are close to the neighbouring clusters.
The silhouette index, denoted by s(g),
¯ is
Gap statistic is a goodness of clustering measure,
the average of the s(i) for all objects in the data. s(g)
called the average silhouette width for the entire data set, where for each hypothetical number of clusters k, it
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can be for a clustering problem. There are few other
clustering in various application
techniques which can also be used.

areas, with the results of this
clusterization being close. The main disadvantage of the kmedium method is that it is necessary to predefine k - the
IV. CONCLUSIONS
number of clusters and standards, which is not always possible
The article analyzes a number of clustering algorithms
make rational.
The
and their application to
in decision-making
systems.
In amethod is very sensitive to these initial
cluster analysis, the fundamental problem is to determine
approximations of the values of the centers. To eliminate this
the value of the number of clusters, which has a
you However,
can usethe the method of gradually increasing the
deterministic effect on problem,
clusterization results.
limitation in current applications is that there is no
number of clusters.
convincingly acceptable solution to the problem with the
The
disadvantage
of elbow and average silhouette techniques
best cluster because of the high
complexity
of real data sets.
is that
they method
measure
only the general characteristics of clusterChoosing the appropriate
clustering
is another
important step in clustering. The k-medium clustering is
ing. A more complex way is to use the gap statistics, which
one of the most popular clustering technologies used in
provides a statistical procedure for formalizing a heuristic
practice.
silhouette
to be
estimate the optimal number of clusters.
According to the elbow
results of/ the
study, it can
concluded that both the k-medium method and the method
In this article, we describe various methods for selecting
of agglomeration hierarchical clusterization can be
the optimal
numberareas,
of clusters in the data set. Such methods
successfully used for clustering
in various application
with the results of this clusterization being close. The main
include elbows, silhouette, and statistical methods of rupture.
disadvantage of the k-medium method is that it is necessary
work:
Future
to predefine k - the number Future
of clusters and
standards,
which work is to carry out research on the
is not always possible to make rational. The method is very
possibility and quality of the resulting solution in order to
sensitive to these initial approximations of the values of the
centers. To eliminate this
problem, you
use the
method
receive
setscanof
rules
for forms of fuzzy knowledge bases for
of gradually increasing the number of clusters.
decision-making systems in technical systems.
The disadvantage of elbow and average silhouette
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ПОДХОД К ОПРЕДЕЛЕНИЮ КОЛИЧЕСТВА
КЛАСТЕРОВ В НАБОРЕ ДАННЫХ
Ищенко И. А., Глоба Л. С., Бугаенко Ю. М., Ляшенко А. В.

C ONCLUSIONS
The article analyzes a number of clustering algorithms
and their application in decision-making systems. In a cluster
analysis, the fundamental problem is to determine the value
of the number of clusters, which has a deterministic effect
on clusterization results. However, the limitation in current
applications is that there is no convincingly acceptable solution
to the problem with the best cluster because of the high
complexity of real data sets.
Choosing the appropriate clustering method is another important step in clustering. The k-medium clustering is one of
the most popular clustering technologies used in practice.
According to the results of the study, it can be concluded
that both the k-medium method and the method of agglomeration hierarchical clusterization can be successfully used for

Аннотация – Для различных технических систем принятия
решений создают базы знаний с наборами правил нечеткой
логики. При построении таких правил на основе статистической информации сложным вопросом является определение
количества кластеров. Статья посвящена анализу методов,
позволяющих автоматически определять количество кластеров с целью их применения в системах принятия решений.
Проведенный анализ математических методов, позволяющих автоматически определять количество кластеров при
построении нечеткой базы знаний, а значит и количество
нечетких правил, позволяет выделить метод «локтя» как
наиболее подходящий. Метод позволил найти оптимальное
количество кластеров в наборе тестовых данных.

154

Received 10.12.18

Approach to Prediction of Mobile Operators
Subscribers Churn
Andrii Baria, Larysa Globa, Anastasiia Moroz
National Technical University of Ukraine ”Igor Sikorsky Kyiv Polytechnic Institute”
Kyiv, Ukraine
baria.andrii@gmail.com, lgloba@its.kpi.ua, a.moroz2708@gmail.com
Abstract—This article presents an approach to the description of machine learning methods for predicting the
outflow of telecom operator subscribers. Describes the
parameters characterizing the interaction of the mobile
operator with end users. The parameters that have the
greatest influence on the client’s decision to refuse the
services of a mobile operator have been determined. The
originality of the approach lies in the use of such mathematical methods that allow you to determine the main set
of parameters, due to which specific subscribers are prone
to changing the mobile operator. The proposed approach
allows you to organize a system in which it is possible to
determine the main parameters characterizing the tendency
of customers to outflow and acting on them using various
methods to try to increase subscriber loyalty. A comparative
analysis of the results obtained using the analyzed logistic
regression methods, Bootstrap aggregating and random
forest showed that the spread of prediction errors does not
exceed 6%. However, the advantage of the random forest
method is the ability to determine the set of parameters
that make the greatest contribution to making decisions by
the subscriber to change the mobile operator. Therefore,
for analyzing customer loyalty, a random forest method
can be recommend, which showed on the test sample an
improvement in the accuracy of the predictions in the
sample to 6-7%.
Keywords—telecom operator, churn, machine learning,
random forest, prediction mathematical methods.

I. I NTRODUCTION

To solve such problems can be used different methods
of machine learning, which do not always give good
results due to the complexity of the data. In this regard,
the process of building models is reduce to choosing
the most appropriate machine learning method for a
particular case with a specific data set, which is a
nontrivial task that requires a specialized approach.
To assess the effectiveness of the use of mathematical
methods, an experiment was conduct using mathematical
modeling on the data array of one of the major Ukrainian
mobile operators in order to answer the question ”why
do subscribers leave?”
The experiment is divide into 2 stages. The first stage
is to determine the reasons why subscribers decide to
stop using this or that service. The second stage of
work consists in compiling a list of subscribers who are
prone to care, indicating the percentage of probability
and the parameters that have had the greatest influence
on decision making.
The structure of the article: Part 2 contains an analysis
of work on the outflow of subscribers from companies
providing various services. Part 3 provides an overview
and analysis of data provided by one of the major mobile
operators. Part 4 describes the metrics for the proposed
assessment method with reference to the parameters characterizing subscribers who have the greatest influence
on the process of a classifier designing. Part 5 presents
the results of the prediction of outflow of subscribers
from the mobile operator. Part 6 includes conclusions
and recommendations for further work.

Constantly developing mobile market creates great
competition, where subscribers tend to constantly look
for the most favorable conditions for the provision of
services by mobile operators. In this regard, operators
II. STATE OF THE ART AND BACKGROUND
need to constantly offer the most relevant services for
each subscriber in order to keep this subscriber in their
In [3] and [4], they talk about solving a similar probcommunication network. This is because the cost of lem for companies providing Internet services. For the
retaining the customer is significantly less than attracting analysis, such algorithms as logistic regression method,
new customers. [1] Telecom operators are constantly an- decision tree, and neural network are considered. The
alyzing the parameters characterizing the use of services best results were obtain on a logistic regression model
by the end subscriber to identify those factors that have with a prediction accuracy of 89% and a sensitivity of
the greatest influence on the decision of subscribers to 91%.
Alfa-Bank uses the Oracle Exadata storage and proabandon the use of services, as well as to identify those
subscribers who in the future will be at risk. [2] The cessing platform, the Oracle Big data Appliance and
task is complicate by the presence of a huge amount of the Hadoop framework to analyze social networks and
information collected, which cannot be process by the user behavior, assess creditworthiness, forecast customer
outflow, personalize content and secondary sales [5], [6].
”old” methods of information analysis.
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For the segmentation and management of customer (number of observations) and fashion (the value that has
churn, financial reporting, analysis of feedback on social the highest frequency).
Metric algorithms perform a local sampling approxinetworks and forums, VTB24 uses Teradata, SAS Visual
mation, in which calculations are delayed until a known
Analytics and SAS Marketing Optimizer [7], [8].
All these methods make it possible to obtain a forecast input object becomes known. Metric algorithms refer to
of future trends on the existing data sets, but the defi- methods of lazy learning (lazy learning).
The fundamentals of eager learning methods that make
nition of the set of parameters that made the greatest
global
sampling approximation were embodied in the
contribution to the current situation remains not fully
theory
of
multivariate statistical analysis and decisionresolved.
making
theory.
Research results show that in order to get an adequate
The essence of statistical teaching methods is to
solution to a specific problem, it is necessary to take
restore
a separate function by minimizing the average
into account the total metrics, the way of collecting
risk
of
false
decision making. Statistical methods allow
data, their initial structure, ways of processing data
constructing
deciding
rules in the cases of crossing the
and selecting the best parameters for models. All this
recognition
classes,
which
takes place in practical probrequires an analysis of mathematical methods and models
for solving such problems from the point of view of lems of control and management of weakly formalized
accuracy, completeness and correctness of the results processes.
The main drawbacks of statistical methods that restrict
obtained. Therefore, the initial stage is to correctly select
their
use in practice are the need for large volumes of
the necessary methods and build the appropriate models
statistics
to approximate the probability density distriof data structures that allow you to get the most adequate
bution
function,
to fulfill rigid conditions for ensuring
solution to a specific task on a specific data set. The
statistical
stability
and homogeneity and high sensitivity
analysis of the solution of the problem of predicting the
to
the
representativeness
of the training samples.
outflow of subscribers from mobile operators allowed us
The
main
disadvantage
of the SVM (support vector
to identify the most promising mathematical methods that
machine)
method
is
the
limitation
of its use for the
demonstrate the best results in solving such problems:
decision trees, random forest, k-means, naive bays clas- tasks of analyzing the outflow of subscribers due to the
algorithm’s model due to the ignoring of the a priori
sifier, bootstrap aggregating.
section of recognition classes in the sign space.
Analysis of the methods of machine learning is carried
The process of constructing models to solve the probout subject to the adoption of a compactness hypothesis,
lem is to choose the most suitable method of machine
which assumes that classes form compactly localized
learning for a particular case with a specific set of
subsets in the space of objects. In general, such a
data, which is a non-trivial task for which a specialized
hypothesis is fuzzy, since all classes of recognition a
approach is required. Forecasting the outflow can be
priori intersect in the space of signs. In this case, for the
considered as a controlled classification problem, in
formalization of the concept of ”similarity”, the function
which the behavior of the subscriber is used to teach
of distance or the metric d (x, y) in the N-dimensional
the binary classifier.
space of objects is introduced.
The solution to the problem of customer outflow is
In practical tasks, for the purpose of obtaining the
reduced to the classification of customers in 2 groups:
values of the function of correspondence, a vector of
the customer is prone to outflow or the client is not prone
signs of a functional state, which consists of both conto outflow. If a client falls into the first group, then he
tinuous (quantitative) and discrete (categorical) attributes
must be influenced by the methods of marketing content.
taking their values from a finite disordered set, are
Forecasting the outflow can be considered as a conused. With the data within the nominal scale, in which trolled classification problem, in which the behavior of
categorical signs are measured, no arithmetic operations the subscriber is used to study the binary classifier.
can be performed, since all types of numerical processing
The most accurate result is to give the random forest
relate to the ordering of objects in each class. Bringing algorithm, because it uses an ensemble of deciduous trees
categorical primary attributes to quantitative secondary and has the ability to effectively process data with a large
by simply numbering the values of the primary attributes number of features and classes.
rarely results in satisfactory results, since the algorithms
III. SOURCE DATA
will take into account ordering that has no meaning, so
processing mixed-type data causes some difficulties and
The input data gives us different parameters of the
is undesirable.
subscribers of the telecommunication network. ParameThe disadvantage of algorithms that use a remote met- ters have been divide into several groups according to
ric is to ignore additional information that is described by their meaning and purpose of use.
The first group is the main data about the subscriber,
statistics of qualitative characteristics. For example, for
a categorical sign it is possible to calculate its frequency which is a general characteristic of the subscriber in
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the telecommunication network, but do not carry an
information component for the analysis (see table 1).
Table I
DATA ABOUT THE SUBSCRIBER ,

WHICH IS A GENERAL
CHARACTERISTIC OF THE SUBSCRIBER IN THE
TELECOMMUNICATION NETWORK , BUT DO NOT CARRY AN
INFORMATION COMPONENT FOR THE ANALYSIS

Table II
DATA ABOUT THE SUBSCRIBER ’ S ACTIVITIES IN THE
TELECOMMUNICATION NETWORK

Title

Description

CN− OMO− 6M

The total number
of outgoing calls
from other mobile
operators

CN− INTL− 6M

The total number
of outgoing
international calls

Title

Description

ABON− CODE

Hash subscriber
code

OP1− DIFF− A− INC− 6M

Incoming calls
from operator # 1

STATUS

The subscriber’s
status indicates
whether the
subscriber is
active or not

OR2− DIFF− A− INC− 6M

Incoming calls
from operator # 2

OP3− DIFF− A− INC− 6M

Incoming calls
from operator # 3

OBLAST

The area in which
the subscriber
uses the services
of the mobile
operator

OTHER− INTL− DIFF− A− INC− 6M

Incoming calls
from international
numbers

DAYS− INACT− ALL− 6

Total non-active
days

CITY

The city in which
the subscriber
uses the services
of the mobile
operator

MINS− SLOPE

Tangent of the tilt
of the linear trend
for the number of
minutes weekly

INET− SLOPE

Tangent of the tilt
of the linear trend
for the number of
minutes weekly

INET− STD

The mean square
deviation for
the data volume
weekly

REFILL− STD

The mean square
deviation for
replenishment
weekly

MINS− REG− CONST

”Rise” of the
linear trend for
the number of
minutes weekly

INET− REG− CONST

Line up trend lift
for volume of data
weekly

REFILL− REG− CONST

”Rise” of the linear
trend for
replenishment
weekly

The second group provides data about the subscriber’s
activities in the telecommunication network (see table 2).
One of the complexity of working with data is their
different nature, available both numerical and qualitative
parameters that are used for the analysis. Additional
difficulty is the omission of data. In this case, the correct
solution will fill in the missing data with zeros, as this
will mean that the subscriber did not use this service or
the absence of a card of other operators at the subscriber.
In the analysis, there may be a situation where individual data is redundant and does not affect the output,
and even adds an additional error, so these data should
not be taken into account during the analysis.
Consideration of the available data parameters allows
us to conclude on the different nature of the data and the
non-obviousness of their analysis for operators in order
to assess their performance.
For each sample of the data for which the analysis
should be conduct, it is necessary to determine in detail
with all the features present in the input data set in
advance.
IV. METRICS

Accuracy

A dataset is a dimension table m, which consists of
In machine learning tasks to assess the quality of the parameters where i = 1, m. Each i-th parameter in the
models and comparison of different algorithms using the row pi of the table takes some values. Thus, each row
following metrics:
in the table corresponds to the k-th, where k = 1, n, the
– Accuracy,
state of the process, which is analyzed.
– Precision,
In the simplest case, such a metric may be the fraction
– Recall,
of states of a set of parameters on which the classifier
has made the correct decision.
– Integrated indicator F-measure.
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Accuracy =

P
N

Where, P – number of states of a set of parameters
for which the classifier has made the correct decision,
N – the size of the training sample.
In this metric, there is one feature that needs to be
taken into account. It consists of assigning all parameters of the same weight, which may be incorrect if
the distribution of parameters in the training sample is
strongly shift toward one or more classes. In this case,
the classifier has more information about these classes
and, accordingly, within these classes, it will take more
solutions that are adequate. In practice, this leads to
the fact that there is an ambiguous definition of metric
accuracy for different classes; the discrepancy can range
from 80% in a certain class to about 0% in the other.
The solution to this situation is to teach the classifier
on a specially prepared, balanced sample of parameters
group. The disadvantage of this solution is the loss of
information relative to the relative frequency of changes
in parameter values.
Precision and recall
Precision and recall are metrics that primarily use
algorithms that require pre-aggregated data as input
data. Sometimes these metrics are used separately, and
sometimes as a basis for derivative metrics, such as the
F-measure.
The accuracy of a system within the classroom is the
proportion of parameters that really belong to this class
among all the parameters that the system attributed to this
class. The completeness of the system is the proportion
of parameters found by the classifier that really belong to
this class in relation to all parameters in the test sample.
The whole set of samples is divid by the classifier into
four parts:
• TP (True positive) – the samples are clearly identified by the classifier in a positive class.
• FP (False positive) – the samples are not correctly
identified by the classifier in the positive class.
• TN (True negative) – the samples are clearly identified by the classifier in a negative class.
• FN (False negative) – the samples are not correctly
identified by the classifier in the negative class.
The dimensions of these parts determine precision and
recall:

precision and recall are not achievable at the same time,
so you have to look for a balance. It is advisable to have
a universal metric that combines precision and recall
information to evaluate the matching of the algorithm
in order to simplify the decision-making process. In this
case, the decision process is ask. This metric is the Fmeasure.
The F-measure is a harmonic mean between the values
of precision and recall. It should close to zero if the
precision and recall values are approaching zero.
F =2∗

precision∗recall
precision+recall

It is possible to calculate the F-measure by giving a
different weight to precision and recall if you determine
the priority of one of these metrics during the development of the algorithm.
Fβ = (1 + β 2 ) ∗

precision∗recall
(β 2 ∗precision)+recall

Where β takes values in the range 0 < β < 1, when
giving priority to precision, and when β > 1, priority is
given to recall. When β = 1, the formula is reduced to
the previous one and there is a balanced F- measure. [9],
[10].
The F-measure can be used as a formal metric for
assessing the quality of a classifier. It reduces two other
metrics to one number: precision and recall. Such a
mechanism for assessing the quality of the classifier
is much easier to make a decision on the outflow of
subscribers.
V. MODEL

For solving classification, problems when using versatile data, the most popular method of machine learning is
call Random Forest. Random forests are a combination
of random trees, so that each tree depends on the values
of a random vector taken separately and with the same
distribution for all trees of the forest. The generalization
error tends to the limit as the number of trees in the
forest increases. The error of generalizing the forest of
tree classifiers depends on the degree of influence of the
generalized indicators of individual trees of the forest and
the correlation between them. Internal estimates control
the error, the degree of influence of generalized indicators
and correlation; they are used to display the answer to an
increase in the number of functions used in the splitting.
TP
Internal assessments are also use to measure variable
precision = T P +F P
importance [11].
P
recall = T PT+F
Consider the forest construction algorithm.
N
Stage 1. A subsample of a training sample of a given
Based on the precision and recall parameters detersize
is select – a tree is built on it (for each tree there is
mine the function used to evaluate the effectiveness of
its
own
subsample).
binary classifiers – F-measure
Stage 2. To build each splitting (when several edges
F-measure
go out from one node) in the tree, we look through
Of course, the higher the precision and recall, the the maximum number of random signs (for each new
better the result. In real life, the maximum values of splitting, its own random signs).
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Table III
Stage 3. Choose the best sign and carry out splitting
T HE METRIC VALUES OBTAINED FOR THE CONSIDERED METHODS
according to it (according to a predetermined criterion).
OF PREDICTING CUSTOMER CHURN
A tree is built, as a rule, until the sample is exhausted (until representatives of only one class remain in the leaves),
Model
precision
recall
F1
F0.5
Accuracy
Logistic
0,709
0,728
0,718
0,713
0,7156
but in modern implementations there are parameters that
Regression
limit the height of the tree, the number of objects in
Bootstrap
0,803
0,75
0,776
0,792
0,7684
the leaves, and the number of objects in the subsample
aggregating
at which splitting is performed. This algorithm allows
Random
0,815
0,7586
0,786
0,804
0,7776
you to determine the signs that have made the greatest
Forest
contribution, due to the fact that in each node there are
known values of the signs.
Table IV
We will analyze the quality of the solution to the
S PLIT S ET FOR R ANDOM F OREST
problem of predicting churn subscribers using such mathematical methods:
importance labels
1) Logistic Regression
Actual False
2046
463
2) Bootstrap aggregating
Actual True
649
1842
3) Random Forest
We use the Python programming language and the
Pandas, Numpy, Sklearn, and Matplotlib libraries to build probability that the observation belongs to one of two
prediction models for subscribers.
classes.
Sklearn library contains ready-made algorithms that
In tab. 5 shows the 5 parameters that have the greatare use to build models. Numpy is use to clear data, est impact on the values of metrics characterizing the
structure it and get rid of redundancy. With the help of outflow of subscribers.
Matplotlib, graphing and visual results are obtaine for
further analysis and decision making for each subscriber.
Table V
Traditionally solving the problem of customer churn T HE IMPORTANCE OF PARAMETERS ON OUTFLOW OF SUBSCRIBERS
includes:
No
Predicted False
Predicted True
1) Determination of the circle of subscribers, who are
14
0.073648
TENURE
soon ready to abandon the company’s services,
23
0.067708
AVG− DAYS− INACT− ALL− 6
2) Establishing the reasons for the refusal of cus21
0.057130
DAYS− INACT− ALL− 6
tomers from the company’s services.
22
0.057023
AVG− DAYS− ACT− ALL− 6
30
0.047259
MINS− SLOPE
3) Development of cost effective and cost effective
measures for their retention.
The results of the prediction regarding the solution of
In fig. 2 shows a histogram of the effect of each
the problem of outflow of subscribers, as well as the parameter on the outflow of subscribers. Based on Fig.
analysis of their accuracy and reliability for different al- 2 and tab. 5, you can determine the parameters that have
gorithms are show in Table 3 and in Fig. 1. An analysis of the greatest impact on the outflow of subscribers. Such
the results allows us to draw the following conclusions: parameters are the duration of using the services of a
We will
analyze the
the solution
to the showing
problem
Actual False
2046
463
mid-term
methods
for quality
findingof the
best result,
mobile
operator,
the average
of predicting churn subscribers using such mathematical
Actual
True the number
649 of inactive days,
1842
the
method
of
a
hypothesis,
results
for
up
to
6%
of
the
methods:
total 1)
value
of the
metrics of the most common methods.
Logistic
Regression
It surpasses
otheraggregating
methods in accuracy, completeness and
2) Bootstrap
3) Random
Forest
accuracy
of prediction.
the Python
programming
the
ForWetheuse
method
of machine
learninglanguage
Randomand
Forest,
Pandas, Numpy, Sklearn, and Matplotlib libraries to build
which showed the best results and obtained table 3,
prediction models for subscribers.
showing
the library
influence
of the
parameters
of the telecomSklearn
contains
ready-made
algorithms
that are
munications
networkNumpy
on theisoutflow
of subscribers.
use to build models.
use to clear
data, structure it
and
redundancy.
With theresults
help offor
Мatplotlib,
In get
tab.rid4 ofshows
the prediction
the test
graphingusing
and visual
results areForest
obtaine method.
for furtherThe
analysis
and
sample
the Random
number
making
each subscriber.
ofdecision
correctly
andforincorrectly
estimated data, as well as
Traditionally solving the problem of customer churn
first
and second order errors are show.
includes:
Definition
of important
parameters
that affect
the
1) Determination
of the circle
of subscribers,
who are
outflow
of
subscribers
was
performed
using
the
characsoon ready to abandon the company's services,
teristic
curve (ROC-analysis),
which
showsofthe
results
Figure 1. ROC Graph for Random Forest
2) Establishing
the reasons for
the refusal
customers
Figure 1. ROC Graph for Random Forest
the company's
services.when the model assumes the
offrom
binary
classification,
In tab. 3 shows the 5 parameters that have the greatest
3) Development of cost effective and cost effective
159 impact on the values of metrics characterizing the outflow of

measures for their retention.
The results of the prediction regarding the solution of the
problem of outflow of subscribers, as well as the analysis of
their accuracy and reliability for different algorithms are show
in Table 1 and in Fig. 1. An analysis of the results allows us
to draw the following conclusions: mid-term methods for
finding the best result, showing the method of a hypothesis,
results for up to 6% of the total value of the metrics of the
most common methods. It surpasses other methods in

subscribers.
Table 3

The importance of parameters on outflow of subscribers
№ importance
labels
14 0.073648
TENURE
23 0.067708 AVG_DAYS_INACT_ALL_6
21 0.057130
DAYS_INACT_ALL_6

methods for
a hypothesis,
metrics of the
methods in
n.
ndom Forest,
le 3, showing
mmunications

№ importance
labels
14 0.073648
TENURE
23 0.067708 AVG_DAYS_INACT_ALL_6
21 0.057130
DAYS_INACT_ALL_6
22 0.057023
AVG_DAYS_ACT_ALL_6
30 0.047259
MINS_SLOPE

[2] Hastie T., Tibshirani R., Friedman J. The Elements of Statistical Learning: Data Mining, Inference, and Prediction. 2nd ed.
SpringerVerlag, 2009. page 746
[3] Arustamov, A. Churn in telecommunication companies. Available
at: https://vdocuments.site/9-548b9954b479594c5f8b4658.html
5
Accuracy
[4] Leo Breiman. Random Forests. Machine Learning October 2001,
Volume 45, Issue 1, pages 5–32
[5] Khan, A. A., J. Sanjay, and M. M. Sepehri. 2010. Applying
13 0,7156
data mining to customer churn prediction in an Internet service
provider. Int. J. Comput. Appl. 9(7): pages 8–14.
92 0,7684
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Figure
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”New insights into churn prediction in the telecommunication
Figure 2. Histogram of parameter dependencies
sector: A profit driven data mining approach,” Eur. J. Oper. Res.,
04 0,7776
vol. 218, no. 1, Apr. 2012, pages 211–229
In fig. 2 shows a histogram of the effect of each parameter
[7] Y.
Sasaki,.
The
truth
of
the
F-measure.
26th
on
the
outflow
of
subscribers.
Based
on
Fig.
2
and
tab.
3,
you
value of all inactive days, the average value of all active
October,
2007
Available
at:
https://www.toyotacan
determine
the
parameters
that
have
the
greatest
impact
on
days and the slope of the linear trend for the number of
ti.ac.jp/Lab/Denshi/COIN/people/yutaka.sasaki/F-measuree test sample
the
outflow
of subscribers. Such parameters are the duration of
YS-26Oct07.pdf
minutes
weekly.
r of correctly
[8] Telecom Customer Churn Prediction Models. Available at:
using
the
services
of
a
mobile
operator,
the
number
of
inactive
t and second
https://parcusgroup.com/TelecomCustomer-Churn-Predictiondays, the average value of all inactive days, the average value
Table VI
Models
of all active days
and
the
slope
of
the
linear
trend
for
the
S UBSCRIBERS PRONE TO CHURN
[9] How Ukrainians choose a mobile operator. Available at:
number of minutes weekly.
https://biz.nv.ua/experts/skorbota/kak-ukraintsy-vybirajutTable−4true
No
prob
mobilnogo-operatora-1930612.html
Subscribers prone to churn
[10] Berkana, A. What is Big data: Collected all the most important
13784
1.000000
№
prob_true
information about big data. Available at: https: //rb.ru/howto/chtocted True
12763
1.000000
takoe-big-data
13784 1.000000
17293
0.914286
[11] J. Franklin, ”The elements of statistical learning: data mining,
inference and prediction,” Math. Intell., vol. 27, no. 2, Nov. 2008,
10610
1.000000
pages 83–85
10555
1.000000

s of predicting

In table. 6 presents data on the likelihood of subscribers to be inclined to outflow and to apply marketing
methods to retain them in the network of the mobile
operator.
CONCLUSIONS
The paper describes an approach to getting information
about the outflow of subscribers of a telecommunications
operator. For this purpose, it is propose to use machinelearning methods.
The studies identified a set of subscriber’s telecommunications network, which is sufficient for the task.
These data form the basis of a process of learning and
prediction.
The best results showed a machine learning technique
Random Forest which indicators are better to 6-7%
as compared to the methods of logistic regression and
Bootstrap aggregating.
The result of solving the problem of outflow is:
Identification of the number of subscribers in a short
time ready to abandon the services of the company,
Identifying the causes of the failure of customers of
the company’s services.
Further studies will be focus on increasing the accuracy and completeness of the predictions, as well as
on the development of appropriate measures to retain
customers.
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ПРЕДСКАЗАНИЕ ОТТОКА АБОНЕНТОВ ОТ
ОПЕРАТОРОВ МОБИЛЬНОЙ СВЯЗИ
Баря А.Д., Глоба Л.С., Мороз А.М.
Аннотация – В данной статье представлен подход к
описанию методов машинного обучения для предсказания
оттока абонентов оператора связи. Описаны параметры, характеризующие взаимодействие оператора мобильной связи
с конечными абонентами. Определены параметры, оказывающие наибольшее влияние на решение клиента об отказе
от услуг мобильного оператора. Оригинальность подхода заключается в использовании таких математических методов,
которые позволяют определить основной набор параметров,
из-за которых конкретные абоненты склонны к смене мобильного оператора. Предложенный подход позволяет организовать систему, в которой возможно определить основные
параметры, характеризующие склонность клиентов к оттоку
и воздействуя на них разными методами пытаться повысить
лояльность абонента. Сравнительный анализ результатов,
полученных с помощью проанализированных методов логистической регрессии, беггинга и случайного леса показал, что разброс ошибки предсказания не превышает 6%.
Однако преимуществом метода случайного леса является
возможность определить набор параметров, которые вносят
наибольший вклад в принятие решений абонентом о смене
мобильного оператора. Поэтому для проведения анализа, касающегося лояльности абонентов может быть рекомендован
метод случайного леса, который показал на тестовой выборке
улучшение правильности предсказаний по выборке до 6-7%.

[1] Numb: who of mobile operators earned the most. Available
at: https://delo.ua/business/onemeli-kto-iz-mobilnyh-operatorovzarabotal-bolshe-vsego-337433/
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Abstract—Now data becomes the most valuable commodity that allows to make informed decisions in various areas
of human life. In this article, we look at the features of Big
Data generated by the Internet of Things (IoT) technology,
and also present the methodology for Big Data processing
with use of semantic modeling (ontologies) at all stages
of the Big Data life cycle. Use of Big Data semantic model
allows eliminating such contradictions in these technologies
as the heterogeneity of devices and things that causes the
heterogeneity of the data types produced by them.
Machine learning is used as an instrument for analyzes of
Big Data: it provides logical inference of the rules that can
be applied to processing of information generated by smart
home system. In this methodology, the authors propose
the use deep machine learning, based on convolutional
neural networks because this model of machine learning
corresponds to processing of unstructured and complex
nature of the IoT domain.
This approach increases the efficiency of IoT Big Data
processing and differs from traditional processing systems
by using NoSQL database, distributed architectures and
semantic modeling. We propose the conceptual architecture
of the Big Data processing system for IoT and describe it on
example of the NoSQL database for the smart home. This
architecture consists of five independent levels. A combined
approach of semantic modeling and data mining methods
can be used at each of these levels. Currently, this platform
can be combined with a lot of open source components.
Keywords—Big Data, ontology, metadata

I. I NTRODUCTION
"Big Data" is a term that refers to a group of technologies
oriented on obtaining of qualitatively new knowledge from
large amounts of data that cannot be handled by traditional
methods and serve. Exponential growth of data generated
in electronic form and stored in data banks determines the
actuality of such technologies.
We can consider some set of data as Big Data (and analyze it
with Big Data technologies) if it has one or more of following
features named 5V: Volume – great amounts of data that require
specialized means of processing; Velocity – great speed of new
data generation and transformation; Variety – different data
formats and types that complicate data integration; Veracity
– messiness or trustworthiness of the data that cannot be
converted into information; Value – big parts of data may are
not useful for any users.
The analysis of large data sets is an interdisciplinary task that
combines mathematics, statistics, computer science and special
knowledge of the domain. This direction of IT is closely allied

with intelligent information systems (IIS) and applied aspects
of artificial intelligence (II).
For effective practical use of Big Data we need to analyze
them at the semantic level with use of domain knowledge.
Today mankind generates more and more Big Data volumes.
However, this information has no direct value, but is obtained
only as a result of data analysis. Obtaining of knowledge from
Big Data uses machine learning (ML) [2] that summarizes
experience of some system stored electronically and tries to
improve the behavior of this system.
ML results are not true but probabilistic and statistic, and
their quality depends on how much the data processed are close
to those used in practice. This fact defines that selection of
pertinent sets of Big Data is very important step of it’s analysis.
Metadata of Big Data can be used as a main information source
that characterized the semantics of data content. The major
problems in Big Data technology [1] deal with semantics are:
use for data integration; detection of Big Data sets pertinent
to user task; and removal of data ambiguity (for example,
homonymy). The solutions of these problems use metadata
linked with Big Data are [2]. Although metadata management
has been known for decades, but processing of Big Data
requires development of new strategies and approaches.

II. P ROBLEM DEFINITION
Method of Big Data metadata analysis allows to select
the task-pertinent data sets from heterogeneous sources and
data warehouse on semantic level with the help of domain
knowledge. The natural language (NL) part of such metadata
(unstructured or semistructured annotations, descriptions, etc.)
is ambiguous, and this fact causes the need in methods of
ambiguity resolution (for example, for homonyms and polysemantic terms). We propose to match such metadata with
user task description by methods of NL analysis enhanced
with Big Data ontology contained domain-specific knowledge
for semantic processing of Big Data metadata and their links
with the domain concepts. Development a prototype of such
ontology is also a part of this work.

III. M ETADATA U SED FOR B IG DATA D ESCRIPTION
Metadata is a special kind of information resources, their
creation often requires considerable effort and substantial costs,
but they significantly increase the value of the data and provide
extended opportunities for their use. Metadata is defined as
a structured, coded data that describes the characteristics of
various (text, multimedia, etc.) objects that facilitates the identification, detection, evaluation and management of these objects.
Metadata describes the meaning and properties of information
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in order to improve management, understanding, classification
and exploitation of this information.
Metadata used for Big Data description is a data block
physically joined to Big Data in its storage. This metadata
provides information on the characteristics and structure of Big
Data set: name; the origin of data, data source information;
information about the author and date of the data creation; data
size and format, control total; number of dataset records; image
resolution; a brief description of the data etc. [3]. It is important
to note that all changes of Big Data state initiate changes of
metadata. The structure, functions and properties of metadata
depend considerably on the particular technological realization
and on the features of the described resources, as well as on the
scope and specificity of applications. However, the interpretation of the term "metadata" is not defined unambiguously. Now
specialists use a lot of different definitions of metadata. The
most significant of them are: metadata is data about data [4];
metadata is information that makes the data useful [5]; metadata
is machine-processed data that describes some resources, both
digital and non-digital [6]; metadata is information that implies
its computer processing and interpretation of digital and nondigital objects by people [7]; metadata is structured information
that describes, explains, indicates location and, thus, facilitates
the retrieval, use and management of information resources [8];
metadata in the Web is semistructured data, usually agreed with
the corresponding models that provide operational interoperability in a heterogeneous environment [9].

IV. I NTEGRATION OF A RTIFICIAL I NTELLIGENCE
WITH B IG DATA A NALYSIS
The great number of publications in this sphere shows a high
interest to use of methods of traditional artificial intelligence
(AI) and intelligent Web technologies to acquisition of knowledge from Big Data. Most often, researchers work in direction
of ML use and integration of ontological analysis for various
phases of Big Data analysis to apply the domain knowledge.
The Ontology Summit 2017 "AI, learning, reasoning and ontologies" [10] analyses the use AI methods of for ML, logical
inference and ontological analysis focused on Big Data and
integrates various research approaches in this area divided into
some groups:
• Application of ML for extraction of knowledge and improving of domain ontologies – creation and improvement
of sufficient domain knowledge (knowledge bases and
ontologies) about the world for a truly intelligent agent,
the use of automation and various ML approaches to
knowledge extraction and ontological analysis;
• Usage of domain knowledge to improve results of ML –
challenges and role of background knowledge and ontologies in improvement of ML results, the requirements for
ontologies used in ML for various data sets (in particular,
for Big Data);
• Integration of ontological analysis with logical inference
– the reasoning techniques and mechanisms oriented on
ontological knowledge representation in various forms.
Background knowledge in Big Data is processed by ontological analysis and logical inference by ML means to prepare
data for training and testing (reduction of large, noisy data sets
to managed ones) and eliminating the ambiguity of terms.
Before the learning phase of ML we have to define such
input information:
• Description of solved task;
• Target function of ML that depends from objectives of
system’s behavior improvement (for example, increasing
of the recognition accuracy, expansion the number or class
of identified objects, acceleration of recognition);

Data source that contains information required for analysis, its type, origin and structure (information received
from the system experience of interaction with one user or
with the entire community of users, information received
from one or more external sources, etc.);
• Methods and means that provide integration of the obtained results with the existing knowledge of system.
Quite often Big Data for analysis is obtained from various
external sources. Velocity of Big Data analysis depends on the
amount of information being processed. So prior filtering of
information decreases the time of it’s analysis. For example in
case of analysis of the television streams we can analyze not
all of them but only the selected part of the programs pertinent
to user’s problem.
If we plan to use the external experience presented in Big
Data then we have to find relevant Big Data sources. We can
do it with the help of the metadata that accompanies Big Data
by analyzing of metadata semantics. Automatically generated
part of the metadata does not contain enough information about
content semantics. Available metadata is technical information
that characterizes the time of the content creation, its volume,
formats, etc., but does not relate to the information content
of the data. This makes it impossible to provide a uniform
description of the data semantics. But a big part of Big Data is
accompanied by annotations or explanations, usually provided
in natural language. Required information from Big Data can be
retrieved by analysis of their annotations. Therefore, matching
of annotations with task definition determines the pertinence
of certain arrays of Big Data to this task. Big Data annotation
from metadata is matched with the user’s task description.
Such matching is executed on the stage of data retrieval and
selection, because direct comparison of Big Data content with
this description inappropriate due to the extremely large volume
and absence of structuring. Various annotations of Big Data
are created in process of it’s storing into the repositories. All
types of annotations described Big Data on different levels
can be considered as unstructured or semistructured NL texts.
Therefore we apply to them standard tools of NL analysis
similar to the Web search. Unfortunately, in the general case
such retrieval problem is not solved effectively, and therefore
it is advisable to apply a priori additional knowledge about Big
Data domain. Analysis of scientific reports and corresponding
standards shows that despite the high interest in Big Data and
variety of technological means for their processing, today any
metadata standards specific to Big Data is not developed. Such
situation is caused by the complexity and variety of Big Data.
Metadata improves data analysis (OLAP, OLTP, Data Mining) by understanding of the data source domain in order to
ensure adequate computation and interpretation of results. It
provides the use of general terminology for interaction with
user.
•

V. M ETADATA S TANDARDS A PPLICABLE TO B IG
DATA
Taking into account the lack of specific for Big Data
standards for metadata, it is reasonable to analyze the existing
metadata standards used for information that can have 5V
properties and able to represent the content semantics. The
standards of ISO/IEC 11179 series define metadata as data that
defines and describes other data. This means that the metadata
is data, and data becomes metadata when they are used in
this way. This occurs in specific circumstances, for specific
purposes, with defined prospects. A set of circumstances, goals,
or prospects for which some data is used as metadata is called
a context. Thus, metadata is data in some fixed context.
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Metadata is stored in some database that is organized with
the use of any formal meta-model that describes metadata.
For example, the conceptual model defined in ISO/IEC 111793 is a meta-model in this content. A significant part of Big
Data is multimedia information. We analyze some widely
used standards used for describing of multimedia semantics.
Now many various formats for multimedia representation are
developed by different software and hardware manufacturers,
but there is no unique standard common to everyone, because
each manufacturer develops its own convenient approach that
can subsequently be disseminated. Existing formats for saving
multimedia in electronic form (GIF, TIFF, PIC, PCX, JPEG,
PNG, etc.) differ in methods of information compression,
encodings types, purpose of use etc.
Much of them are not oriented on describing of multimedia semantics and deal only with technical characteristics of
multimedia, and only some of them represent the meaning and
subject domain of data. The Moving Picture Experts Group
for the Joint Standardization Committee propose a family of
multi-media standard MPEG [11]. Some of them (MPEG1 (ISO/IEC 11172), MPEG-2 (ISO/IEC 13818), MPEG-4
(ISO/IEC 14496)) deal only with compression of multimedia
information. Other ones describe the semantics of multimedia
content.
Standard MPEG-7 ("Multimedia Content Description Interface" ISO/IEC) [12] describes the semantic aspects of multimedia content with different degree of attention to details. MPEG7 proposes the fixed set of descriptors for different types of
information that formalize the defining of descriptors and their
interconnections.
Multimedia descriptive differ for various domains and applications because the same content can be described at different
abstraction levels through different properties relevant to the
scope of use. For example, a graphic image at the lowest
level of abstraction can be described by size, number of color,
forms and positions of objects, while the upper level will
contain semantic information connected graphical elements
with domain concepts| Usually high-level descriptions of multimedia are represented by non-structured or semistructured
NL text. For example, "Red dog named Lada de Mandraka
stands near the black car". There may also be intermediate
levels of abstraction. The level of abstraction is related to the
way of information obtaining: many low-level properties can
be extracted automatically, while high-level properties require
human participation.
MPEG-21 [13] is a "Multimedia Framework" is oriented on
for semantic search. It is developed for representation of content
management infrastructure in a distributed environment. This
standard defines the basic syntax and semantics of multimedia
elements, dependencies between them and the operations that
they support. It is serving to establish interoperability between
multimedia information resources.
RDF (Resource Description Framework) [14] is a part of the
Semantic Web project designed for creating semantic metadata
for various types of information. RDF is intended to standardize
the definition and use of Web metadata resources, but it is
also applicable to the description of Big Data. It uses the base
data model "object – attribute – value". RDF Schema gives
a possibility to define a specific dictionary for RDF data and
specify the types of objects to which these attributes can be
applied, that is, mechanism of RDF Schema provides a basic
system of types for RDF models. RDF standard is extensible
and can specify the structure of the source description by using
and extending the built-in concepts of RDF schemes (classes,
properties, types, etc.).
Standards for describing typical resources help to simplify

and unify the creation of meta-descriptions. The most wellknown set of elements for metadata creation "Dublin Core
Metadata Elements" [15] can be used for description of the
Big Data sets.

VI. B IG DATA O NTOLOGY
Ontologies in knowledge engineering are used for formal and
declarative description of some domain [16]. A wide range of
ontologies available through the Web confirms the popularity of
this approach among various groups of developers and users of
Web applications, including Big Data. Such ontologies differ by
the volume, expressive means, purpose, degree of knowledge
formalization, etc. [17]. Domain ontology is the part of the
domain knowledge limited the meaning of terms that do not
depend on changing part of domain knowledge. It determines
the agreements about domain terms [18].
Big Data ontology contains classes for selection of typical
for Big Data information objects (video, audio, streaming
video, semistructured data from sensors) with sets of relevant
semantic properties. Examples of classes are Big Data formats
and source types; examples of properties are geographical location, time of creation, size, annotation. Big Data ontology allows to represent the semantics of links between individual Big
Data fragments (temporal, geographic, communicational (for
example, information about communications by smartphones),
by device identifiers, by subject, by purpose, etc.). It fixes also
the quality parameters of Big Data such as noise, accuracy,
degree of trust to the source, signal quality, completeness, etc.
The individuals of Big Data ontology can be matched with
the individuals of user task ontology to search the pertinent
sources for analysis.
To use ontological knowledge for comparing such information objects as annotations – unstructured NL texts – it
is necessary to provide mechanisms for linking elements of
their content with ontology terms. Such mechanism can use
the task thesaurus (dictionary of the basic concepts of language
linked with separate words or phrases with certain semantic
connections between them [19]) based on the domain ontology
[20]. Task thesaurus is a set of concepts necessary to describe
and solve a problem for which the user is trying to find
some information by analysis of some Big Data set. Thesaurus
concepts can be imported from domain ontology. Thesauri are
used in semantic markup of NL texts [21]. The similarity of
Big Data annotation and user task is estimated by the semantic
proximity between their thesauri.

VII. C ONCLUSIONS
The analyzing the existing means of Big Data description
shows the lack of generally accepted standards for metadata
representation. Therefore, we propose to match the natural
language annotations of Big Data with user task with the help
of ontological representation of knowledge about Big Data
and task domain. Prototype of Big Data ontology formalizes
information about Big Data structure, sources, data sets, etc.
and provides filtering of data pertinent to particular user task.
This ontology includes elements of standards for description
of various information types that can be used for Big Data
representation.
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ИСПОЛЬЗОВАНИЕ ОНТОЛОГИЙ ДЛЯ
АНАЛИЗА МЕТАДАННЫХ BIG DATA
Рогушина Ю. В., Гладун А. Я.
Работа посвящена разработке онтологических
средств анализа Big Data, к которым невозможно
применить традиционные аналитические подходы, основанные на решениях бизнес-аналитики и системах
управления базами данных.
Авторы представляют метод анализа метаданных,
описывающих Big Data, который позволяет выбирать
те блоки информации среди разнородных источников
и хранилищ данных, которые пертинентны задаче
пользователя. Большое внимание уделяется сопоставлению аннотаций (естественно-языковой части метаданных) с текстом, описывающим задачу. Предлагается использовать для этого средства анализа естественного языка и онтологию Big Data, содержащую знания
о специфике этой предметной области.
Использование искусственного интеллекта и интеллектуальные веб-технологии повышают эффективность всех этапов обработки Big Data. Распознавание
текстовой части метаданных выполняется на основе
онтологии Big Data, которая содержит знания о их
специфике. Разработан прототип такой онтологии,
представлена архитектура интеллектуальной системи
сопоставления аннотаций Big Data с использованием
тезаурусов.
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Abstract—This article discusses the process of complex
systems automation. The analysis of some existing approaches based on the use of ontologies was made: a RobotDesigner created at Samara University and the Design
Cockpit 43®, a compiler using design languages, created
at University of Stuttgart. For the Robot-Designer, the
formalization of knowledge, design procedures and operations in the chosen field of knowledge is considered, along
with semantic and mathematical models. A special place
in the creation of a robot designer takes an interface that
provides the designer with information for making a final
decision and, if necessary, “explains” the need to choose
a specific solution. For the Design Cockpit 43® there is a
description of design languages is given: vocabulary, rules,
grammar, structure of information within the language.
Graph-based design languages are presented as a method
to encode and automate the complete design process and
the final optimization of the product or complex system.
The description and methods of ontology implementation
are given. The task is to consider already existing methods
of automation of aircraft design. It affects the formalization
of the design process as such and, accordingly, the stages
at which it is most advisable to automate human activities.
Examples show how to put it into practice in the modern
production of this kind of automation. The results achieved
and possible future development prospects are indicated.
The relevance of the article is justified by the growing
interest in the automation of design and production since
it reduces the time for design and reduces the number of
errors caused by human factors in both the early and the
later stages of product development. Also, automation of
design gives more spare time to designers which can be
used for the solution of more complex problems. This leads
to rise in the quality of an end product.
Keywords—ontology approach, Design Cockpit, RobotDesigner, automated design

I. I NTRODUCTION
Design is a complex decision making process in conditions
of an indeterminateness. At present, when designing complex
systems, it is necessary to understand that they represent a
network of objects interacting in various fields of knowledge
(for example, in mechanics, electrics, etc.). A successful understanding of their interaction is determined by an all-around
theoretical understanding of this system and an understanding
of the process of its design. Traditional approaches today are
associated with the active participation of people at all stages

of design, despite the fact that there are already many standard
solutions that need to be automated. The software is used as
a tool, and not as an intellectual assistant to the designer, as
for the most part, there is no accumulated knowledge base in a
particular subject area. The difference between the considered
approaches in a much deeper formalization of processes based
on ontologies of subject areas. Automation should be implemented to routine, repetitive processes. Finding and correcting
errors made during these processes can significantly increase
the design time. Thus, the automation of the entire product life
cycle helps engineers to solve more important and complex
tasks, which will certainly lead to a reduction in design time and
improve product quality. In the future, success in the industrial
sector will be determined by the use of various information
technologies to support the design and production processes,
but now we can face several problems, which are:
• Separated data sources, which is caused by a data structure that represents fragmented “islands”, each of which is
a certain knowledge of the subject, but which are difficult
to combine together.
• The inconsistency of the process arises as a result of the
fact that not all processes are established. Each company
has its own vision of the process.
• Data exchange as a written documents implies that part
of the design time is spent not on the design itself, but
on reading documents that describe the previous work.
• Creating and updating models manually, as in most cases,
to research an object, it is necessary to create different
models for different purposes.

II. D ESIGN C OCKPIT 43®
A. Formalization of the design process
The overall design sequence is presented in Figure 1. The
red arrows show that the transition to the next stage is possible
only with the successful completion of the current one, and the
yellow arrows show that if it is impossible to find a solution
at this stage, you should return to the earlier design stages and
make changes to them. It should be noted that the zero stage
is expedient only if it is automated.
Due to the antagonistic design principles “form follows
function” and “function follows form”, geometry and physics
are potentially both at the same time a requirement or result of
a design process, depending on the design context. In graphbased design languages the representation of geometry and
physics is called abstract, since both geometry and physics
(i.e. loads, boundary conditions, materials) are represented
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Figure 2 shows the automation of parts of the design process
of an aircraft cabin, with the generation of fioorplan, 3D-model
and wire harness model. Automated design of an aircraft cabin
including routing. From left to right: a set of requirements
(not shown) drives the generation of the cabin layout, manual
intervention is possible, e.g. to move the door to another frame
if desired. According to the layout pre-constructed geometry is
placed to generate a CAD-model. This then allows to calculate
the maximum installation space for cables, the routing space. In
this routing space network components, e.g. electronic boxes,
are placed as start and end points for the routing algorithm. As
last step the Design Cockpit 43’s routing algorithm generate
the cables and the electrical wire harness.

Figure 1. Design sequence.

independently of any vendor specific, proprietary data format
or tool in the Unified Modeling Language (UML).
At the conceptual design stage, geometry is often presented
as parameters and fixtures. At stage 3, all necessary calculations
are performed. At stage 4, the interaction of components is
detected, after which, at stage 5, an analysis of failures is
performed by methods such as FTA and FMEA. Next, the
layout of the components is drawn up, and the pipes and cables
are wired. Stage 8 is possible using the design languages used
in the Design Cockpit 43® software [1].

B. Description of design language
A design language allows for a holistic description of
engineering tasks and is words that form some vocabulary and
rules that make up some grammar.
The rules encode model transformations, create instances,
and work with separate vocabulary blocks, which, in turn, are
encoded in the extended UML instance diagram. The set of
all rules is called the production system, which is encoded
in the UML action diagram. These three parts form a graphbased design language and must be created manually by one
or more people as an advance contribution to the engineering
design process. When a production system is executed by a
so-called design compiler (for example, Design Cockpit 43®),
the design result automatically created and stored in the central
model is called a graph, that is, a complete digital model of the
system containing all parts, connections and parameters. From
this central data model, all other necessary system models are
generated automatically. For example, you can generate a CAD
model or a wiring model.
Here the design language means that all valid sentences in
the grammar (that is, all regular combinations of words) are
valid in the design of the system. The term “graph-based”
means that a single node in a graph serves as an abstract placeholder for a design knowledge element (i.e. Concepts, values,
physical component or their totality), and graph edges express
(potentially N-dimensional and interdisciplinary) links between
different nodes (i.e. different parts of design knowledge). On
the example of a car: “Words are a car, wheels, a door.” Rules:
(A) if there is nothing, create a car, (B) if there is a car, create
its wheels, (C) if there is a car wheel, attach the door. Then
production takes the following form: (A) once, (B) once, (C)
four times. The resulting graphic scheme has one auto-mobile
with wheels and 4 doors.

C. Aviation approach
Design languages is applicable in a small scope, e.g. the
automation of a specific task in an established design process.

Figure 2. Automation of parts of the design process.

The composition of the cabin harness is directly coupled
with the cabin layout. For each seating row there is an overhead
panel which includes reading lamps, buttons to call for flight
attendees etc. additionally there may be an in-flight entertainment system with screens and audio jacks. These functions
are driven by a small electronic box installed on top of the
ceiling panel of the seating row. Depending on the chosen
electrical architecture these small boxes are in turn connected
to bigger management nodes. The number of managed boxes
determines the size of those management nodes - a point for
optimization, a few big or many small ones. Thus the number
and positions of the seats determines directly the position and
number of the electronic components which in turn define the
harness length and architecture. The automated design process
begins with the generation of a cabin layout from a set of
requirements, e.g. evacuation times, seat distances, passenger
capacity, and so on. The cabin layout can be visualized with
an automatically generated fioorplan. Once the layout is fixed
the CAD-model of the cabin interior is generated by loading
pre-defined 3D-geometry, e.g. seats or overhead bins, at the
respective coordinates. Now the routing space can be extracted,
this is the maximum possible volume where cables could be
placed. Components of the electrical network, e.g. electronic
boxes, are placed inside the routing space as start and endpoints
for the routing algorithm. In a last step, the Design Cockpit 43’s
routing algorithm generates the wire harness of the aircraft
cabin. With this automated process in place, quick variation
studies in the form of “What happens if...” are possible, e.g.
the door is moved by one (fraction of a) frame or the lavatory
to passenger ratio is changed [1].

III. ROBOT-D ESIGNER
A. Knowledge formalization
The task of simulating the activities of a project involves
not only describing the project operations themselves and the
procedures performed, but also translating them into a formal
action language. Thus, the initial phase of any pre-project study
involves the study of the experience and properties of already
created artifacts; This may affect the parameters of the future
project.
In the conceptual design of the aircraft, such studies are
carried out on the basis of the study of trends, the construction
of statistical models. To formalize this process, a database
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of airplanes, engines, aerodynamic profiles, avionics, etc. is
created and updated. Based on the experience, the most demanded and influencing dependencies of the desired parameters
that “help” the designer in assessing and making decisions are
influenced. All these actions are described, logged and further
formalized.
Until recently, difficultly formalized tasks, for example, like
the automatic construction of a grid of finite elements on a
geometric model, are more subject to the software packages
that are being created.
Having achieved in a number of areas the formalization of
knowledge through the identified laws, physical and heuristic
patterns, for the further translation of knowledge to a computer,
the task of semantic data consistency came to the fore.
An ontology in the form of a thesaurus explicitly provides
the information necessary to understand the term in a terminological system, which is the complete semantic environment of
each term connected by a semantic network. Small part of this
description presented in figure 3.

Figure 3. Example of wing parameters description.

The ontological approach to the study and research of the
domain makes it possible to view the entire set of words, which
can be used to describe the topic of interest, while reviewing the
semantic environment in which it is interested. The terminology
base and methods for its expansion may change both during
the creation and use of the thesaurus, therefore, to determine
information materials on the domain, the relevance of sources
and scenarios for the use of ontology are taken into account.

B. Design Scenario
Aircraft pre-design is chosen as the Subject Area for the
Designer Robot. On the one hand, this is a field of activity that
has always required creative solutions, on the other - it is fairly
well formalized. The result of the work of the Robot Designer
is the model of the aircraft. The preliminary design stage of
the aircraft includes the development of a general concept of
the designed object, the compilation of models of the object
elements, the preparation of a feasibility study, the formation
of a design task.
The description of the object includes its design scheme,
approximate estimation of mass, overall dimensions and energy
consumption.
The Robot-Designer is a computer with peripheral devices,
toolkits that include machine description languages, a database
management system (DBMS), CAD systems, ontology editors,
and a knowledge base, as a combination of thesaurus, database,
rules and procedures, with design scenarios. The enlarged block
diagram of the Robot-Designer is presented in Figure 4.
The Robot-Designer can work in the automatic mode or in
the mode of the intellectual assistant of the human designer,

Figure 4. Structure of Robot-Designer.

and the degree of human participation in the design is not
constant and depends on the desire of the user. In other words,
for each user, in advance or dynamically in the process of
work, a communication script is created, including the degree
of automation of the design process, the choice of preferred
input / output devices, the need to perform certain stage of
design. Developed by the Robot-Designer, due to hardware and
software limitations, it is not able to independently synthesize
fundamentally new versions of the design-power circuit, so the
system uses those versions of the design patterns that were
previously described in it.
The Robot-Designer allows analyzing a number of variants
of the aircraft’s layouts and configurations, either independently
or, if necessary, on the basis of a dialogue with the designer,
select the option that best meets the specified technical requirements.
Developed Robot-Designer, due to hardware and software
limitations, it is not able to independently synthesize fundamentally new versions of the design-power circuit, so the system
uses those versions of the design patterns that were previously
described in it.
The Robot-Designer allows analyzing a number of variants
of the aircraft’s layouts and configurations, either independently
or, if necessary, on the basis of a dialogue with the designer,
select the option that best meets the specified technical requirements.

C. Geometry model
In work the method is used, allowing to create geometrical
models of the plane in an automatic mode with the help of
parametric modeling technology. Any design process as a set
of methods of analysis and synthesis includes a set of rules
and methods. They can be generalized and implemented by
software into some kind of convolution, conventionally called
“parametric template”. When using templates, the designer only
needs to enter input data. At the output, whole constructions
are built according to the knowledge and algorithms for solving
problems laid down in the template. Templates enable the once
created algorithms to be re-applied to other constructions, while
obtaining a new result.
Figures 5 and 6 show the created 3D geometric models of
the aircraft, Figure 7 shows the resulting structural-power and
volumetric layout of the aircraft. These models can be used as
a basis for subsequent engineering analysis in CAE-systems, as
well as for physical experiments on a solid-state model obtained
on a 3D printer.
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Figure 5 shows the constructed 3D geometric model of
the aircraft, Figure 6 shows the resulting structural-power and
volumetric layout of the aircraft. These models can be used as
a basis for subsequent engineering analysis in CAE systems, as
well as for physical experiments on a solid-state model obtained
on a 3D printer [2].
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ОНТОЛОГИЧЕСКИЙ ПОДХОД К
ПРОЕКТИРОВАНИЮ СЛОЖНЫХ
АВТОМАТИЗИРОВАННЫХ СИСТЕМ НА
ПРИМЕРЕ САМОЛЕТА

Figure 5. 3D model of a light regional aircraft.

Малочкина А. В., Боргест Н. М.

Figure 6. 3D layout model.

IV. C ONCLUSION
The considered methods and approaches help to work with
complex systems, which is undoubtedly relevant at the moment,
since day by day products become more complex and require
a huge amount of knowledge in various fields of science for
successful development of their concept, structure and further
production. Ontology approach makes automation of desing
possible.
Thy next aims are: further formalization of template decisions, research of the decision-making mechanism, implementation of automated procedures for evaluating design decision
options, development of a friendly interface based on usability.
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В данной статье рассматривается процесс автоматизации
проектирования сложных систем. Приведен обзор существующих подходов, основанных на использовании онтологий:
Робот-проектант, созданный в Самарском университете, и
Design Cockpit 43®, компилятор, использующий языки проектирования, созданный в Штутгартском университете. Для
робота-проектанта рассматривается формализация знаний,
процедур проектирования и операций в выбранной области
знаний, а также семантические и математические модели.
Особое место в создании робота-проектанта занимает интерфейс, который предоставляет разработчику информацию
для принятия окончательного решения и, при необходимости, «объясняет» необходимость выбора конкретного решения. Для Design Cockpit 43® дается описание языков
проектирования: лексика, правила, грамматика, структура
информации в языке.]
Приведено описание и способы реализации онтологии.
Задача - рассмотреть уже существующие методы автоматизации проектирования самолетов. Это влияет на формализацию процесса проектирования как такового и, соответственно, этапов, на которых наиболее целесообразно
автоматизировать деятельность человека. Примеры показывают, как применить это на практике в современном
производстве. Актуальность статьи обоснована растущим
интересом к автоматизации проектирования и производства,
поскольку она сокращает время проектирования и уменьшает количество ошибок, вызванных человеческим фактором
как на ранних, так и на более поздних стадиях разработки
продукта. Кроме того, автоматизация проектирования дает
больше свободного времени констукторам, которые могут
использовать его для решения более сложных задач, что
приводит к повышению качества конечного продукта.
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Abstract—Tacit knowledge management requires a special approach because of the complexity of verbalization,
explanation and formalization. The purpose of the article
is to substantiate the approach to the tacit knowledge management, which allows integrating concepts from different
fields of knowledge on the basis of systems methodology.
Problems and tasks of tacit knowledge management are
considered in the context of social interaction of individuals.
This raises the problem of mutual understanding and
communication barriers. The challenge of understanding
depends on the quality of knowledge, the way knowledge is
presented and the coherence of knowledge among themselves. An interdisciplinary approach based on systems
methodology and soft systems thinking is proposed. The
structuring of knowledge occurs through the construction
of a collective cognitive map, which is a conceptual systems
model of knowledge of a group of individuals. The elements
of the model are ideas, assumptions, judgments, opinions of
individuals, and the process of construction is considered
as a way of organizing social interaction, which is based on
the formation of a shared understanding. Priority directions
of further research include the development of methods of
analysis, verification and evaluation of the credibility of
models based on collective cognitive maps.

istics of individual. In addition, this kind of knowledge is
difficult to formalize, and therefore is almost impossible
to spread it through “uploading” to corporate knowledge
base. Obviously, management of tacit knowledge requires
a different approach to knowledge management [1].
The term “knowledge” and, as commonly used with it
“information”, are polysemantic. Depending on application they are interpreted differently, and are often used
on an intuitive level. Studies in psychology show that
a person actively processes information, creating certain
meaningful conceptual structures, which are considered
as knowledge. Conceptual structures are considered as
a “special level of cognitive organization”, in which an
individual version of the world picture is constructed,
that determines the activity in typical conditions. [2]
II. O N SOME PROBLEMS AND TASKS OF TACIT
KNOWLEDGE MANAGEMENT

Traditionally, the “bottleneck” in knowledge management is the extraction, representation of knowledge
and conceptual analysis (or knowledge structuring) [3].
Along with this, the spread and exchange of knowledge
I. I NTRODUCTION
is also difficult. Spread of tacit knowledge involves the
Problem solving in human activity is associated with exchange of ideas, experiences; an explanation of the
the organization of various types of knowledge. The is- logic that was used to solve problems or tasks in the
sues of supporting human intellectual activity are studied past in order to help other people solving other problems
in various fields (cognitive psychology, knowledge engi- and tasks in the present or future. From this perspective,
neering, knowledge management, management sciences, the exchange and spread of knowledge is based on
system analysis, etc.). However, there is still a shortage communication between individuals and is considered
of relatively simple and convenient tools for managing as social interaction. In this case, in the social interacthem, especially when solving real life problems. For tion of a group of individuals, the problem of mutual
quite a long time, the field of knowledge management understanding arises, which depends on the knowledge,
has been associated with IT technologies, whose devel- their quality, ways of presentation and coherence of
opment has been promising over the past few decades. It knowledge among themselves [4]. The communication
seemed that the formalization of organizational knowl- barriers arising from this are due not only to differences
edge, the creation of corporate knowledge bases, portals in knowledge, but also to the subjectivity of judgments
can effectively manage knowledge and provide support and assessments that reflect the cognitive characteristics
for intellectual activity. However, in solving real life of a person: perception, interpretation, understanding of
problems and tasks, it was found that knowledge man- the surrounding world. In the areas related to the deagement is not only and not so much the creation of velopment of new products, communication barriers are
knowledge bases or portals. It turned out that the most defined as knowledge boundaries: syntactic, semantic,
valuable knowledge needed for supporting intellectual and pragmatic. They are manifested through differences
activity is tacit knowledge. Tacit knowledge is individual in the knowledge, experience, views and interests of
in nature and largely depends on the cognitive character- group members [5].
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Based on this the research task is not only to identify and conceptualize tacit knowledge of an individual,
but also to organize the processes of spread and share
knowledge between individuals. This leads to the task
of organizing the processes of communication and social
interaction in a group of individuals.
A. Systems methodology and tacit knowledge management
The tasks of knowledge elicitation and conceptualization are usually solved on the basis of systems
methodology. The wide application of systems approach
in the second half of the 20th century for solving various
problems in socio-economic systems, where the role of
the active elements of the system is played by people,
whose individual and collective behavior determines the
essential aspects of the behavior of the system as a whole,
revealed some limitations of its application. The traditional systems approach, called later “hard” or “hard systems thinking”, seeks to bring scientific rigor to problem
solving and aims to produce objective results that are free
of the personal aspect. The recognition of the significance
of the “human factor” and the associated risks has led
to the creation and development of “soft” systems approach or “soft systems thinking”. Soft systems thinking
considers a person and his perception, beliefs, values and
interests as basic components of system. The main task,
which is solved with the help of soft systems thinking, is
to identify world views and system of assessments that
people use to understand and construct reality. From this
perspective soft systems thinking has been designed to
overcome the shortcomings of hard systems thinking.
At present among the well-developed and widely applicable soft system methodologies can be distinguished
"Soft Systems Methodology" (SSM), developed by P.
Checkland, "Strategic Options Development and Analysis" (SODA) by C. Eden and "Strategic Choice Approach" (SCA) by J. Friend.
Thus, the second research issues consists in finding
adequate forms of system representation, the components
of which are perception, beliefs, values and interests of
actors. More broadly we can talk about adequate forms of
elicitation and representation of the knowledge structures
of an individual and/or a group of individuals. From
this it follows that the system methodology should be
complemented with concepts of cognitive science.

subject change, being a specialized and detailed mental
picture of the event" [6, p. 98]. The recognition of
the presence of representation is the recognition of the
existence of an "internal" reality, i.e. the representation
of reality in the consciousness of the individual. Features of representation formation determine the nature
of intellectual activity. Mental representation is a "built"
reality in certain conditions and for certain purposes.
At the present stage, representation is considered not
only as a form of knowledge storage, but also as a
tool for applying knowledge to certain events, objects
of reality. The role of the representation of information
is most clearly manifested in the processes of solving
problems and consists in creating an adequate conceptual
understanding of the problem situation, which, in turn,
serves as foundation for integrating and transforming
information.
III. C OGNITIVE MAP AS TOOL FOR
CONCEPTUALIZATION KNOWLEDGE

To spread knowledge it is necessary not only to
identify them, but also to represent (visualize) them in
the most convenient form for human perception. To date,
various methods of knowledge visualization have been
created and are widely used (e.g. [7 - 9]). Along with this
effective method of visualization are different types of
cognitive maps. The definition of the concept “cognitive
map” is rather vague [10, 11] and depending on the field
of study or application is used for distinguishing between
mental representation, which exists only in mind, and its
external representation; or, according to R. Axelrod [12]
map is not “cognitive map”, but “map of cognition”. C.
Eden [13] uses this concept in a completely different
way: a cognitive map is not a “map of cognition”, but a
“map created to help cognition”. In the field of artificial
intelligence a similar to R. Axelrod approach is used to
map the knowledge of experts, but combined with fuzzy
logic to build fuzzy cognitive maps.
It is obvious that the term “cognitive map” has such
an intuitive application that new researchers appear with
new ideas or mapping techniques for completely new and
different purposes.
The cognitive mapping technique is based on the position of existence of cognitive functions of information
processing, which directly affect human behavior and
actions. Cognitive mapping is a technique of graphic
representation of various individual views on the issues
B. The aid of cognitive science
under consideration. In general, mapping techniques can
In cognitive science knowledge structures are usually
be divided into two large classes:
considered as mental representations. The concept of
1) to represent the cognitive processes of the individ"mental representation" refers to the number of key conual;
cepts of cognitive science and is defined as "...the actual
2) to represent cognitive processes at the group level.
mental image of a particular event (that is, the subjective
In order to solve the problem of knowledge spread
form of "vision" of what is happening). ... mental representations are an operational form of mental experience, it is necessary to aggregate external representations of
they change as the situation and intellectual efforts of the cognitive structures and processes of individuals. In this
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case, we are not talking about a simple aggregation of
individual knowledge structures, but about creating a
collective knowledge structure and its visualization.
A. The aid of conceptual modeling
Another aspect of the “bottleneck” in knowledge management is knowledge structuring. The solution to this
problem is found with the help of conceptual modeling.
Conceptual modeling can be defined as a way of deciding
what to include in the model and what to exclude from
the model [14]. Unfortunately, this type of modeling
is not well understood. The main reason for this is
probably due to the fact that conceptual modeling is
more an “art” than a “science”. Therefore, it is difficult
to define methods and procedures, and the skills of
conceptual modeling are acquired for the most part only
through experience in solving practical problems. Among
the key aspects of conceptual modeling, the following
can be highlighted: iterativeness, independence from the
software or development environment used, significance
of the positions and points of view of both the model
developer and the client.
Thus, conceptual models are a visualization tool and
have been designed for formation of primary knowledge
and their holistic perception. These models are a convenient tool for structuring and representing knowledge,
especially in the early stages of the study of the subject
area, and allow to describe it in the form of concepts
and relationships between them. Conceptual models are
used not only for the representation and integration
knowledge, but also for training, knowledge transferring
and share.
Since the spread of knowledge is communication and
social interaction, the methods of group modeling were
developed for supporting these processes. Group model
building methods allows to coordinate and collect scattered knowledge of the participants in the system model.
The model is considered as a form of representation
(visualization) different points of view, judgments and assumptions of group members, and the process of building
a model is a way of organizing social interaction. At the
same time, the identified primary ideas (knowledge) of
the participants in the process of refinement, coordination
are transformed in such a way that a new integrated
knowledge is created, which none of the members of
the group had previously possessed.
Thus, the task of spread (also transferring and share)
knowledge is reduced to the construction of a collective
conceptual system model of the issue under consideration.
B. Oval Mapping Technique for building collective cognitive map

quite convenient. The method is based on the construction of a collective causal map in the form of a directed
graph, the nodes of which are related causality or influence concepts (expressing ideas, assumptions, judgments,
opinions). [15] The process of building includes the steps
of concepts elicitation, clarification, coordination, structuring. The created model has a hierarchical structure,
which greatly facilitates reading and analysis of map.
However, in situations characterized by novelty and
uncertainty building of causal models is very difficult
because of cognitive limitations of individuals – in
conditions of uncertainty it is extremely difficult for an
individual to build causal relationship. Under these conditions, at the initial stage, it is proposed to build maps of
influence - to determine only the impact of concepts on
each other, without specifying the type and strength of
influence. Further, to the extent of clarifying the language
and meaning of concepts and their coordination (this may
require to elicit additional concepts) it becomes possible
to determine the type of links between them. [16]
From the perspective of creation collective knowledge,
the processes of refinement, coordination and accommodation are of interest. At the heart of the transformation
of individual knowledge and their aggregation in the form
of a model is the formation of a shared meaning and
shared understanding – notions that are the subject of
research of social psychology.
A model built using group model building techniques
visualizes a holistic shared view of a group of individuals
about the issue under consideration. For creating a common image of a system as opposed to the individual one
it is necessary to form shared understanding of elements
and their interrelation in the model. The shared understanding can be defined as “the overlap of understanding
and concepts among group members” [17, p. 36]. For
collaborative modelling shared understanding is seen as
“the extent to which specific knowledge among group
members of concepts representing system elements and
their relations overlaps” [18, p. 249]. For creating overlap
of knowledge the participant not only need to exchange
information about the elements of the model and their
interrelation but also to form a shared meaning of these
elements and their interrelation. The formation of shared
meaning is usually viewed from the point of view of
sensemaking, understood as “the ongoing retrospective
development of plausible images that rationalize what
people are doing” [19, p. 409].
Although the mechanisms of formation of shared
meaning and shared understanding are not sufficiently
studied, poorly understood, nevertheless, reliance on
them can partly solve the problem of verifying the
adequacy and credibility conceptual model.

IV. C ONCLUSION
The author’s application of cognitive mapping methAt the stage of knowledge conceptualization the Oval
Mapping Technique (SODA methodology) seems to be ods for solving real life problems [20] has shown that
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in addition to the mastery of conceptual modeling, is
required knowledge from various fields (system analysis,
cognitive science, etc.) both for the practical application of methods based on cognitive maps, and for
the theoretical justification of the building technology
and obtained results. The further development of this
area requires not even an interdisciplinary approach,
but a transdisciplinary one, which may create a common conceptual space for different areas of knowledge,
thereby, if knowledge boundaries are not removed, then
significantly reducing them. Among the priorities for
further research can also be identified the development
of methods of analysis, verification and evaluation of the
credibility of models based on collective cognitive maps.
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КОГНИТИВНАЯ КАРТА КАК
РЕПРЕЗЕНТАЦИЯ СТРУКТУР ЗНАНИЙ
Збрищак С.Г.
Управление неявными знаниями требует специального подхода в силу сложности вербализации, объяснения и формализации. Цель статьи состоит в обосновании подхода к управлению неявными знаниями,
позволяющий интегрировать положения из различных областей знаний на фундаменте системной методологии. Проблемы и задачи управления неявными
знаниями рассматриваются в контексте социального
взаимодействия индивидов. При этом возникают проблема взаимопонимания и коммуникативные барьеры.
Проблема достижения взаимопонимания зависит от
качества знаний, способов представления и согласованности знаний между собой. Предложен междисциплинарный подход на основе построения коллективной когнитивной карты. Методологической основой служит системная методология в части мягкого
направления, а структурирование знаний происходит
посредством построения коллективной когнитивной
карты, которая представляет собой концептуальную
системную модель знаний группы индивидов об исследуемой предметной области. Элементами модели
служат идеи, предположения, суждения, мнения индивидов, а процесс построения рассматривается как
способ организации социального взаимодействия, в
основе которого лежит формирование совместного понимания посредством совместного придания смысла.
Приоритетные направления дальнейших исследований
включают задачи развития методов анализа, проверки
и оценки достоверности моделей на основе коллективных когнитивных карт.
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Abstract—Adaptability, the ability of interfaces to adapt
to the structure and functionality of information sources
is one of the main features of the information system’s intelligence. Development of adaptive graphic web interfaces
based on XML-technologies allows to visualize any structure of the XML-format file for further manipulation of
data input and editing. The paper deals with the technology
of constructing an adaptive graphical administrative WEBinterface for data input and editing in a heterogeneous
information environment based on the use of XSD data
schema definitions with the use of XSLT transformations.
An example of implementation of the adaptive model of
input and editing of information in the form of the created
prototype of the XML-records editor is given. This editor, in
the client-server architecture, on the server side generates
an empty editing form by converting the modified XSD
structure by XSLT method and then provides the clientside ready HTML-form with all the necessary tools (java
scripts) for correct input and/or editing of heterogeneous
data.
Keywords—adaptive graphical user and administrative
web-interfaces, integration of heterogeneous data, data
representation, new data analysis methods, XML, XSD,
XSLT-transformations, XML-editor.

information environment is unthinkable. A particularly
important advantage of XML is its integration with the
web environment, as well as platform independence. All
this makes XML a de facto standard for data exchange.
It became necessary to create fundamentally new highlevel applications based on the integration of information
technologies and ensuring the integration of heterogeneous information resources. This direction is actively
developing in many scientific centers of different countries and is associated with the creation of information
systems for XML-messages exchange, functioning in the
Web environment.

There are a number of works that have been analyzing the problem of adaptive web application interfaces,
giving possibility to input and output information in xml
format. In work [1] is represented model and algorithm
for constructing a syntax-directed editor of xml descriptions. The main purpose of intelligent XML editors is to
provide a high-level user interface. Such interface must
ensure full information on possible user actions at each
point of dialogue and on appropriate XML tags. The ediI. I NTRODUCTION
tor can be built around a logical processor — realization
To create responsive web-based administrative inter- of a special abstract automaton. The control table of this
faces for data input and editing, the XML format is automaton is built using the contents of the DTD file
the most appropriate format from all available structured and based on calculation of the modified Wirth—Weber
formats extracted from the relevant information sources. ratios. This approach allows the user to create syntactiNamely this format allows the final user to work with a cally correct XML files without knowledge of DTD [1].
large number of heterogeneous data from many hetero- The author of another paper [2] proposes the concept
geneous sources, as well as it has a good data type and of XML documents with a built-in dynamic model. A
allows the definition of its structure.
general structural diagram of this model is presented,
XML is more dynamic and allows to easily generate and a method for its interpretation is described. The
new data schemas and rules of transition between them, architecture of the developed software tool for creating
which are formulated in the same language (XSLT- and maintaining dynamic XML documents is discussed,
transformation), and is supported by a large number and a brief overview of its modules is given. One of the
of software manufacturers. The XML standard includes last works in this direction is the work [3], where deals
support for Unicode encodings, which makes it possible with modern and previously proven in practice means
to use several different languages in the same application to verify the structure of the documents to the appropriat the same time. XML provides for the transfer of ate document description scheme.The problem of using
data, such as graphics or audio/video, without which the schemes for validating (validating) XML documents in
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The technology of creation of the adaptive graphic
the model of a situationally-oriented database (SODB)
with the help of an XML-based document structure. WEB-interface realizing model of input and editing inAs a result, the ability to work with third-party SODB formation for heterogeneous data, built-in heterogeneous
extends, XML documents stored on thirdparty services information system will be considered below.
This assumes that the data can be extracted from the
are downloaded and used in a web application with a
preliminary validation check. Thus, the dynamic model appropriate information sources in XML format. As a
is expanded with specifications for connecting circuits matter of principle, other structured formats can be used.
to monitor the data being downloaded. As a result, the The system needs to be activated modules, which convert
SODB allows not only to process data, but also to data into XML format and back, because the XML
control the data downloaded by users or from third-party format is described in the most appropriate technology
RESTful-services. The obtained results are discussed for building WEB interfaces to edit data.
on the example of the XML file of the information
II. D ESCRIPTION OF TECHNOLOGY
system about dissertational councils [3]. We can state
In paper [4] described technology of constructing
the absence in the open scientific information space of
adaptive user interfaces for controlling the search of
domestic and foreign analogues of our proposed adaptive
information and method of displaying retrieved informodel of input and editing information based on XSLT
mation by using the Z39.50 [5] and SRW/SRU [6] on
transformations for heterogeneous data.
the basis of services Explain [7-8] in its various modA variety of distributed information systems should
ifications. The implementation of these adaptive interprovide the ability to manage data from heterogeneous
faces for the ZooSPACE [9-10] platform is also demoninformation sources, i.e. generate administrative and user
strated. The ZooSPACE complex is based on several
interfaces that provide the ability to manage heterogeloosely coupled distributed subsystems providing configneous database (input and editing).
uration (ZooSPACE-L), access to resources (ZooSPACEFor homogeneous information sources with a fixed Z), user and administrative web-interfaces (ZooSPACErecord structure, the task of co-building and editing data W), statistics collection (ZooSPACE-S) and monitoring
is simple. While for heterogeneous sources of informa- (ZooSPACE-M) of the whole system [9]. The impletion (with an arbitrary recording structure) there is a mentation of adaptive user and administrative interfaces
need to use adaptive technologies for building graphical in the ZooSPACE-W subsystem should minimize user
interfaces with the required functionality [4]. XML is a actions for searching, viewing and editing information
useful tool for structurally describing data, but it is not from heterogeneous sources.
intended to represent data visually. For this the XML
Depending on the technologies used to access infordata must be converted into another form that is easy for mation resources, input information about the functional
the user to view and edit through a browser, such as an properties of each data source should be obtained.
HTML document.
To present structured XML information, it is imSuch conversions are performed using constructs de- portant to have an XSD (XML Schema) data schema
fined by the XSLT language. XSLT transformations are description. XML Schema technology allows you to
used to present information to the user, and as a means check the correctness of the XML document according to
to convert XML documents to other formats.
the described rules and apply code generation tools for
XSLT describes the rules for converting the source various web programming tools, which speeds up the
structure of an XML document into a destination doc- application development process. In general, the rules
ument (XML, HTML, Text). The final structure can for XML are formulated in terms of XSD [11-13] and
be modified in contrast to the structure of the original they present XML structure which can be processed with
tree during the construction process, when the elements standard ways, for example XSLT [14]. The question
of the original tree can be reordered and filtered, as about where the full description of potential structure of
well as by adding new elements. Each of the specific the derived record can be obtained arises in the process of
information resources, as a rule, has a rather limited extracting record from a particular informational source
range of possible formats and schemes of providing in heterogeneous informational system and presenting the
data and their possible values. However, due to the record in the XML format for editing. The following
heterogeneity of data sources, it is necessary to attract options are possible [15]:
additional information about a particular information
• the XML record, derived for editing, includes a
resource when selecting components that regulate data
reference on the applied XSD data scheme in the
processing of various information resources.
form of URL with Schema Location as an attribute
in determination of employed namespaces. It is
The development of adaptive web-based graphical
usually contained in the XML record root element.
interfaces based on XML technologies allows to visualize
In that case the issue of receiving XSD is solved in
any structure of the XML-format file for the possibility
a trivial manner;
of further manipulation of data input and editing.
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III. I MPLEMENTATION AND VALIDATION
The XML editor is relevant to an area restricted by
a dashed line for server side (see Figure 1). As for the
client part, the beforehand prepared HTML form to input
and/or edit data is provided. In these conditions, the form
already contains the all needed tools (java scripts) for
correct data input, which includes:
• a script for checking the accuracy of data entry,
•
if there is a relevant pattern in the way of regular
expression in the XSD;
• a script for removing elements, providing that the
removing is possible according to the XSD;
• a script for duplicating elements, the repetition of
which is possible according to the XSD;
• a script for hiding-revealing any data elements in
the form of editing.
For all of the above methods for initializing GUI data
It should be taken into account that the XSD data
conversion are needed:
scheme definitions can contain references to other XSD
1) a description of the data schema in the form of data scheme definitions, which complement definitions
an XML structure in accordance with the rules of both in the current namespace (element xsd:include), and
XSD;
in the other namespaces (element xsd:import). Therefore
2) an XML structure containing the extracted data for the initial XSD structure, before being processed by
editing (not required to create a new record);
the XSLT processor requires modifying to register extra
3) a description of the styles of formation of elements definitions. The editor of the XML records operating
of the graphical interface (optional);
principle, in format of client-server built in WEB server,
4) description of templates for generating graphical can be described as follows [15]:
interface objects in accordance with XSD rules
1) as for the client part, the beforehand prepared
and XML record editing elements. Under these
HTML form to input and/or edit data is provided.
conditions, XSLT transformation rules may apply
In these conditions the form already contains the
to XSD.
all needed tools (java scripts) for correct data input;
2) generation of editing forms occurs on the server
The functional diagram is presented (see Figure 1), as
side with the XSLT method of transformations of
an illustration of work algorithm of the XML records
the modified XSD structure. At the beginning of
prototype adaptive editor in the format of client-server,
the process an empty editing form is produced
built in WEB server of the ZooSPACE (ZooSPACE-W)
(without data). As soon as the XSLT processor has
platform.
completed its action, the empty form is filled with
record data in XML format.
For generation of empty form of editing (see Figure
2) the following rules are performed:
• The frame indicating the identification of data
scheme is generated.
• The file of documents (annotation) for data scheme
is generated.
• For each specified data element in XSD the following is generated:
– the frame indicating the element name and its
location (in the XPath pattern) in the XML
record structure;
– the key button of hiding-revealing element in a
form of editing;
– the file of documents (annotation), if any, with
an indication of a language; the nested elements
Figure 1. The functional diagram of XML-editor in the heterogeneous
(for complex);
system ZooSPACE-W
– the field of entry element definition (for simple);
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the XML record derived for editing, includes the
namespace identification (URI), though it does not
include a reference on the applied XSD data scheme
in the form of URL. In that situation the informational system should be requested to provide the
XSD in the use of namespace identification. For
the ZooSPACE platform the similar request can be
processed with Explain service;
the XML record, derived for editing, does not
include definitions of namespaces. In this case the
informational system should be requested to provide
the XSD (as a default) by the name of informational
resource (database), or by using the XSD, which
before corresponded to the scheme requested in an
inquiry formation for extracting data.

value="Bibliographic"/>
<xsd:enumeration
value="Authority"/>
<xsd:enumeration
value="Holdings"/>
<xsd:enumeration
value="Classification"/>
<xsd:enumeration
value="Community"/>
</xsd:restriction>
</xsd:simpleType>
If the XSD element contains indication for a pattern
(RegEx), for example:
<xsd:simpleType
name="indicatorDataType" id="ind.st">
<xsd:restriction base="xsd:string">
<xsd:whiteSpace value="preserve"/>
<xsd:pattern value="[\da-z ]{1}"/>
</xsd:restriction>
</xsd:simpleType>

Figure 2. Graphical interface of XML-editor

– names and data entry fields for each of potential
attributes;
– key buttons for deleting (if allowed) or duplicating (if allowed) elements.
• The following key buttons are generated:
– “Record” – for storage a result of editing;
– “Clear” – for regeneration of empty editing
form;
– “Close” – for closing editing form without data
storage.
The type of data and the placed restrictions are taken
into account in the process of generation of data entry
fields. In particular, the field of entry elements and attributes are presented with a list of dropdown definitions
(see Figure 3) if there is XSD definitions such as:

In that case, the access to checking function of correspondence with a pattern of data entry in the form
of editing is generated, that is XSLT code will be
performed:
...
<xsl:for-each
select="xsd:simpleType
/xsd:restriction/xsd:pattern">
<xsl:attribute name="onChange">
<xsl:text>e_change(this,
/</xsl:text>
<xsl:value-of select="@value"/>
<xsl:text>/);</xsl:text>
</xsl:attribute>
</xsl:for-each>
...
Which in turn generates the forms of elements
<input type="text" onChange=
"e_change(this,/[\da-z ]{1}/);".../>
A problem of recursive definitions arises from the
described approach in XML formation on the ground
of XSD (see Figure 4). Recursiveness may occur in the
appliance of references to types and names. A fragment
of a recursive determination is provided in the scheme
with the help of the XSD.

<xsd:complexType name="org">
<xsd:sequence>
<xsd:element name="id"
type="int"/>
<xsd:simpleType name="recordTypeType">
<xsd:element name="name"
<xsd:restriction base="xsd:NMTOKEN">
type="string"/>
<xsd:enumeration
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<xsd:element name="sub-org"
type="tns:org"/>
</xsd:sequence>
</xsd:complexType>
<xsd:element name="region">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="id"
type="int"/>
<xsd:element
ref="tns:region"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="record">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="id"
type="int"/>
<xsd:element name="org"
type="tns:org"/>
<xsd:element
ref="tns:region"/>
</xsd:sequence>
</xsd:complexType>
</xsd:element>
The XML elements with unrestricted length of Xpath
are possible:
/record/organization/sub-org
/sub-org/sub-org...
/record/region/region/region/region...

Table I
S UPPORTED XSD ELEMENTS
Element
annotation
appinfo
attribute
choice
complexContent
complexType
documentation
element
extension
group
import
include
list
restriction
schema
sequence
simpleContent
simpleType
union
unique

Attribute
name, ref, type, use
name
name, ref, type, substitutionGroup, maxOccurs, minOccurs
base
name, ref, maxOccurs, minOccurs
namespace, schemaLocation
schemaLocation
itemType
base
attributeFormDefault, elementFormDefault,
blockDefault, finalDefault, targetNamespace, version, xmlns
maxOccurs, minOccurs
name
memberTypes

IV. C ONCLUSION
The above described technology for creating adaptive
graphical Web interfaces for data editing is implemented
in a prototype editor, which is a server application.
The presented approach to the formation of information
editing interfaces for heterogeneous data allows the developed graphic web interfaces to automatically tune into
the structure of one or another information resource. The
created prototype of the described adaptive XML editor
allows you to process any XML data by converting the
source data of any structure without any modification of
the program code. In the future, it is planned to increase
the functionality of the editor in terms of expanding the
list of supported XSD elements and supporting JSON
format, due to its popularity. Upon completion of testing,
the editor will be integrated into the ZooSPACE-W
subsystem of the technological platform for the mass
integration of distributed heterogeneous data sources
ZooSPACE. Moreover, it can be used by users as an
independent functional system, in the form of an editor
for working with files in XML format.
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РЕАЛИЗАЦИЯ АДАПТИВНОЙ МОДЕЛИ
ВВОДА И РЕДАКТИРОВАНИЯ ИНФОРМАЦИИ
НА ОСНОВЕ XSLT-ПРЕОБРАЗОВАНИЙ ДЛЯ
РАЗНОРОДНЫХ ДАННЫХ
Мухитова А., Жижимов О. Л.
Адаптивность, способность интерфейсов подстраиваться под структуру и функциональность информационных источников, является одним из основных признаков интеллектуальности информационной
системы. Разработка адаптивных графических вебинтерфейсов на основе XML-технологий позволяет визуализировать любую структуру файла XMLформата для возможности дальнейших манипуляций
по вводу и редактированию данных. В работе рассмотрена технология построения адаптивного графического административного WEB-интерфейса для ввода и
редактирования данных в разнородной информационной среде на основе использования определений схем
данных XSD с применением XSLT преобразований.
Приводится пример реализации адаптивной модели
ввода и редактирования информации в виде созданного прототипа редактора XML-записей. Данный редактор, в архитектуре клиент-сервер, на стороне сервера генерирует пустую форму редактирования путем
преобразования модифицированной структуры XSD
методом XSLT и затем предоставляет на клиентской
части готовую HTML-форму с полностью необходимым инструментарием (java скрипты) для корректного
ввода и/или редактирования неоднородных данных.
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Abstract—The paper discusses application of a modeldriven development approach for engineering knowledge
bases of case-based reasoning decision support systems. The
conceptual models presented in XML-like formats are used
as the initial data. The problem statement, main stages
of the proposed approach and a tool are presented. An
illustrative example describes an educational task.
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I. I NTRODUCTION

domain knowledge into knowledge base structures, and
their specification in specialized editors for further execution. Model transformations [4] are implemented during
the import, for example, by using Transformation Model
Representation Language (TMRL) [5].
This paper discusses an example of a such compromise
solution, in particular, we propose an approach and its
implementation on the basis of a Personal Knowledge
Base Designer (PKBD) platform [6]. Our proposals
provide prototyping knowledge bases for case-based
decision support systems. At that, concept maps and
formalization from [7] are used as initial data.

The knowledge bases engineering for intelligent systems remains a time-consuming. This process requires
II. S TATE -O F -A RT
the involvement highly qualified specialists in domain
areas (e.g., domain experts, analysts, programmers) and
Let’s consider main concepts and definitions in the
also the use of specialized software. In this case, the field of case-based reasoning and model-driven developdevelopment and use of software focused on non- ment (MDE/MDD) as a background for the research.
programming users and implementing the principles of
A. Case-Based Reasoning
visual programming and automatic code generation are
Case-Based Reasoning (CBR) [8], [9] is a methodrelevant. There are examples of such software: ExSys,
ology
for decision making that reuses and adapts (if
Visual Expert System Designer, and others. In most
necessary)
of the previously obtained solutions of similar
cases, these systems are focused on a certain formalism
problems.
This
approach is based on the “by analogy”
of knowledge representation, in particular, logical rules.
principle
of
decision
making. The main concept is a case.
Software for conceptual modeling is another class of systems that uses visual programming for knowledge bases The case is a structured representation of accumulated
engineering. Such systems provide the ability to create experience in the form of data and knowledge, providing
models in the form of concept maps, mind maps, fuzzy its subsequent automated processing using specialized
maps, entity-relationship diagrams, tree-like semantic software.
The main case features are the following:
structures and schemes (fault trees, event trees), IDEF
• A case represents special context-related knowledge
or UML models. Most of these systems are universal
that allows to use these knowledge at the application
modeling software and don’t take into account features of
level.
intelligent system engineering, i.e. formalisms, languages
• Cases can be represented by various forms: covand program platforms, which are used in this area. In
ering different time periods; linking solutions with
this connection, they provide a visual representation of
problem descriptions; results with situations, etc.
domain-specific knowledge structures, but don’t support
• Case captures only the experience that can teach (to
an adequate knowledge codification (formalization) for
be useful), fixed cases can potentially help domain
knowledge representation languages.
expert (decision-maker) to achieve the goal, facilThe use of methods and approaches that impleitate its formulation in the future or warn him/hir
ment the principles of a Model-Driven Engineering apabout possible failures or unforeseen problems.
proach (MDE) (also known a Model-Driven DevelopA case structures units of experience. At the same
ment, MDD) [1], [2] is a compromise in this case. Such
compromise solutions [3] provide import (analysis and time, the used structure is a problem-specific. In general,
transformation) of conceptual models, which describing a case structure includes two main parts:
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An identifying (characterizing) part describes the
experience by a way that provides to estimate the
possibility of its reuse in a particular situation.
• A learning part describes a lesson (learning knowledge, a solution) as a part of an experience unit,
for example, a solution of a problem or its part, a
decision proof (conclusion), an alternative or failed
decisions.
CBR applied to solving problems in various subject
domains, including planning [10], diagnostics [11] and
others. There are some examples of CBR tools: CBRExpress, CasePoint, CasePower, Esteem, Expert Advisor, ReMind, CBR/text, ReCall, RATE-CBR, S3-Case,
INRECA, and CASUEL.
•

B. Model-Driven Engineering
Model Driven Engineering (MDE) or Model-Driven
Development (MDD) is a software design approach
that uses the information models as the major artifacts,
which, in turn, can be used for obtaining other models
and generating programming codes [2]. This approach
enables programmers and non-programmers (depending
on the implementation) to create software on the basis
of conceptual models.
The main MDD concepts are the following:
• A model is an abstract description of a system (a
process) by a formal language. As a rule, models are
visualized with the aid of certain graphic notations
and serialized (represented) in XML.
• A metamodel is a model of a formal language used
to create models (a model of models).
• A four-layer metamodeling architecture is the concept that defines the different layers of abstraction
(M0-M3), where the objects of reality are represented at a lowest level (M0), then a level of models
(M1), a level of metamodels (M2) and a level of a
meta-metamodel (M3).
• A model transformation is the automatic generation
of a target model from a source model with the
accordance of a set of transformation rules. In
this case, each transformation rule describes the
correspondence between the elements of a source
and a target metamodels.
There are examples of a successful use of MDE
for development of database applications (e.g., ECO,
for Enterprise Core Objects), agent-oriented monitoring
applications [12], decision support systems [13], [14],
embedded systems (software components) for the Internet [15], rule-based expert systems [16].

as a specialized domain-specific declarative language
for describing transformations of conceptual models are
discussed in [5]. Application of MDD principles for engineering knowledge bases of rule-based expert systems
are described in [3], the formalization of MDD for CBR
is used from [7].
III. P ROTOTYPING C ASE BASES U SING
T RANSFORMATION OF C ONCEPTUAL M ODELS
A. Formalization
Most of decision-making tasks can be described by a
set of characteristics, and can be formalized as follows:
M T ask = {p1 , ..., pn } , pi ∈ P rop,
S
P rop = M
i=1 pi , i = 1, N ,

(1)

where M T ask is a task model; pi is task properties
(significant characteristics); P rop is a set of properties.
The task model from a CBR point of view is defined
as follows:
M T askCBR : P roblemCBR → DecisionCBR ,

(2)

where M T askCBR is a task model in terms of
CBR; P roblemCBR is a task (problem) description;
DecisionCBR is a problem decision, while:
P roblemCBR = hc∗ , Ci , C = {c1 , ..., ck } , c∗ ∈
/ C,

(3)

where c∗ is a new case; C is a case base.
DecisionCBR = {d1 , ..., dr } ,
di = (ci , si ), ci ∈ C, si ∈ [0, 1],

(4)

where DecisionCBR is a problem decision in the form
of a set of retrieved cases with similarities si .
Let’s formalize a case description:
o
n
roblem
,
ci = P ropP
, P ropDecision
i
i

(5)

roblem
is a identifying (characterizing) part
where P ropP
i
is a learning part of a case. In
of a case; P ropDecision
i
addition, each of these parts contains task properties:
roblem
P ropP
= {p1 , ..., pm } ,
i
P ropDecision
= {pm+1 , ..., pn } ,
i
roblem
P ropP
∪ P ropDecision
= P rop,
i
i
roblem
P ropP
∩ P ropDecision
=∅
i
i

(6)

The composition of the parts has a problem-specific
character.
There are many methods that can be used for case
retrieval [17] nearest neighbour, decision trees, etc. The
C. Background
most popular method is the nearest neighbour, based on
Proposals of the current research are based on the an assessment of similarity with the aid of different metprevious works. In particular, development of case-based rics, for example, Euclidean, City-Block-Metric, etc. The
expert systems and knowledge bases for petrochemistry proposed approach uses the nearest neighbour method
are presented in [11]. Model transformations, as well and Zhuravlev metric [18] with normalisation:
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N
X

wj hi (p∗j , pij )/N,
j=1

(

1, if |p∗j − pij | < ξ



for quantitative 0, else
(
hi (p∗j , pij ) =

1, p∗j = pij


for
qualitative


0, p∗ 6= pij

si (c∗ , ci ) =

j

(7)

where wi is an information weight, and ξ is a constraint
on the difference between the property values. At the
same time, the normalisation (standardisation) is follows:

 

pik = pik − min xik / max pik − min pik .
k

k

k

Figure 1. The main stages of case bases and expert systems engineering
and their relationships with MDE artifacts.

(8)

MDE/MDD). The MDA assumes a clear definition of
three levels (viewpoints) of the software representation:
Generally, the methodology for expert systems en• A computation-independent level that describes the
gineering consists of the following main stages [19]:
basic concepts and relationships of the subject doanalysis and identification, conceptualization (structurmain expressed in the form of conceptual models.
ing), formalization (representation), implementation and
Models of this level can be form automatically on
testing. In turn, in accordance with the formalization [7]
the basis of the analysis of XML-like formats, in
the process of intelligent systems engineering based on
particular: XMI (XML Metadata Interchange) for
model transformations can be considered as the sequenUML class diagrams, CXL (Concept Mapping Extial formation and transformation of models with varying
tensible Language) for concept maps, ETXL (Event
degrees of abstraction:
Tree Mapping Extensible Language) for event trees.
• A computation-independent model (CIM) describes
• A platform-independent level that represents a dokey abstractions. Some problem-oriented notations
main model in the context of knowledge represenare used for its representation: UML, concept and
tation formalism used, in particular, logical rules or
mind maps, event trees. In turn, these models will
cases.
be serialized in XML-like formats: XMI (StarUML,
• A platform-dependent level that represents a forIBM Rational Rose), CXL (IHMC CmapTools),
malized description of knowledge bases taking into
ETXL (ET-Editor), etc.
account features of a certain software platform (for
• A platform-independent model (PIM) based on a
example, PKBD).
CIM. This model depends on the formalism of
The PKBD architecture includes the main modules for:
knowledge representation, but does not take into knowledge base management, knowledge representation
account features of languages and the tools for languages support, dictionaries management, integration
implementing these formalisms.
with CASE-tools, interpretation of models and the graph• A platform-specific model (PSM) takes into account
ical user interface (GUI) generation. The interface is
features of languages and means for implementing generated both in the form of pop-up windows and
formalisms.
wizards. Wizards represent sequences of GUI forms,
At the same time, source codes or specifications of which segment and order the processes of entering and
knowledge bases and intelligent systems generated on editing elements of a knowledge base. In particular, the
the basis of these models.
user is consistently asked to specify: the name of a case
Figure 1 shows a comparison of the main stages of template (used for display in the editor), the short name
case bases and expert systems engineering and also their (used in the process of inference), the description and
relationships with MDE artifacts.
the properties (slots) of the template when entering it;
the property name, its short name, description, a type
C. Implementation
(string, symbol or number), a possible default value and
Implementation of the proposed methodology is made a constrain for this value (more, less, equal, unequal)
on the basis of a Personal Knowledge Base Designer when entering a slot. The similar wizards are used when
(PKBD) platform [6]. PKBD is designed for the end- entering and editing cases.
users and provides the creation of knowledge bases
Let’s consider one of the educational examples of caseand domain-specific editors by means of an implemen- base engineering with the aid of PKBD from a course of
tation of the main principles of the Model Driven- “Information Systems Toolkits” of the Irkutsk National
Architecture (MDA) [20] (a separate direction within the Research Technical University (IrNITU).
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IV. C ASE S TUDY
The educational task of case base engineering of a
static expert system for crystal minerals identifications
is considered as an example.
A crystal mineral model in the form of a concept
map is constructed at the conceptualization stage with
the aid of IHMC CmapTools. A concept map fragment
corresponding to a CIM is presented in Figure 2.
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Figure 2. A fragment of a model of a “Mineral” concept.

Then, a PIM is formed in correspondence with the
“Case” concept. In particular, all properties of the considered concept added to the identifying (characterizing)
part, while the learning part consists only of a mineral
name.
Cases can be added to case base either manually using
a special wizard or by importing from text files. Testing
the developed case base carried out in a special wizard
by building queries (see Fig. 3).

Figure 3. Preview query results and comparison of cases.

V. C ONCLUSION
Knowledge base engineering, in particular, case bases engineering for CBR decision support systems remains to be a timeconsuming process, which requires the use of specialized tools.
The effectiveness of the use of such tools can be improved
by applying approaches based on generative programming and
visualization.
The paper proposes the MDE application for development
of case bases. The conceptual models in the form of concept
maps presented in XML-like formats are used as the source
data. PKBD (new module for case base engineering) is used
as a mean for implementing the proposed approach. The tool
tested on educational tasks and on the problem of structural
material selection for a petrochemical systems design [21].

РАЗРАБОТКА ПРЕЦЕДЕНТНЫХ БАЗ ЗНАНИЙ С
ИСПОЛЬЗОВАНИЕМ MDE-ПОДХОДА
Дородных Н.О., Юрин А.Ю.
В
работе
рассмотрено
применение
модельноуправляемого подхода для создания прецедентных баз
знаний. Концептуальные модели, представленные в XMLподобных форматах, использованы в качестве исходных
данных. Представлена формализованная постановка задачи,
основные этапы подхода и инструментальное средство.
Приведен пример решения учебной задачи.
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accumulation of useful knowledge;
informing the company’s employees of the accessibility of the knowledge;
• presenting tools for structuring, transforming and
linking pieces of knowledge of different sources.
The KM-system is supposed to become a digital
‘brain’ of a company delivering necessary support during
the staff hiring and retirement, collecting the best practices for preventing the mistakes and decisions making
support. However, the term ‘KM-management system’
is often used for the IT-tools for specific tasks. For
example, Service Desk, Help Desk or even social media
or the huge unstructured collections of the files may be
considered as enterprise KM-systems. These solutions do
not manage the knowledge, they just collect the pieces of
information according to the strict structure. Considering
the limits and weakness of traditional ‘KM-tools’ it is
Keywords—knowledge, ontology, knowledge management, knowledge management system, information mod- highly important to establish a new conception of KMsystem. We suggest that the solutions bearing this name
elling, information management, Semantic Web
should be based on the following principles:
I. I NTRODUCTION
• including the conceptual (ontology-driven) domain
model which is based on the terms and vocabulary
The knowledge system is an essential requirement
used in the company;
for business success of the company. Some companies
• including software tools for model management;
employ data stewards for managing the data as the
• addressing as many sources as possible (internal and
company’s values. We consider knowledge as the inforexternal ones) and index the content;
mation directly used in company’s everyday processes.
• letting the users ask questions in terms of conceptual
In contrast, the data is the stored information which
model and answer them addressing to the data
has to be extracted and interpreted for use. That means
sources if needed;
in common that the data stewards are to consolidate
• including some tools for spreading the best enterand operate all the accessible data resources, to proprise’s practices among the employees as well as
duce knowledge from data. This activity literally means
informing the latter about the knowledge elements
‘knowledge management’.
they may need;
The purpose of this paper is to present the results of
• containing the tools to input the information which
knowledge management (KM) system design. This KM
cannot be placed into any database of a company.
system is aimed to aggregate, normalize and transform
corporate data in accordance with the ontology model of
Usually such information corresponds to the employdomain.
ees’ experience and therefore must be saved because of
its high business value. The KM-system shall act as an
II. M ETHODOLOGY
‘expert’ which answers the users’ questions better than
A. Our KM Designing Approach
any human. It is a ‘lens’ through which a user may look
KM considers the deliberate structuring of knowledge at any piece of corporate data and effortlessly transform
and presenting it for users by request. The functions of it into the task-relevant knowledge. Implementation of
the KM-system in the above presented sense may appear
KM-system are:
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Abstract—The article considers the different approaches
towards modelling and implementation of knowledge management systems in the context of the enterprise’s digital
transformation. The methodology is based on the conceptualization of the domain using Semantic Web technologies,
i.e. OWL and SPARQL standards, and semantic reasoners.
The purpose of this paper is to present the results of
knowledge management (KM) system design. Semanticbased architecture of search engine is proposed as an
instrument for strict searching and corporate knowledge
exploration. The KM-system deployment is supposed to be
as a checkpoint of digital transformation of a company
which means that the company is eager to earn money from
data considered as an asset. As a whole the advantages of
ontology-based KM-system are: minimizing the mistakes
made by the employees; fast adaptation and involving the
employees recently hired by the company; improving the
speed and quality of analytics in company; preserving the
knowledge which could be lost because of staff retirement.

•
•

to be impossible for CEOs in general. But the recent
decade achievements in IT and semantic technologies
in particular make this task quite reachable. As for
the prerequisites they are OBDA paradigm (Ontology
Based Database Access) [1], corporate sources metadata
annotation projects [2], [8], and conceptual formalization
of natural language projects [3], [4], [5], [6]. Semantic
Web technologies play the main role in the machine
storage and pro-cessing of the formalized conceptual
models and data. OWL and SPARQL standards, semantic
reasoners are the core components of Semantic Web
stack. Their advantages are: linked data operation, data
management flexibility, automated reasoning and inference for consistency control and data enrichment.

As presented above the ontology modelling in combination with Semantic Web technologies can be implemented as a core of high-rated IT-solutions.
III. I MPLEMENTATION

We stated above that we see a corporate KM-system as
an expert system which can find any information required
by the user and to answer user’s queries. The user experience starts with the query formulation interface. It may
be implemented as a controlled natural language input
tool, which hints the user the appropriate terms which
can be used in request text and prevents from entering the
sentences which sense may not be recognized. Another
option is a graphical request constructor, allowing user to
B. Current OWL-Practices for KM
compose the query conditions using visual blocks, each
One of the most OWL-involved industries in the world of which represents one of the interrelated informational
is oil and gas. All the worldwide companies use the objects participating in the search.
The result of the first step is a query which include
owl modelling in geology, field managing, reequipping
the wells and petroleum extracting analysis. The most conditions on the several entities, for example: the comrelevant solutions are i-Field by Chevron, Smart Field panies which has ordered a survey which costs more than
by Shell, Integrated Operation for the High-North by USD100,000. To answer this query, the system has to
international consortium of 22 members, Field of the identify the entities (company, survey), their properties
Future by BP, Integrated Production Management by (cost) and relations (has ordered), find the sources of
ExxonMobil, and Intelligent Field Program by Saudi appropriate information in the corporate data storages,
Aramco. In addition to efforts from major oil and gas extract the objects matching the conditions and finally
organizations, service organizations like Baker Hughes complete the query answer.
Obviously, it is impossible to develop a physical
has devised novel approaches for capturing, encoding,
and provisioning of actionable knowledge from experts repository specially for KM-system. The Logical Data
deployed in the field. As part of the data management Warehouse is an appropriate architecture which allows
effort, it is important to adopt effective record keeping users to get access to any information, independently
and data curation strategies that have been extensively of the physical server/database where it is stored. Logstudied and addressed in other data-intensive disciplines ical Data Warehouse has to determine the information
required to fulfill the user’s search request, gather data
[2], [7].
The ontology models consider reducing or even avoid- from sources, aggregate it and present the results. The
ing the ambiguity of the information referred to oil and search requests must be formulated using the master-data
gas exploration. It is possible because of semantic en- set. It means that when a user refers to some business
richment of the ontology model with the metaproperties. object (a customer, an asset etc.) in the search request,
Especially in Petroleum Geology, properties like identity this object has to be identified according to the master
and unity can help in defining what exactly are the data. It intends that MDM-system and KM-system should
entities of reality that are being modeled in the database be integrated or KM-system should become a source of
and also provide a good support to integrate models in the the master data. As KM-system retrieves the data from
several scales of analysis (microscopic, well, reservoir, different sources (like an aggregator or a feed-reader) it
should be able to access these sources, which can be
basin scales) into the petroleum chain [9].
The ontology approach is quite flexible. So it can be mediated by ESB. ESB (Enterprise Service Bus) allows
managed as ‘stable’ data as ‘real-time’ data which is to read the information of as many company’s databases
transferring from multiple sources in variable-length time as there are and deliver it to KM-system in order to
intervals. There are some solutions in oil and gas com- answer the users’ questions. Due to such an integration
panies (Chevron, for example) focused to the monitoring KM-system may become one of the key components of
of petroleum infrastructure. The current status of the oil the IT-infrastructure of a company [Fig.1].
The semantic approach towards data conceptualization
wells is presented in live mode. Being gathered such
information is recombined and classified by the logical (including search and transformation) is very flexible.
rules based on the ontology of events. As a result the So, it may be used for narrow or wide purposes as
information about the well status is delivered to a user well. The opportunity to process strict and complex
as knowledge relevant to the specific moment of time search requests makes ontological tools very useful in
the enterprise data management. They allow to extract
[10].
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landscape and provides a lot of benefits for the users,
mostly because of the instruments of linking, aggregating
and searching knowledge. These instruments are beyond
the traditional (non-ontology) methods. The semantic
search can easily deal with different types of data (texts,
graphics, sheets and so on). Also the semantic enrichment can be managed by multiplying the connections
between entities during the automatic text mining.
The KM-system can be involved in several scenarios:
•

Figure 1. KM-system among the IT-infrastructure components

all the data answering the specific search request, but
not only “the most relevant” or “the first n-entities” as
the usual Internet search machines do. This strict search
can be implemented with the ontology-structured data
model. In other words, the search should be ontologydriven. Classes, objects and attributes of the ontology
are the entities which represent the domain of company’s
business activities. Therefore the ontology model turns to
be a framework of KM-system. The ontology data model
links the entities and operates during the search request
procedures. The basics of this framework can be pictured
as follows: [Fig.2].

•

•
•
•

•
•

complex analytical system deployment which processes the data in a variety of dimensions, such as
purposes of business activities, staff, territories of
operations and so on;
managing the arrays of information according to
the selected task (for example, all the company’s
documents about specific type of asset);
searching for the analog of entities in corporate data
(i.e. documents, objects, processes etc.);
accessing the enterprise data by the management
and/or staff through a single access point;
integration of the different enterprise software (document flow system, consumer relationship management system – CRM, personnel management system, project management system and any others);
optimization of staff’s efforts for collecting, validation and transforming the information;
supporting the exchange of employees’ experience
and collecting pieces of one’s experience in a structured and catalogized way.

The KM-systems addressed to these scenarios are
being implemented in Russia [11] and other countries
[12].
IV. D ISCUSSION
According to our experience, there are some restrictions which usually make some difficulties to bring the
KM-system into company’s life. Firstly, it is due to lack
of CEOs’ readiness to start the process. Secondly, it is
because of the low level of IT-infrastructure development
in a company. As for the first restriction, it is possible
to inform or even educate the managers and CEOs about
the advantages of the KM-approach. As for the second
one, the most effective way is employing an IT-company
as a contractor for KM-system development. And later
the local IT-specialists will have an opportunity to enrich their competence in ontology design. Another field
for discussion about KM-system addresses towards the
economy sector limits. Can ontology-based KM-system
be effectively used in all of them? We suppose that it
is directly appropriate for the companies of industrial
sector (focused on energy, engineering, machinery and
Figure 2. Searching by KM-system.
so on). For service companies or social-media companies
Presented scheme of data management procedures puts the KM-system should probably be accompanied by the
the KM-system into the center of an enterprise IT- machine learning and predictive analytics technologies.
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Finally, KM-system implementation requires the development of the ontology model which requires collaboration of the analysts aware of conceptual modeling
methodologies and domain experts, which is a resourceintensive task for an organization.
V. C ONCLUSION
The most of the currently implemented corporate KMsystems are unable to transform the vast amounts of corporate data into an actionable knowledge. To accomplish
this task, the view of a corporate KM-system should
be shifted toward semantic information processing. The
modern KM-system shall operate the meaning of information, not just the text or database records. The
ontologies and Semantic web technology stack are the
most appropriate tools to accomplish this task.
We claim that the functional features of KM-system
include:
• supporting the structural management of data model
which is based on conceptual domain model. The
data model should have an implemented multi-point
view approach [13].
• transforming all the accessible corporate information in correspondence with the structure of data
model. This is a way to utilize it not as data (i.e.
items stored in a warehouse) but as knowledge.
The corporate end-users will be able to operate
such knowledge in active and proactive mode in
their professional activities and without exerting any
interpretation effort.
The KM-system deployment is supposed to be as a
checkpoint of digital transformation of a company which
means that the company is eager to earn money from
data considered as an asset. As a whole the advantages
of ontology-based KM-system are:
• minimizing the mistakes made by the employees;
• fast adaptation and involving the employees recently
hired by the company;
• improving the speed and quality of analytics in
company;
• preserving the knowledge which could be lost because of staff retirement.
The expenses needed for the KM-system deployment
should be considered as the strategic investments for the
digital future of a company.
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СИСТЕМА УПРАВЛЕНИЯ ЗНАНИЯМИ И
ЦИФРОВАЯ ТРАНСФОРМАЦИЯ КОМПАНИИ
Сергей Горшков, Роман Шебалов
Аннотация: Статья посвящена подходам к проектированию и внедрению систем управления знаниями в условиях развития цифровых трансформационных процессов в
различных отраслях экономики. Методология основана на
представлении концептуальных моделей предметных областей с использованием технологий Semantic Web (стандарт
представления концептуальных моделей OWL, язык доступа
к графовым базам данных SPARQL, машины логического
вывода). Цель статьи- представление результатов проектирования системы управления знаниями.
Предлагается собственная архитектура поисковой системы, основанной на семантических технологиях. Данная
система рассматривается в качестве инструмента по точному
поиску и извлечению корпоративных знаний. Реализация подобной поисковой системы выступает в качестве "контрольной точки"в процессе цифровой трансформации компании,
что предполагает извлечение прибыли в ходе обработки данных, которые рассматриваются как актив компании. В целом
преимуществами систем управления знаниями, основанных
на онтологиях, являются: уменьшение количества ошибок со
стороны работников; быстрая адаптация новых работников и
их активное включение в деятельность компании; повышение
скорости и качества аналитики в компании; сохранение
знаний, которые могут быть утрачены в связи с уходом
работников из компании.

186

Received 09.12.18

The Next Stage of Industry 4.0: From Cognitive
to Collaborative and Understanding Agents
Valery B. Tarassov
Bauman Moscow State Technical University
Moscow, Russia
Vbulbov@yahoo.com
Abstract—The paper considers the role of artificial cognitive, collaborative and understanding agents in developing
Industry 4.0 initiative. Primarily, a proposal of using both
open semantic and pragmatic intelligent technologies for Industry4.0 is justified. The evolution of Industry 3.0 and the
first International Program on Intelligent Manufacturing
Systems are analyzed as forerunners of Industry 4.0. Some
basic ideas and principles of Industry 4.0 are clarified, its
enabling technologies are presented. The thesis about enterprise total agentification is formulated. A possible solution
of the problem how to construct artificial understanding
agents is suggested. Finally, three basic ways of developing
new generation technologies for Industry 4.0 are discussed
Keywords—Artificial Intelligence; Intelligent Agent; Industry 4.0; Cyberphysical System; Internet of Things;
Collaborative Robot; Enterprise Agentification

I. I NTRODUCTION

agents, rising to the ideas of the «Father of Pragmatism»
Ch.S.Peirce [8].
Let us point out that in information theory and semiotics a clear difference between semantics and pragmatics is made. Semantics expresses the relation between
message and its author or sender, whereas pragmatics
considers the value of message for its user in the context
of his goal achievement. By taking pragmatics rules, we
cope with many-valued or even uncertainty-valued (the
term coined by V.V.Martynov [9,10]) reality of natural
language and select some current value – the basic
one for a given time. To differ from semantics which
has no addressee, pragmatics takes into account such a
special addressee – interpreter. These considerations are
quite relevant while building intelligent technologies for
Industry 4.0.
The aim of the paper consists in reviewing the-state-ofthe-art in modern technologies for Industry 4.0, as well
as analyzing new intelligent, cognitive, social approaches
to implement NBICS convergence concept [11] for the
next stage of Industry 4.0.
Primarily, the difference between Industry 3.0 and
Industry 4.0 is discussed, and the shift from pure manufacturing to a family of info-communication industrial
technologies for digital, virtual, smart enterprises is
shown. Then nine basic components of Industry 4.0
are considered, including Cyberphysical Systems and
Internet of Things, Big Data Analytics and Cloud Technologies, Intelligent Simulation, Augmented Reality and
Collaborative Robots. Finally, the problem of total enterprise agentification based on both physical and virtual
artificial agents able to «understand» required behavior
patterns in a specific industrial situation is faced.

Nowadays the worldwide initiative called Industry 4.0
[1-5] becomes a main challenge for developing open
advanced semantic and pragmatic technologies in modern Artificial Intelligence. An important justification for
the relevance of this thesis is the organization of the
First International Conference on Industry 4.0 and AI
technologies; it will be held in August 2019 at Cambridge University, United Kingdom. Among its hot problems such topics as AI-based hardware, virtual agents,
clustering, machine learning, deep learning platforms,
evolutionary computations, speech recognition, natural
language generation, knowledge representation and reasoning, text analytics, intelligent simulation and robotics,
data interpretation and analysis, including graph and
network approaches to data mining, are mentioned.
In Russia the First Workshop «Industry 4.0 Strategy,
Internet of Things and Ambient Intelligence» took place
at the conference «Intelligent Systems and ComputerII. WHAT IS INDUSTRY 3.0?
Integrated Manufacturing», which was organized jointly
by Bauman Moscow State Technical University and A. Evolution of Industrial Revolutions: Four Big Jumps
Russian Association for Artificial Intelligence in January
The sequence of industrial revolutions is shown in Fig25-26, 2019. Below we will tend to establish some links ure 1 (see [12]). The First Industrial Revolution (Industry
between technologies of Industry 4.0 and OSTIS project. 1.0) was deployed in XVIII-XIX centuries (more exactly,
The OSTIS project [6,7] has been initiated in order between 1760 and 1820) and could be viewed as the
to develop open semantic technologies of designing dawn of industrialization. There was the transition from
intelligent systems. We suggest its complementation by handcraft to machine-based human work, from agrarian
outlining open pragmatic technologies for intelligent and rural to mainly industrial and urban society. The iron
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and textile industries were its locomotives; basic symbols
were water power, steam engines, mechanization through
spinning mills.
The Second Industrial Revolution, which is also called
the Technological Revolution (Industry 2.0), took place
between 1870 and 1914, just before World War I. It
was a period of rapid industrialization, including both
the growth of pre-existing industries and expansion of
new ones, such as steel, oil and electricity. The electric
power was used to create the mass production.
Advances in manufacturing and production technology enabled the widespread adoption of technological
systems such as telegraph and railroad networks. The
XX th century symbols of Industry 2.0 were early factory electrification and the assembly lines (first of all,
automobile production lines of Henry Ford).
The Third Industrial Revolution in the last third of XX
century was the introduction of electronics, computers
and automation in manufacturing. So a big industrial
robot for assembly was selected as its typical face.

B. On Basic Steps of Industry 3.0.
Manufacturing systems in the era of mass production
were based on homogeneous automated lines operating
in a stable, well-defined environment. Flexible technological modules are heterogeneous and more efficient; they
include machines, instruments, manipulators and robotic
systems.
The arrival of Flexible Manufacturing Systems (FMS)
means a further increase of complexity. All the components of flexible modules are present; besides, automated
storage and retrieval systems, transportation systems,
planning and control systems, local computer network,
and other tools are included. Here FMS are good examples of complex, heterogeneous, highly integrated
systems with different subsystems. In particular, flexible
technological subsystems, flexible transport subsystems,
flexible measurement-information subsystems are worth
mentioning. Various robots equipped with their own
computer systems can also be viewed as technological
modules. For instance, transportation robots, welding or
assembly robots, stackers-robots are widely used in FMS.
A typical example of educational-training Denford FMS
is given in Figure 2.

Figure 1. Symbolic Representation of Four Consequent Industrial
Revolutions

While Industry 3.0 faces the problem of automating
single machines and technological processes with using
computers and electronic devices, Industry 4.0 focuses
on the end-to-end digitization of all physical assets and
their integration into digital ecosystems with value chain
partners. Digitization means the process of converting
information in a digital form; the result is called digital
representation. Here the keyword is «Ubiquitous Digitization», i.e. digitization and integration of both vertical
Figure 2. Outward Appearance and Architecture of Denford FMS
and horizontal value chains, digitization of product and
service offerings, digitization of business models and
A flexibility of complex system means its capacity of
customer access, and so on.
rapidly react to environment changes and quickly adapt
In a wide sense, Industry 4.0 encompasses both a to these changes. In case of manufacturing system the
new industrial enterprise vision and its keynote mission flexibility supposes the capacity to quickly adjust without
in the age of digital economy. The basic principle of considerable expenses both to make new or modernized
Industry 4.0 states: by connecting machines, work pieces products and introduce new technological processes with
and systems, businesses are creating intelligent networks new equipment.
along the entire value chain that can control each other
The concept of Computer-Integrated Manufacturing
autonomously.
(CIM) concerns such complex industrial systems as jobTo show necessary prerequisites for Industry 4.0, let shop, enterprise, network of enterprises, where all operus consider the evolution of Industry 3.0 technologies.
ations with information flows for all the phases of man188

Holonic Manufacturing Systems faced many aspects of
automated, integrated, intelligent manufacturing.
Primarily, the topics of IMS program were divided into
five groups: 1) modeling and management of total product lifecycle; 2) analysis and development of production
and business processes for enterprises of different industries; 3) enterprise strategy planning and engineering
techniques and tools; 4) human, organizational, social
factors of production; (5) virtual and extended enterprises.
Let us focus on GLOBEMAN’21 project. It was
devoted to the problems of enterprise integration and
product lifecycle modeling for global manufacturing in
XXI century. The following results are worth analyzing
[21]: a) design of direct and inverse product lifecycle
management systems; b) creation of new technologies of
intelligent simulation, decision support and production
management for the enterprise networks; c) development
of innovative CIM architectures in the enterprise networks to obtain world class products; d) remote customer
service and support by using the information about
real customers needs and real products manufactured
by plants located in different parts of the world; e)
more complete and deep understanding of new trends
in manufacturing related to advanced information and
communication technologies.
It is worth stressing that within the IMS program some
basic knowledge engineering problems were faced and
solved: (1) acquisition of manufacturing knowledge and
experience; development of large and distributed knowledge bases; (2) data mining and knowledge discovery in
manufacturing; (3) implementation of heavyweight ontological models for virtual enterprises (see ToVE project
[22]); (4) creation of intelligent information technologies
for production management; (5) design of innovative
enterprises and manufacturing systems on the basis of
Artificial Life approaches and bionic (swarm cognition)
algorithms.
So GLOBEMAN’21 project was performed by an
international consortium to develop and demonstrate the
enterprise integration tools and methods. Its purpose was
enabling manufacturing enterprise by new technologies
Figure 3. Evolution of Computer-Integrated Manufacturing Systems
to form a mission oriented project organization, i.e. a
in XX Century
virtual corporation, for networked manufacturing business. Both industrial and university partners from various
C. Intelligent Manufacturing Systems: First Results
countries and even continents took part at the project.
The first step in making manufacturing intelligent was These partners formed virtual organization. It was an
the International Program «Intelligent Manufacturing important step on the way to Industry 4.0.
Virtual organizations can be divided into virtual corSystems» (IMS) which was started in the mid 1990’s (see
[20,21]). The objective of this program was the creation porations and virtual partnerships. A virtual corporation
of new generation manufacturing systems and technolo- is loosely coupled enterprise which is formed by many
gies by performing global intercontinental joint projects. partners to fulfill a difficult mission requiring shared
These big projects, such as GLOBEMAN’21 (the ab- resources or organize world class production. Various
breviation of Global Manufacturing in XXI century) examples of virtual partnerships can be bound in social
[21], Next Generation Manufacturing Systems, GNOSIS, networks, such as Twitter, Instagram, Linkedin.
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ufacturing are based on computer technologies [13]. It
is worth noticing that CIM is more sophisticated system
with respect to FMS. Apart FMS subsystems, it includes
CAD/CAM/CAE system, PLM (Product Lifecycle Management), MRP II (Second Generation Manufacturing
Resource Planning) standard, and so on.
Conventionally, CIM was viewed as a considerable
part of product lifecycle from the expression of the
need in this product to its launch to the market; the
stage of product use was considered as an external one
with respect to CIM. Later on, both complex product
maintenance and its demolition became the trouble of its
producer. In 1990’s a new concept of CIM appears that
encompasses all the product lifecycle, where the idea of
lifecycle inversion after product demolition and inverted
manufacturing realization is crucial [14].
Now it is clear that CIM supposes Enterprise Integration [15]. Moreover, the idea of MetaCIM as
Computer-Integrated Manufacturing in Networked, Virtual, Computer-Integrated Enterprises has been suggested
[16]. Thus, a multi-dimensional computer-based integration around the triple «product lifecycle–enterprise
lifecycle–industrial knowledge lifecycle» has been considered.
The next natural step consists in organizing distributed
manufacturing systems in virtual enterprises [17,18].
The evolution of Industry 3.0 production systems is
depicted in Figure 3 (see [19]).

III. INDUSTRY 4.0 AND ITS COMPONENTS
The term Industry 4.0) firstly appeared at Hannover
Messe in 2011 as an outline of German industrial perspectives [1]. Nowadays the concept of Industry 4.0 has
spread far beyond Germany and is widely used all over
the world. The similar initiatives are called: Industrial Internet in the USA, High Value Manufacturing Catapult in
the United Kingdom, Usine du Futur in France, Fabbrica
del Futuro in Italy, Smart Factory in Netherlands, Made
Different in Belgium, Industrial Value Chain Initiative
in Japan, Made in China 2025, National Technology
Initiative in Russia, and so on.
In 2015, McKinsey [23] defined Industry 4.0 as «the
next phase in the digitization of the manufacturing sector,
driven by four basic factors: a) an astonishing rise in data
volumes, computational power and connectivity, in particular, low-power wide-area networks; b) the emergence
of analytics and business-intelligence capabilities; c) new
Figure 4. Basic Components of Smart Factory
forms of human-machine interaction such as touch interfaces and augmented-reality systems; d) improvements
in transferring digital instructions to the physical world, immense amounts of data and information from all points
such as advanced robotics and 3D printing».
in manufacturing processes and make more adequate
The most important idea of Industry 4.0 is the fusion decisions. Decentralized Decisions are tightly connected
of the physical and virtual worlds [1] provided by Cy- with CPhS, which are able to perform their tasks as
berphysical Systems (CPhS) [1,24]. The emergence of autonomously as possible. Only in case of emergency
CPhS means the inclusion of computational resources decision-making is delegated to a higher level. Techinto physical-technical processes. In others words, em- nical Assistance primarily concerns the simulation of
bedded computers and networks monitor and control the manufacturing process in virtual world; more generally,
physical-technical processes with feedback loops, where it is the ability of artificial agents to support human
physical processes affect computations and vice versa. agents, in particular, by performing unsafe, unpleasant or
Within modular smart factories, physical processes are too exhausting tasks. Total Interoperability is understood
monitored, virtual copy of physical world is created, and as the ability of industrial system to work with other
well-timed decentralized decisions are made.
products and systems without any restrictions.
Let us note that CPhS are mechatronic systems enNowadays, BCG’s nine basic technologies for Industry
hanced by advanced tools of data/knowledge acquisition, 4.0 are usually considered [25] (see Figure 5). Let us
control and communication. Their components continu- briefly analyze these technologies.
ously interact, providing CPhS self-adjustment and adaptation to changes. It is obvious that CPhS are crucial
for production digitization. Here work pieces, devices,
equipment, production plant and logistics components
with embedded software are all talking to each other.
Smart products know how they are made and what
they will be used for. Thus, both production machines
and equipment and products become cognitive agents
involved into manufacturing and logistics processes.
A vision of smart factory as a system of CPhS is given
in Figure 4.
There are five basic principles for implementing Industry 4.0: 1) Interconnection; 2) Information Transparency;
3) Total Interoperability; 4) Decentralized Decisions; 5)
Technical Assistance. Here Interconnection is viewed
as the ability of both people and machines, devices,
sensors communicate with each other via the Internet
of Services and Internet of Things. Interconnectivity
Figure 5. Nine Key Technologies for Industry 4.0 (by BCG)
supposes Information Transparency: it allows to collect
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A. Enterprise Integration and Engineering
The implementation of Industry 4.0 is closely related
to enterprise engineering problems [26], in particular,
strategic and ontological engineering [27]. With Industry
4.0, companies, departments, functions, and capabilities
will become much more cohesive, as cross-company, universal data-integration networks evolve and enable truly
automated value chains. Both horizontal and vertical enterprise integration takes place [3]. On the one hand, the
initiative Industry 4.0 means digital representation and
vertical integration of basic processes across the entire
enterprise, from product development and purchasing,
through manufacturing, logistics and service. On the
other hand, horizontal integration goes beyond the internal enterprise operations by involving both suppliers and
customers together with all other value chain partners.
It includes technologies from track and trace devices to
real time integrated planning with execution.
B. The Internet of Things

ing since the late 1990’s and have now reached some
level of maturity.
Over the Internet of Things, cyber-physical systems
communicate and cooperate with each other and with
humans in real-time both internally and across organizational services offered and used by participants of the
value chain.
The IoT is an enabler to many application domains including intelligent manufacturing, product lifecycle management, smart logistics and transportation, aerospace
and automotive industries. Society-oriented applications
of IoT include smart cities, smart buildings (both home
and office), telecommunications, new generation media,
smart grids, medical technology, collective and social
robotics. Environment-focused applications include agriculture, breeding, recycling, environment monitoring and
disaster alerting.
C. Cloud Computing

Cloud Computing [32,33] is a general term that refers
to
delivering computational services (servers, storage,
The Internet of Things (IoT) is a vision where every
databases,
software, networking, analytics, etc.) over
object in the world has the potential to connect to the
Internet and provide their data so as to derive actionable the Internet («the cloud»). It is a model for enabling
insights on its own or through other connected objects. ubiquitous, convenient, on-demand network access to a
The Internet of Things allows people and things to be shared pool of configurable computing resources that
connected anytime, anyplace, with anything and anyone, can be rapidly provisioned and released with minimal
ideally using any path/network and any service [28]. The management effort or service provider interaction.
The NIST cloud model includes five basic characterappropriate technologies open new, wide opportunities
istics, three service models and four deployment models.
for engineering networked enterprises.
The term «Internet of Things» was first coined by The following cloud characteristics are considered in
Kevin Ashton, the founder and head of Auto-ID Center [32]: 1) broad network access; 2) on-demand self-service;
in MIT, in 1999. As he stated, «the IoT has the potential 3) resource pooling; 4) rapid elasticity; 5) measured
to change the world, just as the Internet did – maybe service.
Here broad network access means that various caeven more so» [29]. It will comprise many billions
of Internet-connected objects (ICOs) or «things» that pabilities are available over the network and accessed
can sense, communicate, compute, evaluate, interpret through standard mechanisms promoting the usage by
and potentially actuate, as well as have intelligence, heterogeneous thin or thick client platforms (e.g. mobile
phones, tablets, laptops, and workstations).
multimodal interfaces and social ability.
In the context of on-demand self-servic, the consumer
Gartner defines IoT as «the network of physical objects
that contain embedded technology to communicate and can unilaterally provision computing capabilities, such as
sense or interact with their internal states or the external server time and network storage, as needed automatically
environment» [30]. In [31] it is specified as a dynamic without requiring human interaction with each service
network of uniquely identified objects that communicate provider.
without human interaction by using IP. This infrastrucMoreover, the computing resources are pooled to
ture, possessing self-configurating capabilities, is based serve multiple consumers by using a multi-tenant model,
on standard and interoperable communication protocols, with different physical and virtual resources dynamically
where physical and virtual things have identifiers and assigned and reassigned according to consumer demand.
physical attributes, use intelligent interfaces and are There is a sense of location independence in that the
tightly interconnected.
customer generally has no control or knowledge over
Nowadays, such communication and network tech- the exact location of the provided resources (storage,
nologies as IPv6, web-services, Radio Frequency IDen- processing, memory, network bandwidth).
tification (RFID) and high speed mobile 6G Internet
Besides, computing capabilities can be elastically pronetworks are employed.
visioned and released, in some cases automatically, to
The IoT incorporates basic concepts from pervasive, scale rapidly outward and inward commensurate with
ubiquitous, cognitive computing, which have been evolv- demand. To the consumer, the capabilities available for
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provisioning often appear to be unlimited and can be
appropriated in any quantity at any time.
Finally, resource usage can be monitored and reported,
ensuring transparency for both the provider and consumer of the utilized service.
Three service models are: a) Software as a Service; b)
Platform as a Service; c) Infrastructure as a Service. Deployment models encompass private cloud, community
cloud, public cloud and hybrid cloud.
Such technologies as grid-computing, virtualization,
service-oriented architectures (SOA) can be viewed as
predecessors of cloud computing. In particular, cloud
computing extends SOA-applications.
Production resources and capacities can be intelligently sensed and connected into the cloud. The scalability of resources makes cloud computing interesting for
business owners, as it allows enterprises to start small
projects and invest in more resources only if there are
rises in further service demand.
Today most production-related companies require intensive data and knowledge sharing across sites and
partnerships. At the same time, the performance of cloud
technologies will improve, achieving reaction times of
just several milliseconds. As a result, machine data
and functionality will increasingly be deployed to the
cloud, enabling more data-driven services for production
systems.
D. Big Data and Their Analytics

in [34]; it encompasses big data capture, processing,
interpretation (visualization), while preparing decision.
Now the main challenge in the field of Big Data
is that the speed of data generation can exceed the
processing capacity. In the near future, this situation
can seriously deteriorate. Indeed, IoT will be a major
source of big data, contributing massive amounts of
streamed information from billions of ICOs. Here M2M
communications will generate enormous Internet traffic.
In Industry 4.0 context, the collection and comprehensive evaluation of data from many different sources
– production equipment and systems, as well as product
lifecycle and enterprise management– becomes a necessary step to support real-time decision making.
So decentralized Big Data Analytics and Information
Mining are needed to cope with 5V. Specifically, Visual
Analytics supports analytical reasoning by interactive
user-friendly visual interfaces. In manufacturing, Data
Analytics tools allow to optimize production quality, save
energy and improve equipment.
Although many useful approaches and technologies
to cope with Big Data, such as MapReduce, Hadoop,
Disco, have been successfully implemented, the need in
new paradigms in Data Science becomes crucial. Mining
Information and Discovering Knowledge from Big Data
requires the support of special techniques and new advanced technologies, in particular, data granulation and
intelligent clustering methods and tools [35, 36].

E. Cybersecurity
With the increased connectivity and use of standard
communications protocols that come with Industry 4.0,
the need in cybersecuirity to protect critical industrial
systems and manufacturing lines from malware and cyberattacks danger becomes crucial. Here the term malware encompasses all types of cyberdangers, including
viruses, troyans, various spy programs, etc.
A well-known example of successful cyberattack was
the use of Stuxnet virus against Iranian nuclear objects: it
deteriorated the operation of about 1000 centrifuges for
uran concentration. This virus had unique characteristics:
for the first time in the history of cyberattacks, virtual
object destroyed physical infrastructure.
In case of Internet of Things, the design, deployment
and maintenance of communications between heterogeneous and geographically distributed things create grand
challenges related to security and privacy. To deal with
such hard problems, reliable and safe communications,
Figure 6. 5V Representation of Big Data
sophisticated identity and secure access management of
Here an immense data volume means such measure- machines and users are essential.
Today CPhS and IoT devices seem to remain vulnerament units as Petabytes: 1 Petabyte = 1015 bytes, and
higher. Data variety is related to different distributed data ble with respect to cyberattacks. Thus, the development
sources, data velocity means the speed of data generation of International Standards in the field of Cybersecurity
and processing, data veracity is attributed to a specific remains a keynote task. These new standards can be
data source and data value expresses its utility. Moreover, based on USA Federal Standard of Cyberrisks Managethe concept of Big Data Value Chain has been introduced ment, NIST Special Publication 800-39, the Common
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The term «Big Data» stands for large data sets that
may be analyzed computationally to reveal useful patterns, trends and associations. Ordinarily 3V Big Data
model is used. Here we take a 5V concept of Big Data
(Figure 6) that associates it with data volume, variety,
velocity, veracity, value.

Vulnerability Scoring System, CVSS, the ISO/IEC31010
Standard supporting risk multi-criteria analysis, etc.

H. Collaborative Robots

In the framework of Industry 4.0 robots become
more autonomous, intelligent and cooperative. Here the
F. Intelligent Simulation and Augmented Reality
concepts of collective and collaborative robotics are of
The advent of the Industry 4.0 initiative has brought special concern. Collective robotics considers various
serious changes to the simulation paradigm [37]. Now groups of robots working collectively to solve a problem.
it supposes modeling of manufacturing and other sys- It investigates both teams of cognitive robots and swarms
tems by using virtual factory and digital twin concepts. of reactive robots [40,41]. In its turn, Collaborative
The idea of digital twin extends the use of simulation Robotics (briefly, Cobotics)[42] deals with cobotic systechniques to all phases of the product lifecycle, where tems. A cobotic system is a «man – robot» system, where
the products are developed and thoroughly tested in a the participants collaborate in synergy to perform some
virtual environment. Combining the real life data with tasks.
the simulation results enables the rise of productivity and
Collaborative robot is intended to physically interact
the improvement of product quality. Thus, simulations with humans in a shared workspace. This is the differwill be used more extensively in plant operations to ence with respect to conventional industrial robots, that
leverage real-time data and mirror the physical world into operate autonomously or with a limited guidance.
a virtual model, which can include machines, products,
In order to perform such a joint work hand by hand
and humans.
with human beings, any cobot needs to be equipped with
The new simulation paradigm is closely related to con- powerful onboard computer and complex sensor system,
siderable technological advances of augmented reality. including an advanced computer vision and learning
The last one brings users the chance to experience an facilities. It allows prevent the collisions of robot with
augmented world by overlaying virtual information in the human partners and obstacles, as well as operate in case
real world. This way the user can be in touch with both of software crash.
the real and virtual manufacturing worlds and receive
To differ from classical master-slave relations, humanreal-time data or statistics.
robot partnership in cobotic systems is based on collaboFor Industry 4.0, this may bring several advantages. It ration via interactive information management, where the
can be the perfect method to represent relevant informa- robot partner can initiate the dialogue with human partner
tion for technicians and workers in the enterprise, allow- to precise the task, request additional data or obtain
ing them to watch real time information from the work his evaluation of learning results. New opportunities for
they are performing. This is a suitable way to improve cobotic applications in Industry 4.0 are opened by a
decision-making procedures and working operations.
strategy of direct teaching «do as I do» by showing the
Augmented-reality-based systems support a variety of necessary motions to the robot.
services, such as selecting parts in a warehouse and
Therefore, the main requirements for cobots are fosending repair instructions over mobile devices. Another cused on safety, light weight, flexibility, versatility, and
great advantage is the possibility of enhancing industrial collaborative capacity.
training and learning while reducing risks and costs.
Without the need of robot’s isolation, its integration
In our opinion, an adequate extension of RAO intel- into human workspace makes the cobotic system more
ligent simulation environment (see [38]) can provide a economical and productive, and opens up many new
good solution for enabling intelligent simulation in an opportunities to compare with classical industrial robots.
augmented reality.
On the one hand, cobots increase information transparency via their ability to collect data and pass it on to
G. Additive Manufacturing
other systems for analysis, modeling and so on. On the
Additive manufacturing is a transformative approach other hand, they provide technical assistance, in the sense
to industrial production that enables the development of that they “physically support humans by conducting a
lighter, stronger parts and systems [1,25]. To differ from range of tasks that are difficult, too exhausting, or unsafe
usual manufacturing, additive manufacturing (AdM) adds for their human co-workers” [43].
material to create an object. The processes of 3D printAccording to ISO 10218, the following classes of
ing and rapid prototyping are actually viewed as AdM industrial cobots can be viewed: a) robots-manipulators
components. Methods and tools of AdM are widely used sharing a workspace with humans (for instance, on the
in Industry 4.0 to produce small batches of customized assembly line) to facilitate their workload (as a first interproducts. High-performance, decentralized AdM systems active industrial robot Baxter); b) mobile transportation
reduce transport distances and stock on hand.
robots, as well as mobile robots working in production
In perspective, a special attention will be paid to rooms together with people; c) industrial multi-robot
combined approach based on «additive-subtractive» man- systems. All these robots need the status of artificial
cognitive and understanding agents.
ufacturing [39].
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IV. HOW TO BUILD ARTIFICIAL
«UNDERSTANDING» AGENTS?

Norms are social bans and constraints imposed on an
agent by an organization (community). They represent a
special case of evaluations: these are socially tested and
fixed assessments.
The formal model of norm viewed as a prescription to
action is given by a quadruple:

The development of Industry 4.0 supposes a total
enterprise agentification, where people, robots, industrial equipment (machines and materials), manufacturing
software tools and even enterprise products form an
Intelligent Organization as a System of Multi-Agent
N ORM = hA, act, W, M i.
Systems (MAS).
where A is a set of agents to whom a norm is
Most of these MAS must include cognitive, collaboaddressed,
act ∈ ACT is an action being an object of
rative, «understanding» agents.
normative
regulation
(the norm content), W is a set of
Let us recall some basic features of human cognition,
which are of special interest for developers of artificial worlds, where the norm is useful (application conditions
cognitive agents (also see [44,45]). Firstly, cognition or specific circumstances in which the action should be
is an open system based on both available knowledge performed or not), M is a set of basic modal systems
and current data perception. Secondly, cognition does related to the action act, for example the system of
not make straight conclusions, but generates hypotheses, deontic modalities MD = {O, P, F }. Here O stands for
and these hypotheses should be confirmed or denied. “obligatory”, P means “permitted” and F is “forbidden”.
An evaluation is transformed into a norm by some
Thirdly, agent cognition is intrinsically linked with the
threat
of punishment, i.e. standardization of norms is
organization of action (as information process, physical
made
through
sanctions. Here a typical sanction reamovement or local environment change). And fourthly,
soning
pattern
is: q («obligatory q») and «if not q,
cognition is tightly connected with understanding. On
then
punishment
or degradation». |par So an information
the one hand, the cognitive capability itself and the
result of action strongly depend on the reached under- structure of cognitive agent combines both descriptive
standing level (pre-understanding). On the other hand, and normative models (Figure 7).
human understanding is specified by cognitive capacities,
available knowledge and language structure. Although,
natural language understanding is driven not so much
by purely linguistic factors as by extra-linguistic factors,
including personal experience and presupposition.
Understanding is a necessary condition for efficient
communication between cognitive agents and their joint
work. It is obvious that the human-robot cooperation
[42], development of Social Internet of Things [46]
and Social Cyberphysical Systems [47,48] require some
mutual understanding.
Understanding is not a new problem for AI, but earlier
Figure 7. Two Sides of Agent Beliefs
it was mainly considered in the context of natural language processing and text analysis. Such understanding
Descriptions d contain the data on the states of enobjects, as behavior, decisions, situations, remain almost vironment perceived by the agent, and prescriptions p
unexplored.
give the normative information about possible (permitLet us take the following basic definition from [44]: ted) actions or behavior patterns. Here a description is
Understanding is a universal cognitive process (opera- characterized by a truth value (description) T(d) and a
tion) that evaluates an analyzed object (text, behavior, prescription has a worth (or utility) value W(p). Hence,
situation, phenomenon) on the basis of some standard, a truth value is the correspondence between the object
norm, pattern.
and its descriptive model (the object is primary), whereas
This definition has an axiological nature. It is founded an utility (worth) value gives the inverse mapping from
on value theory, because any evaluation implies some normative model to this object (the norm is primary).
value (or logical inference from accepted values by using A general agent understanding mechanism also has a
some general rules) [49]. Two basic operations to enable dualistic «Description-Evaluation» nature. Every object
understanding are: a) the search for some norm and having a standard prototype (pattern) is understandable,
its formal representation; b) justification of the norm’s and the reason of misunderstanding consists in the lack
applicability in a specific situation.
of such pattern or its non-obviousness.
The level of agent task understanding can be specified
It is worth noticing that a pattern as a basis for
by evaluating the results of his actions, which should not understanding significantly differs from an example. The
contradict the norms of agent behavior.
example refers to a real existing object, whereas the
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pattern shows what should be done ideally. The examples
are taken to support descriptive models, but references to
the patterns and standards serve as justifications of norms
and prescriptions.
This dualism is used in «Explanation-Understanding»
relationships (Figure 8). Explanation, considered as the
reduction of studied phenomenon to the scientific law,
representative example or general truth, is based on
a descriptive model and helps to understand it, but
understanding as searching for rule or standard has a
normative basis.

conventional AI technologies, such as: Intelligent Simulation [38], Intelligent Cyberphysical Systems, Intelligent
Cloud Computing and so on. The second way supposes
«putting the old wine in new bottles», for example, the
return back to technocenosis and populations of artificial
agents. Finally we have to develop some new trends in AI
and Cognitive Sciences, such as General Understanding
Theory, Granular Measurements by Cognitive Sensor
Networks, Context Aware Search, and so on. The era
of artificial-agent-based Industry 4.0 just begins.
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CЛЕДУЮЩАЯ СТАДИЯ ИНДУСТРИИ 4.0: ОТ
КОГНИТИВНЫХ К КОЛЛАБОРАТИВНЫМ И
«ПОНИМАЮЩИМ» АГЕНТАМ
Тарасов В. Б.
ФГБОУ ВО «Московский государственный
технический университет им. Н.Э.Баумана»
В работе показана роль искусственных когнитивных, коллаборативных и «понимающих» агентов в развитии технологий Индустрии 4.0. Обоснована целесообразность интеграции открытых семантических и прагматических технологий в русле интеллектуализации Индустрии 4.0. Предварительно изложены основные характеристики и технологии
предыдущих промышленных революций. Особое внимание
уделено эволюции производственных систем в XX-м веке.
Проанализированы темы и основные результаты первой
международной программы IMS по интеллектуальным производственным системам. В основной части статьи представлены главные идеи и принципы стратегии Индустрия
4.0. Ее сердцевина – киберфизические системы, которые
обеспечивают единство физического и виртуального миров
на производстве. Описано семейство базовых технологий и
средств Индустрии 4.0, которое включает: технологии инжиниринга и интеграции предприятий; интернет вещей; облачные технологии; большие данные и средства их аналитики;
имитационное моделирование; виртуальную и дополненную
реальность; аддитивные технологии; автономные и коллаборативные роботы; средства обеспечения кибербезопасности.
Выдвинут тезис о проведении сквозной агентификации предприятий Индустрии 4.0, согласно которому они понимаются
как смешанные сообщества естественных и искусственных
агентов. В заключительной части статьи рассмотрена задача построения искусственных «понимающих» агентов, для
решения которой использованы аксиологический подход и
прагматические логики.
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Abstract—The paper presents a mathematical model of
control of planned preventative maintenance and repair
of equipment under fuzzy conditions, when the state of
the repairable unit in question may deviate from the one
specified by the technical documentation. Introduction of
an informational system for performing repair and routine preventative maintenance works together with RFID
technology ensure efficient control of one of the crucial
components of production, that is, of maintenance and
repair system. The suggested control model is intended
for supporting quick making of management decisions
in emergencies. One can see the result of the suggested
model implementation by the example of a paper industry
enterprise.
Keywords—fuzzy models, optimal control, planned preventative maintenance and repair of equipment, RFID
technology

I. I NTRODUCTION
When studying industrial production economic efficiency
and also evaluating opportunities for the enterprise growth
and development, special attention is paid to technical and
economic indices showing the production equipment performance level [1,2]. These indices include equipment downtime
under repair per a repairable unit, repair prime cost per a
repairable unit, the number of breakdowns and unplanned
repairs per equipment unit, maintenance and repair manpower
labour efficiency, etc.
Maintenance and repair unit of the enterprise performs
equipment maintenance and repair intended to keep the equipment in constant working order. Achieving this goal in the most
cost-saving way implies minimization of the total costs caused
by the equipment breakdown and keeping this equipment in
good working order.
Planned preventative maintenance and repair system implies
performing preventative works for equipment maintenance and
planned repairs every certain number of equipment operation
hours; the sequence and schedule of these works are determined
by the special features of the equipment and its operation
environment. Besides following the set maintenance and repair
standards (such as repair cycles and their structure, repair
complexity categories, repair works labour input and materials
consumption together with mate-rial inventories for the repair
needs), maintenance and repair unit staff must be able to apply
modern means of equipment status diagnostics, implement

automatization of equipment maintenance and repair, introduce
innovative technological equipment and apply new efficient
methods of maintenance and repair planning and management,
etc.
The production equipment full working capacity being crucial for the enterprise general operation and successful development, the paper suggests creating a model of optimal control of
a fuzzy continuous system of planned preventative maintenance
and repair of the said equipment.
In the management process, it is necessary to operate with
qualitative in-formation, which is the main cause of uncertainty
and explains the use of the concept of fuzziness in this paper
[3,4,12]. The problem of managing fuzzy systems is relevant
and is the subject of research into solving applied problems
[eg, 5,6].

II. TASK A SSIGNMENT FOR C ONTROLLING THE
S YSTEM OF P LANNED P REVENTATIVE M AINTENANCE
AND R EPAIR
At industrial enterprises, equipment is divided into several
groups, each of which includes several units, which, in their
turn, consist of tens or hundreds of elements.
For instance, according to paper production technology, there
are 9 groups of equipment [7]: for raw material preparation M1 ,
for pulping M2 , for pulp receiving, rinsing, sorting, thickening
and bleaching M3 , for chemicals preparation and regeneration
M4 , for wood pulp production M5 , for paper pulp preparation
M6 , for paper and cardboard production M7 , for marketable
cellulose production M8 , for paper and cardboard finishing,
cutting, sorting and packing M9 .
According to maintenance and repair schedule, each production equipment element undergoes maintenance, which consists
of routine interrepair maintenance and periodical preventative
repair operations, and also of planned maintenance and repair,
which, in its turn, includes routine and full maintenance and
repair.
Considering control of planned preventative maintenance
and repair (PPMR) system, one should take into account
control system fuzziness, as equipment may break down during
operation due to heavy workload, defects, insufficient quality
of the previously conducted maintenance and repair, and so on.
Then it is necessary to make quick decisions on emergency
repair or replacement of equipment component parts, on modernization, on searching for alternative component parts, etc.,
when the data, goals and limitations are too complex and
unclear [8].
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Let us consider the enterprise production system σ as an
aggregation of fuzzy systems with multistep control UN , where
SN is a step of controlling element i of subsystem Mn ,
N is the number of a control step for element n,
M is a group of equipment,
i is the number of an element in group M , i = [1, n],
XN is the subsystem status achieved by control UN ,
UN – space of controls of subsystem M .

(see eg. [3]).
Let’s now assume that in X space the fuzzy set R with
membership function µR is defined. Therefore, the fuzzy
relation µA induces the fuzzy set R ◦ A in the Y space. In
accordance with (1) the membership function µR◦A of R ◦ A
set is given by an equation
µR◦A (y) = sup min[µR (x), µA (x, y)].
x∈X

Let us assume that at X set the fuzzy relation S with
membership function µS is defined. Further, let us assume that
in X space G set with membership function µG is also defined.
Therefore we can determine the S ◦ G composition of fuzzy
sets S and G and following (1) the membership function µS◦G
of S ◦ G set will be defined by equation
µS◦G (x1 ) = sup min[µS (x1 , x2 ), µG (x2 )].

(2)

x2 ∈X

One can readily see, for each x1 ∈ X the membership
degree of µS◦G (x1 ) of x1 the fuzzy set G is defined by
equation (2).
It is equation (2) that we will further consider as a model
of a fuzzy system.

IV. S TATES E VOLUTION C ONTROL
Figure 1. Monitoring of Equipment Group.

Let us suppose that at step N = 1 element n of equipment
group M is put in-to operation, at N = 2 the element is
undergoing preventative maintenance, at N = 3 planned maintenance and repair are in progress, and so on up to final step N ,
when the equipment is beyond repair (for instance, the service
life is over). Besides the stages of the planned preventative
works which are set by the regulations, the equipment control
subsystem may experience emergencies.
Therewith, the task of the production technological system
optimal control is to keep the enterprise production equipment
in good working order.
Management decisions aimed at improving production
equipment operation may include personnel training, maintenance process control, checking the inventories of component
parts and repairable units, balancing the work-load of maintenance and repair workshops, reducing maintenance time by
applying innovative technologies, reducing human error influence, reducing error probability during equipment operation,
and monitoring the funds allocated for supporting operation
reliability of the production equipment.

III. M ODELING A F UZZY S YSTEM U SING F UZZY
R ELATIONS
Let us demonstrate a generalized formal mathematical model
of control for a single production unit under conditions of
fuzziness. From now on, when considering the control task,
we will use one modification of fuzzy relations composition.
Let X, Y and Z be certain sets. Let us assume that at a
X × Y set a fuzzy relation A with membership function µA is
defined and at a Z ×Y set a fuzzy relation B with membership
function µB is defined. Therefore, the A ◦ B composition of
fuzzy set A and B is the fuzzy relation in X × Z space with
the membership function
µA◦B (x, z) = sup min[µA (x, y), µB (y, z)]

Let X and U be certain compact metric spaces. Let us
consider H is control system when X is state space and U
is control space.
Let’s assume that evolution of H system state is characterized
by the fuzzy relation S representing fuzzy set S in X × U × X
pace with membership function µS , provided that the initial
state x0 ∈ X is defined.
As a result of choosing of u0 ∈ U control the system goes
into some new state x1 which was earlier unknown. It is only
known that with u0 and x0 fixed, x0 , u0 , and x1 variables
are related by the fuzzy relation S with membership function
µS (x0 , u0 , x1 ). In other words, with u0 and x0 fixed at point
of time n = 0 the state x1 can be defined only by value of
membership function µS (x0 , u0 , x1 ). However, at point of time
n = 1 we can observe exact value of state x1 .
Let us consider that the control aim is characterized by fuzzy
goal set G in X space with membership function µG . Let us
also assume that both functions µS and µG are continuous in
the range of their definition.
Now let’s assume that time N of end of system work is
defined. The control problem is to search the sequence
u0 , u1 , ..., uN −1

(3)

of points of U set maximizing the membership degree of x0
states to fuzzy set G with fuzzy relations with membership
functions
µS (x0 , u0 , x1 ), µS (x1 , u1 , x2 ), ...,
µS (xN −1 , uN −1 , xN ).
Therefore, the fuzzy set G is the control aim and the problem
consists in searching the control sequences (3) providing the
maximal membership degree of the state x0 to the fuzzy set
G with which the evolution of system state is described as the
composition of fuzzy sets S and G. By equation

(1)

y∈Y

DN = S
◦ S ◦ G}
| ◦ ...{z
N
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let’s put for consideration the fuzzy set DN being conditional
for variables (3) in the X space with membership function µDN
satisfying the equation
µDN (x0 | u0 , u1 , ..., uN −1 ) =

max

µN (x0 ) > 0

µDN (x0 | u0 , u1 , ..., uN −1 ).

(5)

u0 (x0 ) = uG (x0 ).

Function µ0 is continuous by convention over all of the
intervals at X set. Moreover because of continuity of functions
it is easy to note that for each function f which is defined and
continuous over all of the intervals at X and possesses values
at the interval [0, 1], the function
g(x0 , u0 , x1 ) = min[µS (x0 , u0 , x1 ), f (x1 )]
is continuous over all of the intervals. But X and U spaces are
compact. Therefore, the function
h(x0 ) = sup min[µS (x0 , u0 , x1 ), f (x1 )] =
u0 ,x1

= max min[µS (x0 , u0 , x1 ), f (x1 )]
u0 ,x1

is continuous over all of the intervals at X set. Provided that
max

µDN +1 (x0 | u0 , u1 , ..., uN ) =

= max min[µS (x0 , u0 , x1 ),
u0 ,x1

max

u0 ,u1 ,...,uN

µDN (x1 | u1 , u2 , ..., uN )]
(see, eg. [9]).
Then by virtue of (4) for certain N the equation
uN +1 (x0 ) = max min[µS (x0 , u0 , x1 ), uN (x1 )
u0 ,u1

(6)

is executed where uN +1 (x0 ) is the maximal membership
degree of the state x0 to the G set with the relation S and the
condition where end of system work time is equal to N + 1,
and uN (x1 ) is the maximal membership degree of the state x1
to the G set with relation S and the condition where end of
system work time is equal to N .
One can readily see that recurrence relationship (6) with the
condition (5) is similar to Bellman’s functional equation for
classical problems of dynamic programming. This relationship
interprets the control u0 as function of time N and the state
x0 , i.e.
u0 = u∗0 (x0 , N ), N = 1, 2, ... .
(7)
Now let us note that for each N the function µN +1 is defined.
In addition, if in equations
min µG (x0 ) > 0

x0 ∈X

is correct.
It is obvious that in this case we can always imply a welldefined task.

V. I MPLEMENTATION OF THE S YSTEM OF O PTIMAL
C ONTROL OF THE S YSTEM OF P LANNED
P REVENTATIVE M AINTENANCE AND R EPAIR OF
P RODUCTION E QUIPMENT E XEMPLIFIED BY A
V ERTICAL - TYPE H YDRAULIC P ULPER

(4)

Following [9], let us consider the initial task in the context
of task family where x0 and N are variable values. Therefore,
with N = 0 the required membership degree x0 to G set with
the fuzzy relation S is described by the equation

u0 ,u1 ,...,uN

are executed, then for all N = 0, 1, 2, . . . the in equation

x1 ,x2 ,...,xN

|
Therefore according to equation (2) µDN (x0
u0 , u1 , ..., uN −1 ) the values of function µDN have the
form of the membership degree of the state x0 to G set with
the use of any fixed sequence of control of (3) kind. Let us set
u0 ,u1 ,...,uN −1

min µS (x0 , u0 , x1 ) > 0

x0 ,u0 ,x1

max

min[µS (x0 , u0 , x1 ), µS (x1 , u1 , x2 ), ...,
µS (xN −1 , uN −1 , xN ), µG (xN ].

uN (x0 ) =

and

A hydraulic pulper is a machine for pulping waste and
broken paper with a rotating bladed disk located at the bottom
or at the side of a cylindrical tank. Around the disk there are
stationary blades and a sieve for extracting the pulp [4].
According to the technical documentation, hydraulic pulper
preventative check-up is done during the idle periods. The
PPMR system sets the hydraulic pulper interrepair cycle of
17t hours. This period includes four sessions of routine maintenance and repair 8 hours each, 1 medium maintenance and
re-pair lasting 24 hours and 1 full maintenance and repair that
takes 72 hours.
In order both to ensure quickest possible handling of emergencies and to check whether preventative maintenance and
repair works are performed by the maintenance and repair
unit staff in full scope and in due time, the enterprise chief
mechanic decided to introduce an informational system of
repairs prevention, which includes a database keeping the
information on all control stages for every equipment unit.
Furthermore, each individual equipment unit is identified
with RFID (Radio Frequency Identification) technology, which
implies using an RFID-tag and an RFID-reader [10-11]. An
RFID-tag contains unique tag number and transfers data to
the RFID-reader, which registers data transmission, reads the
information from the tag and transfers it to the informational
system.
Further on, during equipment operation (including checkups on keeping to regulations and standards of performing
maintenance and repair works), a staff member can use a tablet
to see all the necessary information on the equipment unit in
question (fig. 2 – the data the staff member sees on the tablet
screen).
For instance, the screen document template (fig.2) contains
the information on “hydraulic pulper” equipment with ID
(number), shows the data on performing routine maintenance
and repair, preventative checks-ups, planned and full maintenance and repair. The “Comments” field says what elements
need special attention during further maintenance; in case the
equipment unit suffered a failure, the field states the failure
cause and the ways to avoid experiencing this emergency once
again.
Application of the chosen control method results in reducing
equipment downtime under repair together with the number of
breakdowns, failures and unscheduled maintenance and repairs
per equipment unit; maintenance and repair prime cost is also
reduced by performing timely preventative works.

VI. C ONCLUSIONS
The suggested model of control of the system of planned
preventative maintenance and repair describes control of technological units of equipment at an enterprise under conditions
of continuous production.
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[12] R. Bellman and L. Zadeh. Prinyatie reshenii v rasplyvchatykh
usloviyakh. Voprosy analiza i protsedury prinyatiya reshenii
[Decision-making in vague terms. Questions analysis and
decision-making procedures]. Moscow, Mir, 1976. 46 p.

ОПТИМАЛЬНОЕ УПРАВЛЕНИЕ СИСТЕМОЙ
ПЛАНОВО-ПРЕДУПРЕДИТЕЛЬНОГО
РЕМОНТА ОБОРУДОВАНИЯ
МНОГОСТАДИЙНОГО ПРОИЗВОДСТВА С
ПРИМЕНЕНИЕМ НЕЧЕТКИХ МОДЕЛЕЙ
ЭВОЛЮЦИОННОГО РАЗВИТИЯ

Figure 2. Example of software implementation of the model of
maintenance and repair system control under conditions of fuzziness.

Application of this model reduces the time of making
decisions in emergencies and also facilitates efficient management of planned and routine maintenance and repair of
the equipment. The mathematical model of control of planned
preventative maintenance and repair under fuzzy conditions
is applicable at any industrial enterprise having continuous
production cycle.
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Палюх Б.В., Ветров А.Н.,
Егерева И.А., Емельянова И.И.
В работе представлена математическая модель управления системой планово-предупредительного ремонта оборудования в условиях нечеткости, когда состояние рассматриваемой ремонтной единицы может иметь отклонение от
состояния, предусмотренного технической документацией.
Внедрение информационной системы по проведению ремонтных и текущих профилактических работ в совокупности с технологией RFID позволяют эффективно управлять
одной из важнейших составляющих производства – системой
технического обслуживания и ремонта.
Предложенная модель управления направлена на поддержку быстрого принятия управленческих решений при
аварийных и внештатных ситуациях. Приведен результат
применения предложенной модели на примере предприятия
бумажной промышленности.
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Abstract—The paper describes architecture of intelligent forecasting subsystem of real-time based on multiagent temporal differences reinforcement learning, statistical module and monitoring module with milestone anytime
algorithm. Analysis of anytime algorithms were made in
terms of using into the forecasting subsystem type of
intelligent decision support system of real-time for improving performance and reducing response and execution
time. The considered tools can be used to implement
the possibility of self-learning and adaptation both in the
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I. I NTRODUCTION

including IDSS RT. Multi-agent systems could be characterized by the possibility of parallel computing, exchange
of experience between the agents, resiliency, scalability,
etc. [4].
Usually data encountered by an online RL-agent is
non-stationary, and online RL updates are strongly correlated. Deep reinforcement learning (DRL) approach provide rich representations that can enable RL-algorithms
to perform effectively and enables automatic feature
engineering and end-to-end learning through gradient
descent, so that reliance on environment is significantly
reduced or even removed. Common idea of DRL is
storing the agent’s data in an experience replay memory
where the data can be batched or randomly sampled from
different time-steps. Aggregating over memory in this
way reduces non-stationarity and decorrelates updates,
but at the same time limits the methods to off-policy
RL-algorithms [5, 6, 7].
When modern IDSS RT are developing, important
consideration should be given to means of forecasting the
situation at the object, consequences of decisions, expert
methods and learning tools [8]. In addition, attention
should be given to optimal using of system available
resources and ability to work in the environment with restrictions in time. These resources are necessary for modification and adaptation of IDSS RT regarding changes
in object and external environment and for enhancing the
application field and improving system performance.
For solving these problems, developed forecasting
subsystem using parallel algorithms for deep reinforcement learning, statistical methods and monitoring submodule using milestone anytime algorithm that can receive acceptable information within the resources and
time constraints were considered.

Reinforcement learning (RL) methods [1], based on
the using large amount of in-formation for learning in
arbitrary environment, are the most rapidly developing
areas of artificial intelligence, related with the development of advanced intelligent systems of real-time (IS
RT) typical example of which is an intelligent decision
support system of real-time (IDSS RT) [2].
One of the most promising in terms of use in IDSS RT
and central in RL is Temporal Difference (TD) learning
[1]. TD-learning process is based directly on experience
with TD-error, bootstrapping, in a model-free, online,
and fully incremental way. Therefore, process do not
require knowledge of the environment model with its
rewards and the probability distribution of the next states.
The fact that TD-methods are adaptive is very important
for the IS of semiotic type able to adapt to changes in
the controlled object and environment [3].
Using the multi-agent approach contains of groups
of autonomous interacting entities (agents) having a
II. A NALYSIS OF ANYTIME ALGORITHMS
common integration environment and capable to receive,
When agent interacting in complex dynamic real-time
store, process and transmit information in order to address their own and corporate (common to the group system, where available time for planning is highly
of agents) analysis tasks and synthesis information is limited, generating optimal solutions can be infeasible.
the fastest growing and promising approach for dynamic In such situations, the agent must be satisfied with the
distributed control systems and data mining systems, best solution that can be generate within the available
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computation time and within the range of tolerance of
error. A useful set of algorithms for generating such
solutions are known as anytime algorithms. Typically,
these start out by computing an initial, potentially highly
sub-optimal solution and then improve this solution as
time allows [9].
Anytime algorithms allow making a tradeoff between
computation time and solution quality, making it possible
to compute approximate solutions to complex problems
under time constraints. They also need to have settings
that can adjust the flexibility of finding a tradeoff.
They can be represented as sampling rates or iterative
improvement functions that affect the quality in terms
of accuracy, coverage, certainty and level of detail. A
tradeoff between quality and time can be achieve by
several methods:
•

•

•

milestone method that executed in the minimum
period of time and made subsequent evaluation
of progress at control points. Based on the remaining time, the algorithm can decide to perform
both mandatory and optional operations or simply
mandatory operations;
sieve functions that allows to skip the calculation
steps. So, the minimum useful selection can be
reached in a shorter period of time;
multiple versions of the same algorithm in which
intensive calculations can be replaced with faster
but less accurate versions of the same algorithm;

III. I MPLEMENTATION OF INTELLIGENT
FORECASTING SUBSYSTEM OF REAL - TIME
A. Sub-module of prediction
On the basis of statistical and expert methods of forecasting was suggested combined (integrated) prediction
method [11], which contains of an averaging the results
obtained on the basis of the moving average method and
the Bayesian approach, based on weighting coefficients.
Then, resulting prediction corrected by values of series
obtained by the method of exponential smoothing. After
that, forecast adjusted by results of the expert methods:
ranking and direct evaluations. The probability of each
outcome acquired by statistical methods, increased or
decreased depending on the expert assessment values for
these outcomes.
The forecasting sub-module is based on the methods
and algorithms described above.

For each of the above methods, it is necessary that the
different implementation approaches have the ability to
measure the quality of explicit metrics in the current
state. At any time, the way to execute the algorithm
depends on several factors such as: the quality of the
available solution, the prospects for further improving
the quality of the solution, current time, cost of delaying
the actions taken, current state of the environment and
prospects for further environmental change that could
be deter-mined only in runtime. Thus, it is necessary to
determine the path that provides the most optimal result
relative to the current state of the environment.
Figure 1. Architecture of sub-module of prediction
Anytime algorithms should be able to be interrupt at
any time or at predetermined control points, to output
The sub-module has two paths: the main and the
an intermediate result and be able to continue working
using intermediate and incomplete results. Anytime al- alternative. Under normal system conditions, sequential
gorithms are increasingly used in a number of practical results obtained by each algorithm are collected and
areas including: planning, deep confidence networks, calculated. After that, the analysis and the formation of
evaluation of impact diagrams, processing queries to the final result of the calculation is performed.
databases, monitoring and collecting information, etc.
Throughout the entire calculation process, the status
This approach can make of decisive importance for of the system, the available resources and the presence
complex IDSS RT, with a large number of sensors of time constraints are monitored, during which it is neccapable of analysis, and large numerical complexity of essary to form the result immediately, using the anytime
the scheduling algorithms to obtain optimal solutions in algorithm. In such situations, the process proceeds along
a limited time and can significantly improve the system’s an alternative path when the calculations are transferred
productivity and efficiency [10].
to the background (if possible) or stopped and a quick
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result is generated based on the performed calculations
by parts of the system at the current time.
As a result, each of the ways forms the final result:
"full" in the case of normal operation of the system and
"approximate" in the presence of instabilities. Finally,
the results are stored in a database for use in the next
iterations of the subsystem.
B. Sub-module of deep reinforcement learning
Reinforcement learning sub-module consist of the
group of independent agents that learning on the basis
of a developed TD-methods (TD (0), TD (λ), SARSA,
Q-learning).
Sub-module represents of a multi-agent network, that
learning in parallel by various algorithms are divided into
two networks also learning in parallel - one determines
the behavior and second the objective function. Each
agent consist of several additional intermediate hidden
learning layers created between the input and output
layer. Also each agent storing separate data in experience replay memory where the data can be batched or
randomly sampled from different time-steps [12, 13]. The
sub-module also has two paths: the main and the alternative. Under normal system conditions, agents are learning
in parallel. After the end of episode data is collecting and
analyzing, the gradient descent is calculating. Network
become completely updated, formation of the final result
of the calculation is performed.
Under conditions of severe time or resources constraints, system switches to alternative path: the milestone method is apply to the system. In this method algorithm chooses which of the paths is the most promising,
relative to the accuracy of the forecast and the execution
time, and calculates the result only by methods capable
of obtaining the necessary optimal results at the current
moment. In this case, all other steps can also be executed
in the background and could be included in the analysis
in the next steps As a result, each of the ways forms
the final result: "full" in the case of normal operation
of the system with completely updated network and
"approximate" in the presence of instabilities. Finally,
the results are stored in a database for use in the next
episodes of the subsystem.
C. Architecture of prediction subsystem

Figure 2. Architecture of sub-module of deep reinforcement learning

•

•

•

•

forecasting expert methods (ranking and direct evaluation). Sub-module also contains monitoring submodule, that capable of generating fast results and
analyzing sub-module;
multi-agent RL-learning module consist of the
group of independent agents that learning on the
basis of a developed TD-methods (TD (0), TD
(λ), SARSA, Q-learning) divided into two networks
learning in parallel. Sub-module also contains monitoring sub-module, that of generating fast results
and analyzing sub-module;
decision-making module designed for the data analysis coming from the prediction module and multiagent RL-learning module, making decisions on
follow-up actions and adjusting management strategies;
module that collecting and analyzing statistic for
valuation the effectiveness and performance of the
system;
monitoring sub-module based on milestone anytime
algorithm, that analyze system state and could initialize getting fast result from all sub-modules;

IV. C ONCLUSION
Proposed architecture (Fig. 3) of prediction subsystem
In the paper, the basic idea and main methods for anytime
includes:
algorithms, capable of finding a compromise between the
• emulator, which simulates the state of the envicomputation time and the quality of the solution, that allows
ronment with using of various system parameters calculating approximate solutions of complex problems under
change algorithms (linear and random) in the on- time constraints and their basic methods in terms of use in IS
line database. Emulator capable simulate different RT (the systems of type IDSS RT) were described [14].
Architecture of intelligent forecasting system of real-time
constraints for the system such as time and resource
[15], consist of sub-module of prediction, sub-module of reinconstraints;
forcement learning and main decision-making and monitoring
• prediction sub-module based on statistical methods
module were proposed.
(extrapolation method of moving average, expoThe sub-module of prediction contains of statistical, expert
nential smoothing and the Bayesian approach) and methods and monitoring module.
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[4]

[5]

[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]

Figure 3. Architecture of forecasting subsystem

[14]

The multi-agent RL-module, contains of a group of independent agents, each of that is learning in parallel on the basis
of one of the developed TD-methods (TD(0), TD(λ), SARSA,
Q-learning) as well as used for the accumulation of knowledge
about the environment and capable of adaptation, modification
and accumulation of knowledge. Also each agent has hidden
layers that created between the input and output layer, separate
agent’s storing data in an experience replay memory and after
the end of the episode, the gradient descent is calculated.
The decision-making module is designed to analyze the data
coming from the forecasting and RL modules, making decisions on follow-up actions and methods to adjust management
strategies.
Monitoring module based on milestone anytime algorithm,
could obtain approximate fast results in the situations with time
and resource constraints.
The approach based on the integration of learning, decisionmaking and monitoring modules was applied in the development of a emulator prototype of IDSS RT for monitoring and
control of one of the subsystems of the nuclear power plant unit.
The considered tools can be used to implement the possibility
of self-learning and adaptation both in the intelligent systems
of real-time created on their basis, and in the actual tools for
creating such systems. It is planned to include a module that
takes into account temporal reasoning formalization and use the
OSTIS-technology for development of the intelligent systems
based on knowledge is given [16-18]. The performed studies
are based on the results of previous studies of the authors,
including the implementation of an earlier joint project on "The
formalization of temporal reasoning in intelligent systems",
supported by RFBR and BRFBR [16-17].
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РЕАЛИЗАЦИЯ ИНТЕЛЛЕКТУАЛЬНОЙ
ПОДСИСТЕМЫ ПРОГНОЗИРОВАНИЯ РЕАЛЬНОГО
ВРЕМЕНИ
А. Еремеев, А. Кожухов, Н. Гулякина
В статье описывается архитектура интеллектуальной подсистемы прогнозирования реального времени, основанная
на мультиагентном обучении с подкреплением на основе
временных различий, статистическом модуле и модуле мониторинга на основе гибких алгоритмов. Анализ гибких
алгоритмов проводился с точки зрения использования в
подсистеме прогнозирования типа интеллектуальных систем
поддержки принятия решений реального времени, для повышения производительности и уменьшения времени отклика и выполнения. Предложенные инструменты могут быть
использованы для реализации возможности самообучения и
адаптации как в интеллектуальных системах реального времени, созданных на их основе, так и в реальных инструментах
для создания таких систем. Работа выполнена при поддержке
проектов РФФИ 17-07-00553 а, 18-51-00007 Бел-а.

204

Received 24.12.18

Multi-criteria evaluation of management
decisions in the intellectual system of
transportation management
Aleksandr Erofeev
Belarusian State University of Transport
Gomel, Belarus
alerof@tut.by
Abstract—In the article is proposed to use a multi-criteria
quality assessment with dynamically changing significance
coefficients while searching for a rational management
decision in the control system of transportation process. It is
proposed to compare the solutions using the theory of fuzzy
sets. The fuzzy-set member function is built using direct
and indirect methods. The search conditions for rational
management decisions are formulated.
Keywords—railway transport, transportation process,
multicriteria optimization, fuzzy set theory, rational decision search model

puting, etc.);
it is necessary to find a management solution (or
options for management decisions) with uncertainty,
incomplete or insufficiently reliable source data (for
example, developing a daily cargo handling plan
with an incomplete array of applications for loading
and an unknown category of wagon availability);
• when a criterion for the effectiveness of a management decision is a new criterion or is a group of
criteria that was not used in the original algorithms.
Management quality assesment will differ in the ITCS
from ones in traditional control systems. Besides assessing of the management effectiveness (result assessment),
management actions, the resources of implementation
(actions assessment) and the effectiveness of the composition, structure, and number of elements in the management system (assessment of the structure) should be
evaluated in the ITCS.
When solving individual problems of transportation
process management, it is not always possible to figure
out single optimality criterion. More often it is necessary
to operate with complex criteria with different weight
coefficients.
“Fig. 1”presents a diagram of the customer requirements priorities for the transportation system.
•

Traditionally, in transport, the evolution of control
systems is realized through informatization and automation. However, information systems and automated
control systems during performance not only collect,
but also simplify the initial data. Their activities are
aimed at preparing information in accordance with a
predetermined template and the subsequent presentation
of aggregated information to a person for making management decisions (MD). Such approaches are effective
when a limited list of typical tasks is solved according
to predetermined criteria. However, in conditions when
there is a need to solve non-trivial tasks, with indefinite
optimality criteria, solving problems in conditions of lack
of time for making decisions and huge amount of data,
the effectiveness of traditional systems is significantly
reduced and it becomes necessary to use intelligent traffic
control systems (ITCS) [1], [2].
ITCS is recomended for overcoming information barriers and for tasks that cannot be solved with the help of
ordinary management tools.
The following groups of tasks can be solved using
ITCS:
• the solution algorithm is unknown and it is nesessary to create a new problem solver on the basis of
the available data;
• besides digital data, it is necessary to use nonformalized or poorly formalized source data (for Figure 1. The priority diagram of customer requirements to the
example, bad weather conditions during cargo op- transportation system: 1 - the cost of the organization of transportation;
- ensuring the required time of delivery of the goods; 3 - safety of
erations, low qualification of the locomotive crew, 2rolling
stock and cargo; 5 - information support of transportation; 5 etc.);
compliance with the contractual terms; 6 - flexibility settlement system.
• problem solving requires using of an unconventional
mathematical apparatus (cognitive logic, soft comSince different units of measurement and different
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degree of achievement of a given goal when choosing
an alternative X as a solution.
The membership function is set on the basis of expert
assessments and can have a different look. For the
conditions of the problem of choosing a rational MD in
the ITCS, formalization of fuzzy consumer expectations
in accordance with [7], [8] we will consider the normal
fuzzy set, i.e. the upper limit of its membership function
Table I
Q UALITY CRITERIA FOR THE TRANSPORTATION SYSTEM
is equal to one: sup µA (x) = 1, and the membership
function itself is inseparable.
Depending on the quality parameter under consideraCriteria
Calculation methSource of informaods
tion
tion and consumer preferences, the membership function
The cost of the or- Calculation
Operational parammay have a certain interval, where µA (x) = 1. If the
ganization of trans- methods, contract
eters of the railway,
value of the quality parameter is subject to “no more” or
portation
cost meters
Ensuring
the Calculation
Delivery
route,
“no less” restrictions, the membership function assumes
required time of methods
speed
standards,
a zero value when this condition is not met. For example,
delivery of the
shelf life, etc
when setting infrastructure constraints xi <= c, then in
goods
Availability of re- Calculation
Operational paramthis case µA (xi <= c) = 0.
serves of infrastruc- methods
eters of the railway
There are a number of methods for constructing,
ture facilities
according to expert estimates, the membership functions
Compliance
with Registration methStatistical data
the
contractual ods
of a fuzzy set, which can be divided into two groups:
terms
between
direct and indirect.
the
infrastructure
operator
and
Direct methods are determined by the fact that the
carriers
expert sets the rules for determining the values of the
Note: Depending on the situation, the number and the list
membership function µA (x) characterizing the concept
of criteria may vary.
A. These values are consistent with his preferences on
the set of objects U as follows:
As can be seen from table 1, various methods can
• for any u1 , u2 ∈ U, µA (u1 ) < µA (u2 ) if and only
be used for evaluation, which are applicable to clearly
if it is u2 preferable u1 , i.e. more characterized by
defined quantitative estimates of quality parameters.
the concept A;
However, in some cases a subjective assessment can be
• for any u1 , u2 ∈ U, µA (u1 ) < µA (u2 ) if and only if
applied - “desirable”, “within”, etc.
and are indifferent u2 with u1 respect to the concept
In the scientific literature, including the transport one
A.
[3], [4], the mathematical apparatus based on the theory
Examples of direct methods are the direct assignment
of fuzzy sets [5], [6] is used as a tool for expressing of the membership function by a table, a formula, a
unclearly defined customer expectations.
sample.
The approach to the formalization of fuzziness is
In indirect methods, the values of the membership
as follows. A fuzzy set is formed by introducing a function are chosen in such a way as to satisfy the
generalized concept of belonging, i.e. extensions of the previously formulated conditions. Expert information is
two-element set of values of the characteristic function only the initial information for further processing. In
0,1 to the continuum [0,1]. This means that the transition the ITCS, in the process of monitoring, the values of
from the complete belonging of an object to a class to functions dynamically change.
its complete non-belonging does not occur in jumps, but
Additional conditions may be imposed both on the
smoothly, gradually, and the belonging of an element to type of information received and on the processing
a set is expressed by a number from the interval from 0 procedure. Examples of additional conditions are the
to 1.
following: the membership function should reflect the
Consider the use of the specified mathematical appa- proximity to a pre-allocated standard; objects of the
ratus for the evaluation of MD in ITCS.
set U are points in parametric space; the result of the
Let X – be a set of variants of MD according to some processing procedure should be the membership function
criterion of quality in the ITCS. The fuzzy set A in X that satisfies the conditions of the interval scale, etc.
As a rule, direct methods are used to describe concepts
is the set of pairs of the form (x, µA (x)), where x ∈
X, and µA (x) - is the level of achievement of a given that are characterized by measurable properties. In this
fuzzy target by the variant X. µA (x) - the membership case, it is convenient to directly specify the values of
function of a fuzzy set A, varying from 0 to 1. The greater the degree of belonging. The procedure for constructing
the value of the membership function, the greater the the membership function consists of the following steps:
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methods for their determination are used for different
evaluation criteria, a technique that allows them to be
integrated is proposed. Table 1 presents the criteria for
assessing the transportation organization system quality,
as well as methods and information sources for their
determination.

determining the type of function; establishing its specific
values; adequacy check.
When determining fuzzy expectations, the experts are
given some values of the quality parameter and the
corresponding values of the membership function, while
the remaining intermediate values are determined by the
interpolation method.
Multi-criteria optimization in a fuzzy setting can be
represented as a system hX, C1 , ..., Cn , Li, where X – is
a universal set of alternatives, L –is a lattice, and (i =
1, n the criterion is called L -fuzzy set

In order to further narrow this set, additional information from the ITCS knowledge base is needed. The
various procedures are used in this case basically boil
down to explicit or implicit particular criteria folding into
a single criterion.
Examples of such generic criteria include [4]:
• weighted sum of fuzzy criteria
C=

(1)

where is µCi – the membership function, fuzzy set;
FL (X) – many fuzzy subsets X.
If all criteria are considered equivalent and comparable, then, in accordance with the principle of merging,
we have hX, D, Li, where is D = C1 ∩ ... ∩ Cn , i.e.
µD = µC1 · µC2 · ... · µCn ( · - one of the variants of the
operation of intersection of fuzzy sets in FL (X) ).
However, in real conditions, including when choosing a rational MD, criteria of unequal significance are
used. Then, if there is a set of fuzzy criteria M =
{µC1 , ..., µCn }, µCi ∈ FL (X) and a set of weights of
criteria Π = {P1 , ..., Pn }, then a fuzzy subset Q of the
fuzzy set M : Q ⊂ M

Pi ,
если Ci ∈ M ,
µQ (µCi (x)) =
(2)
0,
если Ci ∈
/M

determines the weighting criteria.
The criteria weighting procedure is considered as a
mapping v : P (Nn ) → L, where is P (Nn ) the set of
all subsets of criteria indices Nn = {1, ..., n}, L, – is a
grid.
The function D : X → L that represents the solutions
is determined using a fuzzy integral.
Z

ωi Ci ;

(5)

ωi Ciωi ;

(6)

i=1

•

µCi inFL (X), FL (X) = {µCi |µCi : X → L},

n
X

the product of the form
C=

n
Y

i=1
•

minimum relationship

C = min (Ci /ωi );
i=1,...,n

(7)

where Ci - normalized criteria (unclear Bellman
targets); ωi - relative criteria weights, i = 1, n .
A fuzzy formulation of a multi-criteria choice problem implies that a number of compared alternatives are
known.
(Version MD) A = {a1 , ..., ai , ..., an } and many
comparison criteria (quality assessment parameters) C =
{c1 , ..., cj , ..., cm }, where between each member of the
set A and each member of the set C fuzzy relationship
ai cj or µij , which reflects the level of compliance of the
delivery i option with the j parameter.
µij ∈ [0, 1]; i = 1, n; j = 1, m
All fuzzy relations between and form a matrix of fuzzy
relations of size nm :
R = {µij |i = 1, n; j = 1, m},

(8)

and the objective function is
a∗ = (A, C, R, M ),

(9)

where M – used problem solving model chosen by the
ITCS.
The search model for a rational MD can be defined
In the multicriteria case, the objective function is a
by the following conditions:
vector function φ(x) = (φ1 (x), ..., φm (x)), i.e. φ : X ⊂
• choice of MD in the absence of information on
Rn → Rm where is R – the set of real numbers, and
m
restrictions on the value of parameters and informathe strict order R is impossible. Any two alternatives
tion on the level of their not worse than the required;
x and y are comparable with each other if and only if
•
the choice of MD when imposing desirable restricphii (x) ≥ φi (y) , either, or phii (x) ≥ φi (y)∀i . Thus, the
tions on some importance;
concept of optimality is replaced in vector optimization
•
the choice of the MD, providing the values of all
by the concept of non-dominance. While in a singleparameters basic parameters;
criterion problem, the solution is an optimum point, in
•
the choice of MD in the presence of information
a multicriteria problem it gives a lot of effective (Pareto
about the level of parameters importance and their
optimal) alternatives
share of influence on the overall decision.
P 0 = {x0 ∈ X|∀y ∈ X, φi (y) ≥ φi (x0 → φi (y) =
The last condition fully characterizes the problem of
= φi (x0 ); i = 1, n)}. (4) choosing an option of MD. To solve such problems a
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D=

Nn

v · g(·) =

sup

inf (vx (i) ∧ g(M )). (3)

M ∈P (Nn )i∈M

compromise solution model is used. The essence of this
model is that due to the impossibility of simultaneously
satisfying several partial quality criteria, the decision is
made using an integral (compromise) indicator obtained
by folding particular parameters using formulas ( 5 ) ( 7 ). Then problem ( 9 ) is transformed into the following
form:
a∗ = {ai |ai ∈ A; ci = max{ci |ci ∈ C; i = 1, n}}.

(10)

•

selection of criteria for solving the set operational
task on the basis of the ITCS knowledge base and
the matrix of states of the transportation process
objects (for example, for the development of a
timetable, it may be the speed of a train, reliability
of the schedule, timely arrival of priority trains,
energy costs for train movement, the need for locomotives and so on).

R EFERENCES
The algorithm for solving this problem is:
[1] Erofeev A.A. Predposyilki sozdaniya intellektualnoy sistemyi
• to establish the level of importance of parameters
upravleniya perevozochnyim protsessom. Vestnik Belorusskogo
ωi , i = 1, n , ( takes a value from 0 - the parameter
gosudarstvennogo universiteta transporta: Nauka i transport. # 1
(34), 2017. S. 42-45.
has no effect on the choice of the delivery system
[2] Erofeev A.A., Erofeeva H. Intelligent management of the railto 1 - the parameter has the maximum influence on
way transportation process: object model. Otkryityie semantichthe choice of the delivery system);
eskie tehnologii proektirovaniya intellektualnyih sistem: materialyi mezhdunarodnoy nauchno-tehnicheskoy konferentsii. Red• to normalize of values ωi , i.e. to calculate ωi =
P
kol. Golenkov V.V. [i dr.]. Minsk, BSUIR, 2017. S.281-284.
ωi / k = 1n ;
[3] Mirotin L.B. Logistika: upravlenie v gruzovyih transportno• to calculate the value of an integral parameter for
logisticheskih sistemah. M. «Yurist’», 2002. 348 s.
[4] Nechetkie mnozhestva v modelyah upravleniya i iskusstvennogo
each variant, for example, from expression ( 5 ) ;
intellekta. Pod red. D.A.Pospelova. M. Nauka, 1986. 312 s.
• determining the maximum value of integral param[5] Zadeh L.A. Fuzzy sets. Information and control, 1985. v.8, p.338.
eter.
[6] Zadeh L.A. Similariti relations and fuzzy restrictions. Information
Sciences, 1971, v.3, p. 166-200.
In real conditions it is not always possible to figure
[7] Nikolashin V.M. Metodologiya organizatsii proizvodstva i funkout an exhaustive group of criteria and establish their
tsionirovaniya transportno-logisticheskih kompleksov. Dis.dokt.
teh. nauk. M. MIIT, 2001. 314 s.
level of significance. Therefore, when developing a ITCS,
[8] Osnovyi logistiki. Pod red L.B.Mirotina i V.I.Sergeeva. M.
it is necessary to operate not only with criteria and
INFRA-M. 2000, 200 s.
specified parameters, but, first of all, with the rules of
their formation and change.
When solving the tasks of managing the transportaМНОГОКРИТЕРИАЛЬНАЯ ОЦЕНКА
tion process, the significance of the evaluation criteria
УПРАВЛЕНЧЕСКИХ РЕШЕНИЙ В
will vary depending on the prevailing operational enviИНТЕЛЛЕКТУАЛЬНОЙ СИСТЕМЕ
ronment. The intellectual function of the ITCS is the
УПРАВЛЕНИЯ ПЕРЕВОЗОЧНЫМ
dynamic formation of a fuzzy relationship matrix ( 8 ) .
ПРОЦЕССОМ
n it, variables are not only the values of the coefficients
Ерофеев А.А.
of importance of the criteria, but also the size of the
matrix (n variants of MD, m criteria of comparison).
Аннотация: установлено, что при поиске рациоThe procedure for the formation of the matrix includes нального управленческого решения в системе управthe following steps:
ления перевозочным процессом необходимо использовать многокритериальную оценку качества с динами• monitoring the operational situation and the formation of a matrix of states of objects of the чески изменяющимися коэффициентами значимости.
transportation process (for example, the values of Сравнение вариантов решений предложено произвоdeviations of trains from the standard schedule of дить с использованием математического апппарата
теории нечетких множеств. Формирование функции
movements);
принадлежности нечеткому множеству предложено
• the formation of the conditions of the operational
task on the basis of the knowledge base of the ITCS производить с использованием прямых и косвенных
and the state matrix of the objects of the transporta- методов. Сформулированы условия поиска рациональtion process (if deviations from the schedule of all ных управленческих решений.
Ключевые слова: перевозочный процесс, организаtrains are insignificant, then we use the reserves of
ция перевозок, многокритериальная оптимизация, теоtrain times;
рия нечетких множеств, модель поиска рационального
• of the deviations from the schedule of the majority
of trains are insignificant, and for some significant решения
ones, we adjust the train schedule threads by changReceived 27.12.18
ing the station modes;
• if a significant number of trains have deviations
from the standard schedule - we edit the entire
schedule);
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and a geographic information system. Individual WIS
components will be implemented as agents- services [6].
The ontology of the energy impact on the environment,
ontology of pollutants and WIS architecture is presented
in the article.
The aim of the project is to develop methods and
technologies for assessing the impact of energy on the
geoecology of the region. Geoecology is understood as
an interdisciplinary scientific field that unites research
I. I NTRODUCTION
into the composition, structure, properties, processes,
Studies of the impact assessment of energy on the
physical and geochemical fields of Earth’s geospheres
geoecology of the region [1, 2] are conducted within
as a habitat for humans and other organisms. The main
the framework of an international project supported by
task of geoecology is to study the changes in the life1
the EASR -RFFI funds, in cooperation with the teams of
supporting resources of the geosphere shells under the
scientists of Belarus and Armenia. The article examines
influence of natural and anthropogenic factors, their
the main provisions and results of the project carried out
protection, rational use and control in order to preserve
2
by the Russian side .
productive and natural environment for present and future
The fundamental scientific problem addressed by the
generations [1, 2].
Project is the development of methods and geoinformaThe purpose of this project fits into the main task of
tion technologies for assessing the impact of energy on
geoecology.
The relevance of the project is determined,
the geoecology of the region [3]. The object of research
from the Russian side is the Baikal natural territory, on the one hand, by the importance of the problem of
assessing the impact of energy on the geoecology of the
comparable in size to Belarus and Armenia.
The article is devoted mainly to the development region, and on the other, its insufficient research and
and integration of modern information technologies for the need to attract modern geoinformation and intelligent
intelligent decision-making support within the frame- technologies for its solution.
In the course of the project, the formulation of the
work of the problem. To implement the project, a Webbased information system (WIS) is being developed that main specific tasks to be solved in the project was
integrates mathematical and semantic methods [4, 5] clarified and expanded: 1) to conduct an analysis of
and tools for assessing the impact of energy on the existing methods for estimating of pollutant emissions
geoecology of the region, a database, a knowledge base from energy facilities and existing models for the spread
of pollution caused by emissions from energy objects
1 EASR – The Eurasian Association for the Support of Scientific
(taking into account the wind rose, transfer, etc.); 2) to
Research, established in July 2016 on the initiative of the Russian
make a choice and justify the methods recommended for
Foundation for Basic Research in cooperation with partner organizations of Belarus, Armenia, Kyrgyzstan and Mongolia.
use in the project, their modification and adaptation, the
2 The international project "Methods and technologies for the impact
development, if necessary, of the original methods; 3)
assesment of energy on the geoecology of the region" is being carried
to identify critical objects that affect the life support
out, on the Russian side, with the support of the RFBR grant No 18and natural environment of the region (in the energy,
57-81001, under the leadership of L.V. Massel.
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water supply, etc. sectors), the connection of critical
facilities with the quality of life of the population [7];
4) to analyze the approaches to the construction of
geoinformation systems, design a geoinformation system
based on 3D geo-visualization, determine the types of
interfaces for displaying and analyzing information; 5) to
determine the composition of information necessary for
the use of recommended methods, to identify sources of
information, assess their availability and financial costs
of acquiring information; collection and structuring of
necessary information; design and implement a database;
6) to develop the architecture of a Web-based information
system (WIS) that integrates mathematical and semantic
methods and tools for assessing the impact of energy on
the geoecology of the region; database, knowledge base
and geoinformation system; to develop a knowledge base
structure within WIS; 7) to develop a system of ontologies [8] for describing the domain, to adapt and develop
tools for semantic modeling, to construct semantic models for assessing the impact of energy on the geoecology
of the region; 8) carry out approbation of WIS and apply
the developed methods and technologies to decision
making support on the justification and development of
recommendations for the development of energy taking
into account the requirements of geoecology.
II. T HE IMPACT OF ENERGY ON THE ENVIRONMENT

of the adjacent territories. Based on the calculations, she
concludes that the presence of a cooling pond in the area
where NPPs and TPPs are located will inevitably lead
to negative environmental consequences, including maximum temperature, precipitation and relative importance
anomalies. Kozhanov A.A. (Russia) offers methods of
geoecological assessment of the influence of the fuel and
energy system, based on establishing the relationship between natural conditions and antropogen impact. Studies
on the interconnection of Energy, Environment, Climate
Change are also conducted abroad, for example, [9-12],
the use of GIS-technologies and 3D-geovisualization are
considered in [13, 14].
Nevertheless, in studies related to the assessment of
the impact of energy on the environment, the quality of
life has not been considered so far.
III. T HE QUALITY OF LIFE
This concept was first introduced into the scientific
revolution in the 60s of the last century in connection
with attempts by foreign researchers to model the trajectories of industrial development. There are many different
definitions of the quality of life, but this concept is most
fully disclosed in the context of health care. Quality of
life is understood as a set of objective and subjective
parameters that characterize the maximum number of
sides of a person’s life, his position in society and his
satisfaction with him. Among the factors determining the
quality of life according to the definition of the World
Health Organization [15], not only financial well-being,
but the state of security, health, human position in society, ecology and, most importantly, its own assessment of
all these factors is included (Fig. 1) The integral indicator
of the quality of life summarizes the indicators of health,
social-personal well-being and financial well-being. In
the framework of our project, it is important that ecology
is included in the quality of life indicators.

In recent years, the problem of the impact of energy
on the environment has become widespread in the scientific world. Various scientists are trying to investigate
the negative consequences of the functioning of energy
enterprises for geoecology and identify areas of harmful
influence. Below the results of Russian and foreign
scientists are considered.
According to Vorobyov V.I. (Russia), the analysis of
existing principles for the design and development of
large thermal power plants (TPPs), as well as optimization models described by different authors, shows
that they do not take into account the actual effects of
air pollution, since the specific placement in the the
area of settlements (especially in built-up areas) that
fall into the contaminated zone. On the base of a fullscale instrumental survey of the urban area, Vorobyov
V.I. determined the concentrations of harmful impurities
at various distances from the pollution source – the
territory of the TPPs, the sanitary protection zone, the
residential development, confirming the exceeding of the
maximum permissible concentration at a distance of up
Figure 1. Quality of life as defined by World Health Organization
to 18 km. Arslanbekova F.F. (Russia), who investigated
the damaging effect on the environment of thermal power
Under the guidance of the author, work has been done
plants (TPPs) and motor vehicles, believes that the zone in which it is justified that it is difficult to obtain an
of the most intense air pollution by harmful impurities integral index using rigorous mathematical methods. It
under torches of TPPs reaches a radius of 3-5 km. is suggested to involve artificial intelligence methods
Nikiyenko Yu.V. (Russia) investigated the main points for this purpose, namely, cognitive modeling is one of
of the influence of thermal pollution on the microclimate the directions of semantic modeling [5, 16]. In addition,
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semantic modeling (primarily ontological and cognitive)
and intelligent technologies for desicion-making support
[5]. It’s proposed to develope and adaptate to the project
theme the author’s methods of constructing an ontological space of knowledge in the field of energy; methods
of semantic (ontological and cognitive) modeling in
power engineering, methods of 3D-geovisualization and
methods of visual analytics with elements of cognitive
graphics, as well as methods of intelligent systems development for supporting the adoption of strategic decisions
in energy [19].
As an illustration of the approach to constructing a
ontologies system of applied domain, Fig. 3-4 present
the ontology of the impact of energy on the environment
(Fig. 3) and the ontology of pollutants from energy
facilities (Fig. 4)
From Fig. 4 it can be seen that energy companies
(enterprises of electric power industry, heat power engineering and fuel and enterprises for energy resources
extraction and transportation) can pollute water, air and
soil (first of all, the chain associated with air pollution
Figure 2. Cognitive map of indicators of life quality using procedure
is considered in the project, see Fig. 3) Negative impact
SF-36 (all links are positive)
on the quality of life of a person can be either direct or
indirect (through the plant and animal world, i.e. through
Comments on Fig. 2:
the food chain).
• PF (Physical Functioning) – physical functioning;
In Fig.. 4 shows the first version of the ontology,
• RP (Role-Physical Functioning) – role functioning
of
pollutants from energy facilities, built on the basis
conditioned by physical state;
of [20], which rather illustrates the way of structuring
• BP (Bodily pain) – pain intensity;
knowledge about the subject area. In the following, the
• GH (General Health) – general health;
ontology can be extended or used as a hybrid: some of
• VT (Vitality) – life activity;
its concepts can be considered as meta-concepts, which
• SF (Social Functioning) – social functioning;
will be described by detailed ontologies: for example,
• RE (Role-Emotional) – role functioning precondithe concept of "Purification" can be represented by detioned by emotional state;
tailed ontology of the methods and levels of purification;
• MH (Mental health) – Mental health;
the concept "Combustion method" can be represented
• PHC (Physical health) – general component of
by extended ontologies describing different combustion
physical health;
methods for small and large boiler plants and thermal
• MHC (Mental health) – general component of menpower plants, etc.
tal health;
As mentioned in the introduction, a Web-oriented
• QoL (Quality of Life) – integral indicator of quality
information system (WIS) is being developed to impleof life;
ment the project, integrating mathematical and semantic
• COEr (DSEr) – degree of supply with energy remethods, tools for impact assessment of energy on geoesources.
cology in the region, a database, a knowledge base and
IV. P ROPOSED METHODS AND APPROACHES TO
a geographic information system. It is supposed to use
SOLVING THE PROBLEM
the authors’ results done earlier to study energy secuIn the development of tools for intelligent support of rity problems: semantic modeling tools, Geocomponent,
energy and environmental decision-making, the proposed knowledge base tools and the Repository. Individual WIS
project is based on the application of methods of geoin- components (Geocomponent, semantic modeling support
formation technologies based on 3D geo-visualization tools, individual computational modules, database access
[18], critical infrastructure research methods [7], decision components), can be implemented as agents-services [6].
The WIS architecture is shown in Fig.. 5. There are
support methods, knowledge engineering methods, object approach methods (analysis, design, programming), four levels in the architecture: 1) the level of mathesystem and application programming methods, design matical methods, models and software, which includes
methods of database ,of information and expert systems, developed on the basis of selected methods and models
as well as author methods of situational management, the software for calculating the volumes of pollutants
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quality of life research in the integrated quality of
life indicator has not taken into account the impact of
energy supply until recently, while a shortage of energy
resources can have a significant impact on both the level
and quality of life. It is suggested to include external
factors in the quality of life indicators, in particular, the
degree of provision with energy resources (Fig. 2) [17].

Figure 3. Ontology of the energy sector impact on the environment

Figure 4. Ontology of pollutants from energy facilities

Figure 5. The architecture of the Web-based information system (WIS)
to assess the impact of energy on the geoecology of the region

prototype and tools for working with it were developed
and their impact on the quality of life of the population, by Kopaygorodsky A.N., the co-executor of the project
taking into account the capacity of energy facilities (en- ). When implementing the user interface, it is intended
ergy supply) and population density in the territory under to apply the components of the situational management
consideration; 2) the level of semantic modeling, includ- language CML [21].
The methods listed above are used to assess the impact
ing semantic (primarily cognitive) models for describing
the interrelationship of factors that determine the quality of energy on the regional geo-ecology (using examples
of life, taking into account anthropic-technical factors: from the Baikal region (Russia) and Belarus). In fig. 6
the provision by energy resources and the influence of presents the two main territories of the Baikal region
pollutants from energy facilities on the environment; and the Republic of Belarus, which are currently being
3) the level of knowledge representation - unites the studied.
knowledge base storing descriptions of knowledge for
V. R ESULTS AND DISCUSSION
constructing semantic models, and an ontology system
for describing knowledge of the subject domain; the latter
The article is devoted to the actual problem of ascan be used both for building a knowledge base and sessing the impact of energy on the geoecology of the
for database designing; 4) level of data representation region. As a rule, emissions from energy facilities are
- integrates the geographic information system (GIS) not considered separately in environmental studies, so
and database, including geographic coordinates of energy it is difficult to separate them from general environfacilities. GIS can be used both to illustrate the results mental pollution. This makes it difficult to plan and
of calculations, and for visual interpretation of semantic implement measures to reduce pollution by individual
models.
energy facilities. The article proposes an approach to
The meta descriptions of information presented at all solving the problem of monitoring the impact of energy
four levels are stored in the Repository (its scientific sector on the geoecology of the region, based on the
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b)
a)
Figure 6. Display of the energy infrastructure of the facilities of the RUE “Vitebskenergo" (a) and the central ecological zone of Lake Baikal
(b)

integration of mathematical models, GIS technologies
and modern intellectual technologies in the framework
of Web-oriented information system. The novelty of the
project is also determined by the fact that when assessing
the impact of energy on geoecology for the first time it
is proposed to take into account the quality of life of
the population. Cognitive modeling is seen as a tool for
implementing this idea. To organize information support,
it is proposed to use the ontology system as a basis for
designing databases and knowledge bases. The proposed
Web-based system is considered as a prototype of the
intelligent decision-making support system for improving
the quality of life, taking into account the requirements
of geoecology, including an improved analytical tool for
estimating emissions of energy facilities and the spread
of pollution.
C ONCLUSION
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МЕТОДЫ И ТЕХНОЛОГИИ ОЦЕНКИ
ВОЗДЕЙСТВИЯ ЭНЕРГЕТИКИ НА
ГЕОЭКОЛОГИЮ РЕГИОНА (НА ПРИМЕРЕ
БАЙКАЛЬСКОГО РЕГИОНА (РОССИЯ) И
БЕЛАРУСИ)
Массель Л.В., Массель А.Г., Зорина Т.Г.
В статье рассматриваются результаты международного проекта, осуществленного при поддержке Фонда
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systems. This paper uses and expands upon the results
presented in [3] and [4].
Key tasks handled by such systems generally include:
• creating and maintaining shared information space
at every stage of product lifecycle;
• maintaining information integrity in the shared information space during product lifecycle;
• enabling employees and automated subsystems to
access, control, modify and analyse product information;
• staff training.
B. Batch manufacturing-related specifics of the information services

In regards to information service for batch manufacturing employees, as exemplified by JSC "Savushkin
product", there are several basic product lifecycle stages:
A. Information services
1) milking;
One of the mainline trends of enterprise automa2) shipping milk from a farm to a factory;
tion systems development and intellectualization involves
3) milk processing;
moving away from isolated systems, each solving their
4) making final product;
own problem (CAD, SCADA, MES, ERP, WMS, SCM,
5) bottling and packing;
CRM, etc.), to more complex integrated systems con6) shipping to a factory warehouse;
cerned with both enterprise automation and information
7) shipping from the factory warehouse to a business
support for clients and employees alike. Notably, the key
customer’s (store, retail chain, etc.) warehouse;
topic of the HANNOVER MESSE 2019 [1] international
Integrated
information services are aimed at the folexhibition is industrial intelligence within the context of
lowing user classes, as per their production responsibilintegrated industry.
There are two primary lines of development for such ities:
systems: PLM (Product Lifecycle Management) systems
• line operator controls a certain production process;
[2] and CALS (Continuous Acquisition and Lifecycle
• production shop foreman manages a certain producSupport) systems and technologies.
tion shop;
• manufacturing director manages a certain producThis paper pays particular attention to design printion site;
ciples of integrated information services for batch
• driver delivers raw materials and final products;
manufacturing enterprise employees through the JSC
• production logistics specialist places production or"Savushkin product" example. This particular approach is
ders and monitors their fulfillment;
based on using open semantic technologies for intelligent
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I. I NTRODUCTION

•

transport logistics specialist places transportation
orders and monitors their fulfillment.

geneous environments. Its central problems include the
following [13]:
•

C. Challenges of the information service development
and approaches to facing them
There are several challenges that developers face when
creating integrated systems that are aimed at solving the
aforementioned problems:
•

•

•

•

•

systems need to store widely heterogeneous, weakly
structured information, from sensor data to rules and
algorithms which specify system behaviour in case
of contingency situtations;
systems, on the one hand, should combine multiple approaches to information processing, but on
the other hand, production processes are constantly
evolving and thus those approaches should be constantly augmented and refined.
opening new production facilities, structural reorganization of the enterprise, product line optimization,
etc., all cause major changes to the system; such
changes should require minimal effort. In other
words, systems should be highly scalable and flexible.
various devices need to interface with each other,
as well as with the information system, yet they
often have widely different interfaces to the outside
environment;
depending on the user category, task being performed, and other factors, there should be multiple
forms of representation of the data stored in the
system;

Ontology-based approach is widely used in software
engineering[5], [6], as well as in other spheres[7], [8],
[9], [10], to solve the problem of heterogeneous information representation. This approach involves creating
a number of ontologies, at least one for each kind of
information being represented in the system. A family
of ontologies created for the information service being
developed as part of this paper will be discussed in the
following sections.
Automation industry leaders offer several solutions,
which are aimed at building integrated industrial automation and servicing systems. They include "Plant
EcoStruxure" from Schneider Electric [11], "MindSphere" from Siemens [12]. Such solutions have the
following drawbacks:
•
•
•
•

•

•

a lot of data is gathered from various devices, but
there are no tools and techniques to analyze them
properly; In other words, the data can be gathered,
but then cannot be processed properly;
creating unified and standardized interfaces between
devices. The matter is complicated by the fact, that
the number of interfaces potentially required for
direct integration of heterogeneous devices is proportional to the number of device classes, squared.
security and access control problem.

D. Proposed approach
It is proposed to use OSTIS Technology [14] as a basis
for the proposed approach to solving the problems posed.
The basic principles of building a unified information
system for activity enterprise automation using this technology are described by the authors in [4]. As part of this
approach, an enterprise is proposed to be considered as
a single information multi-agent system, within which:
•

•

•

•

all information is combined into a single information space (enterprise knowledge base, which is
stored in semantic memory);
all participants in the process (people, robotic systems, various kinds of industrial complexes, etc.) are
treated as agents over this common knowledge base.
This means that they (a) monitor the situations of
interest in the knowledge base and react to them
(b) describe the results of their activities in the
knowledge base so that this information is available
to other agents and they can analyze it.
the knowledge base of the system is hierarchically
organized, i.e. represents a hierarchy of subject
domains and corresponding ontologies.
multi-agent system itself is organized hierarchically
as well; agents can form arbitrarily deep hierarchies
(a collective of agents can have another collective as
its member). For example, several separate robotics
systems can be integrated into a robotics complex
to perform a particular task.

This approach has a number of advantages in regards
to information services:

high entry barrier
high cost of ownership
their evaluation versions are limited and/or unavailable publicly
even the developers of such systems often cannot
clearly formulate future directions for their systems.

The Internet of Things (IoT) trend also concerns itself
with software and hardware integration in the hetero216

•

•

no need to develop tools for direct interaction of system components (human-robotized system, humanhuman, etc.) due to their interaction through shared
memory;
due to the fact that all agents interact through shared
memory, in the general case for the system it does
not matter how this or that agent is physically
arranged. Thus, the gradual replacement of manual
labor with automated systems or the improvement
of such systems does not require making changes
to the system;

through the use of a common single knowledge of ostis-systems, and a platform-independent semantic
base and wide possibilities of associative search model of this ostis-system (sc-model of an ostis-system),
in such a knowledge base, any participant in the which, in turn, includes the following components:
production process at any time has access to all the
• abstract semantic graphodynamic memory;
information he needs, and not to any of its prede• semantic model of a knowledge base based on hiertermined fragments, the expansion of which may
archical system of subject domains and ontologies
be related additional overhead. Thus, the various
[16];
processes monitoring is greatly facilitated and the
• semantic model of problem solver, which treats it
search for answers to questions of interest to users
as a hierarchical system of agents controlled by
is accelerated. User requests can be refined in any
and interacting through the shared semantic memory
way necessary;
[17]
• information stored in the knowledge base may be
• semantic model of an ostis-system interface (includshown differently to different user categories; the
ing user interface) which is treated as a kind of
information itself remains unchanged, only the visusubsystem, that has its own knowledge base and
alization means change. Therefore, there is no need
problem solver.
to duplicate the information.
[3] paper discussed higher levels of hierarchical sysIn this work, these principles are implemented in the tem of subject domains and their respective ontologies
context of solving the problem of information services, for ISA-88 formalization. Further work required several
while the main focus is on the practical implementation additions to that system. Several ontologies were built
of these principles and demonstration of solving some of for the following subject domains:
the problems discussed earlier with concrete examples.
• Subject domain of substances
Integrated information service development involves
• Subject domain of products
decomposing the system into several subsystems aimed
• Subject domain of personnel
at certain particular problems. Nowadays almost every
• Subject domain of manufacturing situations
enterprise implements some or all of these in a traditional
• Subject domain of contingency situations
fashion using modern technologies.
• Subject domain of logistics situations
Basic manufacturing subsystems include (listed from
• Subject domain of warehouse processes
bottom level up):
• Subject domain of product shipping
1) SCADA performs and facilitates supervisory conProblem solver of the information service currently
trol, manufacturing data acquisition and archival;
includes
a number of basic search agents, as well as
2) MES and WMS
several agents that perform more complex tasks, such as
• MES (manufacturing execution system) conidentifying a reason for a certain situation. An example
trols product manufacturing process.
of such an agent is discussed below.
• WMS (warehouse management) - controls
Information service interface consists of two parts:
product storage before shipping out to business
• user interface provides access to the required inforcustomers.
mation for various categories of end-users;
3) ERP (enterprise resource planning) controls, which
• system interface to existing enterprise automation
products will be produced in which quantities and
subsystems (direct device accesss is not needed,
with which production equipment.
since at this level this information can be obtained
That being said, every subsystem interfaces with both
from the appropriate subsystem, e.g., a SCADA
higher and lower level subsystems. Therefore, one of
system).
the tasks in the construction and implementation of
The
following are the examples of how the current
an information service is the integration of existing
implementation
of the system interface works with both
subsystems into a single system and making so that
the
user
and
other
subsystems, such as SCADA.
these systems can be developed independently without
disrupting the service as a whole. Ultimately, the conII. S YSTEM IMPLEMENTATION
struction of such a system implies a transition from
In this section, we consider specific examples of the
the integration of heterogeneous subsystems to a single
unified technological foundation for the implementation implementation of the previously proposed principles
within the various subsystems of the system being deof all the aforementioned subsystems.
According to this approach, information service is veloped.
considered to be an ostis-system (system that is built
upon the OSTIS Technology). The traditional architec- A. SCADA subsystem implementation
The main task of the information service subsystem
ture of an ostis-system [15] includes an implementationindependent platform for interpreting semantic models related to the current implementation of the SCADA
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system is to provide interactively various reference information about the objects and concepts used in the
SCADA system. This subsystem is primarily focused on
servicing the foreman and shop manager.
In the current implementation, the principle of operation of the system is as follows: within the SCADAsystem interface, there are interactive elements that
uniquely correspond to objects and concepts in the
knowledge base of the information service system
(currently, connection is established through the main
Russian-language identifier [18]). When a user interacts
with an interactive element within the SCADA system, a
request is sent to the information service system containing the identifier of the requested element, after which
the system displays the semantic neighborhood of the
requested element in the current state of the knowledge
base.
Consider the following fragment of the "Khutorok"
SCADA. Suppose, a foreman wants to get additional
reference information about the current control recipe.
To do this, they click the corresponding button in the
project (see Fig. 1), after which the browser displays the
answer to the query of the semantic neighborhood of the
concept "control recipe" in SCn language (see Fig. 2).
Another way to use the information service system
by the master is to identify the causes of the current
situation (both standard and non-standard). In the current
version of the system, the Abstract sc-agent of the search
for the causes of the current state of a given object
is implemented as part of the problem solver of the
information service system. The specified sc-agent finds
all actions in the knowledge base, as a result of which
the state of the object that is the query argument has been
changed.
An example of the operation of this sc-agent is given
in figures 3 and 4. The valve K1Valve2 is part of the
coagulator K1 and is currently open (Figure 3). After
asking the question, the system, as a result of the scagent operation, gives an answer that the valve is open,
because the washing operation is currently running for
the coagulator K1 (Figure 4).

product delivery to the customer.
Any waiting and downtime (waiting for production,
cooling the product and track downtime while loading)
increase the cost of production. Thus, to minimize costs
it is necessary, on the one hand, to ensure the minimum
delay between these stages, on the other hand — in the
event of delays quickly change the start times of the
following stages.
In turn, the listed stages can be divided into more
simple. For example, batch preparation consists in performing one or more recipes on production units (in
accordance with S88), and recipes consist of successively
performed operations. If the operation at the time of
execution for some reason pauses, it means that the
production time of the recipe is increased. Information
about this event should go to the knowledge base of the
information service system, after which they can be used
to automatically or manually assess the criticality of the
situation and, if necessary, adjust further stages.
For example, if the delay in the batch production
process exceeds a certain amount, then it is necessary
to postpone the loading time of the batch for delivery
to the customer, otherwise the track will arrive and
wait until the product has cooled in the warehouse. The
information service system can monitor such situations
and, if necessary, change the time of track departure to
the warehouse for loading, taking into account the new
batch readiness time.
An example of a rule in the knowledge base describing
this kind of adjustment is presented in Figure 5 (it is
assumed that the delay should not exceed 30 minutes).
•

C. The robotic subsystem implementation

The most important component of the information
service system is the subsystem oriented to work with
robotized systems. According to the above principles for
building an enterprise automation system, all participants
in the production process, including robots, are treated
as agents working on a common information space.
Thus, on the one hand, robots record the results of their
activities in the general knowledge base, on the other,
they can be controlled by situations and events in the
B. Logistics subsystem implementation
knowledge base. Let us consider in more detail the use
The main task of logistics subsystems is to ensure the of the robotic subsystem on the example of the curd
effective interaction of the actual production, warehouse production train.
and transport.
The curd production train currently includes two
As an example of the work of the logistics subsystem, robotic nodes: packaging unit for the product in a box
we consider the task of monitoring the fulfillment of a using a collaborative robot; and transportation unit for a
production batch of products.
pallet with the finished product to the receiving port of
There are a number of stages associated with the a warehouse based on a mobile robot.
preparation and delivery of goods batches to the cusConsider the task of packing curds in boxes by a
tomer, namely:
collaborative robot. General view of the installation is
shown in Figure 6.
• batch production;
The facility receives at the entrance a stream of cottage
• cooling the product in a warehouse;
cheese, which is then divided and formed into groups of
• loading the product on the transport;
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Figure 1. SCADA Request to the information service

Figure 2. Information service response
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Figure 3. Relation between valve and coagulator

Further, based on the available room map, the dynamic
situation in the shop in compliance with safety standards,
the robot moves with a pallet to the receiving port, where,
if there is free space, it unloads.
The construction of the missions for the robot is
performed by the information service system, for this
the following subproblems are solved:
1) Creating a schedule for exporting a product from
several trains, taking into account their performance and the robot;
2) Scheduling charging times during robot standby;
3) Safety level evaluation based on current situation
on the production shop.
D. User interface implementation

Figure 4. Valve opening causee

12 pcs. The robot with the help of a gripping mechanism
takes the group and puts it in two boxes. Packing of curds
is allowed in two types of boxes: single-level 6 pcs. and
two-level 12 pcs. Further, the boxes on the output conveyor are issued on the palletizing unit. For the operation
of the system, the robot needs the following information
received from the information service system:
1)
2)
3)
4)

Current train performance
Type of box supplied
Lack of input boxes
The state of the production train nodes adjacent to
the robot (Works, does not work, does not work,
accident)
5) Service date of the gripping mechanism

The essential feature required of the information service user interface is that it should be able to visualize
knowledge base information in several ways. Experienced users may choose to use universal languages, while
others should be able to use more specialized languages,
that are more suitable to their line of work. As system
functionality grows, the need to expand the number of
external languages used may arise.
To be able to expand the number of external languages used, OSTIS technology-based computer systems
need the appropriate interface tools. An approach to
developing such tools was proposed in the [19] paper.
This approach requires three ontology-based models for
each external language: semantic model of language
texts, syntactic model of language texts, and semanticsyntactic transformation model in the form of ontology
of transformation rules.
Current version of the information service uses two
external visualization languages. Procedural models are
visualized using PFC language, and physical models are
visualized using P&ID language. [4] provided several
examples of formal representation of ontology-based
models for PFC language. PFC and P&ID visualization
tools have been introduced in the current version of
information service system. Figures 8 and 9 show images
produced by the current visualization tools.
Furthermore, to simplify interaction for inexperienced
users, the simplified visualization mode was developed.
It hides parts of the information needed only for the
knowledge base developers. Visualization mode, which
shows all the information, is called an "expert mode", and
can be switched on or off with a toggle. Figures 10 and
11 show representations of the "procedure" term specification, as displayed in simplified and expert modes.

Based on this information, the robot software flexibly
responds to the current parameters of the entire manufacturing process. Adjusting the speed and delays in
performing operations, the robot dynamically controls
the performance of the cell so as not to create queues on
the input and output conveyors. Feed box type determines
the amount of product that the robot needs to pack. The
state of the adjacent manufacturing process nodes allows
the robot to switch the packaging process to manual
processing mode or to put the product into a temporary
storage device.
Next, we consider the problem of transporting the
finished product to the warehouse using a mobile robot.
View of the robot is shown in Figure 7.
The mobile robot operates on the concept of a mission,
III. C ONCLUSION
which consists of a product pick-up point, a delivery path
The paper discusses the principles of construction and
and an unloading point. After starting the manufacturing
process, the robot takes the loading position or expects the current version of the system of information services
an external signal that the pallet is full. After that, the for an batch manufacturing enterprise on the example of
robot starts the process of loading the pallets on board. JSC «Savushkin Product».
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Figure 5. Rule describing the adjustment in case of delay in production

Figure 6. Curds laying module
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Development plans of the considered system include
the following urgent tasks:
1) Refusal to edit the source code of the knowledge
base in favor of editing the knowledge base in real
time, which will make the work of users more
efficient and allow employees of the enterprise (for
example, automation engineer) to make changes to
the knowledge base independently.
2) Graphical representation modernization: in the engineering documentation, every little thing matters
(thickness, color and kinks of the line), in the
current implementation the display is somewhat
simplified.
3) Tighter integration of already implemented systems
with the information service system, building a
unified system that combines several levels of the
enterprise.
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ПРИНЦИПЫ ПОСТРОЕНИЯ СИСТЕМЫ
КОМПЛЕКСНОГО ИНФОРМАЦИОННОГО
ОБСЛУЖИВАНИЯ СОТРУДНИКОВ
ПРЕДПРИЯТИЯ РЕЦЕПТУРНОГО
ПРОИЗВОДСТВА
Таберко В.В., Иванюк Д.С.,
Касьяник В.В., Головко В.А.,
Русецкий К.В., Шункевич Д.В., Гракова Н.В.
В данной работе предлагается продолжение применения онтологического подхода к проектированию
предприятий рецептурного производства. В рамках
продолжения формализации стандартов рассматривается графические представления внешнего языка спецификации процедурных моделей Procedure Function
Chart и P&ID-схем (стандарт ISA-88), дающие инженерам привычный инструмент для работы. Реализованы
агенты получения дополнительной информации и анализа типовой нештатной ситуации. Рассматривается
также агентно-ориентированный подход к организации взаимодействия роботов в рамках роботизированных производственных комплексов, основанный на
взаимодействии через общую семантическую память.
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networks in the analysis of geodata
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Abstract—The article discusses the problems of development, tool filling, and usages of the integrated program
complex of the composer of digital geoecological models.
Possibilities of interactive graphics visualization, and comparison of results are marked. The results of application of
artificial neural networks in the analysis and interpretation
of geospatial data are presented and discussed.
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digital field, computer algebra system Mathematica, geographic information system Surfer, interactive graphics
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I. I NTRODUCTION

of highly qualified programmers. Therefore, an important
direction is the development of software systems based
on the combination and integration into a single environment of computer algebra systems (CAS) and geographic
information systems (GIS). Moreover it should be considered that to solve the problem of processing initial data
there’s no specific GIS to be the full set of space-analytic
methods and analysis tools. In many cases it’s necessary
to combine the tools provided by GIS with programs
for static data analysis, tools for mathematically complex
computations which include implementations of modern
methods and algorithms of analysis and interpretation of
spatial data. A number of methodological and technical
solutions aimed at overcoming the mentioned difficulties
are proposed and implemented in the integrated computer
system GGMD – “The generator of the geological model
of deposit” [5] – [7].

The construction of the digital geoecological, geological models at present is a compulsory part of expertise
to many areas. Geological simulation is an independent
stream, which includes the progressing of mathematical
methods and algorithms; development of computer programs, which provide the cycle of models’ construction,
database creation, provisioning and maintenance. The
II. T HE DEVELOPMENT PLATFORM OF GGMD
corresponding geo-environmental information products
GGMD is assigned for creation and estimated accuracy
include the loading from different sources and data
preprocessing, correlation, creation of digital cubes of of configurable geological model based on the usage
reservoir properties, interactive data analysis, visualiza- of CAS and GIS, “smart” methods of model adaptation with the help of any type graphics, mapping. There tion while in service, “self-tuning” of models considare a lot of software tools for this purpose. As a rule, ering additional data from the actual development of
the corresponding software packages are focused on processes. Development platform is computer algebra
solving a specific class of problems. One of the actively system Mathematica [8], language is Wolfram Language
developing new directions in Geology and Geoecology [9], geographical information system is Golden Software
is the improvement of computer systems based on the Surfer [10]. While programming in Wolfram Language
integration of powerful tools of spatial and temporal technical solutions, described in [11], were implemented,
data processing offered by GIS with models of artificial moreover software system in a particular configuration
intelligence of neural networks [1] – [4]. Different ap- can be used after it’s built and saved in computable
plications are created that allow not only to implement a document format [12]. Calculations, user work with
huge number of algorithms for data processing, analysis CDF version of application are possible on every perand visualization, but also provide opportunities to obtain sonal computer. When viewing CDF version, hosted on
webserver, viewer is automatically loaded in the form
new results.
On the other hand, it can be noted, that while gen- of browser plugin. Offline work is possible after the
eral issues are being resolved and there is no proper installation of free distributed CDF Player.
Let’s make some clarifications for the illustrations of
elaboration of details. Current achievements and tools
of intellectual (symbolic) calculations are not fully used, implementations marked above, the results of the usage
a number of performed products are not justified by of program modules which are selected and modified for
the theory of numerical methods. Most of the available the problems we’re solving. Below we mention the compackages lack tools to assess the accuracy of the results. ponents, which are actually standalone program modules.
Any extension of functionality requires the involvement They can be also considered as parts of automated
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workstation of specialist, who during the computational
experiments works out techniques of adaptation of digital
fields. We should specifically note an important technical
solution – all the work steps with the complex of modules
are provided with the possibility of import and export of
obtained result with several configurations of output format [13]. It provides the user with additional possibilities
for performing similar calculations in different (including
the others) applications, the comparison of results.
It is necessary to understand that creation and maintenance of geoecological model don’t expect to have
unique solution to a mathematical problem. Subjective
opinion, the qualification of an expert – are the factors
that always take place in such activity. While working
a user has to operate with data of different accuracy,
some initial data is even conflicting; data density with
measurements differs on different parts. That’s why for
construction digital models it’s important to have tools
for interactive data processing, simulation of possible
situations of receiving and correction of input data.
All the steps of working with data in GGMD include
various options of graphic visualization [14], logging and
comparison of incoming and placed to archive results.
Complex’s tools give a user possibility to “play” with
initial data and compare the results with prepared etalons,
what is more it’s allowed to import and export the data
and images and to scale them. Extensive data exchange
possibilities are important for simultaneous work in
several software environments.
III. T HE COMPONENTS OF GGMD

and the geometry of the measurement points and their
accuracy are also determined by the user of the system
and should approximately correspond to the initial data
of the of the field of interest. The layout of points with
measurements should not be regular. As a result of this
stage, the user receives a set of data "observations",
the main ones being the coordinates of the point and
the value in it. The next step is to select the algorithm for processing the resulting set ("reproducing" the
digital field) by performing interpolation and extrapolation. Comparison of the results of "playback" and the
reference model will prompt the expert the method of
processing, the geometry of the observation points.
A. Digital field constructor (DFC). Base surface formation
Software components from this group provide in interactive mode the construction of the model’s surface
from standard elements with accompanied visualization
of mathematical description (analytic function), model’s
surface is interpreted as a relief – set of surface shapes.
The construction is made in the module which is programmed in system Mathematica and includes the generation of surface equation – function of two arguments
x and y which is continuous (or piecewise continuous)
and defined in the rectangle. User defines the boundaries
of domain xMin and xMax, yMin and yMax and surface
height limits zMin and zMax. Let’s mark out that all
the notations in DFC are given in format of InputForm
(string format), that is accepted specially as some users
can use application written in Excel, Delphi, C or others, where mathematics notation isn’t supported inside
the program code. There are mathematical expressions
(elements) which allow for the user of the GGMD to
reproduce the behavior of the areas, which are typical for
relief, in the set (library) of components of the function
being formed. User at the first stage of reference model
formation sets up a piecewise-defined function zBasic(x).
In the terminology of the complex, this is the basic profile
– tape of specified width and length, which imitates the
types of relief with the elements of plateau, slope, cliff.
Different variants of determining the basic profile of
the base surface are given in [5] – [7]. We note that
the user of the system obtains an analytic expression.
Analytical expressions (1) are used in the preparation of
the following examples:

In computer system GGMD the following tools are
implemented:
• tools and patterns for preparation of reference model
of digital field, which corresponds to the specified
properties (“Digital field constructor”);
• tools and several options of “distortion” of reference
model;
• tools for data capture simulation, which are used
in simulation practice (“Generator of profile observer”);
• modules for calculation, visualization, comparison
of digital fields approximation by several different
methods (“Approximation component”);
• tools and adaptation modules for digital model
being formed (“Adaptation component”).
zBasicQ(x) =
If [xM in ≤ x ≤ xOtkQ1, f P ltQ(x, 0), 0]+
The main idea and purpose of the development of
+If [xOtkQ1 < x ≤ xOtkQ2, f OtkQ(x, 0), 0]+
(1)
this computer system is to choose the method of pro+If [xOtkQ2 < x ≤ xSklQ2, f P rhQ(x, 0), 0]+
cessing the original data by comparing the reference
+If [xSklQ2 ≤ x ≤ xM ax, f SklQ(x, 0), 0],
digital field and reconstructed by "observations". The
reference distribution for a rectangular area is formed f P lt(x, y) = zP lt, f OtkQ(x, y) = T an(ugOtkQ) ·
using mathematical descriptions. Each expert determines (x − xOtkQ1) + zP ltQ, zOtkQ2 = f OtkQ(xOtkQ2, 0),
f bf Q(x, a) = D(f OtkQ(x, y), x) − 2 · a · (x − xOtkQ2),
and includes own typical fragments in the model. Then perkoef Q = af Q/.Solve[f bf Q[xSklQ2, af Q] ==
the instruments of the GGMD perform "observations", T an(ugSklQ), af Q][[1]], f P rhQ(x, y) = f OtkQ(x, y) −
simulate the measurement of the reference distribution, perkoef Q · (x − xOtkQ2)2 , f SklQ(x, y) = T an(ugSkl) ·
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(x − xSklQ2) + zSklQ2, zSklB = f P rhB(xSklB2, 0),
zOtkB2 = f OtkB(xOtkB2, 0).

Further 2 surfaces are considered. For the upper instead of the letter Q should substitute T in expression (1),
for the lower – B. xOtkQ1, xOtkQ2 – are coordinates
of transition points “plateau – slope”, “slope – slight
slope”, ugOtkQ, ugSklQ defines the inclines of slope,
slight slope, zPlt=10. The constants in expression (1):
xOtkB1 = 40, xOtkB2 = 70, xSklB2 = 75, zPltB = 10,
ugOtkB = 1.1, ugSklB = 0.15, xOtkT1 = 30, xOtkT2 =
45, xSklT2 = 66, zPltT = 10, ugOtkT = 1.2, ugSklT =
0.08. (see Fig. 1).

in the final function the arguments are scaled. System
Mathematica includes a big amount of spatial graphic
primitives of which cone, ball, cuboid, cylinder are used
in DFC module, also different pyramids are included
to the library. Several variants of determining of the
reference surface are given in [6], [7].
An example of reference surface model formation,
which is obtained from the basic surface, by adding
elements of the listed types (2 pyramids, 5 hills) is
shown below on Fig. 2. It’s important that in the resulting equation (2) the coefficients in the formulas of
perturbation elements fHill, fPyramid are chosen by user
while visual construction. The constants in expression
(2) for zSurfB(x,y) are fh2Q=fh2B=10, fh5Q=fh5B=20.
f OriginB(x, y) = zBasicB(x).
zSurf B(x, y) = f OriginB(x, y)+
+18 · f P yramid1(0.12 · (x − 41), 0.18 · (y − 52))+
+20 · f P yramid1(0.12 · (x − 20), 0.15 · (y − 10))+
+20 · f Hill(0.1 · (x − 12), 0.1 · (y − 40))−
−f h2Q · f Hill(0.12 · (x − 88), 0.1 · (y − 15))−
−12 · f Hill(0.06 · (x − 77), 0.08 · (y − 45))+
+12 · f Hill(0.08 · (x − 45), 0.07 · (y − 28))+
+f h5Q · f Hill(0.1 · (x − 12), 0.1 · (y − 40)).

(2)

Figure 1. Plot of basic profiles.

In the given example the base surface model is quasi
three dimensional (the level of z doesn’t depend on y).
Basic surface (tape) is made up of 3 typical sectors: flat
horizontal (plateau), flat with fast rising level (slope),
flat with slow rising level (slight slope). The connection
between the sectors is continuous. Transition “plateau slope” is made at a selected angle, transition “slope slight slope” is smooth.
Then user can add perturbations of different shapes,
sizes and orientations to the base surface. The construction with DFC module of basic profile from the fragments is possible with continuous transition “fragment –
added fragment”, smooth transition, a jump (imitation of
split).
B. Digital field constructor. Reference surface formation

Figure 2. Plot of surface zSurfB.

An example of reference surface model 2 is shown
below on Fig. 3. The constants in expression (2) for
zSurfT(x,y) are fh2Q=fh2T=8, fh5Q=fh5T=26.
When programming the module DFC, the following
functions of the system Mathematica were used: Solve,
Piecewise, Cases, Table, Plot, Plot3D, Manipulate. While
visual examinations of the plots in DFC module, user
have a possibility to define the coefficients of function
expression by moving sliders or setting specific values
on the panels which are the part of the interface of
Manipulate function (more in [14], [11]). At this stage of
constructing of the surface, the user of the DFC module
also obtains an analytic expression.

The next step of construction with DFC module is
usage of program module’s tools to add perturbations,
fragments of typical elements of relief to a basic profile. Template (patterns) library includes elements which
correspond to perturbations (areas of distortion of basic
surface) of different geometrical shape. While connecting
the patterns it’s possible to set interactively their position
and size. Described mathematical elements, which imitate the following shapes of relief: hill, embankment, pit,
excavation, trench, canal, quarry, ravine, hollow (vug),
are included in basic package ( [5], [6]). It should be
noted that all the elements listed above are specified by C. Generator of profile observer
analytic expressions, such as z = f F rgm(x, y). Besides
More than ten options of 1D, 2D and 3D plots were
it, those are written for the square [-1,1]×[-1,1], and then implemented in GGMD system, including modules for
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Figure 3. Plot of surface zSurfT.

obtaining and designing maps and inserts on them,
plots on profiles, 3D visualizations of possible incisions
(vertical, horizontal), clipping (simple and complex). The
illustrations of the usage of several visualization tools are
given in [5], [7].
Let’s consider the examples of obtaining and configuring of graphs of geological profiles with using of
the tools of “Generator of profile observer” (GPO) –
the illustrations are given on Fig. 4, Fig. 5 for surfaces
zSurfT, zSurfB on direction (0,45) – (100,10).

Figure 5. Example of the simple incisions of surfaces zSurfB, zSurfT.

IV. E XAMPLES OF ANALYSIS OF GEODATA BY TOOLS
OF NEURAL NETWORKS

The problems of construction of geological models
certainly belong to the class of complex ones. And
for the solution of complex problems it is required to
provide compatibility and integration of the different
models of data representation and knowledge processing algorithms. Approaches may be different, some are
considered in [15]. Wolfram Mathematica, as a system
of intelligent computing, provides the user with not only
the means of mathematical transformations, accurate and
approximate calculations, but also the tools of machine
learning. They may be used in the interpretation and
processing of input data and simulation results. The
results and examples of the analysis of geoecological
data by means of neural networks are obtained using the
corresponding functions, which are available in version
11 of CAS Mathematica [8], [16]. The results below are
illustrated by examples of interpretation and processing
of data for profiles of zSurfB, zSurfT surfaces.
A. Preparation of data for numerical experiments

Let’s consider the examples of obtaining and configuring of graphs of profiles with using of the tools of
“Generator of profile observer”. Figure Fig. 6 shows the
Figure 4. Example of indicating of profiles, graphics of cross-sections.
graphs of the levels of surfaces zSurfT, zSurfB at the
profile on direction (0,45) – (100,10). Symbols on the
While solving the problems of the geological simulation, graphs (filled circles and triangles) are marks of surface
profiles are used to visualize the connection between level values at profile points (regular grid, constant
relief and the structure of Earth’s crust. Geological profile step). These values are calculated using formulas from
is a graphic image in vertical plain of subsoil structure surface equations. Circles and triangles indicate values
and deposits contained in it. In our case the profile – is that simulate measurements. For the surface zSurfT
a line, which is obtained at the intersection of analyzed they are obtained by adding “noise” using generator
surface and vertical surface in a given direction.
RandomVariate[N ormalDistribution[0, 6]], such genWe will consider the use of GPO tools to show erator gives a pseudorandom variate from the symbolic
several methods of simulating observations and obtaining distribution dist. NormalDistribution[µ,σ] represents a
initial data by instruments of the GGMD’s module of Gaussian distribution with mean µ and standard devia“distortion” on the example of profiles on reference tion σ). For the surface zSurfB distortion obtained by
adding “noise” using the generator RandomReal[-10,10]
surfaces.
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on the entire profile, RandomReal[xmin , xmax ] gives a
pseudorandom real number in the range xmin , xmax .

Figure 8. Smoothed profile for zSurfB. Method – ADAM.

vectLength, Tanh, 1, ...]; netA1 = NetTrain[netA, dataProfT1, Method – "RMSProp"], vectLength = 300.
Method RMSProp is stochastic gradient descent using
an adaptive learning rate derived from exponentially
B. Results of application of artificial neural networks
Note that we will process data with “distortions” for smoothed average of gradient magnitude [18].
For Fig. 8 – vectLength = 25, Method – ADAM,
two completely different purposes, respectively, different
stochastic
gradient descent using an adaptive learning
tools of neural networks will be used.
rate
that
is
invariant to diagonal rescaling of the graIn solving problems of mathematical modeling, the
dients.
original equations are written in differential form, so
The results of the neural network application for the
the original data (tooling of model) must be continuous,
tasks
to be solved in the interpretation and analysis of
moreover, as a rule, the distribution should be smooth
geodata.
functions (for example, see [17]). In other words, the
Figures Fig. 9 and Fig. 10 show the results of using a
distribution of the observed parameter along the profile
neural
network for a completely different kind of probshould be transferred to the initial data of the computer
lem
–
problems
that need to be solved in the interpretamodel as a smooth function. Note that the original
tion
and
analysis
of observational data, measurements of
data of figure Fig. 6 the requirement of smoothness is
parameters
(
(for
example, see [19])).
responsible, and data from the “distortions” is unsuitable
Such
tasks
can
be explained in simple words – it is
for numerical models, this baseline data will immediately
known
that
the
data
to be analyzed contain measurement
lead to “bumpy” decisions (computational instability)
errors,
including
system
and random ones. System errors
and the results will be unusable.
are
“separated”
taking
into
account the knowledge of
Examples of obtaining a “smooth” profile.
their
nature
and
behavior,
and
random errors are decided
The results of obtaining in the module “Adaptation”
by
experts.
of GGMD complex of smoothed profiles are presented
In this consideration, the task is to train the system to
in figures Fig. 7, Fig. 8.
“clean” the data from random noise (extract and discard).
Since we know how the data illustrated on the graph were
prepared, we can interpret the original set as a standard,
but the program (algorithm, executive software module)
does not “know” the original.
The illustrations show two different approaches when
setting up a neural network. In the variant of Fig. 9
the following condition is accepted – the processed
data set contains 2 parts, one of which is the main
distribution, and the other is random noise. Information about the nature of the noise in the rules
of training is not given. The results of the calculations in figure Fig. 9 are obtained with the following parameters: dataAT2=RandomSample[dataProfT2];
Figure 7. Smoothed profile for zSurfT. Method – RMSProp.
vectLength=300; netAT2 = NetChain[vectLength, Tanh,
The functions and the options of the neural network vectLength, Tanh,1,..]; {trainAT2,testAT2} = Takefor Fig. 7 are next: netA = NetChain[vectLength, Tanh, Drop[dataAT2,36]; netAT2 = NetTrain[netAT2, trainAT2,
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Figure 6. Data for numerical experiments.
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Figure 9. Example 1, zSurfT – “clean” the data from random noise.

Figure 10. Example 2, zSurfB – “clean” the data from random noise.

ValidationSet→testAT2] ( [20], [21]).
Figure Fig. 10 shows the results of data processing for
profile on zSurfB. The figure illustrates the comparison
of the source and the result when the program “cleared”
the data from random noise. Other functions of neural
network configuration are used: NetTrain[netAB1, dataProfB2, Method→"ADAM", "L2Regularization"→0.1].
V. C ONCLUSION
The article discusses the problems of development,
tool filling, and usages of the integrated program complex of the composer of digital geoecological models. Possibilities of interactive graphics visualization are
marked. The presented results, examples of processing
and visualization of spatial data, the noted methods of
tuning of artificial neural networks tools are confirmation
of the wide possibilities of the considered technology.
On the other hand, the presented methodological and
technical solutions for the generation and filling of a
specialized software complex indicate the need to create
intelligent medium of automatic connection of computer
tools, the formation of a knowledge base with sets of
reference and standard examples.
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ПРИМЕРЫ ИСПОЛЬЗОВАНИЯ НЕЙРОННЫХ
СЕТЕЙ В АНАЛИЗЕ ГЕОДАННЫХ
В. Б. Таранчук
В статье обсуждаются вопросы разработки, инструментального наполнения и использования интегрированного программного комплекса тестировщика цифровых геоэкологических моделей. Отмечены разные
возможности интерактивной графической визуализации и сопоставления результатов. Представлены и
обсуждаются результаты применения искусственных
нейронных сетей в анализе и интерпретации геоданных.
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subject domains and ontological engineering is only
one of stages in the design technology of intelligent
systems and are not sufficient in themselves to implement
conclusions based on knowledge, because ontological
engineering allows describing declarative knowledge of
subject domain, while procedural knowledge allows designing task solvers and implementing knowledge based
I. I NTRODUCTION
conclusions.
Knowledge and data about terrain objects can interest
The availability of developed design technology and
us not only as spatial data and knowledge, moreover
tools
is an important point that reduces, on the one hand,
they are an integration basis for various subject domains.
period
of development of intelligent systems, and on the
Formalization of such knowledge and its presentation in
other
hand,
increases functionality of intelligent systems
knowledge requires both determination of subject relathat
use
knowledge
of objects of terrain as an integration.
tions for description of properties and consistent patterns
At
the
same
time,
the
design technology should ensure
inherited in observing subject domain using terrain obreusing
of
information
and
functional components of the
jects, but also determination of geometric characteristics,
system
in
order
to
shorten
the design and development
that are able to bind objects on area. In addition, taking in
time
of
the
applied
systems.
The above requirements
account life of information and terrain object themselves,
are
possessed
by
the
semantic
technology
for designing
there is possibility of retrospective analysis, which makes
intelligent
systems
—
OSTIS,
the
advantage
of which is
possible to observe terrain objects in subject domains
its
extensibility
both
in
terms
of
expanding
the subject
not only from their spatial position and and semantic
domains,
types
of
knowledge
used
and
their
formalizaattributes, but also to take into account temporal aspect
tion,
and
in
terms
of
functionality.
of existing of terrain objects. As intellectual systems
Despite the advantages of the OSTIS [8] technology,
are designed to meet information needs of users, these
knowledge
of the objects of the terrain as integrating elprerequisites promote an expansion of subject domains
and an addition of new functionality in the design of ements, the semantic interoperability of such knowledge
is not paid attention to, the procedures for interaction of
intelligent geographic information systems [1-6, 11].
However, until now, knowledge about terrain objects spatial knowledge with knowledge of subject domains,
was considered as cartographic data and was a result of and the possibility of correlating objects of terrain in time
mapping of search queries with applying result to terrain have not been established. Thats why actual task is, first,
maps. At the same time, due attention was practically to design spatial ontologies taking into account the life
not given to the data on the terrain as an integrating cycle of terrain objects and based on their solution to
element of different subject domains, the dynamics of the problem of semantic interoperability of knowledge
their change, taking into account their actualization in of subject domains, as well as solving the problem of
time counts. Well-known studies aimed at ensuring con- managing metadata and improving search, access and
sistent information exchange between spatial and subject exchange in the context of growing volumes of spatial
knowledge to ensure, that semantic interoperability were information and services provided by numerous sources
conducted for systems based on RDF, RDFS, OWL of geo-information, secondly, the implementation of conSemantic Web technology stack and as shown in [7] clusions based on knowledge using spatial and maththe OWL web language presents advanced capabilities to ematical information as components of knowledge of
describe the subject domains of interacting systems and terrain objects; thirdly, the integration of the cartographic
gives machine-interpretable definitions of fundamental interface as a natural way of presenting information about
concepts of subject domain and the relationship between terrain objects to humans.
This work is devoted to the creation of a private
those in the ontology. However, formalization of the
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Abstract—This paper is devoted to the creation of a
special technology for designing intelligent geo-information
systems that use knowledge of terrain objects to solve
applied tasks in problem areas.
Keywords—semantic technology, geographic information
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technology of designing intelligent systems that use
knowledge about objects of the terrain to solve applied
problems in subject domains. In this connection, the
paper provides
1) a formal basis for representing knowledge about
terrain objects taking into account the spatial component (cartographic knowledge description language) and formalizing the thematic component
of terrain objects based on ontological engineering
of subject domains using knowledge about terrain
objects;
2) the organization of conclusions based on knowledge using knowledge about the objects of the
terrain;
3) integration of the cartographical interface.
Private technology of designing intellectual geoinformation systems considered in the work is based
on the semantic component technology of designing
intellectual systems. Graph-dynamic models of a special
kind - semantic models of knowledge representation and
processing based on semantic networks - are used as a
formal basis of the projected intellectual systems and the
basis of abstract logical-semantic models of intellectual
systems.
II. O NTOLOGY OF TERRAIN OBJECTS AS A FORMAL
BASIS FOR INTEGRATING KNOWLEDGE OF SUBJECT
DOMAINS IN THE DESIGN OF INTELLIGENT
GEOGRAPHIC INFORMATION SYSTEMS

The selection for each of the classes (types) of terrain
objects of the main, inherent only to him, semantic
characteristics is the basis of ontological engineering of
terrain objects. At the same time, metric characteristics
of terrain objects do not possess this property. To indicate
the semantic properties of the terrain feature classes, it
is proposed to use the topographic information classifier
displayed on topographic maps and city plans NCRB
012-2007 [9].
According to the that classifier, each terrain object has
unique unequivocal designation. The hierarchical classification has eight grading stages: class code, subclass code,
group code, squad code, suborder code, species code,
subspecies code. Thus, thanks to the coding of already
defined generic connections, reflecting the interrelations
of various classes of terrain objects, the characteristics of
classes of terrain objects are also established. Due to the
fact that these properties and relations are not related
to specific physical objects, but to their classes, this
means that specific meta-information objects are a set of
these meta-information of an intellectual geo-information
system.
The ontology of terrain objects includes the description
of the following classes of terrain objects:
– water objects and hydrotechnical structures;
– settlements;
– industrial, agricultural and socio-cultural objects;
– road network and road structures;
– vegetation cover and priming.
The ontology of terrain objects is a classification tree
in accordance with the hierarchy shown in Figure 1. For
each class of terrain objects, generic links are established.
For instance, Figure 2 shows the hierarchy of water
objects.

In geographic information systems (GIS), terrain data,
which is called geo-information data (geodata), is considered as the basis for solving specific applied problems.
To solve such problems, it is proposed to use ontology as
a conceptual model that allows to represent objects of a
terrain at the semantic level and at the knowledge level.
The advantage of using ontologies is that the described
spatial data in the form of a semantic code, formally
interpreted (understood) by a computer, can also ensure
the integration of geodata obtained from various sources
and in various forms of representations. In addition,
different experts in different subject domains (for the
implementation of interdisciplinary tasks) completely
differently represent the same data sets in GIS. First of
all, it is connected with different cartographic coordinate
Figure 1. Levels of hierarchy for classes of terrain objects
systems, which can be reference (that is, adapted to a
specific part of the Earth’s surface) and common, use
For each class of terrain objects, semantic features that
ellipsoids with different parameters and, accordingly, characterize terrain objects are set. At the same time, for
have different coordinates of the same physical object each class of terrain objects, its own characteristic set of
of the terrain. Thus, when presenting spatial objects, features is highlighted (for example, in Figure 3, for all
there is semantic inconsistency, for eliminating which objects of the type "river", the relations "eigenvalue*",
it is necessary to perform ontological engineering and "width on a scale*", "sign of shipping*", "water quality
identify key objects of subject domains that use spatial features*").
data to represent terrain objects taking into account the
Thus, the considered ontology of terrain objects and
life cycle of terrain objects as well as typical relationships the method of its formal setting allow us to describe all
over terrain objects.
the main classes of terrain objects and establish for these
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Table I
T OPOLOGICAL RELATIONS , SET ON TERRAIN OBJECTS
Relation type
Inclusion

Object type
Areal and linear
(multilinear) objects

Scheme

SC notation

Areal objects and
points

Areal objects

Bordering

Intersection

Areal objects

Linear (multilinear) objects

Areal and linear
(multilinear) objects

Figure 2. Hierarchy for terrain water objects

Contiguity

Linear (multilinear) objects

III. C ONCLUSIONS BASED ON KNOWLEDGE USING
SPATIAL AND THEMATIC INFORMATION

Figure 3. Assignment of semantic features for terrain object «river»

classes a set of features characteristic of the considered
class of terrain objects.

The implementation of the findings, based on knowledge, is implemented by domain solvers using agents
[10]. At the same time, in connection with the specifics of
geographic information systems, operations for working
with topological-geographical relations, operations for
semantic comparison of objects of terrain, and integration
of subject solvers are proposed.
A. Operations with topologic-geographical relations

At the same time, the designed ontology of terrain
The search for the inclusion relationship is possible
objects is not enough to provide conclusions based on between areal, areal and point, areal and linear (multilinknowledge, since it is required to set relationships over ear) objects. As particular cases - the search for relations
terrain objects. The representation of terrain objects in of inclusion between administrative objects (regions,
a graph-dynamic model required the identification of districts, settlements). To solve this problem, algorithms
types of relationships that can be defined over terrain of computational geometry are used. In general cases, the
objects. In addition to subject connections for processing definition of an inclusion relationship between objects
knowledge in intelligent geographic information sys- of a locality is reduced to an algorithm for determining
tems, it is necessary to set topological and geographical whether a polygon contains a point. For areal and linear
relations. To this end, we select the types of terrain (multilinear) and for areal objects, all points of one object
objects: areal objects, linear, polylines and points. Table are checked for containing all points of other object.
I shows all established relationships, the types of objects
At the first stage, when checking the inclusion relafor which they are established, as well as a schematic tionship between areal and linear (multilinear) objects,
representation of the relations and structures for their a check is performed for the nesting of rectangles in
storage in the language of semantic networks used in which the object data is entered. If the rectangles are
OSTIS technology.
not inscribed, then no further verification is performed.
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This check allows you to significantly save computing resources and execution time. Then, to verify the inclusion
of point objects and areal, the algorithm for determining
whether a point belongs to a polygon is executed, and
for other objects that have successfully passed the first
check, this algorithm is performed for each point of the
object. As an algorithm for determining whether a point
belongs to a polygon, the ray tracing method is chosen.
After defining inclusion relationship between terrain
objects, they are formed in graph structures designed to
store the relationship (Fig. 4).

Figure 5. Formation in memory of the established relationship of
intersection between terrain objects ("The Zachodniaja Dzvina River
crosses the city of Polack")

Figure 4. Formation in memory of the established relationship of
inclusion between the terrain objects ("Myadel district includes Lake
Naroch")

The intersection relation is distinguished between
linear (multilinear) and polygon objects. The fact of
intersection of at least one part of one object and at
least one part of another object is checked. On the first
stage rectangles are determined. If the rectangles have no
intersections or inclusion, there is no further checking.
Else procedure is being repeated for segment objects.
If the fact of intersection is established, the objects
intersect, and then they are entered into formed graph
structures designed to store this type of relationship
(Figure 5).
The "bordering" relationship stands out between areal
objects. The fact of coincidence of at least one part of one Figure 6. Formation in memory of the established relationship "borobject and at least one part of another object of the terrain dering" between the objects of the area ("Belarus is bordered by the
is checked. If there is a coincidence and the objects do Lithuanian")
not overlap, then a “border” relationship is established
for them, which is written into the graph structure (Fig.
object to this segment. In the event that the ownership is
6).
The relation "contiguity" is allocated between linear established, the objects are adjacent to each other.
If a membership established, the objects have a com(multilinear) objects. The fact of contiguity of the ends
mon
border to each other and the corresponding graph
of an object with any part of another object is checked. At
the first stage, the rectangles in which the scanned objects structure is formed in the memory (Fig. 7).
When recording the junction relation for the rivers, the
are inscribed are determined. If the data rectangles do not
intersect and do not fit into each other, further verification fact that the rivers consist of segments having different
is not performed. Otherwise, the procedure is repeated attributes or their meanings is taken into account. On the
for the first object of each segment of the second. If basis of this, an additional relationship is established for
the rectangles that are inscribed inscribed object and the rivers, decomplexing. Each river is decomposed into
a segment intersect or fit into one another, then the segments, and those in turn adjoin each other.
It should be noted that the formed topologicalalgorithm checks the belonging from the ends of the first
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base with new types of knowledge, as well as to eliminate
the homonymy of geographic objects. For example, using
the knowledge base of settlements with codes according
to the SOATDS (system of designations of objects of
administrative-territorial division and settlements) allows
identifying settlements with the same name but belonging
to different administrative-territorial units in a one-to-one
manner.
C. Integration of subject solvers

Figure 7. Formation in memory of the established relationship of
junction between objects of the terrain ("The Svislach River contiguity
the Biarezina River")

geographical relations between the objects of the terrain
may have their own interpretations in the subject domain.
For example, the formed relation "The Svislach River
contiguity the Biarezina River" in the knowledge base of
the intellectual system will be interpreted as the "Svislach
River adjoins into the Biarezina River".

An advantage of OSTIS technology used is a possibility of using problem solvers. Thus, such problem
as implementing a search for routes between specific
terrain objects, calculating geometric characteristics (for
example, an area of a territory) are performed by agents
that can be implemented within the OSTIS technology,
and also be third-party applications initiated to solve
applied domain problems.
On Figure 8 a specification of task for the subject domain is shown. The result of processing with intellectual
agents is shown on Figure 9.

B. Operations for semantic mapping of terrain objects
In addition to establishing topological relationships,
for the correct and unambiguous storage of terrain objects
in the knowledge base of an intelligent system, it is
necessary to carry out a semantic comparison of geographic objects. The semantic comparison of geographical objects of the map occurs according to the following
principle:
– the object class is determined;
Figure 8. Initial specification of an agent processing
– subclass, type, subspecies, etc. are determined. object in accordance with the classification of terrain
objects, i.e. types of terrain objects in ontology;
– attributes and characteristics that are inherent in this
class of terrain objects are determined;
– defines the values of the characteristics for this class
of object;
– the homonymy of identification is eliminated;
– corresponding links are established between the map
object, knowledge base object and object attributes;
– establishes topological relationships between map
objects related to specific classes and types.
As a result of these actions, the first version of the
Figure 9. Result of an agent processing
knowledge base is formed, in which there are map
objects with established topological relationships. As a
IV. I NTEGRATION OF THE CARTOGRAPHIC
result, new knowledge is formed.
INTERFACE AS A NATURAL WAY FOR PEOPLE TO
The second version of the knowledge base is the result
of the integration of the knowledge base, obtained at the REPRESENT INFORMATION ABOUT TERRAIN OBJECTS
first stage and the external subject-oriented knowledge
The proposed principle of coding geo-information
bases. Such integration allows you to fill a knowledge allows the comparison of terrain objects described within
235

the framework of the subject domain and currently
known services of cartographic information in the Internet environment. Thus, visualization of terrain objects
stored in knowledge bases using Google, Yandex and
Open Map Street services is possible, as well as semantic
comparison of geographical objects with a knowledge
base with stored knowledge about these terrain objects
based on the described principles in this article.
On Figure 10 a scheme of cartographic data visualization is shown.

During the first iteration, a "contiguity" will be established at the first iteration, analyzing the topological
relations:
1) The Svislach River flows into the Biarezina River
(i.e. the Svislach River near the city of G.);
2) The Biarezina River flows into the Dnieper River
(i.e. the Biarezina River adjoins);
And it will be concluded that the Svislach River can be
used.
At the second iteration the city of Minsk and the
Svislach River, as well as the city of Rechitsa and the
Dnieper River. As a result, the path that is displayed on
the map of the area will be found.
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One of the "advantages" of intelligent systems developed using the OSTIS technology is the solution of
objective problems when there is no clear specification
and algorithm to solve it. This is achieved by forming
products that are recorded and stored also in the knowledge base Design technology of knowledge processing
machines and models for solving problems.
СЕМАНТИЧЕСКАЯ ТЕХНОЛОГИЯ
As an example, consider the solution to the following
ПРОЕКТИРОВАНИЯ ИНТЕЛЛЕКТУАЛЬНЫХ
problem: "Determine whether there is a water route
ГЕОИНФОРМАЦИОННЫХ СИСТЕМ
between the Min cities If there is such a waterway,
Самодумкин С.А.
display the result on the map". The following statements
of the knowledge base are the basic data:
Настоящая работа посвящена вопросам создания
1) The Svislach River flows through the city of частной технологии проектирования интеллектуальMinsk.
ных геоинформационых систем, использующих знания
2) The Dnieper River flows through the city of Re- об объектах местности для решения прикладных задач
chitsa.
в проблемных областях.
3) The Svislach River is a tributary of the Biarezina
Received 10.01.19
River.
4) The Biarezina River is a tributary of the Dnieper
River.
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different representations of the problem and policy space,
such as logical. There are various approaches and methods that use logical descriptions that could be used for
decision making, for example, semiotic networks [10],
JSM method [2], semantic probabilistic inference [7], [9].
Semantic probabilistic inference (SPI) is a learning
method for an agent that uses logical (rule-based) descriptions of the actions of the agent that was introduced
in [9]. It is based on a mathematically formalized concept
of a functional system from the theory of functional
systems [7].
One of the main goals of this work was to study
and compare capabilities of the SPI method and some
reinforcement learning methods in a multiagent setting
with physically distributed agents and also the effects of
exploration and some other, problem-specific parameters,
on the agents’ performance. While SPI was used as
a basis of a network composed of logic neurons and
I. I NTRODUCTION
Adaptive control system for robotics are of practical studied in a multiagent context in [1], in those works
interest since they promise to increase robustness of agents controlled tightly coupled (physically connected)
existing systems, make the behavior closer to optimal as elements of a robot, used a common reward from a
well as introduce the possibility to impart new behaviors centralized source and inferred the rules in a single
to the robot by a system of rewards or examples. This system that could create rules specific to each agent, as
may be especially important for multiagent systems as well as general rules. In this work we emphasize that the
controlling them in a direct way to achieve a given goal studied system does not provide agents with a common
reward (each reward is specific to the agent), the agents
is harder than single robots.
A lot of current research is dedicated to learning have only an indirect effect on each other’s performance
methods for virtual and robotic agents that is based on and they do not have to use a centralized rule-based
reinforcement learning methods using value and policy learning system, but can learn separately from each other.
The chosen problem environment is a foraging probapproximations, especially based on parametric descriptions of the functions and neural networks. Multiagent lem, where agents must gather food units in a grid
aspect introduces event more problems, like operating in world since it can be seen as a reasonably representative
a dynamic, non-markovian environment that makes even problem for some simple group robotics tasks and it
a static environment more challenging due to the activity satisfies the environment requirements described above.
of the agents themselves in relation to other agents. We also propose a modification of the SPI algorithm
Robots often work in an environment, where only some that introduces exploration behavior into the system so
information about the state is accessible, which means that the agent is less susceptible to local minima of
making decisions in a partially observable environment. performance, especially in a stochastic environment.
On the other hand, an important issue is the question of
Thus, seeking efficient ways to search the policy space
for acceptable (and, preferably, optimal) observation- the application of the logical system of adaptive control,
which is based on the algorithm of semantic probabilistic
action mappings is important.
One of the ways to address this problem it to seek inference, to a group of mobile robots that allows local
biologically inspired models of decision making or using interaction. In this regard, it is proposed to consider the
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Abstract—Adaptation in robotics systems is often implemented as some form of learning. While much research is
dedicated to studying policy and value approximation in
reinforcement learning, some methods are based on rule
inference and logical descriptions. One of these methods
is based on a semantic probabilistic inference algorithm
that has its roots in the theory of functional systems.
In this article, the method is applied to a distributed
multiagent foraging problem that has an important property of providing an environment that allows to study a
decentralized system of individually learning agents. We
compare the performance of this method to other methods:
Q-learning and a random choice algorithm as a baseline.
We also propose a modification of the algorithm that
includes an exploration behavior. Experiments are carried
out in a computer simulation system. The results show the
performance of the algorithms with different parameters,
as well as the effect of exploration on the performance.
Keywords—adaptive control, robotics, semantic probabilistic inference, foraging, local interaction

possibility of using such a control system for a group
of robots that solve some common task. In this case,
the main emphasis is placed not on the solution of the
common task but on resolving the problem of organizing
communication and capabilities of separated and moving
robots.
The work is structured as follows. Firstly, methods
and algorithms used in the paper are presented, as well
as the proposed modification. Then the model of the
problem is described. After that, the experiment parameters, simulation results and the analysis follow. Then,
in the section “Organization of a group of robots for
collective application of the logical model of an adaptive
control system” further research is described, detailing
the problems that need to be solved and a proposed
approach to adapt the semantic probabilistic inference for
a physically distributed group of mobile robots. Finally,
a conclusion sums up some key points about the article.
II. M ETHODS AND ALGORITHMS
The main algorithm that is studied in this work is the
semantic probabilistic inference that is described in [9]
but without the mechanism of new functional system
formation as it was observed in the original work that
for a foraging problem forming new functional systems
is not required. The algorithm also uses the concept of
a goal predicate, but in the later works [1] a reward
was used as a prediction, which is what we use here,
but without creating logic neurons described in the latter
work. The reward predicted by the rules always equals
to one, so it can be written as a goal predicate that states
that the agent gets a reward of one.
We also propose a modification of the algorithm by
introducing an exploration behavior into the system.
The original algorithm chooses a random action only
in cases where the situation was never encountered
before and / or there were no suitable rules inferred
from the experience. Instead, we also add a random
possibility of choosing an action randomly with uniform
probability that is governed by an exploration rate ε.
This is similar to exploration done by the Q-learning
algorithm and should help the agent gather information
about alternative choices of actions in situations that
already have a suitable rule. There are also cases where
such exploration strategies were successfully applied to
foraging problems [6], so it seems reasonable to try it
for the SPI algorithm in a multiagent setting.
The following is a short version of the SPI algorithm
as it is implemented in this work. The proposed modification is marked by an asterisk and is basically everything
that uses .
1) Parameters of the algorithm basic_rule_depth brd,
max_plan_length mpl are set, the environment and
agents are initialized.
2) Agent receives an observation obs from the environment,
which includes the reward r from the previous action.
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3) Agent updates its experience table (called here spi_table)
by adding 1 to the record describing a combination of the
last state slast , sequence of last actions taken aseqlast
and the resulting reward r (0 or 1):
spi_table[slast , aseqlast , r] += 1
4) Rules for regularities detection are created by exploring
a graph that has rule of the following form as its nodes:
P1 ∧ P2 ∧ ... ∧ A1 ∧ ... ∧ Ampl → r
which contain state predicates (P1 can be, for example,
a fact “the left cell has food”) and a sequence of actions
Ai , in the precondition and a predicted reward r in the
postcondition that always equals 1 (otherwise the rule
would never be applied). Nodes are explored in two
steps. Firstly, all possible rules with no more than brd
predicates in the precondition including action predicates
and no less than one action are built by expanding a node
with a single new predicated added to the preconditions.
During the second stage, only the rules that pass a
positive rule regularity check are expanded. The first
node is a rule → r.
5) Positive regularity check for a rule means that its estimated probability to yield a reward r is higher than
that of any subrule that can be formed with a subset
of its preconditions. Only rules that pass a positive
regularity check are added to the list of regularities for
decision making. The probability check is the following
inequality:
n(Prule ∧ Arule ∧ r)
n(Psubrule ∧ Asubrule ∧ r)
>
n(Prule ∧ Arule )
n(Psubrule ∧ Asubrule )

where Prule — state preconditions of the rule, Arule
— action preconditions (planned actions) of the rule,
Psubrule — state preconditions of the subset rule,
Asubrule — action preconditions (planned actions) of
the subset rule, n(predicates) — number of times the
predicates were applicable to agent’s situation stored in
its experience table spi_table.
6) (*) Exploration action is carried out with ε probability,
which is a randomly chosen action with a uniform
probability and step 9 is performed. Otherwise the usual
SPI action selection is applied.
7) If exploration action was not chosen, all discovered
rules’ applicability to current state from the regularities
list are checked. If a rule’s precondition is satisfied,
its performance rule_performance (probability to get
a reward following the precondition actions from the
current state) is checked according to the formula:
rule_perf ormance(rule, state) =
=

p(Pstate ∧ Arule ∧ r)
p(Pstate ∧ Arule )

where Pstate is all predicated describing the current
observation (not just the predicated from the rule’s
precondition). A list of such rules is formed with their
performances.
8) The applicable rule with the highest performance is
chosen and its first action (if there are several in the
rule action plan) is chosen to be performed:
chosen_rule =
= argmax(rule_perf ormance(rule, state))
rule

action = (Achosen_rule )1
9) The chosen action is stored as the last action performed,
the sequence of length mpl of last actions is updated,
the current state is remembered as the last state and the
action is returned to the environment to be performed.

The SPI method was expected to show relatively high
performance, surpassing some classical reinforcement
learning algorithms at least on initial episodes, since
it can aggregate states from observation space by only
deciding on a few variables (predicates) from it. The
original (with exploration rate  = 0) SPI also quickly
adapts rewarding behavior, but it can be hypothesized
that it can fall into a local minima because it does
not seek new rules actively for a state that already has
a rewarding regularity discovered. Hence the proposal
to add an exploration coefficient to it, so that it can
sometimes check other actions.
A random choice algorithm was used as a baseline for
comparison. Another algorithm to compare the performance against was the classical Q-learning (in tabular
form), described, for example, in [4]. It maps states to
actions by using a value function Q(s, a) that serves as
an estimate of how much reward an agent can get from
a given state s by choosing an action a. The actions are
chosen to maximize the reward:
a(s) = argmax(Q(s, a))
a

The state-action values are stored in a table and are
updated using both the actual received reward r at the
current step after receiving information about the state
s’ the agent was transferred to and the estimate of the
next rewards:
Q(s, a) = Q(s, a) + α(r + γ · maxQ(s0 , a) − Q(s, a))
a

The estimate is updated with a learning rate α that can
be interpreted as indication of how much the observations
are trusted and the discount rate γ, which indicates how
much the agent values (or trusts the estimates of) the
future rewards.
It should be noted that in partially observable environments observations must be used instead of the
whole states and that the method uses the whole state
information to make decisions. It means that if only one
small part of the observation changes, the agent treats
the situation as a completely new one and will have to
learn it from scratch.
III. E XPERIMENTAL S ETUP

units or agents on any of the free cells. The obstacles
are located only at the edges of the field (Fig. 1):

Figure 1. Foraging environment. Green circles are food locations, pink
circle is an agent and the white line on it shows the direction it is
currently facing, light squares on the fringes are obstacles.

Agent can move and when moving onto a cell with
food objects it «eats» one of them and gets a reward of
1 as part of the observation on its next step. This is to
have a unified and more realistic interface between the
agent and simulation, since rewards are not a separate
entity of the world, but rather an interpretation of the
agent of the situation or an external signal that explicitly
communicates a reward. Agent has a direction, where it
is currently facing. It can choose one of three actions:
moving forward one step in the direction it is facing,
turning 90 degrees left or right.
An observation consists of a number of nearby cells
and their simplified contents. The simplification is that
only a type of the object is shown on the grid to the
agent and none of its internal parameters, and when
there are multiple objects in a cell, only one of them
is detected. The exact cells to be observable depend
on the observation radius and are calculated using a
maximum norm. The direction of the agent is facing also
determines the observation so that the agent also faces
‘up’. For example, for radius of one the observation looks
as shown in Fig. 2:

Figure 2. Observation with vision radius equal to 1. In this example,

Foraging problem is a relatively common testing envi- three obstacles are shown to the right, two unites of food are located
the agent with one being diagonally to the left, the agent itself
ronment for multiagent reinforcement learning problems, behind
is in the center and it always looks forward (‘up’) in its local system
but can be formulated differently. Here it is defined in the of observation, and the reward received on the previous step is 0.
following way. There are three types of objects – food
units, obstacles and agents situated in square grid cells.
The goal of each agent is to maximize the cumulative
Neither agents nor food can be located on a cell with reward (food it gathered) over an episode, where an
an obstacle, but there can be unlimited amount of food episode is a fixed length sequence of steps. For con239

venience, instead of a rolling sum, all of the steps are
separated into non-overlapping episodes.
IV. R ESULTS AND DISCUSSION
The model of the world consisted of a 25 by 25 grid
with 100 randomly placed food units. The amount of
food on the field was constant which was provided by
randomly placing another unit of food whenever a unit
was gathered by an agent. There were simultaneously 10
agents on the grid with the same starting parameters, but
that evolved independently of each other (without deliberate communication). At the start of each step, all agents
decided on an action based on the observation of nearby
surroundings with a vision radius of 1 (all contiguous to
an agent cells, including diagonal, were seen by it). Then
the simulation executed each of the actions sequentially. Figure 3. SPI – semantic probabilistic inference algorithm. The
number after ’SPI’ is the  used. Random algorithm is a baseline for
On the next step, agents were provided with a reward (if comparison. The bold line is the mean over all agents and experiments,
they gathered a unit of food on the previous step) of 1 the shaded area shows minimum and maximum performance between
agents with the same algorithm.
by including that information in the observation.
Experiments were carried out 10 times for each set
of parameters and the results were averaged over the
experiments. They were further averaged over the agents agent’s viewfield) it is almost deterministic, that is,
to get a learning curve for an algorithm with a set of correct actions will always lead to the same reward,
parameters. While a standard practice for single agent unless another agent interferes, which is relatively rare
simulations in reinforcement learning, it also makes for such rate of agents to the field size (less than 2%
sense in this case for a multiagent problem, since agents of cells are occupied by agents, which observe at most
of the same type (with the same algorithm and starting about 14% of the world). Outside of the immediate observation area, however, the world is highly unpredictable
parameters) show similar average performance.
When a new experiment starts, the world and agents to agents, since they only have a partial observation
reset (learned parameters are not kept between exper- of the world state (and a considerably limited, at that),
iments). Each experiment consisted of 2000 steps that with food spawning randomly and agents having almost
are grouped into episodes — each episode is a 100 no information, which could allow to determine food
steps. The episodes are mostly a more convenient way to location outside of the immediate observation.
This leads to a behavior that is similar to random
view the results of a simulation, since the task itself is
choice
when no food is observed (although, agents show
continuous. Each episode’s cumulative reward for each
a
preference
for forward movement after learning) and
agent is recorded.
a
set
of
rules
that instruct to pick up observed food as
Semantic probabilistic inference had its rule depth
soon
as
it
appears
in the agent’s view. However, this enlimited to 1 (rules with more than one precondition were
vironment
did
not
demonstrate significant opportunities
retained only after a successful regularity check was
to
trap
an
agent’s
policy
in a local minimum because of
performed) and its plan length to 1 (so that no more
than one action is in a precondition). It was tested both the aforementioned properties. Most random significant
with the proposed exploration modification and several drops in an agent’s performance can be attributed to
exploration rates ., as well as without it as in the original having collected all the food in a local area and randomly
moving in a now-empty area that the agent has no way
article [9], which is equivalent to  = 0.
Q-learning parameters used in the experiments are the of determining without sufficient memory.
This might contribute to lower importance of explofollowing: exploration rate  = 0.05, learning rate α =
ration in this problem, despite it usually being important
0.1, discount factor γ = 0.1.
Computational experiments were carried out in a cus- to get a high performance for some types of learning
tom Python simulation system. Experimental results are agents, as seen from, for example, comparison in the
work [5]. We can also observe that high values (0.5 on
shown in Fig. 3.
The random learning agent serves as a baseline for the graph) lead to a decreased performance, which is
comparison and also allows to check that the environment expected since even optimal rules would be ignored half
is not too easy for an agent — rewards must be relatively of the time.
Q-learning quickly becomes overwhelmed by the state
low between a random and a learning agent.
The foraging problem itself in this formulation has space when increasing the radius of the agent vision and
several interesting qualities — locally (within a single learns very slowly, while showing performance below
240

that of a random agent. It is not shown on the graph, but
separate experiments have shown that with vision radius
equal to 2 cells away, Q-learning surpasses performance
of 50 by about 200th episode (which is 200 000 steps).
V. O RGANIZATION OF A GROUP OF ROBOTS FOR
COLLECTIVE APPLICATION OF THE LOGICAL MODEL
OF AN ADAPTIVE CONTROL SYSTEM
Firstly, let’s consider, instead of a shortened version
studied above, a full logical model of an adaptive control
system that is introduced in [9]. It can be formally written
as CS = hS, A, P, F i, where F is the description of the
hierarchy of the basic elements of the system, which are
functional systems, as S = {S1 , S2 , ..., Sn } is the set
of sensors of the robot (a robot with such structure will
be further called animat), A = {A1 , A2 , ..., Am } is the
set of its possible actions and P = {P1 , P2 , ..., Pl } —
the sensory information at a specific time in the form of
predicates which can describe not only the current, but
also the past states of the sensors.
Each functional system (FS) is a tuple F S =
hP G, G, P Ri, where PG is a predicate-goal, describes
a goal that is represented using the conjunction of
sensory predicates P, i.e. P G = P1 ∧ P2 ∧ ... ∧ Pl . If
this predicate is true, then the goal is achieved. G =
{P G1 , P G2 , ..., P Gn }, where P Gi are goal predicates
corresponding to the goals of the subordinate FS in the
hierarchy. PR is a pattern, in the form of:

group of robots with local interaction, each robot in the
group can be associated with a separate FS. The links
between individual FSs are then identical with the local
links between the robots of the group. Therefore, organizing the processes of transferring subgoals from higherlevel FS-robots to lower-level FS-robots and transferring
results or predictions of results from lower-level FSrobots, you can ensure that the algorithm for semantic
probabilistic inference for a group of robots is similar
to the same algorithm for a single robot. This allows to
treat a group of robots as a single goal-directed entity
driven by the SPI algorithm.
Thus, to adapt the logical model of the adaptive control
system for a group of robots, it is necessary to build
a hierarchy of relations within the group of robots,
each of which is known for the adaptive control system
architecture.
This first problem can be solved in two stages: first,
a leader is selected in the group of robots that will be
the top of the hierarchy. Restriction on the locality of
interactions between agents makes leader selection nontrivial, but algorithms that can solve this problem are
described in, for example, [3] or [8].
By applying one of these algorithms [8], which is
based on the redistribution of weights between robots,
a hierarchical communication structure can be created
(Fig. 5):

P1 ∧P2 ∧...∧Pn ∧P G1 ∧P G2 ∧...∧P Gm ∧A1 ∧A2 ∧...∧Ak
which shows that:
• If the animat is in the state described by the sensory
predicates P1 , P2 , ..., Pn ;
• If in this situation it sequentially reaches the subgoals P G1 , P G2 , ..., P Gm ;
• If
then it sequentially performs actions
A1 , A2 , ..., Ak ;
• Then it will reach the goal G with some probability.
With a given goal or sub-goal and known information
about the world and the internal state of the FS, the task
of this FS is to find the best way to achieve the goal
by performing the actions chosen on the basis of the
prediction.
The example of general scheme of this architecture is
shown in Fig. 4

Figure 5. Hierarchical structure resulting from the use of a leader
selection algorithm for a group of robots with local interaction.

It can be seen from the figure that it is a structure
similar to the structure necessary for the functioning of
the logical model of the adaptive control system, where
the root agent ‘0’ corresponds to the one of FS.
However, there are still links connecting several robots
at the top level with the same robot at a lower level. In
this regard, the second stage of preparation is necessary,
i.e. carrying out the procedure for removing such connections, which consists in sending the leader a special
message M with his number to his neighbors. As soon
as the message M is received, the robot remembers the
Figure 4. Example of adaptive control system architecture.
number of the “parent” robot from which it received it
Since this case describes the model of the adaptive and will continue to receive messages only from it. Then
control system for a single animat, then considering a he sends the message M with his number and the number
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of his “parent” to his neighbors. Neighbors of the upper
level, except for the “parent”, by accepting this message,
will exclude him from their neighbors. Lower level
neighbors will remember him as their “parent” unless
they already have another. If messages from different
“parents” came at the same time, a “parent” with a large
number is selected.
This is a particular example of when the connections
in the adaptive control system form a tree. In general,
there is no need to remove additional links.
It remains to assign the remaining FS robots from F (k)
in such a way that they satisfy the expressions describing
the set F (k) . This is achieved by assigning each neighbor
of the robot a separate branch of a common tree, which
describes the scheme of relations of individual FS with
each other in the adaptive control system. Each neighbor
thus gets its own tree for distributing its branches among
its neighbors, etc. Obviously, with such a physical organization, a number of restrictions appear, for example,
the number of lower-level FS that can be controlled by
the upper-level FS is limited by the maximum number
of local communication channels of the robot.
Consequently, in a given group of robots with local
interaction, only some functional system hierarchies can
be implemented. Another factor limiting the number
of possible hierarchies is the number of robots in the
group, i.e. it is impossible to implement systems with
|F (k) | > R, where R is the number of robots in a group.
Moreover, even if |F (k) | > R, it does not guarantee
that robots will be able to organize such a control
system. This is due to the fact that it is impossible to
predict what hierarchical structure robots will build in the
process of self-organization, knowing only their numbers
and the number of their possible local neighbors. The
probability of building a suitable structure increases if
R is noticeably greater than |F (k) | and increasing L.
In other words, the more robots in a group, and the
more neighbors each robot can have, the more complex
functional system hierarchy they can reproduce.
A similar approach can be used to create a group of
robots with local interaction, which can be controlled as
a whole using a logical model of an adaptive control
system.
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АНАЛИЗ МЕТОДА УПРАВЛЕНИЯ НА ОСНОВЕ
СЕМАНТИЧЕСКОГО ВЕРОЯТНОСТНОГО
ВЫВОДА В МНОГОАГЕНТНОЙ ЗАДАЧЕ
ФУРАЖИРОВКИ
Воробьев В. В., Ровбо М. А.
Адаптация в робототехнических системах часто
представляет собой какую-либо форму обучения. Хотя многие исследования посвящены изучению приближения стратегии и функции полезности в обучении с
подкреплением, некоторые методы основываются на
выводе правил и логическом описании. Один из них
основан на алгоритме семантического вероятностного
вывода, который имеет корни в теории функциональных систем. В этой статье метод применяется
к распределенной многоагентной проблеме фуражировки, которая имеет важное свойство в виде среды,
позволяющей изучать децентрализованную систему
индивидуально обучающихся агентов. Мы сравниваем
эффективность этого метода с другими: Q-обучения
и алгоритма случайного выбора в качестве основы
сравнения. Мы также предлагаем модификацию алгоритма, включающую исследовательское поведение.
Эксперименты проведвены в системе компьютерного моделирования. Результаты показывают эффективность работы алгоритмов для различных параметров,
а также влияние исследовательского поведения.
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Abstract—A complex problem of monitoring sophisticated technical object (bridge) is faced. Some important
peculiarities of measurement tasks and their organization in
monitoring system are described. In order to represent and
engineer measurement knowledge an ontological approach
to measurement specification is presented. A hierarchical
system of measurement ontologies is proposed, some basic
low-level ontologies are constructed by using mind maps.
A special attention is paid to the analysis of uncertainty
types in measurement.
Keywords—ontology; measurement; ontological modeling; ontological hierarchy; measurement uncertainty; sensor networks; monitoring

I. I NTRODUCTION
The new industrial revolution under the name of Industry
4.0 based on Cyber-Physical Systems and Internet of Things
supposes the concept formation and implementation of socalled Ubiquitous Measurements with Sensor Networks. Such
networks can be viewed as a community of autonomous agents
located in different places and maintaining communications
to generate a distributed cognition system. Enabling mutual
understanding and joint work of these agents requires a system
of measurement ontologies. This problem is faced in our paper
in the context of monitoring sophisticated objects in railway
infrastructure (by taking an example of bridge).

II. M EASUREMENT IN A C OMPLEX M ONITORING
S YSTEM
A complex problem of bridge monitoring (Fig. 1) includes
the following tasks:
1) specification of keynote characteristics of the bridge state
(e.g. bridge deformation, uneven draft of the structure,
vibrations), measurement of main meteorological parameters (first of all, wind strength and direction, etc.);
2) interpretation of measurement results;
3) analysis of the processes in the construction of the bridge
and diagnostics of its current state;
4) prognosis of the further evolution in the state of the
bridge structures;
5) decision making related to possibility and safety of
bridge operation.
Thus, measurements are a principal information source to
perform subsequent monitoring tasks.
This work is supported by RFBR, grant No 18-07-01311 and 19-0701208

Figure 1. Tasks to be performed in the course of monitoring

According to the branch road methodical document [1]
monitoring means an experimental checking of quantitative
parameters (measurement) and qualitative factors specifying a
technical state of the bridge. These are:
• geometrical parameters;
• stress-strain state;
• temperature of bridge structures;
• dynamic characteristics;
• defects;
• loads and impacts;
• atmospheric conditions of bridge operation;
• stiffness, strength and other properties of structures and
materials.
Both current parameters values and their changes while monitoring can be specified. Measurements in monitoring can be
performed by using both devices with continuous data registration and in the form of periodic instrumental measurements by
using sensors and devices pre-installed in the bridge structures.
Measurement theory encompasses knowledge about measurement types, methods, tools, instruments, results, conditions.
In order to develop metrological intelligent systems on the basis
of knowledge engineering [2] let us consider an ontological
approach to measurement.

III. O NTOLOGICAL A PPROACH TO S PECIFYING
M EASUREMENT
Ontology (in Computer Science) is usually seen as a formalized description of some problem area. Two classical approaches in ontological modeling are known —- relational and
logical; these approaches rise to the foundational papers by
T.Gruber [3] and N.Guarino [4]. So Gruber defines ontology
as an explicit formal specification of a conceptualization shared
by the members of some community. Here basic keywords are:
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”conceptualization” – synthesis of abstract conceptual
model of external world phenomena by identifying keystone concepts and studying main relations between them;
• ”formal” – such a conceptualization should be expressed
in a machine readable format to be understood by computer (sensor) system;
• ”explicit” – it means that the type of concepts used and
the constraints of their use are explicitly defined;
• ”shared” – ontology captures consensual knowledge accepted by a group in order to enable mutual understanding
and joint work of various agents (a communicative aspect
of ontology).
According to Guarino, ontology is a logical theory that
gives an explicit partial account of a conceptualization. It
includes some basic terms forming taxonomy, their definitions
and attributes, related axioms and inference rules.
It is often very difficult or even impossible to construct single, comprehensive, coherent and practically useful ontology.
To simplify ontology development and reuse, a modular approach is taken and some hierarchies of ontologies are formed
[4]–[6]. On the low level apart from domain ontology, both
task ontology and application ontology are constructed, and
on the high level upper ontologies [7] are viewed to represent
general categories encountered in many problem areas.Besides,
meta-ontology (”ontology of ontologies”) is given that provides
both an exact mathematical specification of various ontologies
and formal analysis of their properties. Specifically, it includes
methods and forms of representing, developing and merging
different ontologies.
An example of foundational measurement ontology is QUDT
(Quantity, Unit, Dimension, Type) ontology [8], where class
properties and restrictions are defined to model physical quantities, units of measure and their dimensions in various measurement systems. The goal of the QUDT ontology is to
provide a unified model of measurable quantities, units for
measuring different kinds of quantities, the numerical values of
quantities in different units of measure and the data structures
and data types used to store and manipulate these objects in
software. Among other perspective ontological approaches to
measurements Kuhn’s functional ontology of observation and
measurement [9] should be mentioned.
Below a three-leveled system of measurement ontologies is
suggested (Fig. 2) in the framework of solving complex monitoring problem. Here low level ontologies include measurement
domain ontology, ontology of measurement properties, ontology of sensor networks as measurement tools, measurement
applications ontology (measurement for monitoring). Following
the Guide to the Expression of Uncertainty in Measurement
(GUM) (see [10], [11]), we take uncertainty ontology as upper
ontology. Finally, we have granular ontology [12] on the metalevel.
Such visual tools as mind maps [13] are worth employing
to represent ontologies. A basic idea of mind map is to
automatically transform some text fragments in a graphical
form. Such a map possesses the following features:
1) it has a form of a bush;
2) a studied object is placed in the center of the picture that
corresponds to the center of attention;
3) primary topics related to the object of investigation
diverge from the center as branches explained with
keywords;
4) secondary topics are also branching;
5) the branches form a connected nodal structure.
Four low-level ontologies are depicted as mind maps in
Fig. 3 – Fig. 6: ontology of sensor networks, ontology of
measurements, ontology of measured properties (with using
•

Figure 2. Ontological hierarchy of measurements

Doynikov’s classification of measured properties [13]) and
ontology of bridge monitoring as application ontology for
monitoring [15].

Figure 3. Visual representation of sensor network ontology

Figure 4. Mind map for measurements ontology

It is seen from Fig. 3 that the problem area ”Sensor
Networks” is revealed through such concepts —- classes as
”Sensors”, ”Networks”, ”Environment”, ”Application Goal”.
Here measurement tasks ontology is tightly connected with
measurement applications in the framework of monitoring
problem. Main measurement tasks in monitoring situation are
both formation of judgments and support of reasoning. These
judgments and reasoning concern diagnostics of current state of
monitoring object (bridge), prognosis of their change tendencies, decision-making and recommendation development. For
example, ”if the wind speed measured by the anemometer on
the bridge is 25-26 m/s and considerable bridge vibrations are
observed, then the traffic on the bridge is prohibited”. It is the
case of joint, multiple, dynamic measurements.
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In [10], [11] measurement uncertainty is viewed as a principal lack of exact knowledge about measured value. In other
words, the result of measuring some quantity x has two
components:
• some value x0 ;
• its uncertainty ux .
Generally we have (x0 ± ux ) mu, where mu means measurement unit.
The result of measurement is only an approximation of
measured value. It cannot be expressed by a singleton and it is
characterized by a distribution on confidence interval.

A. Uncertainty of type A and B

Figure 5. Mind map for ontology of measured properties

On the one hand, in analyzing measurement uncertainty the
GUM materials [10] have to be taken into consideration. On
the other hand, the limitations of classical stochastic techniques
require the development of more general approach to the modeling of uncertainty in measurement related to such concepts as
granule and measurement information granulation [17]–[19].
In [10], [11] the difference is made between type A and
type B uncertainty. Type A uncertainty evaluation is performed
by the statistical analysis of series of observations. Type B
uncertainty requires a new evaluation method other than the
statistical analysis of series of observations, for instance, fuzzy
variable, fuzzy interval, fuzzy number, possibility distribution.
Here, type B uncertainty (more exactly, a complex of various
types of non-stochastic uncertainty) encompasses such factors
as:
• incomplete or inaccurate definition of the measure and,
for instance, the lack of justified uncertainty value ux ;
• a non-representative sample;
• an open character and dynamics of measurement procedures, their dependence on measurement goals, environment and available instrumentation;
• instrumentation imperfection due to its finite resolution or
discrimination threshold;
• inaccurate or incomplete knowledge of both environmental conditions and their impact to measurement results.

B. Classification of type B uncertainties

Figure 6. Mind map for ontology of bridge monitoring

IV. O N U NCERTAINTY T YPES IN M EASUREMENTS
Any measurement is an experiment under uncertainty.
Thus it always has an error. Measurement results depend
on measurement-information system, measurement techniques,
external conditions, human-operator’s qualification and so on.
An old idea of measurement with exact result largely has
outlived itself.
In International and Russian standards an ordinary term
”measurement error” or its inverse ”accuracy of measurement”
was replaced by a wider term ”measurement uncertainty” [10],
[11]. Measurement uncertainty is a general concept associated
with each measurement. By taking into account measurement
uncertainty, we are able to compare measurement results with
existing standards and norms, perform diagnosis of the monitoring object and prognosis of its future behavior, make important
practical decisions and manage risks.
In [16] some analogies between classical measurement science and new concept of measurement uncertainty have been
traced. Nevertheless, the matter is not only terminological
differences, but a quite new representation of the sense by measurement results. According to GUM, certain measurements do
not exist.

Let us take as a basis Borisov’s uncertainty classification [20]
that was introduced in 1980’s. In this classification uncertainty
was also divided into two classes – stochastic uncertainty and
non-stochastic (linguistic) uncertainty. It is suitable to modify it
for measurement with using sensor networks by taking into account inaccuracy, incompleteness, ambiguity, contradictoriness,
fuzziness in measurement (Fig. 7).

Figure 7. Classification of type B measurement uncertainties

Measurement inaccuracy means a limited sensor resolution
capacity due to the nature of measured parameter.In every
measurement there exists an unrecoverable error depending on
the sensor threshold. For instance, an acoustic range finder
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determines the distance to objects within the limit of 0,2—80
m with an error 2%.
Incomplete measurement information supposes that in sensor
network a few sensors are inaccessible, and total ignorance
means a loss of communication with the sensor or malfunction
of measuring element.
Contradictory indications may appear for homogeneous sensors measuring the same parameter. For example, two strain
gauges measure structural stress: the first sensor indication is
interpreted as ”normal”, and the second sensor indication is
seen as ”out of norm”.
Measured data ambiguity supposes the use of some (nonprobabilistic) distribution. Fuzzy value is attributed to the terms
of linguistic variable. For instance, ”the measured wind speed
on the bridge is almost in the norm”.

V. C ONCLUSION
As a result of this research, some proposals on granular
measurement uncertainty models and cognitive structures of
measurements have been introduced. In order to develop distributed cognition systems a hierarchical system of ontological
measurements has been proposed, basic low-level ontologies
are constructed. All above allows to develop intelligent monitoring systems based on distributed cognition systems.
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Королева М. Н., Бурдо Г. Б.
Рассмотрена комплексная проблема мониторинга
сложного технического объекта (на примере мостового
перехода), описаны особенности организации и задачи
измерений в системе мониторинга. В интересах представления и систематизации знаний об измерениях изложен онтологический подход к спецификации измерений, предложена иерархическая система онтологий
измерений, построены основные онтологии измерений
нижнего уровня с помощью ментальных карт. Особое
внимание уделено описанию видов неопределённости
в измерениях.
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Abstract—The system of measures and features for
scaling and ranking knowledge processing phenomena is
considered. Some types of measurement scales were generalized. Such attributes and measures as key elements of
the knowledge representation language and the distance
between the texts of such languages were considered together with others combining means of the set theory,
ordered sets and the theory of formal languages. The
proposed concepts are towards the integration of knowledge
processing models, including artificial neural networks.
Keywords—semantic networks, knowledge representation, knowledge processing, scales, features, measure, measurement

I. I NTRODUCTION
The purpose of the article is to get answers to the
following questions:
• What are the types of scales [1], [2] are and their
features (attributes)?
• How complex is the measurement scale for an
arbitrary set of features?
• What features can be mined from knowledge representation [3], [4] models?
• What features can be mined from information processing [3]–[6] models and knowledge processing
phenomena [3], [4], [7]?
Objects are designated by signs in the order of perception
processes for the representation of knowledge. The becoming of signs in these processes allows to investigate
the properties and attributes of objects.
II. M EASUREMENT SCALES AND FEATURES

relation of a reflexive order [8], which has the properties
of antisymmetry and transitivity. If the order is trivial
(has the property of symmetry), then the scale is called
nominal. Another important type of scale with an order
relation is the (linear) ordinal scale, the order on which
has the property of linearity. An important type of scales
and features (attributes) and are quantitative scales and
features which values are numbers. Often these are scales
with a linear order. Quantitative attributes (measures)
allow measurements. Within the scale, the values of one
feature can be considered as objects that may have their
own features. Thus, a sequence of scales can be built,
reflecting one set of features and their models to the next
ones. One of the quantitative scales in such sequences
and the corresponding features are the scale and the
feature that measures the number (power of the set)
of the mapped objects for any value of the feature in
another scale. The model of feature values in this scale
is in one-to-one correspondence with a well -ordered set
of cardinal numbers. Such a feature as modishness is
associated with this scale and order on it:
sup
γ∈Σ



arg (hs (χ) , s (γ)i)
χ∈Σ



(1)

Here arg means a function that returns a subset of
objects of a set Σ, the value of one attribute α of which
is equal to the value of another attribute β
arg (hα (γ) , β (γ)i) =
γ∈Σ

= {γ |(γ ∈ Σ) ∧ (α (γ) = β (γ)) } (2)

From a mathematical point of view, a feature is defined
Under the mods are understood the elements of the
by a function that is defined on a set of objects and set of objects of the primary scale, the feature values
allows for each of them to get a particular value of of which are not less than modishness. If there are no
the feature. Each feature with relational structures [4] such elements, the modishness is external, otherwise it
or models on a set of objects and a set of values of is internal.
this feature form a scale. The relational structure or



model allows to structure a set of objects or a set of arg
arg (hs (χ) , s (ζ)i) , sup arg (hs (χ) , s (γ)i)
χ∈Σ
γ∈Σ
χ∈Σ
values of the feature. Depending on the complexity, ζ∈Σ
(3)
scales vary by types. The complexity of the scale is
The projection (mapping) of the original scale on a
determined by power of the model carrier set and its non-empty set of modes forms a new scale (subscale),
structure. One of the ways to set the scale structure is all objects in which are modes.
to order the set of values of the feature. In this case, the
max (α (χ)) = max ({α (χ) |χ ∈ Σ })
(4)
signature of the corresponding model contains a binary
χ∈Σ
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It is natural to distinguish scales and attributes by the
number of values of a attribute in a scale, according
to which attributes and scales can be finite, including
binary attributes and scales, scales with n values, and
infinite ones. In addition to modes in scales with an
order relation, you can select the medians, the set of
all medians in the scale forms a medianoid.
Section ϕ on a scale ψ:

them, the concept of medoid can be defined depending
on the measures α and β.
arg
ζ∈Σ



α (hΣ, ζi) , inf (β (hΣ, γi))
γ∈Σ



(12)

The measure β is usually the same as α, which has
the following form:
α (hΣ, γi) =

X

µ (hχ, γi)

(13)

χ∈Σ

O (hϕ, ψi) =
= (∀χ (∀γ ((hχ, γi ∈ ϕ) → (¬ (ψ (χ) ≥ ψ (γ))))))
(5)
The lower sections of the set Σ on the scale ψ:
LS (hΣ, ψi) =



(O (hα × β, ψi) ∧ (β ⊂ Σ)) ∧
= hα, βi
(6)
((α = Σ/β) ∧ (|α| ≤ |β|))
LS (hΣ, ψi) =



(O (hα × β, ψi) ∧ (β ⊂ Σ)) ∧
= hα, βi
(7)
((α = Σ/β) ∧ (|α| ≤ |β|))
The upper sections of the set Σ on the scale ψ:

U S (hΣ, ψi) =



(O (hα × β, ψi) ∧ (α ⊂ Σ)) ∧
= hα, βi
(8)
((β = Σ/α) ∧ (|α| ≥ |β|))
Embedding sections ϕ:

C (ϕ) =



((α ⊆ γ) ∧ (δ ⊆ β)) ∧
= hhα, βi , hγ, δii
(hhα, βi , hγ, δii ∈ ϕ)
(9)

a measure can taked as α (hΣ, γi) = sup (µ (hχ, γi)) or
χ∈Σ

α (hΣ, γi) = |L (hΣ, γi)|, where L is the function of the
remote set of a point χ in the set Σ:
L (hΣ, χi) =
= {γ |((σ ∈ S (hΣ, χ, γi)) ∧ ((σ ≥ 0) ∧ (γ ∈ Σ))) }
(14)
and S is the function of distancing the point χ from the
point γ on the set Σ:
S (hΣ, χ, γi) =
 



X
= σ σ =
(µ (hχ, ζi) − µ (hγ, ζi))



(15)

ζ∈Σ

Also, a medoid can be selected based on distancing at
β (hΣ, γi) = 1.

(16)

When considering an arbitrary set of features defined
on a set of objects, it is possible to move from this set
to a single multiple feature according to the scheme:
×

i∈Γ

O



Pi O =
× Pi
i∈Γ

(17)

There is possible reverse transition. If the source
features are binary, then the multiple feature has a range
of power 2. Any n-ary feature can be presented as a
multiple feature with the range of the same power 2|Γ| .
Medianoid embedding sections ϕ:
It should be noted that a countable number of binary
features for a finite set of objects corresponds to an
M (ϕ) =
  
  element of uncountable set of multiple features. The
(∃α (∃δ (hhα, βi , hγ, δii ∈ ϕ)))
finite multiple features of binary features and a set of
= µ ∀β ∀γ
→ ((µ ∈ β) ∼ (µ ∈ γ))
objects generate the formal context [11] for which the
(10)lattice of formal concepts [12] can be constructed. The
corresponding indicator sets in rows or columns of the
Medianoid set Σ on the scale ϕ:
formal context can be interpreted as elements of a vector
M (C((LS (hΣ, ϕi) /U S (hΣ, ϕi)) ×
(11) space [13] of finite dimension over a finite field F2 [14].
(U S (hΣ, ϕi) /LS (hΣ, ϕi))))
Thus, the lattice can be extended to a vector space.
A scale [1] is called quantitative if the values of the The same is true for any n ary features when n is an
attribute in it are numbers. If the numbers are real, then integer power of a prime number. Thus, a finite formal
the scale will be called charged [9], [10]. A charged context can be spliced onto a set of finite vector spaces
scale, the numbers in which are non-negative, will be (a pseudometric and pseudonorm can be introduced).
The graph of the lattice of formal concepts [11], [15]
called the measured scale [1], [2]. The feature values in
the scale can also be elements of a module or a vector can be considered as the carrier of a metric space. Also,
space. If a pseudometric or metric is defined on a set a finite formal context can be mapped into a set of finite
of values of a feature in a scale, then the corresponding modules that can be mapped to a non-infinite module of
scales will be called pseudometric or metric [2], [13]. For integers [16].
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III. K NOWLEDGE REPRESENTATION LANGUAGES , ITS
TEXTS AND FEATURES

Languages [17], [18] will be called straight languages
iff each text of which does not contain its components
more than once. By analogy with symmetric (symmetrical) languages [3], languages containing as strings all
lines that are the result of cyclic permutations [19] of
any other text of this language will be called cyclic
languages. In a similar way, inverted (palindromic), dihedral and alternating [19] (antisymmetric) language are
considered.
In processes and phenomena, frequently occurring
fragments (sub-phenomens and substrings) are distinguished. Frequent repetitions of adjacent identified phenomena are recorded and fixed as meta-events. The ratio
of the presence or absence of a fragment in a phenomenon is an attribute. Each designation is associating
with a coordinate vector in an infinite-dimensional space
with a metric introduced on the set of these vectors.
On the set of texts such features as key elements are
investigated. Consider the texts of some sublanguage L
of the language U in the alphabet A. Let’s set text τ
transformation into functional form:
ϕ (τ ) = {hi, τi i |(i ≤ dim ({τ })) ∧ (i ∈ N ) }

(18)

SE (hα, β, σ, ϕi) = {δ| (δ ∈ S (hα, β, σ, ϕi)) ∧
(∀χ ((χ ∈ β) → (χ ∩ δ = ∅)))}

(27)

Internal key schemes (ϕ-schemes):
SI (hα, β, σ, ϕi) = {χ ∩ δ| (δ ∈ S (hα, β, σ, ϕi)) ∧
((χ ∈ β) ∧ (∅ ⊂ χ ∩ δ))}

(28)

Let define
W (Γ) = {λ|(∃χ((χ
∈
Γ) ∧ (∀ι((ι ∈ N ) → 


S
λ (ι) = χ ι + min
))))}
γ∈χ {γ1 } − min (N )
(29)
and
S
U (Γ) = Sγ∈Γ γ
(30)
V (Γ) = γ∈Γ {γ2 }
Key phrases (ϕ-phrases):

P (τ ) = W (S (τ ))

(31)

where τ = hU/L, L, A, T i with universal language U , selected
(sub)language L with alphabet A and predicate T .
External (P E) and internal (P I) key phrases are defined as
follows:
P E (τ ) = W (SE (τ ))
(32)
P I (τ ) = W (SI (τ ))
Key components (C) and its external (CE) and internal (CI)
ones are defined in similar way:

Least powerful sets:
N (hγ, χi) = (∀α(∀β((({α, β} ⊆ χ) ∧ (α ⊂ β)) →
(∃δ ((δ ∈ γ) ∧ (δ ⊆ α) ∧ (|α/δ| = |β/α|))))))
L (hγ, χi) = (χ ⊆ γ) ∧ N (hγ, χi) ∧
(∀δ ((δ ∈ γ) → (∃α ((α ∈ χ) ∧ (α ⊆ δ)))))

External key schemes (ϕ-schemes):

(19)

Set of combinations of ε-covering σ-elements:

D
γ)) ∼
 (hα,
 γ, ε, σi) = (∀χ(∀λ(((χ
 ∈ λ) ∧ (λ ∈
T
∃β (β ⊆ α) ∧ (|β| ≥ ε) ∧ {χ} ⊆ σ ∩ δ∈β δ
)))
(20)
Key rank (ϕ-rank):

C (τ ) = U (S (τ ))
CE (τ ) = U (SE (τ ))
CI (τ ) = U (SI (τ ))

(33)

Finally, key elements (E) as well as external (EE) and
internal (EI) components are:
E (τ ) = V (C (τ ))
EE (τ ) = V (CE (τ ))
EI (τ ) = V (CI (τ ))

(34)

Key schemes, phrases, components, elements and their
sets, are features of languages [18] and families of
phenomena [3]. Other features of texts are: length, period
Extra key combinations (ϕ-combinations):
[20], etc. Other features can be obtained by correlating
F (hα, β, σ, ϕi) = {χ|∃γ(L (hγ, χi) ∧
(22) texts of languages and texts in languages obtained by
D (hα, γ, X (hα, β, γ, σ, ϕi) , σi) ∧ ϕ (hα, β, γi))}
canonization, symmetrization [3], [19], circulation, loopSplitting combinations:
ing, etc. The investigation of texts and associations with
E (hα, γi) = (∀χ ((χ ∈ α) → (∃λ ((λ ∈ γ) ∧ (λ ⊆ χ)))))
key elements allows to explore the model semantics of
I (hβ, γi) = (∀χ (∀λ (((χ ∈ β) ∧ (λ ∈ γ)) → (¬ (λ ⊆ χ))))) these key elements [3].
T (hα, β, γi) = E (hα, γi) ∧ I (hβ, γi)
For comparing texts of languages [17], [18] and phe(23)
nomena [3], it is possible to use scales of distant vectors,
Key combinations (ϕ-combinations):
whose components correspond to the number of deleted,
R (hα, β, σ, ϕi) =
(24) added, rearranged, duplicated or merged components of
{γ |(γ ∈ F (hα, β, σ, ϕi)) ∧ (¬G (hα, β, σ, ϕ, γi)) }
a particular class in the texts. In turn, the norm of distant
where
vectors corresponding to the metric on the metric scale
G (hα, β, σ, ϕ, γi) = (∃χ(∃λ (χ ∈ λ) ∧
can be calculated using the metric operator. The texts
(λ ∈ γ) ∧ ({λ/ {χ}} ∪ (γ/ {λ}) ∈ F (hα, β, σ, ϕi))))
of languages and phenomena are mapped respectively
(25)
on this scale. These and other attributes correspond to
Key schemes (ϕ-schemes):
the functions defined on the relations of the knowledge
[
γ
(26) specification model [5].
S (hα, β, σ, ϕi) =
γ∈R(hα,β,σ,ϕi)
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X (hα, β, γ, σ, ϕi) =
max ({ε |(D (hα, γ, ε, σi) ∧ ϕ (hα, β, γi)) })

(21)

IV. F ORMAL MODELS AND PHENOMENA OF
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Among the formal information processing models [5],
[6], it is possible to distinguish elementary formal information processing models that have only one operation.
Any formal information processing model can be reduced
to an elementary one, by combining all its operations
into one operation of an elementary model. It is possible
to investigate the operational semantics of texts of the
language representing the states of the formal information processing model in addition of the investigation
of model semantics of key elements of this language. In
particular, the model set-theoretic semantics is associated
with the (implicit) operations of choosing (marking)
the notation of a set and searching (marking) of the
elements of this set. The study of operational semantics
is related to discovering the rules and properties of
becoming elements of texts and phenomena. The basis
for the study of operational semantics is both the key
elements of the language themselves and the multiple
features, the distant vectors of their set and averaging
between the texts before and after the application of the
operation. Other features can be obtained by examining
the complements or inversions of the model (models
with operations complementing the original operations
before the full operation (relation) or inverse them). For
comparing formal information processing models [5],
[6], [21], projections or the reduction of initial models
to elementary formal models of information processing
and features defined between them can be used. First
of all, it is necessary to find operations that are the
smallest symmetric differences of operations isomorphic
to the operations of the compared models taking into
account the maximum possible one-to-one fusion of the
states of these models. Then, it is necessary to choose
the one among these operations having the minimal
averaging of the set of distant vectors between the texts
before the application of this operation and after. This
averaging or monotonously (or linearly) dependent on it
value can be an analogue of the distant vector between
the two models. If the models are not elementary, then
they should be supplemented (if it is necessary) with
empty operations and divided into one-to-one elementary
models with preservation of one-to-one identification of
the states so that the averaging of distant vectors between
them is minimal. For finite models (finite automata) this
problem is solvable.
V. CONCLUSION
The results of this work allow to generalize the concept
of the scale and some of the features defined on them. In
accordance with the knowledge specification model [5], an
approach is also considered to identify key elements of texts
of languages, phenomena and operations, their semantics and
metric properties as the basis for scaling and analyzing the
attributes of texts of languages and phenomena of information
processing models in intelligent systems.

ПРИЗНАКИ, ШКАЛЫ И МЕРЫ ДЛЯ МОДЕЛЕЙ
ПРЕДСТАВЛЕНИЯ И ОБРАБОТКИ ЗНАНИЙ
Ивашенко В.П.
Рассмотрена система признаков и мер для шкалирования и ранжирования явлений обработки знаний. Средствами методов теории множеств, упорядоченных множеств и
теории формальных языков рассмотрено обобщение шкал
некоторых видов, а также впервые приведено формальное
описание таких признаков и мер, как ключевые элементы
языков представления знаний и метрики на текстах этих
языков и моделях обработки информации. Предложенные
понятия ориентированы на интеграцию моделей обработки
знаний, включая искусственные нейронные сети.
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of this is in diversity and complexity of the practical
tasks arising at the stage of project modeling, and also
when estimating the operation reliability and safety for
potentially hazardous technical systems.
Therefore development of a new approach to analyze
complex systems at the stage of their project modeling
automation, which would allow to take into account
the changes in structural connectivity of the controlling
system when changes of technological cycle structure
occur due to failures, is a task of great importance.
Such an approach can be developed using the proI. I NTRODUCTION
cedure of project modeling of the object under study,
Recently, artificial intelligence theory is being widely which is based upon an adaptable structure of the control
applied to solving such classes of problems as classifica- system using the neuro-controller model, which takes
tion, clustering, prediction, approximation, data compres- into account all the changes in the technological cycle
sion and other tasks [1][2][3][4]. However latest research of production operation process.
It is known that the main task of the effective control
in this area shows, that the application of artificial neural
of
the technological cycle of production consists in
networks (ANNs), which are currently being considered
implementing
the sequence of universal control actions
one of the most important research directions in the area,
that
would
allow
to optimize the output parameters of
is not limited only to the listed classes of problems.
the
technological
system
when possible changes in the
Researchers and practitioners are being interested in
structure
of
the
technological
cycle occur. Such changes
solving problems of complex process control in the areas
can
be
the
result
of
having
the
elements of potentially
of activity which are difficult to formalize [5][6][7].
It should be noted that despite the high level of hazardous production in the multicriterial control probcomplexity of the practical problems in this area that lem under consideration.
The recent research in the area shows that high-quality
can be solved by application of the artificial intelligence
methods, ANNs are a fairly effective and convenient analysis of the control systems operation requires taking
tool for finding solutions to these problems based on into account a great amount of factors, which undergo
construction of a finite set of mathematical models, changes during the process of operation of the object
which is being considered as a single model of the object under study. It can be achieved through implementing
adaptive control algorithms for the systems under study.
under study as a complex technical system [8].
The recent trends in the use of some system-wide
For this reason application of neural networks training for complex technological objects analysis provides principles and methods of research in various fields of
an important advantage over the traditional research knowledge, open semantic technologies for intelligent
methods, including the simulation modeling [9], because systems, lead to the unification of the system approach
during the training process neural network is able to when considering specific scientific and practical probextract complex dependencies between input and output lems.
data, as well as provide necessary generalizations.
Such trends allow to hope for the future creation of
When analyzing the operation of complex technical the necessary knowledge base and the software capable
systems the existing methods of analysis often provide of logical inference as part of the task under considerainsufficient effectiveness, especially in cases of project tion, which would allow the researcher to interact with
modeling when the structure of such objects can be systems of varying degrees of complexity, disregarding
altered in the process of their evolution. The reason their physical nature or the limitations of some specific
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Abstract—In this paper a method for constructing a
model of a neuro-controller for implementation of control
in the presence of external disturbances for the optimal
trajectory finding on the phase plane of system states for
technological cycle of a production process is proposed.
A type of a neuro-controller based on recurrent neural
network architecture with long short-term memory blocks
as a knowledge base on the external environment, previous
states of the controller and control actions is being used.
Keywords—neuro-controller, recurrent neural network,
LSTM, adaptive control, technological cycle of production
process

formalization.
One of the most important tasks in this area is the
task of constructing an adaptive control system for
technological cycle, which is capable of providing a
rational structure of the control loop at the given moment
of time [5]. The latter is directly related to the loop’s
restructuring during its operation and constructing the
adaptive control algorithms to optimize the technological
cycle resource consumption in real time in the presence
of external control actions.
The neural network controller modeling is effective
when a high-quality controller of the controlled system
is available [11]. In this case the neural network acts as
an approximator of its function and is trained to simulate
the effects of the controller on the controlled system. In
some situations it may be the case that the use of the
neuro-controller constructed in that way is more practical
because of the common properties of ANNs.
Results in the area of research of controlled technological systems based on constructing the models of
ANNs for providing effective control of the technological
production cycle [10][12] are given in this paper. A
method for constructing a model of neuro-controller for
technological production cycle control in the presence of
external disturbances is being proposed.
Implementation of control for the optimal trajectory
finding task in an arbitrary region of complex structure
requires a high-quality controller, which is able to adapt
its actions according to the local environmental data
available at the given moment of time. To implement
successfully pathfinding strategies it is also required to
store and take into account the data received by the
controller at the previous moments of time. Exploration
of applicability of ANNs for solving the tasks of this
class is an important research direction because of the
advantages that these models have.
In this paper a method for constructing a model of
a neuro-controller for implementation of control for the
optimal trajectory finding in the case of a dynamically changing region of arbitrary configuration is being
proposed. Recurrent neural network architecture with
LSTM-blocks, which allows to store information about
the states of the system at the past moments of time that
may be significantly distant from the current moment of
time [13][14], is being used as a mathematical model.

production process control and optimization were also
developed, typically using feedforward types of neural
networks in order to solve specific tasks related to the
production operation or its aspects [25][29][31]. Some
adaptive control approaches based upon neural network
modeling were proposed for plant control and dynamic
systems control [30][26].
Recurrent neural networks research shows that it may
be useful to apply such architecture to the tasks where
processes evolving over time take place. The recurrent neural network architecture is capable of capturing
time dependencies therefore allowing to solve various
real-world tasks [3][4]. However while having interesting potential capabilities [3][15] that can be achieved
with different variations of the recurrent architecture
[7][16][17][18][19], it also has a known problem when
the task requires taking into account the long-term dependencies [14]. LSTM blocks allow the long-term storage
of data [13] and can be applied to the tasks where
long-term time dependencies must be taken into account
[20][21][22][23].
III. F ORMALIZATION OF THE TASK
In the considered task of trajectory finding on the
phase plane of system states, the controlled object moves
across a two-dimensional region which is divided into
nonintersecting subregions (cells) that may be passable
or impassable. Cells beyond the edge of the region
are considered to be impassable. A passable subregion
is assigned a value of 0, while the impassable one is
assigned a value of 1. In the given region, a target
subregion is designated. It is guaranteed that a path from
the starting position of the controlled object to the target
subregion exists in the region at any stage of its evolution.
At each moment of time, the controller receives a vector
of seven elements: data on four cells adjacent to the
current position of the controlled object, the distance
to the target subregion and the direction to the target
subregion.
The result produced by the neuro-controller at a given
moment of time is a four-element vector that determines
the direction of the next move of the controlled object
in the region. The controlled object continues to move
until the target subregion is reached.
IV. A RCHITECTURE OF THE N EURO -C ONTROLLER

The set of specific features of the control tasks, which
require controller to make decision within some longANNs have proven to be an effective instrument to term strategy in the case of a dynamically changing envisolve a set of various problems from different areas ronment and availability of the local environmental data
of human action. The properties of the ANNs made of arbitrary nature at the given moment of time, requires
researchers to consider ANNs as a suitable model to the controller to have a specific structure. A structure of
solve control tasks. Different approaches were devel- the controller, that includes encoder module for encoding
oped to implement neural networks in the control tasks and pre-processing of the environmental data, memory
[24][26][27] and many examples of successful appli- module for the long-term storage of data and decisioncations exist [5][6][7][28]. Applications in the area of making module, which determines the output signals of
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the the controller at the given moment of time, is being
proposed. The proposed general scheme of the controller
is shown in Figure 1.

the pathfinding strategies stretched upon relatively long
periods of time, required by the task.
The neuro-controller model, the training and testing
environments, and data generation process were implemented in Python programming language using Tensorflow machine learning framework.

Figure 1. General scheme of the controller

This implies from the point of view of the ANNs architecture that the network will have structural elements
with the functions that can be interpreted as functions
2. Scheme of the recurrent neural network architecture with
of the listed modules. The input layers of a given neural Figure
LSTM block.
network can be considered as the encoder module which
preprocesses and encodes input signals. (For example,
V. G ENERATING T RAINING DATA
in the case when the controller has image as input data,
a sequence of convolutional and subsampling layers that
In order to train a neural network successfully it is
gradually reduces dimensionality of the data and converts important to use a large sample of data that adequately
it into a vector, can be considered as encoder module.) A represents a variety of real-world situations that can be
subnet that consists of LSTM modules can be considered encountered by the neural network.
as the structural element for long-term data storage. A
The neuro-controller described in this paper is used to
subnet of arbitrary structure that is connected to the solve the task of pathfinding in a complex environment
structural elements for encoding and storing data and of arbitrary structure that can change dynamically over
includes the output layer of the network, that produces time. Therefore examples of such environments need to
the control signals, can be considered as the decision- be generated for training and testing.
making module.
30x30 regions with random placements of impassable
In the framework of the described approach a neuro- subregions were generated for the training procedure.
controller with a recurrent architecture that contains Cellular automaton has proven to be a suitable model
LSTM blocks is being considered in this paper. The which allows implementing a gradual evolution of the
recurrent architecture with LSTM block includes three structure of the region. Parameterizing the automata in
fully-connected layers consisting of five, sixteen and four different ways it is possible to achieve various patterns
neurons, respectively. The LSTM block has a state of of structural change, which will result in increase or
size 16 and is connected to the second layer of the decrease of the amount of impassable cells in the region
neural network through the elements of a time delay. over time, or have circular nature. The evolving regions
Its current state is passed to the input of the third layer. can be randomized further by selecting the lengths of
There is also a feedback connection through a time delay time periods (steps) in which the next change to the
elements between the second layer and the first layer. region will happen.
The architecture was selected experimentally as the one
100,000 sequences of regions of 30x30 cells with
that would have the minimal number of neurons in all impassable areas changing over time were generated to
layers and be able to train and perform pathfinding on be used in the training and testing process of the neurothe testing set. In Figure 2 the scheme of this architecture controller. In Figure 3 example of a region evolving
is shown.
through time is shown.
The choice of the recurrent architecture is based upon
In this paper supervised learning was used to train the
the necessity to take into account time dependencies in neuro-controller. A recurrent neural network is trained on
the environmental data available to the controller. LSTM sequences of input and output signals. In order to train
blocks allow the long-term storage of data. In case of the the neuro-controller to implement pathfinding strategies
pathfinding task it is necessary for the implementation of the sequences have to be of significant length. Sequences
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of 40 movements were used for the training procedure.
A sequence consists of a list of vectors of the local
data for the current cell in the path (network inputs,
including data on the adjacent cells, calculated distance
and direction to the target cell) and a list of corresponding
vectors of required movement to achieve the next cell in
the path (desired network outputs).
Such sequences in the task considered can be obtained
by generating example paths in the regions. For this
purpose in each region a starting cell and a target cell
were selected randomly. In order to be able to obtain
the training sequences of the required length of 40
movements it was checked that throughout the region’s
evolution the path between the cells existed and that the
shortest path between them was at least 40 movements
long. The described procedure of cells selection was
repeated several times in each region. Sometimes the
configuration of the region and evolution in its structure
made it impossible to select suitable cells. 10% of the
regions with suitable cells were used for testing after the
training was complete.
The best-first search was used to generate the paths
between the selected cells pairs in the evolving regions.
Considering the non-static nature of the regions and the
fact that only local data is available at each moment of
time to the neuro-controller, the paths were generated
dynamically. A path was regenerated started with each
point where a change in local data was triggered by the
region’s structure dynamic changes. Based on the length
of the paths generated by the described procedure one or
more training sequences were prepared based on each of
them.
60,000 training sequences of 40 movements were
obtained based on the generated paths and used for
training.
VI. T RAINING THE N EURO -C ONTROLLER
During the training process such values of the network
parameters (connection weights and bias values of neurons) are found that the network produces desired outputs
for the given inputs. Training can be considered a nonlinear optimization task of minimizing some loss function
specified on the training set with respect to all of the
network parameters. In this paper the supervised learning
was used, which corresponds to the situation when a
large dataset with examples of the control sequences is
available.
The neuro-controller was trained using the RMSProp
optimization algorithm to minimize the loss function.
The cross entropy function was used as the loss function.
The training set of example sequences was divided into
batches and the parameters of the neural network (all Figure 3. Example of a dynamically changing over time region
generated for the neural network training.
weights and neuron biases) were corrected after presenting a batch of 50 sequences. Figure 4 shows the
minimization of the loss function during first 20 epochs
of training.
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Figure 4. The loss function values during first 20 epochs of training
of the neuro-controller.

VII. T ESTING THE T RAINED N EURO -C ONTROLLER
After the training the neuro-controller was able to
find trajectory successfully on the phase plane of the
controlled system states with dynamically changing configuration of the allowed states subregion. 10% of the
generated region sequences were used to perform the
testing and assess the performance of the trained neural
network. A test was considered to be successful if the
neuro-controller did not perform any forbidden actions
(moving on impassable cell) and was able to reach the
target cell in less than 60 movements. The controller
was able to generate path to the target subregion in a
reasonable time in approximately 70% of the regions in
the test set. Figure 5 shows an example of pathfinding
by the neuro-controller.
VIII. C ONCLUSION
The theoretical research results described in this paper provide a basis for the future development of new
effective methods of analysis and synthesis of optimal
structure of the technical systems with adaptive control.
The approach proposed by authors is applicable within
its framework to a whole variety of problems of the
optimal control structure synthesis and complex technological systems synthesis. The research results can be
used in the development of intelligent decision support
systems designed for the corresponding tasks, automation
of the technological production processes by artificial
intelligence systems, development and automation of the
designing process of new technological objects, and also
quality assessment of the production technological cycle
Figure 5. Example of successful pathfinding by the trained neurocontrol in real time.
In the course of this work an approach to application controller in a dynamically changing region.
of the neuro-controller to implementation of the adaptive
control of the technological cycle was developed and
tested. The experimentation on models has shown that
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neuro-controller based on a recurrent neural network with
LSTM blocks can be successfully used for the adaptive
control tasks. LSTM blocks allow the neural network to
store information about the states of the system from
the past moments of time that may be significantly
distant from the current moment of time, which allows
the neural network to learn long-term dependencies and
to reproduce long sequences of reactions to random
disturbances and external influences. The possibility of
increasing the efficiency of the existing architecture
by adding additional memory modules and training on
longer data sequences depends on the specific parameters
of the modeling object operation.
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УПРАВЛЕНИЕ ТЕХНОЛОГИЧЕСКИМ
ЦИКЛОМ ПРОИЗВОДСТВА НА ОСНОВЕ
МОДЕЛИ НЕЙРОКОНТРОЛЛЕРА
Смородин В.С., Прохоренко В.А.
Предложен способ построения модели нейроконтроллера для реализации управления технологическим
циклом производства при решении задачи поиска
оптимальной траектории на фазовой плоскости состояний технологической системы в условиях наличия
внешних возмущений. Использован тип нейроконтроллера на базе рекуррентной нейросетевой архитектуры
с модулями долгой краткосрочной памяти в качестве
базы знаний о внешней среде, предыдущих состояниях
контроллера и управляющих воздействиях на систему.
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Abstract—Environmental parameter using a large number of spatially distributed wireless sensor network (WSN)
nodes is an extensive illustration of advanced modern
technologies, but high power requirement for WSN nodes
limits the widespread deployment of these technologies.
Currently, WSN nodes are extensively powered up using
batteries, but the battery has limitation of lifetime, power
density, and environmental concerns. Recently, Wireless
Sensor Networks (WSNs) have been widespread utilized
in automation. The power supply of WSNs has significant
influences on their performance. This paper presents a
novel power management circuit for WSNs. The proposed
node needs to be able to send notifications to the utility,
demanding the use of backup energy strategies. The authors
of the research offered an approach that can help to
use solar-based energy harvester EH as the most viable
source of energy to be harvested for autonomous WSN
nodes. Based on the test results, an integrated power
control module parameters are developed. The novelty of
the research is an approach that includes different power
supply solutions in order to ensure defined signal transition
quality parameters for maximum effectiveness of WSN
nodes power feeding.
Keywords—wireless sensor networks, WSN, solar energy,
energy harvesting

I. I NTRODUCTION
One of the most efficient and most widespread condition monitoring methods is Wireless Sensor Network (WSN)
monitoring. Wireless Sensor Networks (WSNs) play a key
role, given to the fact that they constitute inherent distributed
systems, in which different platforms allow the inclusion of
multiple analogue/digital input/output ports. A WSN is a distributed network containing a large number of sensors and a
control center unit which is able to monitor and control various
behaviors of a structure or machinery. Multiple challenges
must also be handled, such as compact form factors, reduced
energy consumption, interference handling and variable node
density allocation. Adequate network operation and design
require wireless channel analysis and optimization in order to
minimize interference, energy consumption and enhance overall
quality of service. WSN monitoring has many advantages over
non-networked systems, such as real-time and autonomous
data acquisition, enhanced data accessibility and intelligent
data analysis through intelligent algorithms [1]. This is of
particular interest in the case of wireless sensor networks,
given inherent restrictions in their operating conditions, as well
as in the potentially large number of nodes present in the
network. Utilizing WSN for factory line production monitoring

in [2] has leaded to lower operating costs and errors. Utilizing
WSNs for performance monitoring in new energy generators
as wind turbines and distributed solar panels, brings several
advantages such as longer lifetime and lowering failures by
reducing human involvement [3] and [4],[5]. Renewable energy
sources, such as solar radiation, vibration, human power, and
air flow, can be used to solve a problem with long lifetime, as
a recharger means to provide power for a long period of time
without requiring the replacement of batteries.In modern days,
the increasing demand of smart autonomous sensor nodes in the
Internet of Things applications (like temperature monitoring of
an industrial plant over the internet, smart home automation,
and smart cities) requires a detailed literature survey of state
of the art in solar energy harvesting WSN (SEH-WSN) for
researchers and design engineers.

II. WSN COMPONENTS
Conventional Wireless Sensor Networks (WSNs) have the
design limitation of high power consumption during their
operation, which has been tackled by mainly duty cycle based
approaches until now.
Developing of power supply solution, its working principles, and the system architecture is constructed in order to
maximized efficiency. Technology concept and/or application
formulated (TRL2 complete) show, that prototype of system
is ready to be analytically and experimentally tested in laboratory environment critical function and characteristic proofof-concept. For example, an area of strip is shown in Figure
1(a) which is equivalent to the drawn power by WSN nodes
which transmit data to the adjacent Router. It is to be noted
that WSN node consumes significantly high current, while it
remains in active mode. But inside active mode, WSN node
draws maximum current (e.g., 26 mA) during transmission,
while the node consumes significantly different amount of
current for the rest of the active mode operation period as
shown in Figure 1(a). From Figure 1(a), it is clear that, by
plotting the value of consumed current over a period of time
and summation of the values, an area of strip equivalent to
the amount of power/energy consumed by the WSN node can
be determined. Now to measure the value under the strip, the
methodology used. According to this methodology, to measure
the area, an arbitrary continuous function f(x) is used, which
resides in a close interval of a to b The function graph is shown
in Figure 1(b).

III. AUTONOMOUS WSN
Solar energy source and chemical energy source are combined in a hybrid energy harvester, the components become
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network lifetime. Voltage change steps determine the number
of microcontroller bits and solar cell maximum voltage:
UmaxP V
,
(1)
2n
where h – voltage change step, V; U maxP V – Maximum
voltage of solar cell, V; n – the number of microcontroller
bits.
Battery charge monitoring is monitored at the same time with
the maximum point detection a level. If the voltage in the load
is higher than the maximum allowed (defined by the user), it
will charge the process is stopped. If the battery voltage falls to
the minimum value, it will charge the process is restored again.
This technology, in comparison with analogous solutions, has a
clearly defined advantage for use in both sectors of the economy
and can be objectively and quantifiably assessed.
The solar energy harvesting simulators use the energy model
of a solar-powered WSN node which is composed of three submodels: (1) Energy harvesting model, (2) energy consuming
model, and (3) the remaining battery energy model. The energy
harvesting system of a sensor node gathers solar energy using a
solar panel that stores the harvested energy in the rechargeable
battery and operates the sensor system using the stored energy.
Solar photovoltaic (PV) energy harvesting refers to converting solar light energy into electrical energy to operate an
electrical or electronic device. As applied to WSNs, solar light
energy is converted into electrical energy and is utilized to
recharge the battery of a WSN node at the operation site itself.
The electrical energy harvested from solar energy (sunlight)
can also be used directly to power a WSN node.
The maximum distance of a Zigbee wireless sensor network
is 100 m, and it can be extended up to 1.5 km. The maximum
data rate of information in the ZigBee protocol is 250 kbps
only. In figure 3, the basic version of the WSN setup is shown,
which can be extended to SEH-WSN by connecting small size
solar panels.
h=

Figure 1. (a) Example of current consumption of a WSN node for
transmitting a single data pulse to the adjacent WSN Router. (b)
Arbitrary continuous functions for a close interval of a to b. [6]

solar and chemical energy sources, dual input harvesting circuitry, rechargeable storage, step-down output circuitry, and
WSN components such as node or router as shown in Figure
2.

Figure 3. An SEH-WSN scenario for temperature monitoring application
Figure 2. Model of a hybrid energy harvester-based complete WSN
system

The intermediate energy storage is required, which can store
leftover harvested energy and provide continuous power supply
to the WSN node/router even when there is no ambient energy
available. Now, to support WSN node/router from the storage,
the storage should have capabilities to supply higher voltage
than the adjacent node/router requirement. Output circuitry
comes into action in this scenario by converting the DC/DC
downstream conversion of output power from the storage, according to the requirement of adjacent node/ router. The overall
behavior of the hybrid powered energy harvester depends on
the design of each component of the system.Solar energy
harvesting that provides an alternative power source for an
energyconstrained wireless sensor network (WSN) node. The
small size solar panels suitably connected to low-power energy
harvester circuits and rechargeable batteries provide a loom to
make the WSN nodes completely self-powered with an infinite

IV. A LTERNATIVE POWER SOURCE FOR WSN NODES
IN PARTICULAR IRRADIATION CONDITIONS

To measure the quality of the solar cell the Fill Factor (FF)
is essential. It is calculated by comparing the maximum power
(PMAX) to the theoretical power (PT) that would be output at
both the open circuit voltage and short circuit current together
[7].
VM P I M P
PM AX
=
,
(2)
h=
PT
VOC ISC
where V M P – the maximum power point voltage; IM P – the
maximum power point current; V OC – the cell open-circuit
voltage; ISC – the cell short-circuits current.
Comparison of FF of the panels does not give us clear
indication which type of the tested panels is better for operating
in low irradiation conditions, therefore the Efficiency indicator
n is evaluated. Efficiency is the ratio of the electrical power
output Pout, compared to the solar power input, Pin, into the
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PV cell. Pout can be taken to be PMAX since the solar cell
can be operated up to its maximum power output to get the
maximum efficiency.
η=

Pout
PM AX
= ηmax
Pin
Pin

(3)

Pin is taken as the product of the irradiance of the incident
light, measured in W/m2 or in suns (1000 W/m2), with the
surface area of the solar cell [m2]. The maximum efficiency
(nMAX) found from a light test is not only an indication of the
performance of the device under test, but can also be affected
by ambient conditions such as temperature and the intensity
and spectrum of the incident light [7].
Due to the test ensured similar lighting and temperature
conditions for PV, the cells can be used for evaluation of the
panel efficiency. Because Pin is the same for all panels, Pout
indicates which panels are most efficient for operating in low
irradiation conditions. Actually, A and E panels appeared as
more efficient for the conditions set in the test.

Figure 4. Design challenges in SEH-WSN

A. Maximum Power Point Tracker for WSN nodes
Maximum Power Point Tracker (MPPT), a power electronic
module that significantly increases the system efficiency use a
microcontroller based charge controller connected to a battery
and the load is developed in this research. It ensures the
charging of a battery and providing power to the connected
equipment by optimizing the solar panel maximum possible
power rate at varying lightning conditions [8].
Solar Energy harvesting (SEH) is a technique that scavenges
unused ambient solar energy and converts the collected light
energy into electrical energy. This electrical energy can be
stored for future use by the sensor node. The following are
the Design Challenges at the Solar energy harvesting level:
•

•
•
•
•
•

•
•
•
•
•

•

All the light energy coming from sunlight rays should
be fully utilized. The SEH-WSN node should use solar
energy as the primary source and rechargeable battery
energy as the secondary source.
To expand the battery charging-discharging life cycle.
Designing of a simple and inventive solar charger.
To shrink the overall power use.
To enhance the stability of the overall SEH-WSN system.
Energy harvester circuits should be compatible existing WSN industry communication standards like IEEE
802.15.4 (ZigBee) and IEEE 1451.5 standards.
To achieve the highest power from the sun.
To ensure small power consumption for DC-DC Boost
converter operation.
To convey maximum power to the SEH-WSN node using
the harvested energy.
To start-up (or bootstrap) the SEH-WSN node.
Variations at the solar radiation level, Solar Cell efficiency
(n), DC-DC converter design, and MPPT design and
Energy Prediction Algorithms.
Cost Effective energy harvesting solutions (cheaper than
the battery replacement cost).

Pertaining to the use of solar energy to power WSNs, a
lot of researchers have done a lot of research work. But still,
there are many design challenges in SEH-WSNs, which need
to be explored for further optimization. The design challenges
in SEH-WSN are shown in Fig. 4.
The internal block diagram of an WSN node is displayed
in figure 5. An WSN node consists of the following two main
units [11]:

Figure 5. WSN node connected to solar panels

B. Microcontroller
The ATTINY13A [9] task is to combine the solar panel
voltage measurements with ADC, to drive the digital potentiometer by ensuring the optimal charging current selection and
to control the load disconnection and connection. The interface
of the digital potentiometer is SPI where the pin number 8 of
the microcontroller is used.

C. Microcontroller software – control algorithm
The control software is modular: ADC, digital potentiometer
driver, disconnection module and algorithm logical machine.
ADC measured input voltage of the solar panel, for the selected
panel it is in the range up to 20V. The divisor reduces the
voltage to a reference voltage and the software finds the
current voltage value. This voltage is the starting point for
the determination of the optimal power point for the selected
solar panel. This point must be observed by monitoring the
nominal voltage drops and adapting of the charging current
[10]. Here is a simple application of the research results. The
average current of a gateway developed at Beagle Bone board
is 350mA. Imagine that for particular WSN it is sufficient, if
a gateway operates at least 8 hours per one twenty-four hours.
Therefore, 350 mA x 5V x 8 hours = 14000 mAh. The best
solar plate, tested in the paper, theoretically has Pout about
9000 mW/m2 that is 9000 mW/m2 x 0.25 m2 = 2250 mW – the
Pout of the one panel. So 14000 mWh: 2250 mW = 6.2 hours.
It means that for our case one solar panel is able to ensure
feeding of the device in the summer during 8 hours, but in the
winter, when the day light is much shorter and is less solar
days, one solar panel is not enough. To ensure the operation
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of a particular WSN, the decision can be made to use a lower
power rating solution like a repeater node to compensate for
the lower solar irradiation levels, in any case the evaluation of
each individually deployed PV panel is vital to ensure critical
data transmission. However, for reliable result for real WSN it
is necessary to make also field research on solar irradiation in
different time of the day and time of the year.

C ONCLUSIONS
This paper makes the following contributions in the field
of autonomous WSN. The fundamental concepts of an autonomous WSN system have been explained to understand
the state of the art and operation of an autonomous WSN.
We survey the autonomous WSNs at four basic levels, i.e.,
energy harvesting, sensing, computation, and communication
levels with various design challenges.
In this paper, a thorough investigation has been carried out to
design and implement a hybrid energy harvester that is capable
of harvesting energy from ambient sources to powerup the
WSN nodes. The authors of the research offered an approach
that can help to use PV panels as alternative power source
for WSN nodes in particular irradiation conditions. Survey
and testing of the main types of PV panels offered in the
market in conditions closed to real ones, in which WSN nodes
are maintained, was implemented. Based on test results, a
maximum power control module parameter can be calculated
in order to achieve the best effectiveness of the power control
system. The conclusions were made that conditions one solar
panel is able to ensure feeding of the device in the summer
during particular hours, but in the winter, when the day light
is much shorter and is less solar days, one solar panel is not
enough. The novelty of the research is PV testing method and
selection of design and MPP control module parameters, which
ensure maximum effectiveness of WSN nodes power feeding.
The future scope of autonomous WSN is very promising in
the field of smart homes using sensors (Home Automation),
smart buildings, smart cities, environment monitoring, industrial process control, security, and the Internet of Things (IoT)
applications.
We draw attention to the fact that one of the possible use of
this research may be the recognition and control of speech on
the basis of various kinds of sensors.
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ПОТРЕБЛЕНИЕ ЭНЕРГИИ АВТОНОМНЫМИ
УЗЛАМИ В БЕСПРОВОДНЫХ СЕНСОРНЫХ
СЕТЯХ
Чайко Е. В., Витулёва Е. С., Солощенко А. В.
Параметр внешней среды, использующий большое
количество пространственно-распределенных узлов
беспроводной сенсорной сети (WSN), является обширной иллюстрацией передовых современных технологий, но высокие требования к мощности для узлов
WSN ограничивают широкое распространение этих
технологий. В настоящее время узлы WSN активно
питаются от батарей, но у батареи есть ограничения по
сроку службы, плотности мощности и экологическим
проблемам. В последнее время беспроводные сенсорные сети (WSN) широко используются в автоматизации. Источник питания WSN оказывает значительное
влияние на их производительность. В этом документе
представлена новая схема управления питанием для
WSN.
Предлагаемый узел должен иметь возможность отправлять уведомления в программу, требуя использования резервных энергетических стратегий.
Авторы исследования предложили подход, который
может помочь использовать накопитель EH на основе
солнечной энергии в качестве наиболее жизнеспособного источника энергии для автономных узлов WSN.
По результатам испытаний разработаны параметры
встроенного модуля управления мощностью. Новизна
исследования — это подход, который включает в себя
различные решения в области источников питания,
чтобы обеспечить определенные параметры качества
перехода сигнала для максимальной эффективности
подачи энергии узлами WSN.
Авторы обращают Ваше внимание на тот факт, что
одним из возможных применений этого исследования
может быть распознавание и контроль речи на основе
различных видов датчиков.
Ключевые слова: беспроводные сенсорные сети,
WSN, солнечная энергия, сбор энергии.
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Abstract—In this work we consider the application of the
graph theory for construction the optimal and suboptimal
solutions to the sensor location problem. That problem
is named Sensor Location Problem for a graph (SLP).
For constructing the solution of the SLP for a graph we
presented the pseudocodes of the algorithm’s for finding the
flow arcs for the non observered part on the network. In the
pseudocode of the algorithm 1 defines sensor configurations
of the suboptimal solution and flows on the arcs on the
unobserved part of the network.
Keywords—software optimization, sensor location problem, sparse linear system, suboptimal and optimal solution

∞, |U | < ∞). We assume, that the graph G is symmetric: that is: if (i, j) ∈ U , then (j, i) ∈ U. We note
that the graph G is not undirected: the flow on arc (i, j),
in general, will not be the same as the flow on arc
(j, i). To designate this distinction, we refer to the graph
G = (I, U ) as a two way directed graph.
We represent the traffic flow by a network flow function x : U → R that satisfies the following system:
(
X
X
xi ,
i ∈ I ∗,
(1)
xj,i =
xi,j −
0,
i ∈ I \ I∗
−
+
j∈Ii (U )

I. I NTRODUCTION
The problem of locating sensors on the network to
monitoring flows has been object of growing interest in
the past years, due to its relevance in the field of traffic
management and control [1]–[4]. The basis for modeling
the processes of estimating flows in network is a sparse
underdetermined systems of linear algebraic equations of
a special types [5], [6]. Sensors are located in the nodes
of the network for the given traffic levels on arcs within
range covered by the sensors, that would permit traffic
on any unobserved flows on arcs to be exactly.
This work is devoted to the research of intelligent
transport systems and their applications. The obtained
theoretical and practical results are an important contribution to the solution of problems in the field of environmental monitoring. Technologies and algorithms for one
practical solution problem of ecological monitoring and
analysis of flows on the unobserved part of the transport
network are developed.
The suboptimal solutions for the network programming problem are considered in [7]. The common solutions for the sparse underdetermined systems of linear
algebraic equations are obtained in [8]. In this work
we research the numerical results for constructing the
suboptimal solutions of SLP problem for various values
of the intensity threshold.
II. S ENSOR LOCATION PROBLEM

j∈Ii (U )

where I is the set of nodes with variable intensities, xi
is the variable intensity of node i ∈ I ∗ , Ii+ (U ) = {j ∈
I : (i, j) ∈ U } and Ii− (U ) = {j ∈ I : (j, i) ∈ U }. If
the variable intensity xi of node i is positive, the node
i is a source; if it is negative, this node i isX
a sink. For
xi = 0.
system (1) is true the following condition:
∗

i∈I

According [9] if I ∗ 6= ∅, then the rank of the matrix of
system (1) for a connected graph G = (I, U ) is equal
to |I|.
In order to obtain information about the network flow
function x and variables xi of nodes i ∈ I ∗ , sensors
are placed at the nodes of the graph G = (I, U ). The
nodes in the graph G = (I, U ) with sensors we call
monitored ones and denote the set of monitored nodes
by M, M ⊆ I. We assume that if a node i is monitored,
we know the values of flows on all outgoing and all
incoming arcs for the node i ∈ M :
xij = fij , j ∈ Ii+ (U ), xji = fji , j ∈ Ii− (U ),

i ∈ M.

∗
If the set M includes the nodes from the
T set I , then we
also know the values xi = fi , i ∈ M I ∗ . So, we have

xij = fij , j ∈ Ii+ (U ), xji = fji , j ∈ Ii− (U ),
i ∈ M;
T
xi = fi , i ∈ M I ∗ .

(2)

Consider any node i of the network. For every outLet’s introduce the finite connected directed graph going arc (i, j) ∈ U for this node i determine a real
G = (I, U ). The set U is defined on I × I (|I| < number pij ∈ (0, 1] which denotes the part of the total
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X

outgoing flow

xij from node i corresponding to

j∈Ii+ (U )

the arc (i, j). That is,

xij = pij

X

(4, 6), (4, 5), (5, 3), (5, 4), (5, 6), (6, 2), (6, 4), (6, 5)},
I ∗ = {2, 4, 5, 6}.

xij .

j∈Ii+ (U )

If |Ii+ (U )| ≥ 2 for the node i ∈ I then we can write
the arc flow along all outgoing arcs from node i (except
any selected arc) in terms of arc flow a single outgoing
arc, for example, (i, vi ), vi ∈ Ii+ (U ):
xi,j =

pi,j
xi,vi ,
pi,vi

j ∈ Ii+ (U ) \ vi .

(3)

We continue this process for each node i ∈ I, if
|Ii+ (U )| ≥ 2.
Let |Ii+ (U )| ≥ 2 for any node i ∈ I and xi,vi is known
for the arc (i, vi ) and equal to fi,vi . Then we can write
the unknown arc flow along all outgoing arcs from node
i (except any selected arc (i, vi )) in terms of arc flow for
a single outgoing arc (i, vi ), where xi,vi is known and
equal to fi,vi .
Let’s substitute the calculated arc flows according to
(2) and (3) in the equations of system (1). Let’s delete
from graph G = (I, U ) the set of the arcs on which the
arc flow are known. Let’s delete from graph G the set
of the nodes i ∈ M . Then we have a new graph G =
(I, U ). A new set of nodes with variableTintensity for a
∗
∗
new graph G is I , where I = I ∗ \(M I ∗ ). The new
graph G can be non-connected. The graph G consists
of connected components. Some connected components
∗
may contain no nodes of the set I . The system (1) for
graph G = (I, U ) will be the following one:
X

j∈Ii+ (U )

xi,j −

X

j∈Ii− (U )

X

xj,i =

(

x i + bi ,
ai ,

λpij xij = 0, p = 1, q,

∗

i∈I ,
∗
i∈I \I

(4)
(5)

(i,j)∈U

where ai , bi , λpij – are constants.
So formulate the optimal solution to the Sensor Location Problem: what is the minimum number of monitored
nodes |M | such that system (4)–(5) has an unique
solution?
In [10] was proof that SLP problem is NP-complete.

Figure 1. Finite connected directed symmetric graph G

For the graph G = (I, U ) (see Figure 1) we write the
system of linear algebraic equations in the form:
x1,2 + x1,3 − x2,1 − x3,1 = 0
x2,4 + x2,6 + x2,1 − x4,2 − x1,2 − x6,2 = x2
x3,1 + x3,5 − x1,3 − x5,3 = 0
x4,2 + x4,5 + x4,6 − x2,4 − x5,4 − x6,4 = x4

(6)

x5,4 + x5,3 + x5,6 − x3,5 − x4,5 − x6,5 = x5
x6,2 + x6,4 + x6,5 − x2,6 − x4,6 − x5,6 = x6
Suppose that the set of monitoring nodes is M = {2}
for the graph shown in Figure 1. Construct the cut
CC(M ) with respect to the set M . We form the sets
M + = I(CC(M )) \ M = {1, 4, 6};
M∗ = M

[

M + = {1, 2, 4, 6};

I \ M ∗ = {3, 5}.
In the Sensor Location Problem (SLP) the values of
flows on all incoming and outgoing arcs for the each
node i of the set M (monitored nodes) are
T known and
we also know the values xi = fi , i ∈ M I ∗ :
x1,2 = f1,2 , x2,1 = f2,1 , x2,4 = f2,4 ,

x4,2 = f4,2 , x2,6 = f2,6 , x6,2 = f6,2 , x2 = f2 .

(7)
We substitute the known values of the variables (7) to
the system of equations (6) and delete the corresponding
III. O PTIMAL SOLUTION TO THE SENSOR LOCATION
arcs from the graph G. Also, we delete the nodes i ∈ M
PROBLEM
from the graph G. The graph G0 obtained after deleting
In Figure 1 we show a finite connected directed the arcs corresponding to the variables (7) and nodes
symmetric graph G with the set of nodes I and the set i ∈ M from graph G is shown in Figure 2. The rest of
of arcs U where
the flows for the outgoing arcs from the nodes of the set
M + = I(CC(M )) \ M = {1, 4, 6}, can be expressed
I = {1, 2, 3, 4, 5, 6},
from the flows of the outgoing arcs for M + = {1, 4, 6}
U = {(1, 2), (1, 3), (2, 1), (2, 4), (2, 6), (3, 1), (3, 5), (4, 2), by the following equations:
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x1,3 =

p1,3
f1,2 ,
p1,2

x6,4 =

x4,5 =

p4,5
f4,2 ,
p4,2

x4,6 =

p4,6
f4,2 ,
p4,2

p6,4
f6,2 ,
p6,2

x6,5 =

(8)
p6,5
f6,2 .
p6,2

Figure 3.

Let us substitute (8) to the system of linear equations
(6). We delete from the graph G arcs which correspond to
the known values of the arc flows (7) and (8). The graph
G = (I, U ) obtained by deleting the arcs corresponding
to variables (8) from the graph G0 is shown in Figure 3.
The system (6) for the graph G = (I, U ) (see Figure 3)
transforms to the form (9).

•

Graph G = (I, U )

the node i = 3 through the arc flow of x3,5 for the
chosen outgoing arc (3, 5).
Choose any outgoing arc from the node i = 5, for
example (5, 6). Let us express the arc flows to all
other arcs outgoing from the node i = 5 through
the arc flow of x5,6 .

x3,1 =

p3,1
p5,3
p5,4
x3,5 , x5,3 =
x5,6 , x5,4 =
x5,6 .
p3,5
p5,6
p5,6

Additional equations have the form:
x3,1 −
Figure 2. Graph G0

f1,2 +

f2,1 + f2,4 + f2,6 − f1,2 − f4,2 − f6,2 = f2 ,

p4,5
x5,4 + x5,3 + x5,6 − x3,5 −
f4,2 −
p4,2
p6,5
−
f6,2 = x5 ,
p6,2
p6,5
p6,4
f6,2 +
f6,2 −
p6,2
p6,2
p4,6
−f2,6 −
f4,2 − x5,6 = x6 .
p4,2
f6,2 +

x3,1 , x3,5 , x5,3 , x5,4 , x5,6 .

p1,3
f1,2 − x5,3 = 0,
p1,2

p4,5
p4,6
f4,2 +
f4,2 +
f4,2 −
p4,2
p4,2
p6,4
f6,2 = x4 ,
−f2,4 − x5,4 −
p6,2

(10)

Part of the unknowns of the system (9), (10) makes up
outgoing arc flows for arcs from node sets I \ M ∗ =
{3, 5} for the graph G :

p1,3
f1,2 − f2,1 − x3,1 = 0,
p1,2

x3,1 + x3,5 −

p3,1
p5,3
x3,5 = 0,
x5,3 −
x5,6 = 0,
p3,5
p5,6
p5,4
x5,6 = 0.
x5,4 −
p5,6

The remaining part of the unknowns of the system (9),
∗
(10) defines the variables xi , i ∈ I = {4, 5, 6}:
(9)

x4 , x5 , x6 .
Thus, the system (9), (10) is a system of full rank. The
number of unknowns of the system (9), (10) equal to the
rank of the matrix and is equal to 8. The system (9), (10)
has the unique solution for given set of monitored nodes
M = {2}.
IV. P SEUDOCODE ALGORITHMS SUBOPTIMAL
SOLUTION TO THE SENSOR LOCATION PROBLEM

Arc flows xi,j , (i, j) ∈ U , corresponding to the arcs
outgoing from node set I \ M ∗ = {3, 5} are unknown.
In the work [11] get the interval [1, |I ∗ |] values
For these unknown flows xi,j , (i, j) ∈ U we form the changes of the number of |M | nodes being viewed. Subadditional equations.
optimal (t−optimal) solution are constructed to the SLP
problem of the establishment of full observability of the
• Choose arbitrary outgoing arc that starts from a
node set i of set I \ M ∗ = {3, 5}, for example, network for given intensity threshold t: |xi | ≥ t, i ∈ I ∗ .
for the node i = 3 we choose the arc (3, 5). Let us We presented the pseudocode algorithm’s for finding the
express the arc flows to all other arcs outgoing from suboptimal solution to the sensor locations problem.
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Algorithm 1 Pseudocode algorithm’s for the suboptimal
solution to the sensor locations problem

List of reference symbols:

arcs - array arc with flows value
FAKE-VERTEX - fake vertex
flow - value flow arc
iterations - count
lowerBound - value lower bound
normArcs - array arc notmalize with flow
numberThreads - count children threads
numberTrials - count value
observedArcs - array observible arcs
threshold - threshold of intensity
Input: arcs, threshold, iterations, numberTrials,
lowerBound, numberThreads
Output: sensors configuration
1: normArcs ← balance_nodes(arcs, treshold) . Algorithm
2
2: initialV ertices ← get_start_nodes(normArcs)
.
Algorithm 3
3: if F AKE − V ERT EX ∈ initialV ertices then
4:
delete FAKE-VERTEX from initialVertices
5: end if
6: randomSearch ← rsls(normArcs, initialVertices, iterations, numberTrials, lowerBound, numberThreads)
.
Algorithm 4
7: observedV ertices ← null
8: for all results ∈ randomSearch do
9:
if residual ∈ result < 10−10 and cond ∈ result <
106 then
10:
observedV ertices ← vertices ∈ result
11:
break
12:
end if
13: end for
14: observedArcs ← get_monitored_nodes_with_network
(normArcs, observedVertices)
. Algorithm 5
15: get_sensors_configuration(normArcs,
observedVertices,
observedArcs)
. Algorithm 6

Algorithm 2 – pseudocode of the algorithm to obtaining an array of normalized arcs.
Algorithm 3 – pseudocode of the algorithm to obtaining an array of initial nodes with variable intensity.
Algorithm 4 – pseudocode of the algorithm of the
random search location sensors.
Algorithm 5 – pseudocode of the algorithm for obtaining the array of observed arcs.
Algorithm 6 – pseudocode of the algorithm to obtaining of the sensor configurations for the suboptimal
solutions.
V. S UBOPTIMAL SOLUTION TO THE SENSOR
LOCATION PROBLEM

Figure 4. Suboptimal solution: M = {2, 4, 5, 6, 7, 9}
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ОПТИМИЗАЦИЯ ПРОГРАММНОГО
ОБЕСПЕЧЕНИЯ ПРОБЛЕМЫ
РАСПОЛОЖЕНИЯ СЕНСОРОВ
Пилипчук А., Пилипчук Л., Полячок Е.
В работе рассматривается приложение теории графов для
построения оптимальных и субоптимальных решений задачи
расположения сенсоров. Эта задача называется проблемой
расположения сенсоров (SLP) для графа. Для построения
решений задачи SLP для графа мы представляем псевдокоды
алгоритмов для нахождения дуговых потоков на ненаблюдаемой части сети. В псевдокоде алгоритма 1 определяются
сенсорные конфигурации субоптимального решения и дуговые потоки на ненаблюдаемой части сети.
Received 29.12.18

The example of a suboptimal solution show in the
figure 4 for the graph G = (I, U ), |I| = 9, |U | = 18
I ∗ = {2, 4, 5, 6, 7, 9}.
After location in the network G the |M | = 6 sencors
in the nodes M = {2, 4, 5, 6, 7, 9}, (fig. 4), we have the
suboptimal solution.
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Algorithm for Fast Image Compression on
Heterogeneous Computing Devices
Vadim V. Matskevich, Viktor.V. Krasnoproshin
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Abstract—In spite of the intensive development of computer technology, the problem of efficient use of computing
resources remains an urgent issue [1], [2]. Computing
devices may be heterogeneous (different in architecture
and power). In this case, when solving applied problems,
it becomes necessary to efficiently load them [3]–[6].
The paper proposes an algorithm for loading heterogeneous devices, which allows speeding up the data processing
process when solving the problem of image compression.
Keywords—Parallel computing, computing devices, system performance, neural network, training, dataset.

I. I MAGE COMPRESSION USING NEURAL NETWORK
(NN)

Stage 4. As a result of neural network data processing,
a vector is constructed (y1 , y2 , ..., ym ), which describes
the original image already in a compressed form (m ≤
n).
When solving the problem, the NN architecture of the
following configuration was used.
The sizes of the input and output layers consisted of
48x48x3 and 12x12 neurons, respectively. Neighboring
layers were represented as full bipartite graphs. In all
neurons (except the input layer), a bipolar sigmoid function of activation with a unit coefficient was used.

2
f (S) =
−1
(1)
In the general case, a color raster image is described by
1 + e−cS
a vector, each coordinate of which reflects its particular
The initial weights of the NA were generated unicharacteristic. Coordinate values can, for example, define
formly distributed over the interval of values
[6]:


16 16
– the number of pixels in the image;
(2)
−√ , √
– color wavelength values;
l1
l1
– coordinates of specific pixels (if the image has an
where l1 – is the number of neurons in the first
arbitrary shape);
layer (when learning, the output signals of this layer are
– and etc.
considered as input data for training).
Storage of color raster images in the form of a vector
Using the same formula, the values of the fictitious
requires, as a rule, large amounts of memory [7]. There autoencoder weights were generated.
is a problem of their reduction, i.e. It is necessary to
The learning rate (lr) for each layer throughout the
solve the problem of image compression.
training was a constant value and was calculated by the
Consider the process of compressing color images formula:
using a forward passing neural network (NN) [7] (see
2
figure 1).
lr = √
(3)
l1
In general, the process of compressing images using
neural networks consists of the following main steps.
In contrast to the usual multilayer perceptron, the
Stage 1. The format of the original image is deter- constructed network was trained as a deep NN.
mined. Usually the image is considered as raster.
II. A LGORITHM OF LOADING HETEROGENEOUS
Stage 2. Vector (x1 , x2 , ..., xn ), describing the original
COMPUTING DEVICES
image is formed. For color images, each pixel is usually
described by three coordinates of the vector. One coorColor images were represented by a set of independent
dinate determines the content of red, the second – the copies, formed in a separate package S. For compression,
green and the third - the blue.
n computational (heterogeneous) Ui , i = 1, n power
Stage 3. The neural network configuration is selected devices were used.
to implement the image compression process. The numIt was necessary to construct such a partition of S into
ber of neurons in the input layer always corresponds to n parts, which would minimize the processing time of
the number of coordinates in the vector (x1 , x2 , ..., xn ). the entire package.
The output layer determines the size of the output vector
We denote by Si the set of images processed on the
(y1 , y2 , ..., ym ).
i-th device and Ti – the time of its processing. Then,
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Figure 1. Image compressing

formally, the partitioning problem can be written as
follows:

Si ∩ S j = ∅



 S S =S
i
i=1,n



 max Ti → min

(4)

i=1,n

Note. In the problem, it is important to find the values
of |Si | that satisfy (4).
Denote by P – the amount of computation required
to process a single image from S. It is known that the
processing time of input signals in forward propagation
NN is constant.
To achieve the minimum processing time, two conditions must be met. The computing devices must work (a)
simultaneously and (b) the same amount of time.
With this in mind, the task can be rewritten as:
 P |S |
 Uii = PU|Snn | , ∀i = 1, n − 1
n
P
(5)
 |Si | = |S|

The following method for estimating power is proposed.
Let x be the subset of images needed to process the
package S, and τi is the i-th device operation time on
this subset. Then we get the system of equations:
P |x|
, ∀i = 1, n
(7)
Ui
It is not difficult to notice that the time of the work
of computing device at a fixed number of operations is
inversely proportional to its power.
In order to obtain the power ratio, the last (n-th)
equation we divide into n − 1 previous ones.
τi =

Ui
τn
(8)
= , ∀i = 1, n − 1
Un
τi
The expression (8) means that the power ratio is
inversely proportional to the ratio of time spent on
processing a fixed number of operations.
The resulting expression accurately reflects the power
ratio. It takes into account the actual conditions in which
the calculations are made.
An approach to the efficient use of resources based on
i=1
data parallelization technology is proposed. Formally, it
in the formula, the restriction on the coverage of all
can be described as the following algorithm.
images of the package is omitted, because it is obvious.
Step 1. From the set of images S select (small in
Fix the parameters Ui , i = 1, n, and solve the system
power) a subset necessary for processing the batch S.
(5):
Step 2. Process this subset (with time measurement for

their
execution) on each of the devices.
|S|

|Sn | = n−1
P Ui
Step
3. According to the formula (8) determine the
Un +1
(6) power ratio.
i=1

|S | = Ui |S | , ∀i = 1, n − 1
Step 4. By the formula (6) calculate the optimal load
i
n
Un
for each computing device. For this:
When calculating |Si |, ∀i = 1, n unknown in (6)
– the set of images S is divided into |S| subsets of
remain the ratio of power. There are two ways to get
Pj , j = 1, |S| ,
them:
– for each i-th device i = 1, n, a subset of Si is
1) you can use the table values specified by the
formed by join Pj , i.e. we have:
manufacturer. This is not suitable in the case of

S
Si = h=1,|Si | Pjih
video cards. The same video card, depending on


 S
the specifics of the task, may have different power;
Si = S
(9)
2) it is possible to experimentally calculate the power

i=1,n


ratio of computing devices.
Si ∩ Sj = ∅, ∀i 6= j
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the computing heterogeneous device corresponds to the
conditions noted above.
The nvcc 7.5 compiler was used as software (libaries
(10) CUDA (Version 9.1 [10]) and OpenMP) with options:
max ∪i ≤ c min ∪j
j=1,n
i=1,n
nvcc -D_FORCE_INLINES -O2 –machine 64 -lgomp
-Xcompiler -fopenmp program_code.cu
where c is a constant equal to two.
Measurement of time of operations was carried out
2) The package of images S must be large enough. In
using
the function "gettimeofday".
this case, it makes sense to parallelize their processing.
Note.
The compiler option "–machine 64" shows that
3) After calculating by formula (6) some values of
the
application
is 64 bit, therefore, it is not compatible
the powers |Si |, i = 1, n may turn out to be fractional
with
32
bit
systems.
numbers. In this case, it is necessary to round them to
When training a neural network, batch mode was used.
a integer, taking into account the restriction (5). If |Si |,
The
batch size was fixed and equal to 6561 images. The
i = 1, n is substantially greater than n, then rounding
latter
was due to the following considerations:
will not practically slow down the computation time.
The size of the training dataset is one hundred thouOtherwise, it is necessary to round up to an integer
(according to standard mathematical rules). In the case sand images. This number is not divisible by three,
of "shortage", "free" images of the package S must be therefore, the degree of the triple can be chosen as the
transferred to computing devices in descending order of batch size to maximize the LCM and, therefore, as the
their power. In the case of "busting" – remove one image repetition period of the batches. The batch size is three
to the eighth degree, hence the repetition period of the
from computing devices in order of increasing power.
batches is 656100000 images.
The proposed approach has several advantages:
As part of the computational experiment, two different
1) When solving applied problems, one can efficiently
cases were considered:
use the computing resources of a standard com– image batch processing is carried out only on a
puter. They usually contain a multi-core processor
video card,
and a video card.
– simultaneously on the processor and video card
2) High accuracy estimates of the optimal |Si |, i =
(using the developed approach).
1, n in (6) is guaranteed.
The
general scheme of the experiments included the
3) In the process of solving the problem, no additional
following
main steps:
calculations are required, but simply to solve the
1)
Read
input data.
system (6).
2) Preliminary image processing.
III. E XPERIMENTS
3) Initialization of the initial values of the weights of
the neural network.
The STL-10 data from the Stanford University repos4)
"Endless" learning cycle (each batch includes 6561
itory [8] was used as the source data. The dataset
images).
contains one hundred thousand unmarked color images
a) The learning process without a teacher.
measuring 96x96 pixels. Each image is described by
b) Measuring training time for 15 packets and
27648 integers (in the range from 0 to 255) specifying
checking the conditions for exit from the
the content of red, green, and blue colors [9]. Based on
cycle.
the obtained characteristics (the sample is set to about
The criterion for exiting the cycle: «the total root2.8 * 109 numbers, contains descriptions of arbitrary,
unmarked objects), we can conclude that the process of mean-square error on 15 image packets increased». In the
compressing the images of this sample with low losses process of implementing the experiment (in accordance
with the described approach), the following actions were
is quite a challenge.
To illustrate the nature of the data used in the exper- performed:
iment, we give examples of some instances of images
– on the first iteration of the «infinite» cycle on the
from the STL-10 dataset. (see Figure 2).
video card, the first half of the image batch is
For data processing, a standard computer with an 8processed and the processing time τgpu is measured;
core processor and a video card was used:
– the second half of the packet is processed on the
Video card nvidia – 1050 2gb; processor – amd ryzen
processor and the time τcpu is measured;
7 1700 3.0 GHz; RAM: 2x8 Gb 3200 MHz; Hard drive
– using formulas (8) and (6), the number of images
– samsung 850 pro 256 Gb; operation system – Lubuntu
that are fed to the processor and video card, respec16.04.3.
tively, is calculated;
– adjustment of neural network weights is carried out;
Computer graphics card is about 60% more powerful
– the number of images of the batch, which is calthan the processor. Power of devices are commensuculated on the first iteration, is processed on the
rate with each other. Therefore, the configuration of
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We assume that the devices are commensurate with
each other in power. This condition is satisfied if:

Figure 2. STL-10 pictures examples [9]

processor and video card simultanioulsy (in the
loop);
– the neural network weights are adjusted again.
According to the results of the experiments, the following results were obtained (see table 1):
Table I
P ROBLEM SOLVING TIME
Used computing devices
Timeof processing (in sec.)

Videocard
24

Processorand video card
15

It is easy to see that the use of the algorithm has
reduced the processing time by 60%.
Thus, due to the rational loading of heterogeneous
computing devices, it is possible to reduce the total
processing time. This is important when solving applied
problems in real-time conditions.
IV. C ONCLUSION
The paper presents an algorithm for calculating the
loading of heterogeneous devices, which reduced the
processing time for image compression.
The efficiency of the algorithm is demonstrated on a
computer with a multi-core processor and a video card.
The ideas described in the paper may be useful in
processing large amounts of data on heterogeneous cluster calculators that are being actively developed at the
present time.
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АЛГОРИТМ БЫСТРОГО СЖАТИЯ
ИЗОБРАЖЕНИЙ НА ГЕТЕРОГЕННЫХ
ВЫЧИСЛИТЕЛЬНЫХ УСТРОЙСТВАХ
Мацкевич В.В., Краснопрошин В.В.
В работе рассмотрена проблема организации эффективной обработки данных на гетерогенных вычислительных
устройствах. Предложен один из возможных подходов к
решению проблемы с использованием технологии распараллеливания данных. Показано, что в общем случае проблема
представляется нетривиальной математической задачей. Для
одного из частных случаев предложен алгоритм решения.
Эффективность подхода демонстрируется на примере решения задачи сжатия цветных изображений с использованием
нейронной сети прямого распространения. Описанные в
работе идеи могут оказаться полезными при обработке
больших объемов данных на гетерогенных кластерных вычислителях.
Ключевые слова: Параллельные вычисления, вычислительные устройства, производительность системы, нейронная сеть, обучение, выборка.
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Optimizing local feature description and
matching for realtime video sequence object
detection
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Abstract—The paper proposes an algorithm for local
feature extraction, description and comparison on color
images for semantic video sequence processing. One of
the main problems in implementation of such an algorithm is its ability to work within realtime constraints.
Asymptotic computational complexity for proposed algorithm is determined and local performance optimizations
are introduced in order to enhance processing time. The
optimized algorithm is able to compute local feature vectors
and compare them across video frames in realtime, which
simplifies further semantic analysis.
Keywords—image processing, image feature extraction,
computer vision, algorithm optimization, realtime object
detection

I. I NTRODUCTION
Local image feature extraction, description and matching
algorithms are the main building blocks of a wide range of
image processing techniques for computer vision and visual
semantic analysis problems, including image classification,
object detection, bundle adjustment, object tracking and visual
flow, 3D scene reconstruction, shape and texture extraction, and
many others [1], [2].
The main problem that feature extraction aims to solve is
that image pixel brightness values, per se, are poorly suited
as basis for direct semantic analysis – by itself, a single pixel
conveys very little information about the actual contents of the
image. When used as a feature, the pixel value states that this
particular point of the image has a concrete color value, but
the implication of a specific visual cue cannot be reversed –
for instance, a stop sign appearing in the upper left corner
of the image implies that one of the pixels will be red, but
the inverse is not true – one single red pixel in the upper
left corner doesn’t mean that this part of the image contains a
stop sign. In essence, this example illustrates how raster image
representation is completely different from the actual semantic
representation of the objects that can be used as a basis for an
automated decision-making processes [3].
The premise of feature extraction is the fact that actual
semantic analysis based on visual representation is done based
not by individual color values, but rather by meaningful higherorder features and unique characteristics associated with objects
represented on the image. For instance, one of the defining
semantic features of stop sign is the octagonal shape. For a
proper semantic analysis it is required to create a concrete
measure that correlates with how much similar to an octagon
a particular group of pixels is. It is obvious that this is very
hard when using raw pixel values, because the particular set of

transforms and combinations required to create an appropriate
measure can vary greatly from image to image.
This limitation means that raw image data (i.e. pixel brightness values or CCD/CMOS image sensor jot charges) is very
hard to analyze in the context of various classification and
object detection problems with classical approaches, like naive
Bayesian classifiers or regular feedforward neural networks
[3], [4]. For instance, when using a single pixel value as an
input feature for an artificial neural network-based classifier,
it is usually hard to measure how much this pixel should
actually contribute to the output both during training and during
classification, no matter the weights assigned to them.
Image feature extraction is a set of methods for transforming
raw image data (pixel brightness values) into an alternate representation that is, in turn, better suited as a basis for semantic
analysis in the context of a particular domain problem. Feature
extraction as a process can be accomplished by the combination
of feature detector and feature descriptor algorithms [5]–[7].

II. I MAGE FEATURE DETECTORS AND DESECRIPTORS
Image feature detector d(I) (also called feature extractor or keypoint detector) is an algorithm that, given an
image, produces a set of coordinates of feature points (or
keypoints) of this image:
d(I) : ∀w, h ∈ N|C (w×h) → {(i, j)}, i ∈ 1, w, j ∈ 1, h, (1)

where I is the input image, w, h – integers representing
image width and height, N – natural numbers set, C –
color depth (set of all possible color values), C (w×h) –
set of all images. More formally, feature detector can be
represented as a predicate:
∀w, h ∈ N|dp (i, j, I) : (1, w) × (1, h) × C (w×h) → B, (2)

where B = {f alse; true} – a Boolean domain. That
is, a feature detector can be implemented as a function
that, for any point (i, j) of an image I with color depth
C, determines whether this point is, in fact, a keypoint
(dp (i, j, I) = true) or not (dp (i, j, I) = f alse). Based
on this, the set of keypoints in (1) can be determined
using (2) by applying a predicate over every coordinate
set:
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d(I) = {(i, j) : dp (i, j, I) = true|i ∈ 1, w, j ∈ 1, h}.

(3)

A feature descriptor f is a projection of any point pIij
of any image I to an n-dimensional metric vector space
F:
I
f (pIij ) = ~vij
∈F

(4)

Since vector space F is also a metric space, an
appropriate metric is defined on it:
m:F ×F →R

(5)

Two arbitary points, pI1 of image I1 and pI2 of image
I2 , are considered similar by a feature descriptor (4)
if their feature vectors ~v1 = f (pI1 ) and ~v2 = f (pI2 )
are similar by measure of metric (5), or m(~v1 , ~v2 ) < t.
The threshold t is selected based on a specific descriptor
implementation.
While there is no concrete definition as to what exactly
makes an image point a feature, there is a number
of desireable properties for good feature detectors and
descriptors. Specifically, feature detectors and descriptors
must be invariant (to a certain degree) to displacement,
linear scale-space transforms like rotation, shift, skew,
etc., and to some of the common non-linear transforms
like perspective shifts and distortion [5].
Detector transform invariance means that any point of
the image that was classified as a keypoint before the
transform must continue being recognized as a keypoint
after it. This is mainly achieved by analyzing a certain
surrounding area of a keypoint in rotationally-invariant
manner (i.e. circular traversal) and on different levels of
subsampling.
Descriptor transform invariance means that descriptor
vectors of the same point before and after transform
must differ, as calculated by metric m, by a small
margin. This is achieved by including only spatiallyinvariant information into the descriptor and making
metric calculation process circularly agnostic.
III. F EATURE DETECTOR AND DESCRIPTOR BASED
ON MIDPOINT CIRCLE TRAVERSAL

methods are poorly suited for real-time usages. While
certain keypoint descriptors, like FAST, are designed to
carry out keypoint detection in the most efficient manner,
they commonly forego the usage of information used to
classify a point to further use it in keypoint description,
requiring more complex and computationally expensive
keypoint descriptor algorithms like ORB.
The proposed method is designed to be adaptive and
able to perform keypoint detection and description in
with a single pass.
Input of the algorithm is an image I of width w and
height h with 3 color channels (RGB colorspace).
The first step is the selection of image traversal step.
A common way to do it is to apply a logarithmic scale
on an input image size:
(

sg ∈ N
sg ∝ log(w · h)

(6)

This allows to reduce the number of exess points in
proximity of a larger feature and makes the algorithm
less susceptible to scale transforms.
After that, a one-channel transform is applied to the
image. While it is possible to use common grayscale
transforms like YUV colorspace Y-component formula,
doing so usually removes too much of color distribution
from the image. A proposed solution is to use Principal Component Analysis (PCA) while treating image
color values on 3-component representation (red, green
and blue channels, respectively) as input features in 3dimensional feature space. Applied to image colorspace,
PCA will generate a new basis with 3 pseudocolor directions. First direction corresponds to the largest variance
of the image, which is, for most of the real-world images,
a shift from darker to brighter colors – that is, first
component of the new colorspace in PCA is usually
very close to Y direction of YUV colorspace. Based on
actual variance numbers, however, a second component
might be preferable, the one corresponding to the secondlargest variance distribution of colorspace. This is usually
a shift from one predominant color of the image to
the other. In some specific areas, like medical image
processing, color hue may provide more destinguishable
feature space compared to plain grayscale brightness. As
a general rule, if the variance of the second component
is above 20% of the total image variance, a second PCA
component should be considered for feature extraction.
It is important to note, however, that, when comparing
feature descriptors across images, descriptors based off
first and second components tend to differ significantly,
so the same component should be used on both images.
After the step is chosen and image is transformed
to grayscale, a set of traversal radiuses {ri } must be
chosen. A common choise is {3, 5, 7} pixels, with 9
pixels added for hevily distorted images. The maximum
radius rmax = max ri defines a padding for image

There are many known approaches to both feature
detection and description. Some of them treat detection
and description as two disjoint operations, while others
can build a keypoint descriptor as a by-product of determining whether the point should be treated as keypoint
or not [5]–[7].
One of the main disadvantages of most keypoint
detection and description algorithms is their rigidity and
inability to adapt in terms of input parameters. Known
methods usually have a parametric threshold that should
be predetermined before feature extraction is carried
out, generating spurious point clouds on one image and
hardly detecting any on the others if the threshold is
off. Moreover, these methods tend to be over-reliant
on sharp brightness shifts, while in reality such shifts
mostly occur as artifacts (like sharp light reflections or
optics chromatic abberations). Finally, most of the known
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i

traversai, that is an image is traversed from rmax to
w − rmax horizontally and from rmax to h − rmax
vertically with the step sg .
For every point (i, j) traversed, a Bresenham (midpoint) algorithm is used to construct a circle around the
point at every specified radius {ri }. The result for radius
rk is an ordered set of point coordinates {prnk }. Before
the circle traversal, a starting point is determined as a
point where brightness values change compared to the
next pixel is the greatest across the entire circle. This is
done to mitigate the influance starting point has when
comparing features before and after rotation transforms.
The goal of Bresenham circle traversal is to determine
segment configuration. The first pixel is assumed to
(r )
belong to the first segment: p1 k ∈ S0 . After that, every
next pixel brightness of the circle in order is compared
to the brightness of the first pixel of a current segment.
When the brightness exceeds a certain threshold tseg ,
the pixel is considered a beginning of a new segment.
The process iteratively continues until the point circle is
confined:

12-point circle with segments of length 3, 6, 1, 3. Its
24-bit descriptor will be the following: 00 00 00 01 01
01 01 01 01 11 10 10 10. The difference beetween the
previous 3, 7, 3 segment is the introduction of another
small segment, which means that configurations remain
relatively similar. If a 1-bit representation was used, an
extra segment would invert the rest of the string, resulting
in a completely different 12-bit descriptor with large
Hamming distance. With 2 bits per segment span, only
"half" is inverted. In our example, Hamming distance
between feature vectors is 4.
The set of keypoints and their respective descriptors
for each radius can be used for further processing in
template-based object detection algorithms and 3D reconstruction tasks.
IV. R EALTIME OPTIMIZATION

Realtime video sequence processing puts a time constraint on feature detector and descriptor performance.
Generally accepted framerate for video sequence image rendering is 24fps (frames per second). That means
(j−1)
(j)
rk
∆Pn = |I(pn ) − I(S0
)|
(7)
that it should take around 40ms for an entire frame to
(
(j)
(j)
render. If the information can be presented as a HUD
Pn ∈ S
if ∆Pn ≥ tseg
(8) (heads-up display) overlay over existing video sequence
(j)
(j−1)
Pn ∈ S
if ∆Pn < tseg
with visual cues (as is the case with object detection
Brightness difference (7) across two neighbour points and localization, for instance), it is generally acceptable
in Bresenham circle is used in (8) to determine the to have HUD re-render at lower framerates, with times
beginning of a new segment. Artificial segment edge of up to 100ms per frame. Still, this constraint is quite
introduced by the first pixel is mostly mitigated by severe in terms of computational complexity of algorithms involved in common computer vision tasks. For
correct selection of the first pixel.
The segment configuration, i.e. the number of seg- instance, a well-calibrated feature-based binary classifier
ments and their length, constitute a feature of a certain needs as much as 5ms to process a single sliding window
point. Variable-length natural-numbered segment span frame, and needs to run the classification up to 10-15
vector can be used as a feature vector of a certain point. sliding window positions per frame to correctly localize
It is also possible to short-circut descriptor evalutation if an object. In practice, this means that, independently of
a point should not be considered keypoint, in case the further processing and semantic analysis, feature detector
number of segments or their respective differential shift and descriptor should produce extracted feature vectors
within 20ms for acceptable performance that can still be
is too small on any of the radiuses.
To compare the features, segment configuration simi- percieved as realtime [4], [8], [9].
It’s easy to illustrate how the feature extraction prolarity measure must be created. This process is complicated by the fact that segment span vectors have variable cedure (7) - (8) has a linear asymptotic computational
length, so traditional similarity measures like Euclidean complexity. PCA transform requires mean and standard
distance cannot be applied to them. One way to solve this deviation calculation, which require a full image pass and
problem is to introduce a simple binary representation have the complexity of O(n) each. The transform itself
of a feature vector. For this descriptor, each segment of is a O(p3 ) complexity problem, where p is the number
a specific length constitutes a span of two-bit numbers of input features: for color images, p = 3 = const,
of the same length, and each segment edge changes i.e. it doesn’t depend on the input image size. Detection
the segment two-bit representation with the following requires a full traversal of an entire image, which is a
circular pattern: 00 → 01 → 11 → 10 → 00. For linear O(n) complexity compound problem. For each
example, for an 12-point circle (radius 3) with segments pixel, a constant number of operations must be performed
of length 3, 7, 3, the binary representation will be 24-bit to construct a descriptor, so the complexity of single
string – 00 00 00 01 01 01 01 01 01 01 11 11 11. The point analysis is O(nr ) where nr = const is the
specific pattern is chosen in such a way that Hamming number of radiuses used for descriptor generation. The
distance (the number of differing bits) increases by 1 for resulting complexity is, in terms of big-O notation, is
each two-bit marker. To illustrate this, let’s consider a O(2n + p3 + nr n) = O(n).
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The nature of feature extraction process means that it’s
not possible to further reduce asymptotic complexity, so
the optimizations must be performed during key stages
of the algorithm.
PCA computation is generally quite costly, since it
requires the calculation of eigenvectors and eigenvalues
of color feature matrix. However, when working with
a video sequence, it can be safely assumed that PCA
transform basis will be quite similar as long as the scene
doesn’t change drastically. In practice, it means that
the same PCA transform can be used across the series
of similar frames, for times up to several seconds of
video sequence. So the first optimization is to skip PCA
computation and instead use previous transform matrices
across several frames. It is also possible to perform
this computation in parallel to the main data stream
on a single frame in isolation, and replace the current
transform once PCA is calculated, further reducing frame
processing time.
Detection itself requires a full image traversal at the
minimum [10]. The traversal step grid introduced in (6)
means that a portion of image’s pixels is skipped already.
To further increase processing performance, it’s possible
to statistically analyze the keypoint detection distribution. With adaptive threshold value the total number of
keypoints on the image takes up to 10% of all the image
pixels, which means that bail-out optimizations might
actually increase processing speed. Bail-out optimizations are a way to short-circut the evaluation in case
of a negative answer by performing a short check. In
case of Bresenham circle descriptor, one common way
to discern a keypoint is to select only those points where
number of segments is large enough. It is possible to
traverse the smallest radius value only, and mark the
pixel as non-keypoint early if it doesn’t have enough
segments, thus avoiding additional traversals on larger
raduises. Since this happens for most of the image pixels
(around 90%), this optimization provides a noticeable
performance boost.

Table I
M EAN FRAME PROCESSING TIME t FOR FEATURE EXTRACTION ON
F ULL HD (1920 × 1080) 24 FPS VIDEO SEQUENCE OVER 1 MINUTE
(1440 FRAMES TOTAL )
Algorithm
FAST & ORB
Midpoint without optimizations
Midpoint with staggered PCA
Midpoint with bail-out
Midpoint with bail-out & staggered PCA

feature descriptor performance was also considered. While both
of those algorithms have linear asymptotic complexity, the
information used in FAST for keypoint detection is not used for
descriptor generation, as ORB is a separate algorithm; thus, the
algorithms require twice the amount of image traversals, which
impacts performance on larger images, like FullHD-scale image
used to evaluate the performance.
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ОПТИМИЗАЦИЯ АЛГОРИТМОВ ОПИСАНИЯ И
СРАВНЕНИЯ ЛОКАЛЬНЫХ ПРИЗНАКОВ
ИЗОБРАЖЕНИЙ ПРИ ДЕТЕКТИРОВАНИИ
ОБЪЕКТОВ НА ВИДЕОПОСЛЕДОВАТЕЛЬНОСТЯХ
В РЕАЛЬНОМ ВРЕМЕНИ

V. R ESULTS AND CONCLUSION
The proposed algorithm allows for efficient feature extraction from color images. It is able to both determine a set of
keypoints on the image and calculate their respective descriptor
values in one pass, while also providing a bit string descriptors
values that can be compared very fast using Hamming distance
across several frames.
The performance optimizations have been evaluated for a
processing task of feature extraction in realtime over 1 minute
of FullHD video sequence. The results are presented in table
I.
As can be seen from the results, the goal of realtime performance optimization of midpoint feature extraction algorithm
was successfully met – the framerate constraint of 20ms per
frame for HUD processing tasks was fulfilled using Midpoint
circle traversal algorithm with bail-out optimization and staggered PCA computation across 24 frames (basis recalculated
every second). For comparison, FAST feature detector and ORB

t, ms
27.35
35.02
28.94
23.14
19.41

Головатая Е.А., Садов В.С.
В работе предложен алгоритм извлечения, описания и
сравнения локальных признаков цветных изображений для
семантической обработки видеопоследовательностей. Одна
из решаемых задач - поддержка работы алгоритма в реальном
времени. Для оценки и улучшения производительности проведён анализ асимптотической вычислительной сложности,
а также предложены оптимизации. Оптимизированный алгоритм позволяет вычислять вектора локальных признаков
и сравнивать их между кадрами, а также может служить
основой для дальнейшего семантического анализа.
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Abstract—An algorithm is presented that allows detecting
moving objects in a video stream at a fixed camera
position. The algorithm is characterized by low resource
consumption, what makes it possible to use it in ARM architectures [1] or for data pre-processing on client devices.
The algorithm performs the following steps: image scaling,
clipping background, and detection of objects. Prototype
algorithm implemented in Python [2] using the OpenCV
library. It was tested on a single-board computer Raspberry
PI 3 [3], showed a performance of 20 FPS with an input
stream frame size of 1920x1280 pixels.
Keywords—detection, video processing, classification

I. I NTRODUCTION
Currently, neural networks are widely used for digital image
processing, but they usually require significant computational
resources. Therefore, in practice, it is advisable to combine
the using of neural networks with algorithms that do not use
training, which will in some cases increase the speed of solving
problems and reduce resource consumption [6].
Neural networks show a high degree of classification of a
large number of different objects, but the performance is 68 FPS [5], [7]. The solution to this problem is to use highperformance hardware with the GPU, it is not always possible
and appropriate on grounds of the cost and energy efficiency.
One of the modern practical tasks is the real time analysis of
streaming video data. For such problems, the accuracy of the
algorithm can be neglected. There is no need to ensure the
detection of objects at each frame, it is necessary to achieve
that at least one of a series of frames of the object is detected.
This kind of task includes detection of cars using surveillance cameras. There are two approaches to solving this problem, the first one is to process completely on the portable
device, the second one is to send all video stream to the server
for centralized analysis and recognition. The first approach
depends on resources, it is not always possible to use highperformance devices on the end users of the system. In the
second approach, it is necessary to provide a reliable and secure
communication channel with high performance for connecting
client devices to the data processing server, which in modern
conditions is also costly and sometimes completely unrealizable
for a number of subjective reasons. Providing a similar channel
for multiple connections is very expensive, and the cost will
increase with connecting new devices, which indicates the
problems of scaling such a solution.
A possible solution could be the development of algorithms
that reduce requirements of throughput and the performance
of the computing server by performing preliminary partial
processing of the video stream on the end devices. This paper
proposes using a combination of transformations and filters
to significantly reduce the amount of data transmitted to the

processing server. On the resulting images, you can quickly
search for objects using cascades [8].
On the client side, cheap single-board computers with ARM
architecture [3] are offered as hardware for pre-processing. low
power, e.g., Raspberry PI 3 [2].

II. G ENERAL A LGORITHM
The camera receives the data that needs to be processed. To
reduce video traffic on the client-server, the input video stream
is sent to a single-board computer, where it is pre-processed
according to a multi-level scheme. Levels are represented by
the black box model and are interconnected only by input and
output data. This approach allows the use of conveyor parallel
processing, thereby ensuring a uniform load of the existing
cores and the highest performance [4].
The diagram of processing is presented in Fig. 1 and includes
the following steps:

Figure 1. General algorithm diagram

Scaling – provides camping downsampling as to detect
the object is not necessary for high definition.
• Background subtraction – allows you to simplify the task
of searching for objects since all objects that do not move
for a long time will be removed from the image.
• Object detection in the image – the direct application of
search algorithms and the formation of the result in the
form of coordinates of rectangular regions.
• Coordinate projection – the coordinates of the regions are
converted according to the original image size.
At the first stage, the image size is reduced and it is
converted to shades of gray:
•

[M ]norm = G([M ])

(1)

where M – is the original image, G – is the normalization
operator of the input image.

III. BACKGROUND SUBTRACTION
To improve the quality of image detection, it is possible
to cut off static unchangeable parts (background), we take
advantage of the fact that cameras are placed statically. This
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gives a significant advantage when searching for objects and
their recognition. The previous frames can be used to select
the background, the part which is not changing some period of
time. This part of the video frame can be removed, what will
reduce the amount of data to analyze. Thus, the background
subtraction is performed based on the available set of images
(2).
[M ]F G =k [M ]norm − ∩i [M ]i k
(2)
It seems that for detecting moving objects of a given type,
there are enough background subtractions algorithms [9], but
this is not so, because it is necessary to notice not any moving
objects, but only a certain type. For example, for the task of
detecting moving cars, the classifier should not react to other
road users (pedestrians, cyclists, etc.), and in general to foreign
objects that are in the frame.
Before using the subtraction of the background operation,
an additional configuration of the scene is required to select
and classify sections of the road: curb, pavement, lanes in both
directions, etc.
In this case, at the preliminary stage, the boundaries of the
analyzed areas of the video stream will be determined. In this
case, it is possible to perform parallel processing of each of
the areas found using cascades. The use of decomposition of
the analyzed scene will reduce the amount of data processed,
increase the quality and speed of the search.
Shadows and noise in the image can complicate the work of
the background subtraction algorithm. For example, a shadow
moving together with objects may significantly reduce the
quality of detection or even lead to the impossibility of recognition and classification of an object. Therefore, it is necessary
to perform image transformation in such a way that all the
"surroundings" of the desired object are removed, even if this
operation will result in distortion of the object itself.
Thus, in formula (2), it is required to specify not only
the metric used but also the set [M ]i . All this is determined
depending on the selected background subtraction algorithm.
When choosing an algorithm, the main criteria, determined
by the need to perform on low-performance devices, were its
resource intensity, speed, the accuracy of correctly detected
images after background clipping.
The following algorithms were analyzed:
• MOG – based on a Gaussian mixture model [10].
• MOG2 – based on MOG ideas, the main feature is that the
algorithm chooses an approximate number of Gaussian
distributions for each pixel [11], [12].
• GMG – algorithm combines a statistical evaluation of
the original image and pixel-by-pixel Bayesian segmentation [13]. After evaluating the first frames, the algorithm
finds the objects separating them from the background.
• KNN – based on the k-means algorithm [14].
As a result of computational experiments, at the preliminary
stage, methods based on the k-means algorithm were excluded,
since they were less effective according to the specified criteria.
MOG uses a number of Gaussian distributions, also called
Gaussian components, to simulate the background of pixels.
Each pixel has its own set of Gaussian components. Each
component needs three parameters: the average (background
intensity), weight (as an indicator of the significance of the
component) and the standard deviation of intensity [15], [16].
MOG2 is an improved version of the MOG algorithm, and,
due to the possibility of adaptively adjusting the number of
distributions for each pixel, is more resistant to changes in
lighting on the scene. This is a significant advantage, making it
possible to use this algorithm on external observation cameras.
For the task of detecting cars is an important condition. The

algorithm should work steadily throughout the day and when
the weather conditions change.
As a result, formula (2) was converted to the form:
[M ]BG
(xi ) = p(xi |BG) =
t

K
X

πki N (µik , σI)

(3)

k=1

where K - the number of Gaussian components, each with a
weight ωi,t and intensity µi,t and standard deviation σi,t , N –
normal distribution.
The following parameters for the MOG2 algorithm were
calculated empirically: the number of Gaussians is 2, the
filtering of shadows, and the complexity reduction threshold
that determines the number of examples needed to determine
whether an image component exists or not. Such values allow
you to deal with various noises in the video, shadows, camera
vibration. At the same time, which is very important, the
possibility of classifying objects does not deteriorate. For
analysis, 10 frames were used with the quality of shooting 20
FPS. This number of frames is enough to detect the movement
of objects and allows you to select the background (Fig. 2).

Figure 2. Background subtraction

IV. O BJECT DETECTION USING CASCADES
Algorithms that use the idea of cascades show their effectiveness when searching for one type of objects in an image
[17].
The basis of these algorithms are the Haar primitives [8],
which represent the discretization of a given rectangular region
into sets of heterogeneous rectangular subregions. In the original version of the algorithm, only primitives without turns were
used, and to calculate the feature, the difference of the sum of
the brightness of one region from the sum of the brightness of
the other subregion. When developing the approach, we began
to use oblique primitives, instead of calculating the difference
in brightness, it was proposed to assign a separate weight for
each subdomain and calculate weighted sums of features for
different types of areas. Thus, a set of classifiers is compiled,
each of which is assigned a weight during training; training is
usually performed using the AdaBoost algorithm.
The advantage of the Viola-Jones algorithm is the ability to
quickly calculate signs using the integral representation of the
image. This means that to calculate the sum of the intensities
of pixels in the selected area, you can use 4 values of the
sum of intensities s1 , s2 , s3 , s4 from which you can calculate
the value in a given area 4. The construction of the integral
representation of the image has complexity O(n) where n is
the number of pixels in the image. The amount of light in the
given area 5.
D = s1 + s4 − (s2 + s3 ),
(4)
ZZ
xSi ySi
X
X
I(x, y),
(5)
I(x, y)dxdy ≈
si =
S

x=0 y=0

where S is the sampling primitive, I(x, y) – pixel intensity with
coordinate (x, y) xSi – boundary coordinate x of rectangle Si
ySi – boundary coordinate y of rectangle Si i = 1, 4.
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To determine class membership, a classification function
is introduced in each stage. Each "weak" classifier produces
two values, depending on whether the value of the attribute
belonging to this classifier is greater or less than the specified
threshold. At the end, the sum of the values of "weak" classifiers is compared with the cascade threshold and the decision
is made whether the object is found or not by this cascade 6. In
the process of learning a lot of classifiers are built and weights
are selected for each of them. The resulting classifier is used to
determine whether the site belongs to the desired object class 7.
Ψ(x) = sign[

k
X

ωi Ri (x)]

maximum accuracy of the classifier, you need to use the same
configurations for background clipping, which will be used in
a working system. An example of an image before and after
applying a filter is shown in Fig. 3.
To train a classifier, it is necessary to assemble a set of
negative examples - background images, and objects that should
not be detected.

(6)

i=1

where is "weak" classifier, ωi – weight of i-th classifier; k –
the number of classifiers.
As a result of background subtraction, a filtered image
is obtained, which is divided into regions r using the E()
operator:
r = E([M ]F G ),
each found region, we introduce a classifier using 4, which
returns the probability of finding an object in the region.
Ψ(oi ) = 1, if oi ∈ ri

(7)

where: oi – the desired object.
The use of only signs of Haar makes it possible to find
more than 80% of the objects. Change video angle, scale, etc.
the quality of recognition with the use of cascades sharply
deteriorates [18]. In practical terms, the number of signs
increases nonlinearly, which significantly reduces the speed
of the algorithm. In this case, you need to either limit the
possible situations, for example, only for a certain camera
position (distance, and rotation angle), or add additional video
processing to reduce the set of features without presenting
special video requirements. The proposed modification of the
algorithm is undemanding to the initial configuration.
This algorithm is undemanding to computing resources and
can be implemented on almost any modern ARM processor,
which allows the proposed concept to be used to build complex
recognition systems.

Figure 3. Examples of images for training, on the left are positive
examples, on the right are negative

For classifier operation, it is recommended to use at least 500
positive examples of images, 2-4 times more negative ones.
It is also recommended to use augmentation, with reflection
horizontally, scaling, and turning in the limit of 15 degrees.

VI. E VALUATION
The article presents an algorithm that is not demanding of
computational resources, characterized in that it is a combination of image processing and detection algorithms, which
allows video to be processed in real time. The first is the
clipping of the background based on the previous frames, then learning the cascade on the resulting images. After clipping the
background image, a lot of noise is produced, but the vehicles
have expressive boundaries, resulting in a simple set of features.
The combination of algorithms allows to achieve high precision detection of passenger cars (about 95%) and process up
to 20 frames per second with a resolution of 1920x1280. An
example of detection is shown in Fig. 4.

V. DATA PREPARATION AND TRAIN CLASSIFIER
High-quality data preparation is the most important step in
the development of the classifier. The algorithm will work
effectively only when there is a lot of data collected that
maximally covers all possible variations of the objects being
classified. In relation to the task of detecting cars, you need
to select photos taken from different angles and from different
angles. Also in the training set should get cars with different
color shades.
To train the cascade on "raw" images, you need to prepare
more than a thousand samples, with an approximately uniform
distribution of different combinations of colors, models and
angles.
Due to the non-linear dependence of computational complexity and quality of classification on the number of features,
combining all the properties of objects in one classifier leads to
an increase in resource intensity and a drop in the recognition
rate of the desired object. Therefore, by applying background
subtraction as a side effect, very simplified car images are
obtained, which makes it possible to neglect the different color
shades of the original images.
Thus, it is proposed to introduce an additional step in
preparing the training data: the source video stream is processed by the background clipping algorithm. And to achieve

Figure 4. Detection Results

The proposed algorithm can be used to build traffic monitoring systems, as well as subsequent statistics collection, which
will provide the most relevant information about the state of a
city’s roads at any time . The introduction of monitoring systems makes it possible to apply various mathematical models to
optimize traffic, because automatic systems for collecting statistics from highways will allow you to accumulate a sufficient
amount of information that can be used in conjunction with
machine learning algorithms in order to improve throughput
and safety of highways. Also, the collected information will
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be very valuable when making changes in traffic (for example,
closing the street, or expanding it), the information collected
will always be relevant, which means modeling changes in
traffic will provide the greatest efficiency.
The resulting algorithm can be used to build statistics
collection systems with preliminary data processing on the
device. Low algorithm requirements make it possible to use
low-power devices.
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ЭФФЕКТИВНЫЙ АЛГОРИТМ
ДЕТЕКТИРОВАНИЯ ОБЪЕКТОВ НА
ВИДЕОПОТОКЕ АДАПТИРОВАННЫЙ ДЛЯ
ARM АРХИТЕКТУРЫ
Курочка К.С., Нестереня И.Г.
Представлен алгоритм, позволяющий детектировать
движущиеся объекты в видеопотоке при фиксированном положении камеры и отличающийся низкой
ресурсоёмкостью, что позволяет его использовать в
ARM архитектурах [1] или для предварительной обработки данных на конечных (клиентских) устройствах.
Алгоритм реализует следующие этапы: масштабирования изображения, отсечения фона, и детектирования
объектов. Тестирование алгоритма, реализованного
на языке Python [2] и с использованием библиотеки
OpenCV, на одноплатном компьютере Raspberry PI
3 [3] показало производительность – 20 FPS при
размере кадра входного потока 1920x1280 точек.
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Abstract—The article presents the method recognition
of sales consultants on the basis of a neural network
to determine the posture and clarifying algorithms, also
methods of monitoring the behavior of the seller-consultant
and analysis of its interaction with the buyer. A brief
review of the analog systems is given. The description of
the proposed method is presented, the obtained results and
ways of improvement are shown.
Keywords—neural network, artificial intelligence, recognition of human pose, behavior monitoring.

I. I NTRODUCTION
The modern era is characterized by a transition from
the economy of producers to the economy of consumers.
In the conditions of toughening competition in the sphere
of trade and rendering services, client-oriented services
acquire special importance.
The main problem of introducing such services is the
human factor, control of which is problematic due to the
lack of ready-made software products.
Ensuring the proper quality of service delivery becomes the main objective of the market strategy for
business development.
To improve the quality of service, it is proposed to
develop and implement a software product to monitor
the activities of consultant salesmen through the analysis
of their work with the use of equipment for video fixing
[10].
The work of the software product is based on the algorithm Pose Estimator [3], which allows you to determine
the position of a person, clarifying algorithms, auxiliary
neural networks that help to identify the seller-consultant,
and also determine the quality of services provided to
them [2].

•

•

Algorithm of stabilization of "key" points, allowing
determine those points of the body, which could not
recognize the neural network;
Neural network for determine the behavior of the
sales assistant and store employee.

III. T HE FIRST STAGE , THE USE OF THE NEURAL
NETWORK "FAST P OSE E STIMATOR ".
The main task of the neural network is to establish
a person’s pose through a nonparametric representation
called the Part Affinity Fields (PAFs) by developers, to
further determine the location of the seller’s uniform of
the consultant (branded T-shirt, cap, etc.).
The main advantage of the neural network is the high
speed of the work, 1 frame in 1-2 seconds on GPU and
5-8 seconds on CPU. The main drawback is the decrease
in the quality of work when compared with the classic
version of Pose Estimtor.
Input data for the algorithm "PoseEstimator" is a
graphic image of the sales consultant, on the output an image with the selected parts of the human body.
The result of this network can be seen in figure 1.

II. T HE PROPOSED METHODOLOGY
To solve the problem, we propose to use a cascade of
two neural networks:
• Fast convolutional neural network FastPoseEstimaFigure 1. The result of the Fast Pose Estimator neural network.
tor, trained on mobilenet architecture;
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IV. T HE SECOND PHASE , A STABILIZATION
ALGORITHM " KEY " POINTS OF THE A PERSON BODY.
The skeleton is built from the starting point located
under the throat, then the eyes, shoulders and pelvis are
recognized. From the shoulders completed the hands,
from the points of the pelvis of the foot, from the eyes
ears. Thus, the key point for the construction is the point
under the neck, then we call it the initial one.
It is necessary to determine the dominant color of
the t-shirt seller. To improve the quality of work, the
following algorithm is proposed for finding the missing
"key" points, based on information about the structure
of the human structure. Consider one of the options for
finding the missing "key" point of the body.
If only one shoulder of a person is recognized, the
second shoulder can be completed by depositing an equal
segment from the projection of the starting point on the
normal of the point of the found shoulder to the side of
the not found shoulder equal to the distance from the
projection of the point to the normal of the point of the
found shoulder to the point of the found shoulder.
Thus, using the information about the structure of the
human structure it is possible to determine the approximate location of the missing points of the shoulders,
pelvis points. If there is only a starting point, it is
proposed to determine some area of a fixed size on the
human’s body by depositing the area below the key point
by N pixels. An example of the algorithm is shown in
figure 2.

a given set of colours and clustering by the k-means
method.
In the first method, the image is converted to HSV
colour space, after which all pixels of the image are
analyzed and based on the Hue, Saturation, Value data,
the colour is set.
The idea of the k-means method [7] is to minimize
the total quadratic deviation of the cluster points from
the centers. At the first stage, you select points (threedimensional RGB space) and determine whether each
point belongs to this or that center. Then at each stage,
the centers are redefined until a single center is found.
VI. T RAINING THE APPEARANCE OF SALES
CONSULTANTS .
To determine only the colour of a person’s clothing is
not enough to classify him as a sales consultant group.
It is necessary to take into account the conditions of the
difference in the illumination of the room at different
times of the day, as well as the likelihood that there
may be clarified and dark areas in the room. Thus, the
recognized colour of the shape can vary.
To solve this problem, it is necessary to teach the
system all possible colors that can be "read" from the
clothing of the seller-consultant.
The operator of the software product at the beginning
of work with the program should start the training
mode, with by means of which prevailing color uniforms
randomly moving around the store sales assistant.
On the basis of the prevailing colors of the clothes is
formed an "average dominant color", which is the central
point in the formation of the color range for referring a
person to a sales consultant [1].
VII. A NALYSIS OF THE QUALITY OF
COMMUNICATION WITH THE SELLER BY BUYERS .

After the classification of people in the frame to groups
of buyers and sellers, the program automatically controls
the quality of services rendered by sellers-consultants. To
assess the quality of the seller’s communication with the
client, it is proposed to use a set of algorithms and a
Figure 2. Example of detection of the second shoulder.
cascade of neural networks.
The main task of the algorithms is to determine the
location of the seller next to the buyer, as well as control
V. T HE THIRD STAGE , THE DETERMINATION OF THE
over the personalization of the employee’s appeal to the
DOMINANT COLOUR IN THE UNIFORM SECTION .
buyer.
In order to exercise control over the personalization
The main task of this stage is to establish a dominant
colour in the area of the uniform of a person to determine of the employee’s appeal to the buyer, it is proposed to
it in the group of sales consultants. Within the framework determine the “field of view” of people in the frame.
of this algorithm, an image from the "Pose Estimator" The seller must always interact with the buyer, be in the
with the tops of the human body parts is input. On “review” area of the buyer and talk about the benefits of
the basis of which there is a selection of the necessary the goods. Thus, to accomplish the task, it is necessary
clothing of a person [4] [5] [6]. To implement the to build a “field of view” based on the location of the
definition of dominant colour in an established area, there eyes and ears obtained from Pose Estimator, after which
are several methods: determining the ratio of a pixel to the sector of intersection of these areas and the “angle
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of interaction” between the buyer and the seller should
be determined.
If the areas do not intersect or the “interaction angle”
is less than the angle set by the operator of the software
product, it is considered that the seller is near the buyer,
but does not interact with it. Examples of definition
algorithms for the “field of view” are presented in figure
3.
To determine the interest and emotionality of the store
employee when interacting with the buyer, it is proposed
to use neural networks that define the above parameters
by the store employee behavior: hand speeds, moving
around the store to accompany the buyer, movements to
show goods, etc.
In addition, it is planned to use a separate neural
network, which, by facial expression and behavior, will
determine customer satisfaction with the services provided by the seller’s. The conclusion about the work
seller’s of the store is made on the basis of all the factors
that determine the interaction with the buyer, after which
at the end of the month an estimate is calculated for each
store employee.

Figure 3. An example of the definition of "field of view".

VIII. OVERVIEW OF ANALOGUES .

NTechLab company showed a system capable of realtime recognition of sex, age and emotions using the image from a video camera. The system is able to evaluate
the audience’s reaction in real time, so you can identify
the emotions that visitors experience during presentations
or broadcasts of advertising messages. All NTechLab
projects are built on self-learning neural networks. In our
system, we do not yet use data on a person’s face. We
plan to process this information at the next stages of the
project development.
In other systems, the object tracking function is used tracking. The operation of the tracking modules is related
to the operation of the motion detector. To construct
the trajectories of the movement, a sequential analysis
of each frame is carried out, on which moving objects
are present. The simplest implementation of tracking
considers two frames and builds trajectories along them.
First, the movements on the current and previous frame
are marked, then, by analyzing the speed, the direction
of movement of objects, and also their sizes, the probabilities of the transition of objects from one point of
the trajectory of the previous frame to another point of
the current are calculated. The most probable movements
are assigned to each object and added to the trajectory.
Objects in the frame can move in different ways: their
trajectories may intersect, they can disappear and arise
again. To improve the accuracy of tracking, some manufacturers use the technology of sequence analysis and
continuous post-processing of the results obtained. We
have planned to use this approach in our system.
Another analogue of our system - GPS-trackers. These
systems work based on the definition of geolocation.
To implement this solution, each employee must be
equipped with a separate GPS tracker, the data from
which will be sent to the server at some interval. However, this solution has a number of drawbacks:
1) The solution is not cost-effective, since it is necessary to purchase GPS trackers for all personnel.
2) We can’t exclude the situation in which the seller
can give his GPS-tracker to a partner to deceive
the system.
3) Such a solution is not universal. When identifying
sales consultants through the camera, it is possible
to expand the functionality, determine the level and
time of interaction of the seller with the buyer, and
much more.
Also, analogs include systems for counting the number
of visitors on a video stream. These systems also have
a number of shortcomings, the main one of which is
the impossibility of identifying sales consultants and the
quality of their services.

It should be noted that the finished software products
that allow to solve the problem discussed in this article
are not present. Similar software products perform only
part of tasks.
The simplest example of intelligent video surveillance
is motion detection. One detector can replace several
video surveillance operators. And in the 2000s, the first
video analytics systems began to appear, capable of
recognizing objects and events in the frame. Most of
the solutions work with face recognition technologies.
Solutions in this area include Apple, Facebook, Google,
Intel, Microsoft and other technology giants. Surveillance systems with automatic passenger identification
are installed in 22 US airports. In Australia, they are
IX. C ONCLUSION .
developing a biometric system of face recognition and
In order to improve the technological process of defingerprinting within a program designed to automate
passport and customs control. An interesting project of tecting the seller’s consultant, it is possible to develop
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additional functionality.
To more accurately determine the seller’s consultant,
it is possible to analyze several elements of the uniform
at once (for example, a yellow T-shirt and black pants).
Another factor that allows to detect the seller, can
serve as a definition of behavior, characteristic for the
seller-consultant. To solve this problem, you will need
to create another neural network.
It is also possible to identify additional factors that
determine the quality of the seller’s work in the store,
such as the presentation goods to customers who have
not stopped at the rack with the goods, but passing by.
In addition, it is planned to implement the ability to
install "dead zones" in the program. This function allows
you to set the “non-human” type for those objects that
the Fast Pose Estimator neural network defines as people.
Thus, the developed software will make it possible to
qualitatively improve the work of the sales assistant and,
as a result, will lead to an improvement in the customer
focus of the business. Figure 4 shows an example of the
program.
This work is a contin of the work, where the features
and possibilities of determining the post-sense of its
semantic distinctive feature were considered [8] [9]. This
work was partially supported by RFBR (grants 17-2907021, 18-47-340006, 18-47-342002, 18-07-00220, 1907-00020).

[4] Zhe Cao Otsenka 2D-otsenki v real’nom vremeni s ispol’zovaniem otdel’nykh polei. [Realtime Multi-Person 2D Pose
Estimation using Part Affinity Fields.]. 2017, Retrieved from
http://www.ri.cmu.edu/wp-content/uploads/2017/04/thesis.pdf
[5] U. Iqbal, J. Gall Otsenka individual’nosti cheloveka s
uchastiem mestnykh assotsiatsii. [Multi-person pose estimation
with local joint-to-person associations.]. 2016, Retrieved from
https://arxiv.org/pdf/1608.08526.pdf
[6] E. Insafutdinov, L. Pishchulin, B. Andres, M. Andriluka,
B. Schiele Bolee glubokii srez: bolee glubokaya, bolee
sil’naya i bolee bystraya model’ otsenki pozy dlya neskol’kikh
chelovek. [Deepercut: A deeper, stronger, and faster multiperson pose estimation model.]. 2016, Retrieved from
https://arxiv.org/pdf/1605.03170.pdf
[7] Y. Osipove, D. Lavrov Primenenie klasternogo analiza
metodom k-srednih dlya klassifikacii tekstov nauchnoj
napravlennosti. [Application of cluster analysis by k-means
method for classification of scientific texts.]. 2017, Retrieved
from
https://cyberleninka.ru/article/n/primenenie-klasternogoanaliza-metodom-k-srednih-dlya-klassifikatsii-tekstov-nauchnoynapravlennosti.
[8] V.L.Rozaliev, Y.A.Orlova Opredelenie dvizhenii i pozy dlya
identifikatsii emotsional’nykh reaktsii cheloveka. [Recognition of
gesture and poses for the definition of human emotions]. 11ya Mezhdunarodnaya konferentsiya po raspoznavaniyu obrazov i
analizu izobrazhenii: novye informatsionnye tekhnologii (PRIA11-2013), Samara, 23-28 sentyabrya 2013 g.: Trudy konferentsii
[11th International Conference of Pattern Recognition and Image Analysis: New Information Technologies (PRIA-11-2013),
Samara, September 23-28, 2013 : Conference Proceedings], 2013,
vol. 2, pp. 713-716
[9] A.S.Bobkov,
V.L.Rozaliev
Fazzifikatsiya
dannykh,
opisyvayushchikh dvizhenie cheloveka. [Fuzzification of data
describing the movement of a person]. Otkrytye semanticheskie
tekhnologii dlya proektirovaniya intellektual’nykh sistem
(OSTIS-2011): mater. stazher. nauchno-tekhnich. konf. (Minsk,
10-12 fevralya 2011 g.) [Open semantic technologies for the
design of intelligent systems (OSTIS-2011) : mater. intern.
scientific-techn. conf. (Minsk, Feb. 10-12. 2011)], 2011, pp.
483-486/
[10] Angjoo Kanazawa, Michael J. Black, David W. Jacobs, Jitendra Malik Kompleksnoe vosstanovlenie formy cheloveka i pozy
[End-to-end Recovery of Human Shape and Pose]. Retrieved
from https://www.researchgate.net/publication/321902575_Endto-end_Recovery_of_Human_Shape_and_Pose?discoverMore=1

РАЗРАБОТКА МЕТОДА РАСПОЗНАВАНИЯ
ПРОДАВЦОВ-КОНСУЛЬТАНТОВ НА ОСНОВЕ
НЕЙРОСЕТИ ДЛЯ ОПРЕДЕЛЕНИЯ ПОЗЫ И
ПОВЕДЕНИЯ

Figure 4. An example of the program when recognizing an employee
of the store.

R EFERENCES
[1] M.D.Khorunsjiy Metod kolichestvennoi otsenki tsvetovykh razlichii v vospriyatii tsifrovykh izobrazhenii. [The method of
quantitative estimation of color differences in the perception of
digital images.]. Nauchno-tekhnicheskii vestnik informatsionnykh
tekhnologii, mekhaniki i optiki. [Scientific and technical herald
of information technologies, mechanics and optics], 2008
[2] O. Ulyanova Psihologicheskie osobennosti prodavcovkonsul’tantov setevogo marketinga. [Psychological features
of network marketing sales consultants.]. 2013, Retrieved from
https://cyberleninka.ru/article/n/psihologicheskie-osobennostiprodavtsov-konsultantov-setevogo-marketinga
[3] Cao Z., Simon T., Wei S.-E., Sheikh Y. Otsenka pozy v real’nom
vremeni Multi-persony 2D s ispol’zovaniem polei blizosti. [Realtime Multi-Person 2D Pose Estimation using Part Affinity
Fields.]. 2016, Retrieved from http://arxiv.org/abs/1611.08050

Розалиев В.Л., Алексеев А.В.,
Ульев А.Д.,Орлова Ю.А.,
Петровский А.Б., Заболеева-Зотова А.В.
В статье представлен метод распознавания
продавцов-консультантов на основе нейросети для
определения позы и уточняющих алгоритмов, а
также рассмотрены методы контроля поведения
продавца-консультанта и анализа его взаимодействия
с покупателем. Проведен краткий обзор систем с
похожими функциональными характеристиками.
Представлено описание предлагаемой методики,
показаны полученные результаты и пути улучшения
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Abstract—The article discusses the algorithm for finding
the entrance to an arbitrary subject domain based on the
TAPAZ-2 Semantic Classifier and the graph thus obtained.
The formulas for the exact number of vertices in the
graph are derived depending on the number of elements
in the Paradigm of Actions and the restrictions imposed
while constructing the graph. Various ways are proposed to
reduce the number of vertices in order to adapt the power of
graph combinatorics for automatic processing with modern
technical means.
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since exactly two ancestor vertices participate in the
generation of each child vertex. Thus, the number of
ways to generate an intermediate vertex of degree k is
expressed by the number of binary trees with the number
of leaves equal to k (the Catalan number) [2]. For k = 4,
the number of such trees is 5, all possible configurations
are shown in Fig. 1.

I. I NTRODUCTION
TAPAZ-2 is a tool for generating a model of the
world in a form suitable for Natural Language Processing
in systems of Artificial Intelligence. The Intellectual
Knowledge Base (IKB) built in a computer combines
the Semantic Classifier – a final ordered (vector) set of
semantic primitives (actions and roles of individs) and
the Semantic Ontology – an algorithm for generating
new sense units based on the original set of primitives,
presented in the form of the Semantic Classifier Graph
[1].
An expert (intelligent) search system based on the
Semantic Classifier may consist of an intelligent search
engine that selects and reviews content on a given topic
from the Internet, and a dialog user interface that allows
the system to process user requests and transform them in
the canonized text corresponding to the machine-readable
Model of the World, and the user will confirm whether
this conversion was performed correctly, and if not, then
offer his own decoding through the Semantic Classifier.
II. D IMENSION OF THE S EMANTIC C LASSIFIER
G RAPH

Figure 1. All possible configurations of binary trees for k = 4

The number of k degree vertices is determined by the
formula (1):
Nk = Akn × Ck
(1)
where Akn – is the number of allocations from n
vertices with respect to k [3] (that is, the set of all
the vertices of the initial list participating in generating
a vertex) and Ck – is the Catalan number, which is
calculated by the formula (2) or (3):
Cn+1 =

(2n)!
n!(n + 1)

(2(n − 1))!
(n − 1)!n!

(2)

(3)
Let n be the number of actions in the initial generating
where n is the number of leaves of a binary tree [2].
list (the number of the first degree vertices) of the
Paradigm of Actions. The degree of the vertex S will
The maximum degree of a vertex in the Semantic
be called the number of vertices of the initial generating Classifier Graph is equal to the number of vertices in
list directly or indirectly participating in the generation the initial set (all vertices of the initial set participate in
of this vertex. There can be several ways to generate generating a vertex of degree n). Thus, in order to obtain
an intermediate vertex from the same set of vertices the number of vertices in the Graph, it is necessary to
of the first degree. The subgraph that specifies one of sum up the number of vertices of all degrees from 1 to
the possible ways to generate a vertex is a binary tree, n:
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Cn =

Sn =

n
X

k=1

Akn × Ck =

n
X

k=1

(2(k − 1))!
n!
×
(4)
(n − k)!
(k − 1)k!

Python program code, calculating the function S(n)
by the formula (4):

of the graph obtained in this way using the dynamic
programming method [5] – the number of vertices of
degree k will be expressed in terms of the number of
vertices of degree k − 1.
1) The number of vertices of degree 1 is n:
N1 = n

(5)

2) The number of vertices of degree 2 is equal to the
number of ways to form pairs, taking into account
the order:
N2 = n × (n − 1)
(6)

The Paradigm of Actions, which is used to build
the Semantic Classifier Graph, contains 112 elements.
Substituting this number into formula (4) as n, we get:
Sn ≈ 8, 2 × 10245

At present, there are no devices whose computational
capacities are capable of processing and storing a similar amount of information, therefore it is necessary to
select the most significant part of the Graph in order to
sequentially generate, process and store this graph using
computer technology.
III. WAYS TO REDUCE VERTICES IN THE S EMANTIC
C LASSIFIER G RAPH
Now we can investigate the procedure for generating
new actions similar to that described earlier, but in which
the active action of degree k will be refined only by firstdegree actions, i.e., a vertex of degree k and a vertex of
degree 1 will always be involved in generating a vertex
of degree k + 1. Such a graph is called a graph of the
standard form. Obviously, it will contain fewer vertices
than the Semantic Classifier Graph, since the graph of the
standard form is a subgraph of the Semantic Classifier
Graph. The subgraphs defining the method for generating
vertices of degree k have the following form (Fig. 2).

3) Fix a vertex of degree k − 1 (for k > 2) and we
will successively generate new vertices from this
vertex and all the remaining vertices of the first
degree that are not active in its generation. The
number of ways to generate a vertex of degree k
from one vertex of degree k−1, taking into account
the order, is equal to:

nk = 2 × (n − (k − 1)) = 2 × (n − k + 1) (7)

where (n – k + 1) is the number of vertices of the
first degree that are not involved in the generation
of the fixed vertex of degree k − 1.
Then the recurrence formula for the total number of
ways to generate a vertex of degree k is as follows:
Nk = 2 × (n − k + 1) × Nk−1

(8)

4) Sum up the number of vertices of all degrees from
1 to n:
n
X
Sn =
Nk
(9)
k−1

Python program code:

As a result of calculating the dimension of the graph
for n = 112, we obtain:
Figure 2. Subgraphs defining the generation of vertices in a graph of
the standard form

S112 ≈ 4, 2 × 10215

Despite the fact that the number of vertices in such
At the same time, the order in which the clarification a graph is less than in a full graph without restrictions,
occurs is important: “warm by linking” is not the same it is still extremely large and cannot be processed using
as “link by warming” [4]. We define the dimension modern computational tools.
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In order to further reduce the dimension of the Semantic Classifier Graph, we impose an additional constraint:
we fix one active vertex of the first degree (active action)
and will consistently refine it with the rest (passive)
actions. Then the subgraph of new actions with one
active vertex will acquire the following properties:
• for any vertex of degree k, the first generating
ancestor of degree k − 1 is a refined new action
of the active vertex, in other words, if you depict
a method of generating a vertex of degree k as a
subtree, then its first leaf will always be the active
vertex;
• any vertex in the graph can be uniquely defined by
an ordered list of first-degree vertices participating
in its generation, with the first vertex always being
the active vertex and the degree of the vertex k being
the length of this list.
Thus, the number of vertices in the graph will be
equal to the number of ordered subsets of the first degree
vertices’ set, excluding the active one (since it is always
fixed). This value is calculated by the recurrence formula
[6]:
Tn = 1 + n × Tn−1

(10)

Sn = n − 1 + Tn−1

(11)

Then the total number of vertices in the graph (taking
into account all the vertices of the first degree) is:

Python program code:

The Paradigm of Actions contains 56 physical and 56
information elements [7]. Let us analyze two separate
graphs constructed on these two sets. Each of them will
contain the following number of vertices:
Table I
T HE DIMENSION OF SEPARATE GRAPHS OF PHYSICAL OR
INFORMATION ACTIONS

S56
2 × S56

Semantic
Classifier
Graph
1, 6 × 10105
3, 2 × 10105

Graph of
the Standard
Form
2, 1 × 1091
4, 2 × 1091

Graph with
One Active
Vertex
3, 4 × 1073
3, 4 × 1073

Despite the fact that the number of vertices is still
extremely high, the total number of vertices for graphs
built on half of the set of actions is significantly less
than the number of vertices for the Semantic Classifier
Graph. Thus, due to partial losses of some variants
of meanings, it is possible to significantly reduce the
amount of information to be processed.
Now we will try to reduce the number of vertices in the
Semantic Classifier Graph from another angle: instead
of the restriction on the number of generated vertices
of k degree, we introduce a restriction on the degree of
generated vertices. We will find the k degree at which
the depth of detailing of the new actions is sufficient to
achieve the required semantic power, but the number of
vertices in the graph remains within the limits allowing it
to be processed and stored by modern computing means.
Table II
T HE DIMENSION OF GRAPHS WITH LIMITED DEPTH OF DETAILING
Depth of
detailing
kmax
2
3
4

Semantic Classifier Graph
Sn
12544
2747584
748045984

Sn × 31
388864
85175104
23189425504

Graph of the Standard Form
Sn
12544
2747584
598986304

Sn × 31
388864
85175104
18568575424

Let us investigate the number of vertices in the Semantic Classifier Graph and in the graph constructed by the
is:
method of sequential detail (Table 2). Already at the level
of kmax = 3 detailing, the number of generated vertices,
S112 ≈ 4, 8 × 10180
multiplied by the number of k = 31 roles of individuals,
If we build a separate graph, alternately choosing each exceeds 85 million (compare to the Dictionary of the
of the 112 actions active, we get 112 graphs, containing modern Russian literary language in 17 volumes which
contains 120,480 words, the declared volume of the
in total the following number of vertices:
Large Academic Dictionary of the Russian language
112
which consists of 150,000 words, and the available
X
Sn = 5, 4 × 10182
electronic resources of the Institute of Linguistic Studies
n=1
of the Russian Academy of Sciences for 1.4 billion of
which is much less than the number of vertices in word usage which contain about 5 million Russian words
the Semantic Classifier Graph of the same 112 actions. of the XVIII – XXI centuries) [8].
At the level of kmax = 4 detailing, the number of
Although some of the possible meanings are lost, but
such a construction can significantly reduce the number vertices of the Semantic Classifier Graph, multiplied by
the number of roles of individuals, exceeds 23 billion.
of vertices in the graph.
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As a result, the dimension of the graph for n = 112

Since the generation of separate graphs for physical and
informational actions significantly reduces the number of
values obtained, this method of calculation will increase
the possible depth of detailing. These results are presented in tab. 3, similar to tab. 2, only for a graph built
on a set of 56 vertices of the first degree:
Table III
T HE DIMENSION OF THE GRAPHS OF PHYSICAL AND INFORMATION
PROCESSES WITH LIMITED DEPTH OF DETAILING

Depth of
detailing
kmax
2
3
4
5

Semantic Classifier Graph
Sn
3136
335776
44410576
6461701456

Sn × 31
97216
10409056
1376727856
200312745136

Graph of the Standard Form
Sn
3136
335776
35595616
3702618976

Sn × 31
97216
10409056
1103464096
114781188256

At the depth of kmax = 4 detailing, the number of
vertices in the Semantic Classifier Graph, multiplied by
the number of roles of individuals, does not exceed two
billion. Thus, we get an additional level of detailing that
improves the accuracy of calculating the subject domains.
IV. C ONCLUSION
A search procedure of generating new actions through
the set of first degree actions may be represented as a
graph, a matrix, or a vector system. In the graph the
relations of active first degree action and clarifying first
degree action are represented as follows (Fig. 3):

The combination of all three methods allows you to
adjust the number of processed vertices, while, however,
some of the meanings are lost. The question of limiting
the depth of detail without significant loss of meaning
remains open for further research.
The second version of the Theory for Automatic
Generation of Knowledge Architecture (TAPAZ-2) is
one of the possible models for calculating semantics.
Despite the fact that the model does not have analogues
in calculating of the subject domains, it does not claim to
be exclusive. Linguistic semantics is versatile and allows
different ways of formalizing.
However, all methods, like Euclidean and nonEuclidean geometry, should be consistent and effective
in its problem solving, and those who argue with that,
as Reichenbach aptly said, only “confuse a rigor of the
method with a limitation of a goal” [9].
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ГРАФ СЕМАНТИЧЕСКОГО
КЛАССИФИКАТОРА ТАПАЗ-2
Figure 3. TAPAZ-2 Semantic Classifier Graph

А. Н. Гордей, А. М. Удовиченко

В статье рассматривается алгоритм поиска входа в
where: 1 – active first degree action; 2,3,4 – clarifying
произвольную
предметную область на базе семантичеfirst degree actions; 1-a , 1-b, 1-c – derivative second
degree actions with 1-a as the active derivative second ского классификатора ТАПАЗ-2 и получаемый таким
degree action; 1-a’ and 1-b’ – derivative third degree образом граф. Выводятся формулы точного количеactions with 1-a’ as the active derivative third degree ства вершин в графе в зависимости от количества
action; 1-a" – the active derivative fourth degree action элементов в таблице макропроцессов и ограничений,
накладываемых при построении графа. Предлагаются
[4].
The total number of vertices in the TAPAZ-2 Semantic различные способы сокращения количества вершин
Classifier Graph is expressed by a number of 10245 , графа в целях адаптации мощности его комбинаторики
which, of course, is too large not only for manual, для автоматической обработки современными техниbut also automatic processing. Reducing the number of ческими средствами.
Ключевые слова: таблица макропроцессов, семанvertices is achieved in three ways:
тический классификатор, семантическая онтология,
• restrictions on the generation of vertices;
вершина графа, степень вершины, искусственный ин• division of the complete graph into two separate
теллект.
subgraphs;
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• limiting the depth of actions’ detailing.
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Abstract—This work seeks to develop universal detection methods for identifying chronological or pseudochronological order of occurrence of terms in a given
subject area. To solve the problem of reconstruction of
the chronological order of words and terms, it is proposed
to use three methods: the method of word formation,
the method of dictionary use, and finally, the method of
hyponyms and hyperonyms.
The method of word formation can be divided into
several ways in relation to the problem: the prefixal method,
the suffixal method, the prefixal-suffixal method, the nonsuffixal method and the merging method. Prefixal method
of word formation forms a new word by adding a prefix
to the base. The suffixal method of word formation forms
new words by adding a suffix to the base. Prefixal-suffixal
method is based on the two methods of word formation
described above. The non-suffix method forms new words
using a zero suffix. The merging method forms new words
by adding existing words. The method of using etymological
dictionaries makes it possible to identify the exact sequence
of the terms according to the available accurate data
collected by such people as Max Vasmer.
Each method builds the order of words and terms as
they appear and is taken with a certain confidence factor
of that order.

I. I NTRODUCTION

ны’), enterprises (’предприятия’), economy (’экономика’).
For example, complex words could be the word
agriculture (’земледелие’), engineering (’машиностроение’), biosphere (’биосфера’), pricing (’ценообразование’).
For example, phrases could be the word information security pricing (’информационная безопасность’),
economic growth pricing (’экономический рост’).
Special terms of a particular subject area are usually
collectively described in a Glossary, where each term is
an object containing both name and definition.
For example, ’деньги - особый товар, выполняющий
роль всеобщего эквивалента при обмене товаров, форма стоимости всех других товаров. Деньги выполняют функции: меры стоимости, средства обращения,
средства образования сокровищ, средства платежа и
мировых денег.’
Glossary is user-friendly, as it contains terms together
with their definitions, also including links. Over time,
some terms become obsolete and go out of circulation.
For example, ’чеканка - получение рельефных изображений на листовом металле. Чеканка: является одним из древнейших видов художественной обработки
металла; выполняется ударами особым молотком по
чеканам; ведется по поверхности металлического листа, положенного на эластичную подложку из особой
смолы. Различают механизированную и ручную чеканку.’
Obviously, there is a need to rank the terms by the
time of appearance relative to each other.

It is known that different words in Russian language
can have either direct or indirect connections.
In addition to the usual everyday words in the Russian
language is a special category of words, referred to as
terms. Terms represent an area of special vocabulary
of the language formed as a result of scientific and
technological progress.
Terms are created by a person to be able to commuII. M ETHODS
nicate in various special areas. They should accurately
reflect the results of people’s experience and practice.
To implement the task of searching for the chronoTerms should be concise, specific, precise, and unam- logical order of words and terms, we need to use a
biguous. Terms can be formed by monosyllabic nouns, method that allows us to determine the sequence of their
complex words, phrases, etc.
appearance relative to each other by two given terms.
For example, monosyllabic nouns could be the word We assign to each method a degree of confidence in the
soil (’почва’), politics (’политика’), regions (’регио- correctness of its work. While choosing the final result,
285

we will give preference to the method with the greatest
confidence.
The following is the description of three methods for
identifying the order of appearance of terms.
The first method is based on comparing morphemic
structures of given terms. There is a system that allows dividing the input word by morphemes with high
accuracy. It is not limited to the scope of a particular
subject area, so the resulting morphemic structure of the
term allows application of the word formation rules of
the Russian language, in which the greatest interest are:
prefixal, suffixal, prefixal-suffixal, non-suffixal. Also, to
the above methods, another method of merging is added.
Prefixal method of word formation forms a new word
by adding a prefix to the base. In the discussed case,
only nouns and adjectives are used as terms, so it is
necessary to determine if a certain term originated earlier
or later, however it is not difficult. It is worth noting that
the prefixal method of word formation does not cause a
jump between parts of speech: a noun is obtained from a
noun, an adjective is an adjective. For example, the word
demobilization (’демобилизация’) was formed from the
word mobilization (’мобилизация’) prefixed way, or the
word prediction (’предсказание’) is derived from legend
(’сказание’).
Terms can consist of only two parts of speech-adjective
and noun, terms that are verbs, as well as other parts of
speech, are not expected to be found, so the scheme of
the prefix method in relation to parts of speech is as
follows:

are not supposed to be found, so the scheme of the
suffixal method in relation to parts of speech is as
follows:

Figure 2. Scheme of the suffixal method in relation to nouns and
adjectives.

This scheme does not contain such parts of speech as
the verb, adverb, and others, because in this paper the
consideration of these cases is not required.
Prefixal-suffixal method is based on the two methods
of word formation described above. In the case of using
nouns and adjectives with the help of word formation
prefixal-suffixal way to get the same parts of speech
(adjectives and nouns), just like in the suffixal and
prefixal ways. An example of using this method can be
seen in a couple of words: armour (’оружие’) and disarm
(’обезоружить’).
The scheme of operation of the prefixal-suffixal
method in relation to parts of speech is as follows:

Figure 3. Scheme of the prefixal-suffixal method in relation to nouns
and adjectives.

This scheme does not contain such parts of speech as
the verb, adverb, and others, because in this paper the
consideration of these cases is not required.
The non-suffix method forms new words using a zero
This scheme does not contain such parts of speech as
the verb, adverb, and others, because in this paper the suffix. Thus the zero suffix in the letter and in the speech
is not expressed in any way. The non-suffix method
consideration of these cases is not required.
The suffixal method of word formation forms new allows you to change part of speech. Thus, a noun can be
words by adding a suffix to the base. This method differs formed from a verb, an adjective or a noun, an adjective
from the previous one, because a noun, an adjective and from a noun, an adjective and a verb. An example of this
a verb can be formed from a noun, while a verb and an method of word formation is a pair of words: smooth
adverb from an adjective. But since we are interested in surface (’гладь’) and smooth (’гладкий’).
The non-suffix method, like prefixal, prefixal-suffixal
the formation of nouns and adjectives in this problem,
let’s consider the cases when either a noun forms a and suffixal, very comfortable. It is easy to identify and
noun or a noun forms an adjective. For example, the recognize, but if we know what word from what was
word market (’рыночная’) formed from the word market formed. But we are faced with the inverse problem-to
identify the order of an unknown method, if it can be
(’рынок’) suffixal way.
Terms can consist of only two parts of speech-adjective applied at all. There is a complexity especially in the case
and noun, terms that are verbs and other parts of speech, of suffixal and non-suffix method. It is not always clear
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Figure 1. Scheme of the prefixal method in relation to nouns and
adjectives.

Certainly when it comes to the methods described
above, using the first method can give rise to ambiguity,
that is, it will definitely not be clear which term was
formed first, the first from the second or vice verse. It
is impossible to solve this ambiguity with the help of
the first method, leading to potentially inaccurate results,
and, therefore, reducing the confidence factor for this
particular method. Inaccuracies can be resolved with the
following method.
Let us consider the method of identifying the order
of terms based on their use in etymological dictionaries.
Currently, a large number of dictionaries exists, where for
every term there can be found another term, from which
the first one was formed. This "other" term is spelled
out explicitly, and finding it leads to a correct result. The
method does not generate ambiguities, the only problem
Figure 4. Scheme of the non-suffixal method in relation to nouns and
is that it may not give the desired result when either the
adjectives.
term itself or the etymologically original term are not
This scheme does not contain such parts of speech as described in the dictionary. That is, the method with the
the verb, adverb, and others, because in this paper the overall final result will be taken into account with a large
confidence factor, unlike other methods.
consideration of these cases is not required.
At the moment, created etymological dictionaries,
The merging method forms new words by adding
which
include a huge amount of words. For each word,
existing words. In this case, between the words can be
you
can
find information that describes the origin of the
put a hyphen. In some cases, between the components
word.
So,
for example, for the term ’policy’ (’политик’)
of the final word can be put a connecting letter, such as
in
etymological
dictionaries it is possible to find the word
’o’ or ’e’. Often merging words forms a new word by
from
which
it
is
formed. Let us turn to the etymological
removing the end (sometimes suffix) of the first word
dictionary
of
Max
Vasmer translated into Russian. In
and joining the second. Accordingly, part of the speech
addition
to
other
information,
we can highlight the main
of the resulting word will be determined by part of the
related
to
our
task.
In
relation
to
our example, we can get
speech of the second word.
information that the term ’policy’ (’политик’) is formed
As an example, the word ’agriculture’ (’земледелие’),
from the word ’city’ (’город’). Or, for example, another
which is formed by merging the basics of ’land’ (’земл’)
example, where the term ’society’ (’общество’) comes
and ’deeds’ (’дел’) with the addition of the letter ’e’
from the word ’general’ (’общий’). This information
between them.
gives a complete and error-free result, because the inThe scheme of operation of the merging method in
formation in the etymological dictionaries is reliable.
relation to parts of speech for our problem is as follows:
However, in etymological dictionaries is not always
found the right word with the necessary information. In
this case, you can apply the method of word formation
using the above methods, such as prefixal, prefixalsuffixal, suffixal and non-suffixal. A word close to this
can also be found in the etymological dictionary.
Finally there is the method of identifying the order of
terms based on the allocation of generalization and quotient, better known as the problem of finding hyponyms
and hyperonyms.
Hyponym (Greek. uπo-under, below + oνoµα - name)
is a concept expressing a particular entity in relation
to another, more general concept. Hyperonym (super) a word with a broader meaning, expressing a general,
Figure 5. Scheme of the merging method in relation to nouns and
generic concept, the name of the class (set) of objects
adjectives.
(properties, features).
A hyperonym is the result of a logical generalization
This scheme does not contain such parts of speech as
the verb, adverb, and others, because in this paper the operation or, in a mathematical sense, a complement to
a set.
consideration of these cases is not required.
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what method is used. It is precisely such cases that give
rise to uncertainty. In other words, we either guess with
the answer or not, and the probability of hitting about 50
percent. For the study of such cases, this method gives an
inaccurate result, which means that the confidence factor
will also not reach the highest.
The scheme of the non-suffixal method for parts of
speech for our problem is as follows:

Figure 6. Hyponyms and hyperonym.

If one of the terms is a hyponym, and the other is
a hyperonym, and they have a common word, then the
hyperonym appeared before the hyponym.
For example, for the pair of terms: art (’искусство’)
and theatre arts (’театральное искусство’), the term art
is the hyperonym and the term theatre arts – hyponym,
which suggests that the term theatre arts came later of
the term art. The complexity is represented in a situation
where hyponym and hyperonym are not syntactically
similar. In this case, it is impossible to determine which
concept arose earlier without any additional information.
Therefore, this method does not always produce a
correct result. Hence, the confidence factor will not be
high.
Of course, in the Russian language in addition to the
above difficulties, there are other ambiguities and obstacles to solving problems related to computer linguistics
in General. Consider one of these problems.
Polysemy, or polysemy of words occurs due to the
fact that the language is a system limited in comparison
with the infinite variety of reality, so that in the words
of academician Vinogradov, " the Language is forced to
carry countless meanings in one or another headings of
the basic concepts."
This problem could be another difficulty in achieving
this goal, but in our task the work is done with a specific
Glossary. It is convenient not only because it contains a
large number of terms, but also because of the identified
links and definitions.
Thus, there is no problem of ambiguity of understanding of terms. Connection with other concepts allows you
to analyze the proximity of terms and the order of their
appearance.
III. C ONCLUSION
Thus, several methods are proposed to solve the problem of ranking terms by the time of their appearance
and to identify the chronological or pseudo-chronological
order of occurrence of terms in a given subject area.

[2] V. Nemchenko, Sovremennyy russkiy yazyk. Slovoobrazovaniye:
Ucheb. posobiye dlya filol, Russia, Moscow: Vyssh. shk., 1984,
p. 255.
[3] Ye. Ilina, YU. Dracheva, Sovremennyy russkiy yazyk:morfemika i
slovoobrazovaniye: uchebno-metodicheskoye posobiye, Vologda:
VoGU, 2015, p. 68.
[4] I. Vasilyeva, D. Fedorov, Web-tekhnologii: uchebnoye posobiye,
SPb.: SPbGEU, 2014, p. 67.
[5] L. Babenko, Lexicology of the Russian language. Textbook of the
Ural state Unversity named after M. Gorky, faculty of Philology,
Ekaterinburg: Ural state University named after A. M. Gorky,
philological faculty, 2008, p. 125.
[6] S. Barkhudarov, Lexical synonymy, Moscow: Nauka, 1967, p.
180.
[7] Y. Apresyan, Lexical semantics. 2nd edition, revised and supplemented, Moscow: Languages of Russian culture; publishing
company "Eastern literature" RAS, 1995, p. 472.
[8] I. Kobozeva, Linguistic semantics, M.: editorial URSS, 2000, p.
352.
[9] V. Beloshapkova, modern Russian language. Second edition,
corrected. and dop., M.: High school, 1989, p. 800.
[10] Er. Freeman, El. Freeman, Studying HTML, XHTML and CSS,
Saint-Petersburg, 2012, p. 656.
[11] B. Hogan, HTML5 and CSS3. Web development according to
standards of new generation, Publishing house "Peter", 2011,
p. 272.

РАЗРАБОТКА УНИВЕРСАЛЬНЫХ МЕТОДОВ
ВЫЯВЛЕНИЯ ХРОНОЛОГИЧЕСКОГО ИЛИ
ПСЕВДОХРОНОЛОГИЧЕСКОГО ПОРЯДКА
ВОЗНИКНОВЕНИЯ ТЕРМИНОВ В ЗАДАННОЙ
ПРЕДМЕТНОЙ ОБЛАСТИ
Филимонова Е. А., Соловьев С. Ю., Полякова И. Н.
В работе ставится задача разработки универсальных методов
выявления хронологического или псевдохронологического
порядка возникновения терминов в заданной предметной
области. Для решения задачи реконструкции хронологического порядка возникновения слов и терминов предлагается
использовать три метода: метод словообразования, метод
использования словарей, а также метод гипонимов и гиперонимов.
Метод словообразования можно разделить на несколько способов применительно к поставленной задаче: приставочный способ, суффиксальный способ, приставочносуффиксальный способ, бессуффиксный способ и способ слияния. Приставочный способ словообразования формирует новое слово добавлением приставки к основе.
Суффиксальный способ словообразования формирует новые слова добавлением суффикса к основе. Приставочносуффиксальный способ основан на двух описанных выше
способах словообразования. Бессуффиксный способ формирует новые слова при помощи нулевого суффикса. Способ
слияния формирует новые слова сложением уже существующих слов. Метод использования этимологических словарей
позволяет по имеющимся точным данным, собранным такими людьми, как Макс Фасмер, выявить точную последовательность возникновения терминов.
Каждый из методов строит порядок слов и терминов по
мере их появления и берется с определенным коэффициентом уверенности этого порядка.
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Abstract—The solution for the task of automatic recognition of adopted fragments in multilingual information
environment with the cross-language functionality and focus
on the detection of both explicit and implicit adoptions of
text fragments by means of the well-developed linguistic
text analysis, that is based on the knowledge of natural
language, together with the existed effective information
retrieval and machine translation tools is proposed in the
article.

I. I NTRODUCTION
The term “information retrieval” was proposed by
Calvin Mooers in the late forties of the previous century
and denoted a package of measures with the aim to
automate the process of searching for information in unstructured text documents (data searching) and searching
for documents (document retrieval). Information retrieval
(IR) is usually treated as a process of searching and
providing the user with the information according to
request that represents his information need [1].
The main tasks of IR are:
•

•

•

•

document to one of predefined categories (the task
of classifying).
A qualitative solution of all tasks, mentioned above,
needs to involve quite effortful approaches of textual information analysis, based on natural language
knowledge, usually enclosed in dictionaries, grammars,
organizing rules of syntactic and semantic structures
from words and phrases, etc., which constitute linguistic
knowledge bases. The latter, by-turn, are the foundations
of linguistic processors functioning – the most powerful
automatic text processing tools, without which, at the
moment, it cannot do a single automatic text processing
task [3].
A. The task of automatic recognition of adopted text
fragments

An actual task of automatic recognition of adopted text
fragments (plagiarism) immediately refers to the task of
retrieval of documents matched to the input one.
At present, there are some systems of adopted text
Classical retrieval, comprising automatic indexing fragments recognition (e.g. AntiPlagiat [4], Ephorus [5],
of documents and users’ requests (according to WCopyFind [6], JPlag [7], Copyscape [8] etc.), which
are based on the algorithms, implemented according to
Moore’s definition).
Retrieval of documents matched to the input one, widely-spread approaches: strings coincident, featurewhen the request is represented by some document- quantification, information retrieval [9].
The approaches mentioned above are mostly focused
pattern used to search the texts similar to it in
content. This type of retrieval can lead up to more on solving the task of automatic recognition of adopted
precise results in comparison with classical retrieval text fragments either from the point of view that takes
into consideration a relevance of proper text documents
[2].
Topical retrieval, which covers the topical filtration according to a certain specified similarity measure, or
of documents, taking in to account the tonality and that takes into consideration explicitly undefined lexical
stylistic nuance, and is applied to detect the texts adoptions of fragments, which means the same text
with special or peculiar vernacular vocabulary. The fragment that belongs to different text documents, as well
systems, applicative to solve these tasks, are focused as minimal discrepancies may be allowed, for example,
on the specific universe of discourse that permits to due to the usage of parenthesis, synonyms etc. Those
solutions are focused on the recognition of lexical adopcarry out deep retrieval on a certain theme.
Clustering and classifying of documents are aux- tions of text fragments, which take into account simple
iliary technologies of informational retrieval used morphological transformations and synonymy relations,
for more effective representation of its results via and don’t apply a well-developed linguistic analysis of
automatic classes identification of input request (the text documents, as well as don’t propose to take into
task of clustering) or via adding every detected consideration more complicated text modifications (for
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example, the usage of voice synonyms and different synonymous constructions at a noun-phrases level, objectparametrical relations; paraphrase etc.,). They don’t provide any task solution in the case of implicit (semantic)
adoption that refers to the fragments of different text
documents of the same meaning, expressed via various
chains of symbols, in relation to a specified system of
knowledge.
A huge number of text documents in different languages from the Internet and full-text databases, on
the one hand, and the availability and simplification of
tools for their processing, on the other, substantially
complicate a qualitative solution of the task of automatic recognition of adopted text fragments, due to the
need of identifying both text fragments of documents,
represented in the language of an input document, and
in other languages from the analyzed language set,
translated to the language of an input document beforehand, in the analyzing document. All this is referred
to as cross-language functionality. The quality of the
translated equivalent is the most important thing, and the
approaches of recognition of adopted text fragments used
further will greatly depend on it.
The usage of machine translation systems with the
objective to translate one of the couple of analyzing
documents beforehand to the language of the second one
seems to be the most natural. It’s needed to take into
consideration the fact that these systems need to be multilingual, and therefore, the concept of building such a
complex machine translation system should take into account many characteristics of the problem, including the
state of the utilized natural languages distribution in relation to the text search database. Thus, the existed applied
solutions (for example, Promt [10], SysTran [11], Retrans
[12], Belazar [13], SMP B/R [3], Yandex.Translate [14],
Google.Translate [15] etc.) can be utilized for the machine translation of text documents. They implement, as
a rule, the following fundamental approaches: statistical
approaches [16, 17], including example-based methods
[18, 19], and linguistic approaches – rule-based methods
[20, 21].
The first group of methods implies the usage of parallel text corpora as the basis for equivalence calculations
of lexical items in different languages and their statistical characteristics, as well as certain translation model
construction. The second implies a translation model
construction according to the set of linguistic rules,
which specify the necessary depth of text analysis, as
well as the admissible transformation of the grammatical
structure of the input text into the equivalent structures
of the output one.
The performed analysis, as well as the experience
of application of machine translation tools, which are
available in open access in the Internet, has revealed
that until recently their qualitative characteristics for

arbitrary texts were relatively low. The certain machine
translation systems for “too close” natural languages (for
example, Russian and Belarusian) are the only exception.
Therefore, recently the researchers have made some
efforts to solve the designated problem. In the context of
overall task, the alternative solutions, related to methods,
which take into consideration syntactical characteristics
of natural languages [22] and utilize various dictionaries
and thesauri [23, 24], as well as comparable and parallel
corpora [25, 26], are proposed.
In this context the choice of an acceptable task solution
provides the implementation of cross-language functionality in the system of automatic recognition of adopted
text fragments and depends on the cardinality of natural
languages set, the volume of analyzing documents, the
available computational and informational resources, as
well as the temporal limitations. In case of insufficient
quality, preference may be given to the information
retrieval approach and the machine translation of a document search profile (DSP), rather than text documents.
The analysis of well-known contemporary Internet
search services (for example, Google [27], Yandex [28],
Bing [29], Baidu [30], Yahoo [31], Mail.ru [32], AOL
[33] etc.) has revealed, that it is sensible to focus on
Google search engine, in spite of its peculiarities and
imposed restrictions that are the most significant in terms
of the problem to be solved. For example, according to
[34, 35] (as of April 2017) the global marketing share
percentage, in terms of the use of search engines heavily
favours Google, with over 77%. It’s interesting to note
that Google’s large market share is still on the increase.
Last year the market share for Google was 67%, so
Google has taken another 10% of the market from its
rivals in just the past 12 months (“Fig. 1”).

Figure 1. The global marketing share of search engines.

The graph below highlights the usage of search engines in Belarus in past 12 months (“Fig. 2”) [36]. During
the survey period, it was found that Google accounted for
69 %, Yandex.ru – 26,77 %, Mail.ru – 3,28 %, Bing –
0,35 %, Yahoo! – 0,31 % and Other – 0,29 % of search
queries in the country.
Huge volumes of search space and severe time limitations imposed on the response duration of the system
of automatic recognition of adopted text fragments require preliminarily the quick and efficient minimization
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Figure 2. Search engine market share of Belarus in the period of
December 2017 – December 2018.

of the search space and then start the recognition of
the adopted text fragments. It’s necessary to take into
consideration that we are talking about multilingual information environment and cross-language functionality,
in other words the search space must contain all relevant
documents from the search space, regardless of language
representation. And this, in turn, requires the use of
machine translation functionality either in relation to text
documents, or to their search profiles.
Thus, in [37] the method, based on bilingual dictionaries of concepts, actions, attributes that provides an
efficient solution for the task of automatic recognition of
adopted fragments even at a semantic level, it is proposed
to use. The following steps are performed (“Fig. 3”):
•
•
•
•

•

the key words are marked out from the input document and the query search profile is built (QSP);
the QSP is translated into the remaining (n-1) languages via a multilingual lexical database;
the search for relevant documents;
the formation of the minimized search space for the
purpose of fast and effective selection of documents
belonging to it;
the search for the adopted fragments in the text
documents from the minimized search space.

A well-known TF*IDF method [38] was used to
automatically create a query search profile (the input
information for the search engine). This method forms
the set of key words marked out from the input document
automatically, or, in other words, it forms a search profile
of a proper text document. The analysis of search queries
has revealed a new downward trend of the number of
keywords usage. One of the examples is the average
number of typed search terms during online search in
the United States as of January 2016. During that month,
28.24 percent of all U.S. online search queries contained
two keywords (“Fig. 4”) [39]. This trend is obviously
a consequence of the optimization of the used indexing
mechanisms for both documents and user search queries.

Figure 4. Average number of search terms for online search queries
in the United States as of January 2016.

So, the procedure of searching for the relevant documents is a mechanism of the search space minimizing.
The list of keywords, achieved by TF*IDF method,
can be improved via the usage of synonymy relations,
which are defined with the help of checking of lists of
synonyms in the MModWN database [40], as well as
by the corrections of the weight coefficients, which take
in consideration lexical units membership of the most
informative lexico-grammatical, syntactical and semantic
classes (“Fig. 5”).

Figure 5. A fragment of multilingual lexical database MModWN.

For example, semantic super-subordinate relations
between the concepts with numbers 109459609 →
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Figure 3. The flowchart of the minimization procedure of the search
space.

109421558 and 109421558 → 109421888 define the
relationships between proper synonymic sets in different
languages.
Thereby, the machine translation of the query search
profile is performed as follows:
• the search for the key words in the multilingual
lexical database;
• the selection of the equivalent synonyms, including
the synonyms in different languages.
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C ONCLUSION
An involvement of the well-developed linguistic text
analysis that is based on the knowledge of natural
language, together with the existed effective information
retrieval and machine translation tools provide a facility
of qualitative solving the task of automatic recognition
of adopted fragments in multilingual information environment with the cross-language functionality and focus
on the detection of both explicit and implicit adoptions
of text.
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ИНФОРМАЦИОННЫЙ ПОИСК И
МАШИННЫЙ ПЕРЕВОД В РЕШЕНИИ ЗАДАЧИ
АВТОМАТИЧЕСКОГО РАСПОЗНАВАНИЯ
ЗАИМСТВОВАННЫХ ФРАГМЕНТОВ
ТЕКСТОВЫХ ДОКУМЕНТОВ
Крапивин Ю. Б.
В статье предложено решение задачи автоматического распознавания заимствованных фрагментов в
многоязычной информационной среде с функциональностью cross-language и ориентацией на обнаружение не только явных, но и неявных заимствований
фрагментов текста, на основании применения средств
развитого лингвистического анализа текста, опирающихся на знания о естественном языке в сочетании
с существующими эффективными инструментами информационного поиска и машинного перевода.
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Abstract—This article is devoted to the sarcasm recognition in the text written in a natural language. The main
goal is to increase the accuracy of sentiment analysis. The
sentiment level determination of a text that describes the
appearance of a person was chosen as a domain area
for the experiment. At first, references to the personality
and elements that describes appearance from text are
detected using the method of latent semantic analysis. The
next step is to evaluate the attitude to a person in text
using pre-labeled sentiment dictionary. At this stage, the
method of recognising sarcastic sentences that contains a
description of the appearance is used. The sentiment level
should be re-evaluated in the person information model.
The results of the experiment showed that the recognition
of sarcasm based on the morphological features of words
and the frequency characteristics of the sentences does
not effectively increase the accuracy of sentiment level
determination.
Keywords—sentiment analysis, named entity recognition,
text mining

I. I NTRODUCTION
Sentiment analysis of the text belongs to the category
of information retrieval tasks. The importance of an
effective solution to this problem grows over time, since
the amount of information that needs to be processed
by semantic analysis systems is continuously increasing.
At the moment there are quite effective methods for
sentiment analysis of the text, but there are a number
of directions, the solution of which will make it possible
to achieve greater accuracy of correct recognition. One
such direction is the recognition of sarcasm. Sarcasm can
be classified as an implicit approach to the expression of
opposing emotions. However, even a person cannot always determine reliably whether this phrase is a sarcasm.
The task of automating the definition of sarcasm
itself is of little practical value. Typically, you need a
limited application area to apply the sentiment analysis.
And most often the development is carried out in the
following areas:

of searching for elements of a person’s appearance and
determining the sentiment class. This named entity was
chosen not by chance, since it is a quite complex task to
recognize it with high accuracy due to a large number
of approaches to co-referencing through pronouns in the
third person.
The aim of this work was to examine modern methods
for determining the author’s relationship to the described
person by performing the sentiment analysis. The most
obvious area of application of the development, considered in this article, is the analysis of comments on
photos in social networks. Using the methods of machine
learning, it is possible to construct a model that is able to
recognize a positive or negative attitude to the appearance
of the person depicted in the photograph. The main
contribution of the authors of the article is the adaptation
of existing methods of assessing the sentiment in the
field of recognition of a person’s appearance in the text
in natural language [2].
II. I NFORMATION M ODEL
First of all, it was required to develop an information
model of a person’s appearance. This model must meet
the following requirements:
•
•
•

Extensibility.
Visibility.
Completeness of the description.

A frame presentation of knowledge is perfectly suitable for this description. Fig. 1 shows the final model
of a person’s appearance using the frame representation
language notation. There are the main components on
which it is possible to compose a complete description
of a person’s appearance in the frame slots. Slots for the
model were compiled by the authors of the article. In this
figure, "M" is the set of valid values for the description
elements of the appearance for each slot. The specialty
of the FRL notation is that it is permissible to join
special procedures-demons to it. The only procedure is
• Sentiment analysis of users reviews.
the determination of sentiment level with the subsequent
• Analysis of comments posted on social media resources
[1].
resolution of sarcasm. It is worth noting that each nonThe problem of recognizing sarcastic sentences in the empty slot must correspond to the sentences from which
text in natural language was considered in the context the facts were extracted for the frame. This is required
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use a pre-tagged training sample for the learning process
show a smaller effectiveness in terms of recognition. The
method of latent semantic analysis can be characterized
as establishing the relationship between the vectors of
the features of the analyzed documents to the words that
serve as the keys. Thus, to use the method of semantic
analysis of text in natural language, the slots of the frame
should be used as search keys [3].
The latent-semantic algorithm is as follows:
Figure 1. Simulation results for the network.

•
•

for further recognition of the presence of sarcasm in the
text [3].
A person is one the most difficult named entity to
recognize in the text. It s not so difficutl to determine
person if text contains the name or surname of the entity.
One common approach is to use contextual rules. Every
rule represents a standard regular expression, which is
constracted from the training sample as follows:
•
•
•
•

•

Any mention of a person should be replaced with a special
word PERSON.
If the word in a training sample is an element of a human
appearance, it should be set in its initial form.
All other words should be replaced with its parts of
speech.
After processing the entire training sample, similar contextual rules should be combined using special characters.
The ‘?’ symbol means that this position can be omitted,
the ‘+’ symbol means that the position can be repeated
one or more times in a row and the ‘|’ symbol represents
logical “or”.
Optionally, some phrases can be listed at the end of
the training sample, which indicates that the sentence
excludes the possibility of containing the entity.

Thus, the outputs are kind of regular expressions, which
are applied to the text to define a named entity with it.
The next step is to resolve the reference of pronouns
in the third person. Reference resolution of pronouns in
the third form is one of the most common, but at the
same time the simplest case. This task can be considered
as a problem of binary classification. Therefore, it is a
good opportunity to use support vector machines (SVM).
The list of parameters for support vector machines which
were used for training:

•
•

Create a list of all keywords that will be searched in the
text.
Create a frequency matrix A, in cells of which the count
of how many times does this word occur in the text.
Apply TF-IDF method on a frequency matrix to ensure
that results are relevant [4].
apply a singular matrix decomposition: algorithm divides
the transformed frequency matrix A into three composite
matrices U, Vt and S according to (1)
A=U ×S×Vt

•

(1)

Matrix U contains the coordinates of keywords and Vt –
coordinates of documents.

Singular value decomposition of the matrix allows
you to get rid of unnecessary noise, which significantly
increases the efficiency of the method. The number of
rows and columns that can be discarded before the
subsequent analysis can be selected experimentally. It is
now possible to obtain the nearest documents, which has
the same semantic meaning as specified keyword, and
then fill in the frame slots.
III. VOCABULARY BASED S ENTIMENT A NALYSIS
All approaches to determination of sentiment class are
divided into three main groups:
•
•
•

Compilation of a sentiment vocabulary.
The use of various classifiers.
The use of compiled contextual rules.

A rule-based approach shows the most accurate results,
but it requires very high costs and colossal linguistic work for compilation. The main drawback of this
approach is that it is extremely difficult to compose
universal rules that are suitable for all domains. To
achieve the most effective evaluation of the tonality, the
rules are compiled for a specific application area.
In this experiment, an approach based on the valence
dictionary
was applied, since it shows a fairly high
• Number of sentences between antecedent and anaphora.
percentage of correct recognition. The task is greatly
• Whether the antecedent is in the nominative.
• Position of the anaphora in the sentence.
simplified if there is a source for compiling a dictionary
• Position of the antecedent in the sentence.
of valences belonging to the domain under study. Such
• Number of nouns and pronouns, which are located in
dictionary was compiled on the basis of the corpus of
sentences with antecedent and anaphora.
the Russian language OpenCorpora. all the phrases that
• Is the antecedent and anaphora case matches.
are marked as "Qual" were chosen from this dictionary.
• Is the antecedent and anaphora genus matches.
• Is antecedent and anaphora both in a plural or singular
Further, only those word forms that can be used for
form [3].
describing a person’s appearance have been filtered out.
To fill the frame, a method of latent semantic analysis To simplify the task of sentiment analysis, it was decided
was used, or abbreviated LSA, as it has proved itself that the valences would correspond to available sentiment
in the field of machine learning. Methods that do not class. Table I shows an example of a sentiment dictionary.
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Table I
PART OF C OMPILED S ENTIMENT D ICTIONARY
Keyword
Friendly
Unfriendly
Shy
Impartial
Mean

Valence
2
-2
0
1
-1

Figure 2. The Hierarchical Structure of Sentiment Classes.

For the study, the basic five sentiment classes were
compiled:
•
•
•
•
•

Negative.
Strongly negative.
Positive.
Strongly positive.
Neutral.

To determine the sentiment, the naive Bayes method
was used. This method has proved itself in the field
of machine learning. A naïve Bayesian algorithm is
a classification algorithm based on the Bayes theorem
with the assumption of independence of features. The
classifier assumes that the presence of any feature in the
class is not related to the presence of any other attribute.
Let the P(d|c) be the probability of finding a document
in all the documents of a given class. The basis of the
naive Bayesian classifier is the corresponding theorem
(2). In (2) P(c) is the probability of certain document
can be found among all data set and P(d) – probability
the document occurs throughout the whole corpus.
P (c|d) =

P (d|c) × P (c)
P (d)

(2)

Thus, the naive Bayes method is based on the problem
of finding the maximum probability of a document belonging to a certain sentiment class. Thus, the sentiment
level for each key element of a person’s appearance can
be determined by (3) [5].


Pmax = arg max P (c)

n
Y

i=1

P (wi |c)



(3)

IV. A PPROACH TO S ARCASTIC S ENTENCES
D ETERMINATION
The issue of sarcasm recognition in a sentence requires
the training of another classifier. To solve this issue, the
method of k-nearest neighbors is used [6]. To classify
each of the test sample objects, you must perform the
following steps sequentially:
•
•
•

Calculate the distance to each of the training sample
objects.
Choose k training sample objects, the distance to which
is minimal.
Class of the object being classified is the class most often
encountered among the k nearest neighbors.

The following set of parameters for the vector of
singularities was compiled:
•

•

•
•

The presence of word forms, which are specific for
sarcasm (such expressions include common words from
the Internet slang).
The presence of quotes in the text (if there are quotes, it
is most likely that the text contains a certain degree of
irony).
High frequency of punctuation.
The presence in the text of words that are most often used
in conjunction with sarcasm for a particular language,
which are taken from training samples [7].

For this case, the weight is given as a function of the
distance to the nearest neighbors. In (4) d(x, x(i)) is a
function which determines the distance between elements
in a vector space. Equation (5) finally determines whether
or not the text being analyzed contains sarcasm, where
Zi is a sum of weights for all of the available classes.
If so, then the class of the slot must be changed to the
opposite.

Classification using naïve Bayes is easy and fast and
requires less training data. Also, it is better suited for
w(x(i)) = w(d(x, x(i) ))
(4)
classification based on categories (sentiment analysis
with separate defined classes refers to such cases). HowC = arg max Zi
(5)
ever, if there is some value of a category characteristic in
the data set that was not found in the training samples,
Empirically, it was revealed that the classifier gives
then the model will assign a zero probability to this frame the best efficiency in terms of accuracy if it analyzes
slot. Sentiment class for each key element of a person’s the nearest-neighbor number K equal to the number of
appearance can be determined by (3), where P(w|c) is sentiment classes.
probability of occurrence of a certain term in a document.
To obtain more plausible results, you should filter
Experimentally, it was found that the hierarchical out the most frequent words in the model. This step
classification gives better results than flat, because for removes unnecessary noise that could affect the final
each classifier, you can find a set of features that allows result of the study. In addition, before using the K
you to improve results. However, it requires a lot of time nearest neighbors method, the volume of aggregated
and effort for training and testing. Fig. 2 shows the final sentiment information should be considered. In this study
the results for unigrams and trigrams are provided [8].
classifier based on the naive Bayes method.
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V. C ONDUCTING T HE E XPERIMENT
To decide whether a sentiment recognition effectiveness is better or worse using the method of sarcasm
determination, a numerical metric is needed. For most
modern algorithms based on machine learning, metrics
of accuracy and completeness of search are used. The
accuracy of the search determines the proportion of
documents that really belong to a given sentiment class
across all documents of this class. The completeness of
the search determines the ratio of the found classifiers
of documents belonging to this class to all documents in
the sample. Since in real practice of machine learning
the maximum accuracy and completeness of search are
unattainable simultaneously, the analysis of results using
the F-measure will be the most acceptable. The Fmeasure is calculated using (6).
F =2

P recision × Recall
P recision + Recall

authors [10]. There are alternative approaches to solving the
problem of determining the tonality class of the analyzed text.
For example, the use of a neural network for text analysis can
significantly expand the boundaries of tonality classes. This is
achieved by applying a suitable output function, as a result of
which the output is the probability with which a text fragment
belongs to each class. This work was partially supported by
RFBR (grants 17-07-01601, 17-29-07021, 18-07-00220, 18-47343007, 18-47-342002, 19-07-00020).
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(6)

A training set consists of 500 samples was compiled:
150 of them were marked as "containing sarcasm" and
350 were marked as "not containing sarcasm". This ratio
between classes was not chosen randomly, since the
likelihood of evaluating the sentiment class of the text
as positive or negative is much higher than sarcastic.
The experiment was conducted on a sample of 100 texts,
which are supposed to be a description to the different
photos with no more than 200 words in length and
contains only the information about person’s appearance.
Table II
E XPERIMENT R ESULTS
Unigrams, without sarcasm
Trigrams, without sarcasm
Unigrams, with sarcasm
Trigrams, with sarcasm

Recall
0.80
0.85
0.86
0.87

Precision
0.82
0.84
0.68
0.77

РАСПОЗНАВАНИЕ ПРЕДЛОЖЕНИЙ
СОДЕРЖАЩИХ САРКАЗМ В ЗАДАЧЕ АНАЛИЗА
ТОНАЛЬНОСТИ

F
0.810
0.844
0.760
0.820

Долбин А.В., Розалиев В.Л.,
Орлова Ю.А., Фоменков С.А.

As can be seen from the obtained results (table II),
the method of sarcasm recognition in the text slightly
lowers accuracy due to a relatively large number of false
positives. It can be concluded that lexical features and
punctuation signs are not enough to train the classifier at
a sufficient level. Most often, sentences have a complex
structure, which cannot be treated as a "bag of words"
and requires the use of contextual syntactic rules [9].
C ONCLUSION
As a result of the experiment, it can be concluded that
the resolution of the task of recognizing sarcasm in a text
containing a description of the appearance of a person cannot
be effectively resolved only using the methods of machine
learning with supervision. As a further study, it requires the
development of contextual rules based on the syntactic structure
of the text. At this stage, the F-measure estimation showed that
the method slightly reduces effectiveness due to a relatively
large number of false positives. It may be worth considering
a deeper approach to analyzing emotions, as suggested by the

Данная статья посвящена распознаванию сарказма в тексте, написанном на естественном языке. Основная цель повысить точность анализа тональности текстов. Определение уровня тональности текста, описывающего внешность
человека, было выбрано в качестве предметной области для
эксперимента. На первом этапе в тексте распознаются личности и элементы описания их внешнего вида при помощи
метода латентно-семантического анализа. На следующем
этапе определяется отношение к внешнему виду человека
с использованием размеченного словаря валентности. На
данном этапе используется метод распознавания саркастических предложений, которые содержат описание внешнего
вида личностей. В результате чего уровень тональности
переоценивается в информационной модели внешнего вида
человека. Результаты эксперимента показали, что распознавание сарказма на основе морфологических особенностей
слов и частотных характеристик предложений не позволяет
эффективно повысить точность определения уровня тональности.
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Abstract—The purpose of this work is to develop a
software model that provides a variety of ways to analyze
and visualize the intonation of the main types of human
emotions. A set of basic emotions and their acoustical
correlations in human speech are described. A database
of emotional speech and a software model of analysis and
visualization of emotional intonation are presented. The
software model created is based on suggested before a
computer training system named “IntonTrainer”.
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I. I NTRODUCTION

was described. This work is devoted to the further
development of the system in the direction of using it
not only as a means of Computer Assisted Language
Learning (CALL), but also as a means of experimental
research of various functional aspects of intonation.
Intonation is widely recognized as an important aspect of speech that provides both linguistic and sociocultural information. Many people define the purpose
of intonation to express the emotional side of speech
as the most specific for intonation, although it is little
studied in linguistics. Understanding how emotions are
expressed in speech is important not only for its own
sake but it’s also important for understanding how can
we know how much of the F0 variability reflecting an
emotional content? For this reason, the development of a
specialized system that allows for detailed analysis and
visualization of emotional intonation is relevant.

It is well known that human speech conveys not only
linguistic messages, but also emotional information. In
the theories of emotion, the emotional states are often
mapped into a two or three-dimensional space. The
two major dimensions consist of a valence dimension
(pleasant–unpleasant) and an activity dimension (ac- II. ACOUSTIC CORRELATES OF EMOTIONS IN HUMAN
tive–passive) [1]
SPEECH
Generally accepted that there exist a set of basic or
Emotions in human speech may vary according to
fundamental emotions such as: Calm (neutrality) – Joy
– Sadness – Anger – Fear – Surprise. Below for each different physical characteristics [4]. Several researchers
of the listed emotions a description of the characteristic have studied the acoustic correlates of emotions in the
acoustic features of speech signals [5], [6]. According
psychological state of the person is given.
Calmness (neutrality) – a serene, balanced state of to [7], there is considerable evidence for specific models
of voice expression for different emotions. Emotions can
mind, no anxiety, doubts, excitement, worries . . .
Joy is a positive emotional state, connected with the cause changes in respiration, phonation and articulation,
possibility of sufficiently fully satisfying an actual need. which, in turn, affect the acoustic characteristics of the
Sadness – a negative emotional state associated with signal [8]. There is also much evidence in the acoustic
the received information about the impossibility of meet- patterns of vocal affect expression [9].
At present there is little systematic knowledge about
ing the most important vital needs
the
details of acoustic patterns that describe specific
Anger is an emotional state, negative in sign, usually
emotions
in human voice expressions. Typical acoustic
occurring in the form of affect and caused by the sudden
features that are considered to be strongly involved in
appearance of a serious obstacle
Fear is a negative emotional state that appears when this process include the following:
a subject receives information about a real or imaginary
• the level, range and shape of the contour of the
danger.
fundamental frequency (F0), which reflect the freSurprise – an emotional reaction to sudden circumquency of vibration of the speech signal and are
stances
perceived as the pitch;
• the level of vocal energy, which is perceived as
In the previous works of the authors [2], [3] a software
voice intensity, and distribution energy in the fresystem, called “IntonTrainer”, designed to train learners
quency spectrum that affects voice quality;
in pronouncing a variety of intonation patterns of speech
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formants that affect articulation;
speech speed.
For example, some emotional states, such as anger,
fear, and happiness (or joy), are considered to have a high
level of arousal [5]. They are characterized by a tense
voice with a higher speech speed, high F0 and a wide
pitch range. However, sadness (or quiet sadness) and
boredom are similar with slower speech, lower energy,
lower tone, reduced pitch range and variability of both
emotions [10]. There is an influence of voice emotions
on the excitation of t nervous systems, primarily in
frequency and time, and secondly, in loudness and pronunciation [4].
The common characters of acoustic features of the
emotions based on the dimensional analysis with F0
variance, intensity, and speech duration (between silence
periods) were also discussed in [11]. Happiness, fear,
shyness and sadness are quite even with F0 variance, and
surprise, anger, and dominance have strongly varying F0;
for the intensity, anger, surprise, disgust, and dominance
have the highest value, and sadness and shyness are
weakest; the longest duration occurs with happiness,
disgust, and surprise, and shyness and sadness have
relatively longer pauses between utterances.
•
•

III. E MOTIONAL SPEECH DATABASE
In present study we use the Ryerson Audio-Visual
Database of Emotional Speech and Song (RAVDESS)
[12]. The “RAVDESS” is a validated multimodal
database of emotional speech and song. The database is
gender balanced consisting of 24 professional actors, vocalizing lexically-matched statements in a neutral North
American accent. Speech includes calm, happy, sad,
angry, fearful, surprise, and disgust expressions, and song
contains calm, happy, sad, angry, and fearful emotions.
Each expression is produced at two levels of emotional
intensity, with an additional neutral expression. All conditions are available in face-and-voice, face-only, and
voice-only formats. The set of 7356 recordings were
each rated 10 times on emotional validity, intensity, and
genuineness. Ratings were provided by 247 individuals
who were characteristic of untrained research participants
from North America. A further set of 72 participants
provided test-retest data. High levels of emotional validity and test-retest intrarater reliability were reported.
Corrected accuracy and composite “goodness” measures
are presented to assist researchers in the selection of
stimuli. All recordings are made freely available under
a Creative Commons license and can be downloaded at
https://doi.org/10.5281/zenodo.1188976.

provides additional visual feedback, as well as a quantitative estimation of the correctness of speech intonation
in the process of teaching various foreign languages [2],
[3]. To create a system that allows for detailed analysis
and visualization of emotional intonation we add to the
system some new functions described below.

Figure 1. The initial window of the Application.

A. Extended parametric display of melodic intonation
portraits
The standard graphic of the UMP obtained when
selecting in the Main Settings Window (see: “Fig. 2”) of
the “IntonTrainer” system Show UMP and Show F0.
In case if the option Show derivative F0 is selected, then
we will get a joint image of the UMP and its derivative
for the phrase “Dogs are sitting by the door”, pronounced
with neutral emotion (see “Fig. 3”).

Figure 2. The settings window of the Application.

In the Main settings window there is also one new
display option for UMP and its derivative. With an
additional selection of the Show phase plane mode,
we obtain the map in coordinates “F0 - dF0”, shown
in “Fig. 4”.
In “Fig. 5” and “Fig. 6” shows the results of display,
IV. A NALYSIS AND VISUALIZATION OF EMOTIONAL
analysis and comparison of the two the same spoken
INTONATION
phrases with neutral and sadness emotions in the two
Software model that makes available of analysis and modes described above.
visualization of emotional intonation is based on comThe extended parametric display of melodic portraits
puter trainer system (see: https://intontrainer.by “Fig. 1”) of intonation by the joint analysis of the UMP and its
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Figure 3. Joint display of the UMP and its derivative.

Figure 5. Results of displaying and comparing spoken phrases: UMPs
and their derivatives.

Figure 4. Joint display in the coordinates “F0 - dF0”.
Figure 6. Results of displaying and comparing spoken phrases in the
coordinates “F0 - dF0”.

derivative allows one to take into account more subtle
differences in the intonation of the reference and spoken
phrases. Adding the ability to display the UMP and its
derivative in the coordinates “F0 - dF0” made it possible
to make a visual comparison of the intonation of the
reference and the spoken phrases more vivid.

Mark Out File in the advanced settings section “Acoustic Speech Database”.
In new version of the “IntonTrainer”, there is an
additional possibility of direct automatic marking of
reference signals. To do this it is necessary to select in
B. Automating the procedure for marking the analyzed the Main Settings Window the Auto Marking mode.
signals to voice regions
Signal segmentation into voice regions is carried out on
At the previous version there was the only possibility the basis of information about the presence of periodicity
of preliminary automatic marking of reference sound files in the signal while the signal amplitude is present at
into voice regions, namely: by selecting the operation sufficiently high amplitude - A0 (t). The user in the
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section Auto segmentation is also given the opportunity
to independently specify the absolute threshold values A0 limit (%) and relative - Relative A0 limit (%).
“Fig. 7” shows the UMP of the phrase ”Are yo+u from
Germany?” built in the presence of markup on P, N, T
- regions, and in “Fig. 8” shows the trajectory of F0 in
the case when each of the voice regions of the phrase is
assigned the same index N.

Figure 7. An example of displaying the trajectory F0 (UMP) by manual
marking on the P, N, T - regions.
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ПРОГРАММНАЯ МОДЕЛЬ АНАЛИЗА И
ВИЗУАЛИЗАЦИИ ЭМОЦИОНАЛЬНОЙ
ИНТОНАЦИИ В УСТНОЙ РЕЧИ

Figure 8. An example of displaying the trajectory F0 by automatically
given the same index N for each of voiced regions.

V. C ONCLUSION
The term Emotional Intelligence (EI) became widely
known in 1995 with the publication of Goleman’s book:
“Emotional Intelligence – Why it can matter more than
IQ?”. EI is the capability of individuals (or AI systems)
to recognize their own emotions and those of others
discern between different feelings and label them appropriately, use emotional information to guide thinking
and behavior, and manage and/or adjust emotions to
achieve one’s goal(s). This work is the first step towards
the creation of software tools for an objective analysis
of the physical components necessary for assessing and
simulating so-called emotional intelligence.

Лобанов Б. М., Житко В. А.
Данная работа посвящена описанию программной
модели позволяющей проводить анализ и визуализацию интонации различных эмоций в устной речи. Описаны базовые эмоции и их акустические проявления
в человеческой речи. Представлен набор эмоциональных фраз и их визуализация и анализ. Программная
модель реализована на ранее предложенной обучающей системе “IntonTrainer”.
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I. I NTRODUCTION
Today computer technology is used in almost all
spheres of human activity. One important area of its
application is the development of text-to-speech systems
(TTS), which automatically convert an electronic text to
speech. High-quality TTS have wide potential in various
fields of economy, science, culture, medicine, education
and others [1]. There are a huge number of synthesizers
that handle different languages. Speech synthesis and
recognition laboratory of UIIP NASB for the past 55
years has been developing belarusian text-to-speech and
recognition systems. Today, stationary platform of synthesizer "Multiphone-4”, speech synthesizer for mobile
platforms and its internet-version are built up [2]. The
main feature of these developments, in particular an internet synthesizer, is an open free access following the link
http://www.corpus.by/tts3/ [3]. The functionalities of the
synthesizer are quite high and diverse, but there are some
drawbacks. Therefore, the relevance for a linguaacoustic
data array is explained by the necessity of improving the
quality of information processing, adding supplementary
functions and testing existing ones through linguistic
resources for such systems in the Belarusian language
[4].
II. T HE RELEVANCY OF LINGUAACOUSTIC DATA

saved in machine storage media and are used in various
fields of practice (education, industry, economy, culture
and art, etc.) [5]. Large linguistic data files are used
for creating and developing efficient systems of text
and speech processing. In TTS under linguaacoustic
resources is understood an array of language data, which
analyze and test the input text (see figure 1). The general
scheme of the speech synthesizer is as follows[6]: an
input text is primarily processed by the text processor, in which word stress, letter-phonemic processing,
its splitting into syntagmas, the choice of intonation
type for each syntagma are taken place. Then marked
phonemic text is fed to the input of two processors:
prosodic and phonetic. The phonetic processor generates
positional and combinatorial allophones of phonemes.
The prosodic processor determines the current values of
the amplitude and duration of sounds, as well as the
frequency of the fundamental tone. It also answers for
the right and emphatic intonation of voiced text (see
figure 2). Prosodic processor requires more rework in
the Belarusian text-to-speech synthesizers, then under
linguaacoustic data array is meant voiced marked dataset
with all the intonation signs, types and constructions.
Therefore, the main concept in this paper is voiced data
with intonation marking.

Figure 1. The structure of tex-to-speech systems

ARRAY

III. C RITERIA FOR MATERIAL COLLECTION
Modern computer technologies allow for collecting
and analyzing linguaacoustic resources, building them
Due to the fact that the linguaacoustic data array is
in TTS through regular formal rules and algorithms being created for TTS to process text into emphatic
that have been outlined by natural language. Under speech, we must collect the material which formal allinguaacoustic resources is meant a set of organized gorithm could analyze. Since Belarusian synthesizers
in a certain way speech and language data which are (BTTS) don’t have syntactic parser, the machine will be
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the data array. It equips belarusian masterpieces of XX XXI cc. Their authors are A. Adamovich, G. Dolidovich,
R. Borodulin, A. Vertinsky, J. Yanishchits, N. Gilewicz,
A. Makayonok, P. Brovko et al [9]. As noted above,
we have drawn attention to the main three points while
collecting the data. Thus, 350 communicative-syntactic
units have been defined, 100 of which will make linguaacoustic database, while the remaining 250 will be
used for testing BTTS after inserting and verificating
linguaacoustic database as part of a speech synthesizer.
With 100 units selected 50 are narrative (about three, four
statements for each syntactic unit of the text, taking into
account all possible syntactic constructions), 50 occur
in interrogative and imperative sentences. In the process
of selecting interrogative sentences we have taken into
account w-questions, general questions, questions which
begin with participle and the number of syntagmas.
Imperative statements were collected on the basis of
emotional or intention of expression and the number of
syntagmas [7].
Unfortunately, today there is no computerized software
for the determination of the accent structure. This process
is manual. Collected material is marked in accordance
with the conventional signs, introduced by the author,
such as stress (nuclear stress and secondary), boundaries(
the border of phonetic syntagma and the border of phonetic phrase),tones Tags (rising tone, falling tone, risingfalling tone, falling-rising tone; rising + neutral + falling
tone;rising - falling + neutral + rising - falling tone;
falling-rising +neutral + falling-rising tone; intonation
of incompleteness, understatement, which is understood
(is used in the blank). A fragment of the markup text
material for a database is shown in Table 1. It transmits
the type of statement, calls the sentence structure, the
number of syntagmas, the author remarks, syntactic unit
and its marked-up version.
The next step is experimental recording of
communicative-syntactic units with all intonation
features of the Belarusian literary language. For this,
the program Sonic Sound Forge 11 was chosen for the
further audio recording, its editing and marking. Since
this is a test recording and audio signal processing,
adhere to the basic recording conditions: 8000 Hz 16
bit Mono on a simple or a built-in microphone system
[10].
After recording, the regions are accentuared (nuclear
(n), prenuclear (p) and postnuclear (t)) in a sound track
for visual perception of graphic contour, the quality of
its recording. For this we use program Inton@trainer.
Figure 2. The prosodic processor structure
Figure 3 illustrates the process of recording a narrative
sentence Cioplaje pavietra pieralivalasia na so+ncy in
IV. T HE COMPOSITION OF LINGUAACOUSTIC DATA
Sonic Sound Forge. Then the audio has been divided into
ARRAY
regions (nuclear (n), prenuclear (p) and postnuclear (t))
The edition "“Bielaruskaja litaraturnaja spadcyna: an- (see. Figure 4). This procedure is necessary to assess the
talohija u 2 tamach” was shoosen as bulk material for correctness of statement’s intonation marking to accent
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able to analyze an incoming text only by formal indication. These are syntactic structure of the sentence and
punctuation. BTTS dataset should include sentences or
expressions with various schemes of syntactic structures
and punctuation. The syntactic structure of the sentence
the Belarusian literary language is divided into [7]:
1) Simple sentences:
• one-member sentences;
• two-member sentences.
2) Complex:
• compound;
• complex;
• conjunctionless sentences;
• mixed complex sentences with include different types of complex sentences.
Except for the syntactic structure of the Belarusian
language we are interesting in punctuation, as punctuation markers are formal indicators of the number
of syntagmas and accentual units and the conditional
indicators of intonation type in text. Therefore, we turn
to the analysis of the following items [8]:
1) The communicative type of statement (narrative,
question, imperative);
2) Punctuation used in this sentence (period, question mark, exclamation point, comma, semicolon,
colon, dash, hyphen, parentheses, brackets, braces,
apostrophe, quotation marks, and ellipsis);
3) Number of syntagmas in this statement.

Figure 3. An audio recording and marking regions of the sentence
Cioplaje pavietra pieralivalasia na so+ncy in Sonic Sound Forge

Figure 4. Graphic tonal countour of the sentence Cioplaje pavietra
pieralivalasia na so+ncy in Intontrainer

V. C ONCLUSION
units and sound quality which is wholesome for the
further recording of full version by an expert. This
The algorithm for compiling linguaacoustic data array
procedure is made in the software "Inton@trainer" [11].
is shown above. The development of linguaacoustic
This Application is used as an instrument in a number
resources for the belarusian text-to-speech synthesizer
of scientific and practical studies, namely the study of
makes it possible to improve the quality of the system’s
individual, emotional and stylistic features of intonation.
functionality, continuous testing, analyse input, intermeComparative evaluation of speech intonation in norm
diate and final data for the development and improvement
and pathology. Estimation of the intonational quality
of the system, collect new linguistic resources. Linguaaof synthesized speech. Figure 4 notes tonal intonation
coustic data array will allow to solve various problems.
contour of Cioplaje pavietra pieralivalasia na so+ncy,
In particular, it makes possible to voice text information
where you can check the quality of sound, estimate the
with a clear and distinct speech, which is similar to the
correct marking of regions (in the figure 4 nuclear region
human.
is mentioned by vertical lines).
The above mentioned steps are performed for all 350
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ЛИНГВОАККУСТИЧЕСКИЕ РЕСУРСЫ ДЛЯ
БЕЛОРУССКОЯЗЫЧНЫХ СИСТЕМ
СИНТЕЗА РЕЧИ
Зеновко Е.С.
В статье описывается алгоритм по созданию лингвоакустического массива данных для белорусскоязычных систем синтеза речи, которая состоит из 350
коммуникативно-синтаксических единиц текстового
корпуса с охватом всех возможных синтаксических
структур высказываний и полной пунктуацией белорусского языка. Актуальность создания подобной базы
данных обусловлена тем, что существующие системы
синтеза речи на белорусском языке, несмотря на
высокий уровень качества, далеки от совершенства.
Одной из возможностей использования синтезированной речи является осуществление современных компьютерных технологий, позволяющих проводить сбор
и совершенствование лингвистических ресурсов для
подобных систем и улучшение их функциональности
через формальные регулярные правила и алгоритмы,
написанные на естественном языке. Разработка необходимых лингваакустычных ресурсов для синтезатора речи открывает возможность улучшения качества
функциональности системы, постоянного тестирования системы, анализа входных, промежуточных и
итоговых данных для доработки и совершенствования
системы, сбора новых лингвистических ресурсов. Создание базы позволит решать разнообразные задачи.
В частности, проводить озвучивание электронных текстов выразительной речью, подобной человеческой.
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Abstract—This paper considers the problem of establishing and optimizing the teams of programmers taking
into account their proficiency and the level of skills in
programming technologies and tools. It proposes a method
of formalizing and evaluating the qualification of individual programmers and entire teams of programmers, and
proposes a genetic algorithm of optimizing the size, staff
and number of the teams. Experimental results on a set of
programmers graduated from universities of Belarus show
the ability of the system to find the teams of programmers,
which increase the overall qualification of the teams by
30%. The obtained results prove the practical importance
of the model, genetic algorithm and software in the field of
technologies and tools for the management of professional
teams of programmers.
Keywords—programmer; technology; tool; qualification;
team of programmers; team size; team staff; optimization

I. I NTRODUCTION

algorithm for solving this problem. However, it does not take
into account the level of programmers’ knowledge of the
technologies and programming tools that are necessary for the
project. Work [6] proposes a model of evaluating proficiency
of programmers.
This article analyzes modern technologies and programming
tools and evaluates the level of proficiency of each of the
programmers as well as the level of proficiency of entire team
with respect to these technologies and tools. The size and the
staff of each of the teams is optimized.
This paper is organized as follows. Section II presents a
method of evaluating the proficiency of programmers and whole
teams of programmers in technologies and tools. Section III
describes a genetic algorithm of optimizing the size, staff and
number of teams. Section IV presents experimental results, and
last section concludes the paper.

II. P ROFICIENCY OF A PROGRAMMER AND A TEAM
OF PROGRAMMERS IN TECHNOLOGIES AND TOOLS

Agile technology [1] of flexible software development provides requirements and finds solutions due to the joint efforts
of development teams and customers. It supports adaptive
planning, evolutionary development, continuous improvement,
and rapid-flexible response to changes. Although many technological environments use Agile, it requires further development
for distributed programming teams. Tools and processes are
important, but it is more important to have competent people
working together effectively. Improper distribution of work can
eliminate the connection of leading experts. Assigning a job to
a team that is hard to find an appropriate expert increases the
total cost of recruiting and performing work, making it difficult
to select the right people for the distributed team.
The success of a distributed team of programmers in the
implementation of a large project strongly depends on the
adequacy of the technologies and programming tools used, as
well as on the ability of effectively decomposing the project
into parts. These parts should be distributed among those teams
of programmers who have the necessary knowledge and skills
to perform them. Work [2] formulates a problem of optimal
partitioning of the given set of programmers into teams. It
is a multifactorial and poorly structured problem. In [2], the
following factors were taken into account: the productivity
of each programmer, the ability of pairs of programmers to
increase or decrease productivity in the process of collaboration, the increase in interfaces’ cost between programmers
while increasing the number of programmers in one team.
Evolutionary optimization methods [3] [4] [5] are capable of
solving this kind of problems. Work [5] develops a genetic

A. Rating of programming technologies and tools
Analysis of the research results RedMonk company
[7] has provided on the popularity of programming languages and tools, as well as the research results the IEEE
Spectrum organization [8] has provided on rankings of
programming languages allows the evaluation of rating
of various programming technologies. The technology
rating indicates its importance and breadth, as well as
indicates the requirements and constraints at least one
member of a team of programmers must meet.
B. Proficiency of a programmer in technologies and tools

We use a survey method to solve the problem of
assessing the level of programmers’ knowledge of technologies and tools. Each of the programmers interviewed
is asked to fill out a questionnaire in which he/she indicates the level of proficiency in each of the technologies.
The proficiency level is determined by a five-point scale:
0 - lack of knowledge of technology; 0.25 - the minimum
knowledge; 0.5 - intermediate skills; 0.75 - extended
technology proficiency experience; 1 - expert knowledge
and experience. We consider a programmer as expert,
if he/she possesses theoretical expert knowledge, has
developed at least two large projects and has worked for
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at least two years with this technology. The programmer
has advanced skills if he/she meets two criteria of the
three ones, and has intermediate skills if meets only one
of the criteria.
C. Programmer qualification
The qualification of programmer p ∈ P with regard to
the level of knowledge / possession of technologies of
set T in relation to the maximum level of knowledge /
possession can be evaluated with Equation (1).
Qualif (p) =

where
f actor(p, t) =

(

X
t∈T

rank(t) × f actor(p, t)
M axQualif
if level(p, t) ≤ RLpt
otherwise

level(p, t)
0

and
M axQualif =

X

rank(t)

(1)

(2)

(3)

t∈T

The value of rank(t) belonging to range [0,1] is the
rank of the technology. The value of level(p,t) of the
range [0,1] is determined by the results of the survey of
the programmers. The threshold value RLpt of level(p,t)
reduces the chances of admission to work on the project
for programmers with an insufficiently high level of
qualification. This value is selected from the range [0, 1].
If RLpt ∼
= 0 then start-up programmers or programmers
who possess of only small part of the technologies may
participate in the project. If RLpt ∼
= 1 then only experts
may participate in the project. As a result, the value of
Qualif (p) is in the range [0,1]. According to Equation
(1), programmers who possess of preferably high-rated
technologies are more highly qualified than programmers
who preferably possess of low-rated technologies.
D. Qualification of a team of programmers
Let the whole set P of programmers be divided into
k teams, producing set G = {g1 , ..., gk }. Programmers
of team g constitute set Pg . The average qualification
of team g, including Ng programmers, is defined as
an average value Qualif (p) of qualifications over all
programmers p ∈ Pg :
Qualif avg (g) =

X

Qualif (p)

p∈Pg

Ng

(4)

mxl(g, t) = max level(p, t)
p∈Pg

(6)

Equation (5) uses the values as follows:
•
•
•

oblgt(t) is a predicate that takes value true if technology
t is mandatory for a team (see Table 1);
mxlevel(g, t) is the level of the best representative of
team g in technology t;
RLgt is a threshold value of the level of the best
representative of team g in technology t.

According
to
Equation
(5),
qualification
Qualif best (g) over the best representatives is equal to
zero if there is at least one mandatory technology t
for the team, for which oblgt(t) is true, and the level
mxl(g, t) of qualification over the best representatives
of team g is less than the threshold value of RLgt .
The explanation is this team is not capable of carrying
out projects without highly qualified specialists in key
technologies.
The weighted qualification Qualif w (g) of team g is
estimated with Equation (7) as the sum of qualification
Qualif best (g) over the best representatives with weight
λ, and the average qualification Qualif avg(g) with
weight 1 − λ.
Qualif w (g) = λ × Qualif best (g) + (1 − λ) × Qualif avg (g)
(7)

The weighted qualification at 0 ≤ λ ≤ 1 can take
any value in the range [0,1]. The larger the value of λ,
the larger the weight of the qualification over the best
representatives, and vice verso, the lower the value of
λ, the larger the weight of the average qualification of
the programmers in the team. The average qualification
reflects the skills of programmers. The qualification over
the best representatives show opportunities for the growth
of skills of the team members who are guided and trained
by technology experts, who are members of the team and
are exemplary.
It is obvious, the teams with low qualifications cannot
be recognized as workable, and the participation of
such teams in the project is unreasonable or at least
controversial. We can formalize the exclusion of the
appearance of such teams with the concept of weighted
threshold qualification:
Qualif (g) =

(

Qualif w (g)
0

ifQualif w (g) ≥ RQg
otherwise
(8)

It is reasonable to recommend to choose the threshold
In addition to the average qualification Qualif avg (g), value RQg of qualification from the range from 0.5 to
the most important parameter that characterizes team 1.0, depending on the requirements of the project and
g is the best representative qualification Qualif best (g), the technologies that are used for its development, as
well as depending on the expected quality of future
which is determined with Equations (5) and (6):

design results. Bellow, the qualification of a team of prog
0, if ∃t, oblgt(t), mxl(g, t) < RLt


X
grammers will be understood as the threshold weighted
rank(t) × mxl(g, t)
Qualif best (g) =
qualification.


 t∈T
, otherwise
Team g is called redundant by qualification if there is a
M axQualif
(5) programmer p ∈ g such that Qualif (g\p) ≥ Qualif (g).
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In other words, the qualification of team g after removing
programmer p from it should not be lower than the
qualification before removing of the programmer. This
can happen when at least one of two following conditions
are met:
•
•

programmer p is not the only best representative of team
g on any technology t ∈ T ;
qualification Qualif (p) of programmer p is lower than
the average qualification Qualif avg (g) over team g.

the same for all teams. The actual weighted qualification
Qualif w (g) of a team is estimated by Equation (7).
Set G typically includes a special team of unemployed
programmers, who are included in a reserve team. The
number Ne mpl of programmers included in a working
team can be computed with Equation (13).
Nempl =

X

Ng

(13)

g∈G

If set G divides the set of programmers into teams,
then we can estimate the overall qualification of the
teams as a sum of the teams’ threshold weighted qualifications:

The number Nr es of programmers who are unemployed and included in the reserve team can be computed
with Equation (14).

(9)

The average weighted threshold qualification
Qualif a vg over all teams can be evaluated with
Equation (15).

Qualif ication(G) =

X

Qualif (g)

g∈G

The overall qualification Qualif ication(G) takes values in the range from k × RQg to k, where k is the
number of teams.
III. O PTIMIZING THE SIZE , STAFF AND NUMBER OF

Nres = |P | − Nempl

Qualif

avg

=

X

(14)

Qualif (g)

g∈G

|G|

(15)

TEAMS

B. Genetic algorithm for solving the optimization problem

Let Ω be a set of feasible solutions, which is a set of
various partitions of set P of programmers into various
set G of teams. The main parameter of solution G is
the overall qualification Qualif ication(G) of all teams.
Therefore, we formulate the objective function as:

The genetic algorithm (GA) implements a random
process of evolution of a population of chromosomes in
order to find the best partitioning of the set of programmers into developers teams. We build the chromosome
as a vector of genes that correspond to the programmers.
The gene value is the team number that includes the programmer. The fitness function is the overall qualification
Qualif ication(G) of the programmers of teams G.
The genetic operation of crossing two chromosomes
recombines their gen-parts and moves programmers from
one team to other team in two resulting offsprings. This
crossover operation can yield an offspring that does not
refer to a team of programmers, thus reducing the number
of teams. Such a situation may require re-enumerating
the teams and introducing facilities, which can extend
the set of teams.
The genetic mutation operation randomly chooses one
or more programmers and transfers them to other teams.
The selection operation selects parents according to the
rule of roulette wheel in order to perform crossing
and mutation operations and to select chromosomes
for producing the next generation of chromosomes and
for updating the population. The chromosome with the
highest value of the fitness function is a solution of the
optimization problem.

A. Problem formulation

max Qualif ication(G)
G∈Ω

(10)

We formulate the set of feasible solutions over a
system of constraints and describe them in the form of requirements for programmers and teams of programmers
to be proficient in technologies and programming tools.
Requirement1. It refers to the minimum threshold
qualification level RLpt of skills the programmer p
of set P has regarding technology t. The minimum
qualification level requirement for all technologies is
represented with vector RLp = RLp1 , ..., RLpm . Equation
(11) determines the actual level of Lpt .
Lpt = rank(t) × level(p, t)

(11)

Requirement2. It refers to the minimum threshold
qualification level RLgt the best representative of team
g ∈ G of programmers has regarding technology t.
For all technologies, the minimum threshold level is
represented with vector RLg = {RLg1 , ..., RLgm }. We
determine the actual qualification level Lgt of the best
representative of team g for technology t with equation
as follows:

IV. E XPERIMENTAL RESULTS
A. Rating of programming technologies and tools

Table I describes a set T of 16 basic technologies and
tools, and reports the rating of each of them [7, 8]. By
Requirement3. It refers to the minimum-threshold appointment, the whole set of technologies is divided
weighted qualification RQg of each team g ∈ G of into 6 subsets. Version control and project management
programmers. The demanded minimum qualification is systems include Git, Tortoise SVN, VJR and TFS with
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Lgt = rank(t) × max level(p, t)
p∈Pg

(12)

rating 0.3 each. The development environments include
Visual Studio and Eclipse, the rating of both is 0.6.
Oracle SQL (rating 0.5) and Microsoft SQL Server
(rating 0.6) represent database management systems.
Programming languages are Java, C#, Visual Basic, C++,
Java Script and XSL with rating of 1.0, 0.9, 0.7, 0.9,
0.8 and 0.6 respectively. Windows and Linux represent
operating systems with rating of 0.6 and 0.5 respectively.
The high rating of a technology shows the groundlessness
of the creation of teams of programmers, in which there
is no any expert on this technology.
K EY
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Table I
TECHNOLOGIES AND PROGRAMMING TOOLS

Name
Git
Tortoise SVN
TFS
Jira
Visual Studio
Eclipse
Oracle SQL
Microsoft SQL Server
Java
C#
Visual Basic
C++
Java script
XSL
Windows
Linux

Code
VGT
VTS
VTF
VJR
DVS
DEC
OBM
DBM
LJ
LC#
LVB
LCP
LJS
LXS
OSW
OSL

Rating
0.3
0.3
0.3
0.3
0.6
0.6
0.5
0.6
1.0
0.9
0.7
0.9
0.8
0.6
0.6
0.5

Oblgt
no
no
no
no
yes
yes
no
no
yes
yes
no
yes
yes
no
yes
yes

B. Proficiency of programmers in technologies and tools
Fig.1 shows results of a survey of 24 programmers
(set P ) with higher education, who graduated from
Figure 1. Proficiency of 24 programmers in 16 technologies
universities of Belarus and work at programming companies. The rows correspond to the programmers, and the
columns correspond to the technologies of Table I. At
the intersection of row p and column t, the rectangle’s
height indicates one of the five levels 0, 0.25, 0.5, 0.75
and 1 of possession by programmer p of technology t.
The absence of a rectangle means zero level. Rows with
a large total area of rectangles indicate highly qualified
programmers. Columns with a large area of rectangles
indicate highly demanded and widely used technologies.
Figure 2 shows the level of importance of each of
the 16 technologies and programming tools for 24 programmers in relation to the highest possible level without
taking into account the technology rating. The Windows
operating system (code OSW) has the highest level of
0.72. In second place is the version control system /
project management system TFS (code VTF) with the
level of 0.63.
Figure 3 shows the level of possession of technologies
and programming tools by 24 programmers, taking into
account the technology rating (Table 1). The Java pro- Figure 2. The level of possession of 16 technologies by 24 programgramming language (code LJ) has the highest level of mers without taking into account the rating of technologies.
0.98. The Windows operating system (code OSW) with
the level of 0.73 has moved to the second place.
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Fig. 4 shows the qualification of each of the 24 programmers in terms of possession of all 16 programming
technologies without taking into account the technology
rating (in this case the rank (t) value of 1 for all t and
the MaxQualif value of 16 is taken). Figure 5 shows
the qualification of programmers on all programming
technologies, taking into account the rating of technologies (in this case, the value of rank (t) is taken from
Table 1 and the MaxQualif value is 9.5). Note that
the consideration of technology rating (Fig. 5) led to
the fact that programmer 8 became more qualified than
programmer 9 (in Fig.4, programmer 9 is more qualified
than 8). The same concerns programmers 22 and 23.

Figure 5. Qualifications of 24 programmers in all technologies taking
into account the technology rating.

•

•

•

RLp = 0.1, 0, 0.1, 0, 0.3, 0.25, 0, 0.15, 0.6, 0, 0, 0.25,
0, 0.2, 0.4, 0.2;
the one-team-of-programmers qualification on each of the
16 technologies must not be lower than RLg = 0.2, 0, 0.2,
0, 0.4, 0.3, 0, 0.3, 0.75, 0.4, 0, 0.5, 0, 0.3, 0.5.0.25;
the threshold weighted qualification of one team of programmers on all technologies must not be lower than
RQg taking value from the range 0.40 ... 0.75;
the weight λ of one team qualification over the best
representatives is equal to 0.7, and the weight 1 − λ of
one team average qualification is equal to 0.3.

D. Experimental results
Table II reports experimental results that are obtained
with the genetic algorithm while optimizing the size,
staff and number of teams composed of 24 programmers
(Fig.1), using the 16 key programming technologies and
tools (Table I). Previous Section describes the requirements and constraints on teams establishing, which are
associated with a project the teams will work on. Varying
the value of RQg in the range from 0.40 to 0.75 with
step 0.05, GA has given 8 solutions listed in Table
II. The increase in the proficiency level RQg of one
team decreases monotonically the number |G| of teams
from 9 down to 2. Moreover, it decreases the number
Ne mpl of programmers involved in these teams. The
qualification Qualif a vg of one team grows from 0.602
to 0.785, although the overall Qualif ication(G) of all
teams falls rapidly from 5.42 down to 1.57 due to many
programmers appear not involved in the project and are
Figure 4. Qualifications of 24 programmers in all technologies without
included in the reserve team. The staff of all teams is
taking into account the technology rating.
given in Table III.
Figure 6 shows the dynamics the genetic algorithm
C. Teams optimization constraints
yields in the process of evolution of the chromosome
We have developed a computer program that imple- population. The total weighted threshold qualification
ments the proposed genetic algorithm, and have used this for all teams has grown (Fig. 6) from 3.5 to 5.04
program for carrying out computational experiments on over 25 generations. Growth is about 30%. During this
optimizing the distribution of programmers on a set of time, the number of teams that meet all qualification
teams. The requirements and constraints are as follows: requirements has increased from 5 to 8, while the number
of programmers included in these teams has increased
• the one-programmer qualification on each of the 16 technologies that are listed in table I must not be lower than from 15 to 23 . The number of teams that do not meet
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Figure 3. The level of possesion of 16 technologies by 24 programmers
taking into account the rating of technologies.

Table II
E XPERIMENTAL RESULTS ON OPTIMIZATION OF PROGRAMMING
TEAMS WITH GENETIC ALGORITHM

Run
1
2
3
4
5
6
7
8

RQg
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75

|G|
9
8
8
8
6
5
3
2

Ne mpl
22
23
23
21
22
16
13
6

Qualif a vg
0.602
0.631
0.630
0.626
0.683
0.696
0.757
0.785

Qualif ication(G)
5.42
5.05
5.04
5.01
4.10
3.48
2.27
1.57

the requirements has ranged from 1 to 2, and the number
of programmers who are included in the reserve team
has ranged from 9 to 1. As a result, the evolutionary
process has been accompanied by a steady increase in
the total threshold weighted qualification of the set of
teams represented by the best chromosome.

Figure 6. Weighted total qualification of all teams of programmers vs.
generation number in GA.

[3] Barricelli, N.A. Symbio genetic evolution processes realized by artificial
methods / N.A. Barricelli // Methodos, 1957, pp. 143-182.
[4] Muller, J.P., Rao, A.S., Singh, M.P. A-Teams: An Agent Architecture
for Optimization and Decision-Support, Proceedings 5th International
Workshop, ATAL’98 Paris, France, July 4-7, 1998, pp. 261-276.
[5] Prihozhy, A.A. Evolutionary Method of Software Teams Optimization for
Reducing Time and Resources of Project Execution / A. Prihozhy, A.
Zhdanouski // Proc. Conf. “Information Technologies in Engineering and
Business”, Minsk, RIHS, 2016, pp.16-20.
[6] Prihozhy A., Method of qualification estimation and optimization of
professional teams of programmers / A. Prihozhy, A. Zhdanouski // System
analysis and applied information science, No 2, 2018, pp. 4-12.
[7] Red Monk, [electronics resource] / the developer-focused industry analyst firm Red Monk. – Access mode: http://redmonk.com/sogrady/
2016/07/20/language-rankings-6-16/. – Date of access: 26.02.2017.
[8] Cass, S. The 2016 Top Programming Languages [electronics resource]
/ IEEE Spectrum, 2016. −− Access mode: http://spectrum.ieee.org/
computing/software/the-2016-top-programming-languages. – Date of access: 26.02.2017.

Table III
S TAFF OF WORKING AND RESERVE TEAMS
Run
1
2
3
4
5
6
7
8

Working teams
g1={6,7,15,17,24}, g2={11,20,23},
g3={1,3,5,14}, g4={8,19,21}, g5={18},
g6={16}, g7={22}, g8={2,12}, g9={10,13}
g1={8,13,15,21,24}, g2={2,5,6,9,14},
g3={3,4,7}, g4={12,22}, g5={10,11},
g6={16,19}, g7={1,17,23}, g8={18}
g1={4,11,17,20}, g2={3,5,14,19},
g3={7,9,13,22}, g4={1,12,15,24},
g5={2,6,21}, g6={18}, g7={8,23}, g8={16}
g1={3,4,6,9,11,17}, g2={5,19,21,24},
g3={10,14}, g4={8,12,15}, g5={1,7},
g6={18}, g7={16}, g8={13,22}
g1={2,4,7,9,14,16},
g2={3,6,10,13,17,21,24}, g3={12,22},
g4={1,5,8,23}, g5={11,15}, g6={18}
g1={1,2,4,5,8,14,15}, g2={12,16,20},
g3={10,11}, g4={19,22,23}, g5={18}
g1={2,9,10,11,13,14,22,23},
g2={7,12,15,16}, g3={18}
g1={7,10,11,12,15}, g2={18}

Reserve team
{4,9}
{20}
{10}
{2,20,23}

ГЕНЕТИЧЕСКИЙ АЛГОРИТМ
ОПТИМИЗАЦИИ ЧИСЛЕННОСТИ,
ПЕРСОНАЛА И КОЛИЧЕСТВА
ПРОФЕССИОНАЛЬНЫХ КОМАНД
ПРОГРАММИСТОВ

{19,20}
{3,6,7,9,13,
17,21,24}
{1,3,4,5,6,8,
17,19,20,21,24}
{1,2,3,4,5,6,8,
9,13,14,16,17,
19,20,21,22,
23,24}

Прихожий А.А., Ждановский А.М.

C ONCLUSION
This paper has presented a method of assessing the qualifications of development teams that takes into account their
knowledge and skills in programming technologies and tools.
We have developed a genetic algorithm to optimize the size,
staff and number of teams, which maximizes the overall qualification of the teams and minimizes the number of programmers
not involved in them. Further research will focus on the
integration of the qualification aspects and the performances
of programmers and teams of programmers, which participate
in executing big projects.
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В статье рассматривается проблема создания и оптимизации команд программистов с учетом их квалификации и уровня навыков в технологиях и инструментах
программирования. Она предлагает метод формализации и оценки квалификации отдельных программистов
и целых команд программистов, а также предлагает генетический алгоритм оптимизации численности,
персонала и количества команд. Экспериментальные
результаты на множестве программистов, окончивших
вузы Беларуси, показывают способность системы находить команды программистов, которые повышают
суммарную квалификацию коллектива разработчиков
на 30%. Полученные результаты подтверждают практическую значимость модели, генетического алгоритма
и программного обеспечения в области технологий
и инструментов для управления профессиональными
командами программистов.
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Abstract—The tendencies of using multi-agent intelligent technologies for information processing are given. The main ideas
of building a distributed multi-agent system with distributed
knowledge and distributed processing are shown. The structure of
multi-agent system for monitoring sound information is done. The
directions of using multi-agent intelligent systems in management
activities using cloud and block chain technologies are presented.
As the concept proposed the creation of a distributed tool platform
based on multiagent approach, combining semantic and blockchain
technology.
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I. I NTRODUCTION
Under multi-agent technology is understood the technology
of development and use of multi-agent systems (MAS) and
multi-agent management (MAM). The problems of control
and distributed interaction in networks of dynamic systems
attract the attention of a large number of researchers. This is
due to the widespread use of multi-agent systems in different
areas, including automatic adjustment of parameters of neural
recognition networks, transport management, distributed sensor
networks, control in communication networks, interaction of
UAV groups, management of mobile robots, protection of
information resources, etc. Distributed MA systems are used
that perform actions in parallel, for which the task is dividing
on parts between several computational threads. Such problems
arise not only in computer networks, but also in production networks, service networks, transport and logistics networks. With
natural constraints on communication, decentralized strategies
are able to effectively solve this type of problem [1-3]. Block
chain technology is another application layer working on top of
the Internet Protocol stack [4]. It is proposed to use distributed
block chain tools to control the operation of intelligent MAS.

II. T HE BASIS OF MAS

is also an agent that controls access and use of the agent
platform [1].
The basis of the organization form of interaction
between agents characterized by the combination of their
efforts to achieve the goal in the division between their
functions, roles and responsibilities is cooperation (C).
This can be determined:
K = cooperation+ coordination +communication Under the coordination means the management of the
associations between actions. Communication between
agents depends on the chosen protocol, which is a set of
rules that determine how to synthesize meaningful and
correct messages.
In the MAC architecture, the main part is the domainindependent core, which includes such components: direct access service (provides direct access to the attributes of agents); message service is responsible for
the transmission of messages between agents and kernel systems; agent class library (part of the database)
contains the classification of agents in the MAS; agents
community, where agents are located (this block provides
functions for loading/writing agents and their properties
and optimizes the work of agents with resources); ontology is a subject knowledge base containing specific
knowledge about objects and environment of functioning,
represented in the form of a corresponding semantic
network [1, 2].
III. T HE AGENT STRUCTURE AND THEIR USE

The basis of agent structure is the context, or server
Multi-agent systems originated at the intersection environment, in which it is executed. Each agent has a
of system theory and distributed artificial intelligence. fixed identifier-name. In a server environment, you can
Open, active, developing systems are discussed, in which run not only the source agent, but also a copy of it.
attention is paid to the processes of interaction of agents Agents are able to create their own copies, sending them
for building systems with new qualities. MAS are built to different servers for execution. When the agent arrives
as a union of individual intelligent systems based on on the next server, its code and data are transferred to
knowledge [3]. The MAS consists of the following com- the new context and erased at the previous location. In
ponents: a set of agents working with objects; variety of the new context the agent can do anything that is not
tasks; a space in which there are agents and objects; the prohibited there. Upon completion of the work in the
set of relations between agents; many agent actions (op- context the agent may send itself in a different context
erations on objects). Agent management system (AMS) or upload sender address. Agents can also shut down
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themselves or at the command of the server, which then
moves them from the context to the storage location.
The structure of a typical agent includes inputs (internal parameters of the agent and data on the state
of the environment), outputs (parameters affecting the
environment and informing the user about the state of
the environment and decisions made), the solver – the
decision-making procedure. The solver can be a fairly
simple algorithm or an element of an artificial intelligence system [2].
Multi-agent systems are used for the development of
information and industrial systems. In industry the MAS
are used to the solution of management automation of
complex systems, for the collection and processing of
information in games. Multi-agent technologies are applicable in the management of mobile resources, as well
as in such areas as object design, industrial production
[1].
In sources [5, 6] MAS deals with the application
of automate the construction of intelligent knowledge
bases and problem solvers. The resulting model of hybrid
knowledge bases, which ensures the compatibility of
present knowledge and can be represented in knowledge bases multi-level meta knowledge, to structure the
knowledge base according to various criteria and to
apply components of knowledge bases again [5]. The
agent-oriented model of the hybrid solver allows to
build variety of MAS: for produc-tion, customer service,
construction design [6].

the construction of the basic types of their organizations, followed by the definition of requirements for
the architecture of agents. For artificial social systems
and communities, a top-down approach to organizational
design is put forward [2].
Agents can be integrated into cloud computing (CC)
structures that contain specific functions for problem
solving, data processing, and management. They support a natural mix of knowledge-based information and
technology and can support the process of logical reasoning (for example, including business regulations).
They enable learning and self-improvement at both the
infrastructure level (adaptive routing) and the application
level (adaptive user interfaces) [7, 8].

V. MAS STANDARDS AND PLATFORMS
There are several international approaches to creating
a MAS, the most famous of them are [1]: MASIF (Object
Management Group), which is based on the concept of a
mobile agent; FIPA (Foundations for Intelligent Physical
Agents) specifications based on the intelligence of the
agent, as well as standards developed by the research
subsection Defense Advanced Research Projects Agency
(DARPA), in particular Control of Agent Based Systems.
Regarding mobility and intelligence of agents, most
experts agree that mobility is the Central characteristic of
the agent, intelligence is desirable, but not always strictly
required. [1, 2].
FIPA’s activities include joint research and development by its members of international specifications that
will maximize the interaction between agent applications,
IV. D ESIGN OF MAS
services and equipment. FIPA specifications focus on
The general methodology of the ascending evolution- enabling intelligent agent communication through stanary design of MAC can be represented by a chain: <envi- dardized agent communication and content languages.
ronment - functions OF Mac – role of agents – relations Along with the General basics of communication, FIPA
between agents – basic structures of MAC-modification>. also specializes in ontology and negotiation protocols to
It includes the stages of: formulation of purpose (objec- support interaction in specific application areas (transport
tives of development) MAC; the identification of core support, production, multimedia, networking) [1].
and support functions of agents; clarify the composition
The OMG MASIF standard creates conditions for
of agents and the distribution of tasks among agents, the the migration of mobile agents between MAS via stanchoice of the architecture of the agents; the provision dardized CORBA IDL interfaces. DARPA initiated the
of basic relationships between agents; determination of work on the distribution of Knowledge Sharing Effort,
possible actions (operations) agents; analysis of real-life, as a result of which the agent programming languages
real or anticipated changes in the environment. When were divided into syntax, semantics and pragmatics:
designing, the organization of agents can be considered language KIF (Knowledge Interchange Format) – syntax;
as a set of roles that are in a certain relationship with Ontolingua – language for defining shared ontologies (seeach other and interact with each other [1].
mantics); KQML (Knowledge Query and Manipulation
MAS bottom-up design methodology requires a pre- Language) – a high-level interaction language (pragmatliminary task of the initial functions, determining the ics). When you create a MAS is also used language of
range of their obligations to each other, the formation of communication between agents – Agent Communication
the initial structures and its developing on the basis of Language (ACL) that specifies the types of messages
the allocated functions and the study of the adequacy of agents, the content and the ontology. Cooperation bethese structures to the nature of the tasks in the selected tween agents is achieved through a set of basic concepts
problem areas.
used in communications. The ontology is used as the
The technique of top-down design is to determine Application Programming Interface and defines the agent
the social characteristics of MAS on a set of criteria, interface.
312

At the technical level, communication between agents
is carried out by message transmission using the application layer Protocol (SMTP, TCP/IP, HTTP, IIOP).
Alternatives to using ACL are a number of languages
such as database languages (SQL), Distributed object
systems (CORBA), Service languages, and Web languages (XML, RDF, DAML).
The evolution of agent creation technologies requires:
the development of semantics of communication languages of ACL agents, the development of ontology;
improving the use of metadata; declarative protocols (languages for the definition of high-level protocols based on
more primitive); practical knowledge exchange between
agents (mechanisms for the exchange of information and
knowledge); the development of schemes and methods
for controlling agent sys-tems (artificial markets, natural
selection, etc.) [1].
Agent platforms are one of the ways to build distributed systems and allow user to describe and provide
access to all applications running on the agent platform
to the services they need. The functions of the agent
platform include the distribution of agents, audit of their
functioning and management.
MAS development is based on the following tools
[2]: JADE (Java Agent Development Framework) - software environment for creating multi-agent systems and
applications that supports FIPA standards for agents. It
includes the agent runtime environment, a library of
classes that are used to develop agent systems, a set
of graphical utilities for administration and monitoring
the life of agents, connected to the project in the Java
language. JADE agents can be different: from simple,
reacting, to complex - mental. JACK Intelligent Agents is
used as a Java platform for creating multi-agent systems.
Just like the JADE platform, it extends Java with its
classes. JACK is one of the platforms where the model
of agents ’logic based on beliefs-desires-intentions (Belief–desire–intention software model - BDI) and built-in
formal logical means of agents’ work planning are used.
The functionality implemented within the framework
of the paradigm block chain can look like an integrated
physical level of calculations with many devices, on top
of which there is a layer for servicing payments. But
it’s not just about payments, but about micropayments,
a decentralized exchange, earning and spending tokens,
getting and transferring digital assets, and drawing up
and executing clever contracts - that is a full-fledged
economic layer that has not yet been available in the
Internet [4].

comprehensive security system used network software,
operating systems and applications, increasing the security of the system to the required level. Within the framework of this research direction, architectures, models and
software prototypes of several MAS were developed:
attack modeling, intrusion detection, intrusion detection
training, etc. [9]. The process of creating multi-agent
systems for any subject area, including the protection of
information in computer networks, involves the solution
of two tasks: (1) the creation of a «system core» of MAS;
(2) cloning of software agents and the separation of the
generated multi-agent system from the «system core» [1,
9].
The architecture of the MAS intrusion detection
(MAID) multiple instances of agents of different types,
specialized for solving a subtask of intrusion detection.
Agents are distributed among hosts of the protected
network, divided by types of tasks and exchange information for making coordinated decisions [9]. The event
agent (AE) preprocesses incoming messages to the host,
captures important events to protect the information and
forwards the selected messages to the appropriate special
agents. The identity and authentication agent (AIA) is
responsible for identifying the message sources and
authenticating them. The access control agent (ACA) regulates users ’ access to network resources in accordance
with their rights and privacy labels of security objects.
The agents AIA and ACA detect unauthorized access to
information resources of the host interrupt connections,
and processes events that are identified as unauthorized
and send messages to the agents to intrusion detection.
The agents A-P1 and A-P2 (A-Patterns) are responsible
for detecting individual «suspicious» events or obvious
facts of intrusion and making decisions regarding the
reaction to these events (facts). Intelligent intrusion detection agents IA1 and IA2 implement a higher level of
processing and generalization of the detected facts. They
make decisions based on reports of detected suspicious
behavior and explicit attacks, both from their host agents
and from agents of other hosts [9].

VII. MAS FOR SOUND PROCESSING
The multi-agent system for monitoring sound information (MAMS) in the environment are a set of agents
for sound transformation, agent for analysis of information received from them and agent for decision-making.
MAMS implements the functions to ensure the required
class of protection of people (working or living) and
allows to implement an environmental safety system.
MAMS can handle noise levels in the urban space and
help in learning noise pollution of various areas: inside
VI. MAS FOR INFORMATION PROCESSING
the building, in a public park or around the entire area,
The components of a multi-agent system of informa- increasing the protection of the space to the required level
tion defense are intelligent programs (protection agents) [7].
MAMS implements the functions to ensure the rethat implement the specified functions to provide the
required security class. They allow you to implement a quired class of protection of people (working or liv313

ing) and allows implementing an environmental safety
system. The classification agent in MAMS can handle
noise levels in the urban space and help in learning noise
pollution of various areas: inside the building, in a public
park or around the entire area, increasing the protection
of the space to the required level. A conceptual schema
will be automatically enhanced in the transformation
agent in order to help in conception and decision making.
VIII. C ONCEPT OF IMAS DEVELOPMENT
The paper [10] analyzes the main developments in the
field of intelligent control and the main trends in the
development of IMAS. As a result, a list of criteria and
their values have been defined, which must be met by
the is support IA:
•

•
•
•
•
•

•

•

IX. C ONCLUSION
1. The first direction of intelligent MAC IP development is
the further development of models, methods, architectures and
software to solve the problem of adaptation in the environment.
2. The second direction is the development of models, methods, architectures and software for the collection, structuring of
information from the environment, the formation of specialized
knowledge bases and decision support agent.
3. The third direction is the creation of a cloud-based tool
platform for the design of intelligent MACM based on semantic
and block chain technologies.

multi-level monitoring of the environment, collecting information about the state of the network from various
sources at different levels of monitoring: the level of the
network, servers and subsystems;
adaptability, ability to detect modified implementations of
known and new network attacks;
proactivity, the presence of built-in mechanisms of reaction to the emergence of attacks;
openness, the ability to add new analyzed resources of
the information system;
type of control. IP map should combine both centralized
and distributed management;
security. IP map should have the means to protect its
components.
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As a result, the following solutions for intelligent MAS
information processing (IMAC IP) are presented:
•

•

•

•

structure and composition of IMAC IP includes agents
of workstations, servers, routers and networks and allows
to draw the conclusion about the state and prospects of
protection development;
the method of making a joint decision by agents, allowing
to form the round table of agents, and on the basis of
their result analysis of information obtained from various
sources, to assess the state of protection as a whole;
a technique for detecting attacks using multi-agent technologies that allows user to train a multi-agent system to
detect attacks and use it to further detect new threats;
evaluation of the effectiveness of all the proposed methods
using the developed software solutions of the intelligent
MA platform.

As trends and development concepts for the use of
intelligent and block chain technologies in the MAS
management (MASM) is proposed:
•

•

•

•

improving the architecture of the MASM in cloud environments, providing effective management in the conditions of uncertainty of the information environment;
development of new management models in CC with IA
based on the choice of the optimal response to environmental events;
improvement of instrumental program complexes for
MASM with intellectual support of decision-making and
research of efficiency of methods, models and algorithms;
development of MAS technology of security management
for intrusion detection, countering threats of violation
of information security, assess the level of security of
information in CIS;

development of theoretical foundations, models and tools
of cloud platform for designing intelligent systems of
MASM on the basis of semantic technologies;
development of application software of workstations or
sites for managers and marketers using block chain technologies.

ИСПОЛЬЗОВАНИЕ ТЕХНОЛОГИИ
ИНТЕЛЛЕКТУАЛЬНОЙ МНОГОАГЕНТНОЙ
ОБРАБОТКИ ИНФОРМАЦИИ С БЛОКЧЕЙН ДЛЯ
СИСТЕМ УПРАВЛЕНИЯ
Вишняков В.А., Шайя Б.Х.,
Эль Масри А.Х., Эль Хаджи С.К.
Приведены тенденции использования многоаген-тных интеллектуальных технологий для обработки информации.
Показаны основные идеи построения распределенной многоагентной системы с распре-деленными знаниями и распределенной обработкой. Дана структура многоагентной системы
для обработки звуковой информации. Представлены направления использования много-агентных интеллектуальных систем в управлен-ческой деятельности с использованием
облачных и блокчейн технологий. В качестве концепции
предложено создание инструментальной распреде-ленной
платформы на базе многоагентного подхода, объединяющей
семантические и блокчейн технологии.
Ключевые слова: многоагентные технологии, распределенные базы знаний, распределенное принятие решений,
облачая среда, инструментальная платформа
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Abstract—We have conducted time delays estimation
induced by system of secure access in a stage-by-stage uses
means of protection of information to detect and eliminate
threats for intellectual information protection system. Was
considered a different sequence of the stage-by-stage uses
means of protection of information and intersection of
the sets of threat detection and elimination. For system
of secure access is shown that the best option of system
protection elements consistent use is the option in which
the system elements are used sequentially from the least
“simple” (which having a smaller area prevent security
threats) to the “complex” (which having a large activity
area). At the same time, at low arrival rate, consistent use
of connecting “complex” means to “simple” means gives
close results to the best options. However, the difference
between them begins to grow rapidly with the increase in
the arrival rate, approaching the worst options – options in
which “complex” means are at the center of the information
security system. It shows a comprehensive estimating of the
effectiveness of the system of secure access in terms of the
introduced delays and information security.
Keywords—information protection, information security,
computer system, system of secure access, system secure assessment, intellectual protection system, information threat

I. I NTRODUCTION

ending with getting infected with virus data on individual
nodes of a CS, in order to create conditions for the
inability of the CS to work properly. An MPI‘s to
prevent threats to IS can be firewalls of various types,
anti-virus means located at different levels of the CS,
means of protecting against unauthorized access, and
other MPI‘s. Each of these means, both individually and
in the complex, is able to provide one or another level of
information security of the computer system as a whole
and its individual nodes with various delays in processing
requests received by the system.
The purpose of this work is to increase the effectiveness of the SSA based on the selection of variants of its
structure on the stage-by-stage use of different MPI and
likely intersection of the sets of threat detection of these
MPI‘s.
The efficiency of designing SSA is defined in terms of
providing them protection from threats of IS and delays
processing of incoming requests to IS.
The calculation of delays is especially important for
intelligent protection systems that require complex information processing when detecting fuzzy decision-making
models under uncertainty [6], [7].

Design of computer systems (CS) that can actively
II. T HE OBJECT OF STUDY
withstand to information security (IS) threats using inThe object of the study discusses the SSA "Direct contellectual system of secure access (SSA) is one of the
key tasks of corporate system design [1], [2], [3], [4], nection" involving connecting several elements (means or
ways) protection implemented in the form of hardware,
[5].
An intellectual SSA have limitations to threat detection software platforms or their combinations as part of a
especially when they function in real time. Their capa- unified system of information protection [8], [9], [10].
bilities are limited by the computing power of the means Typical SSA "Direct connection" is shown in “Fig. 1”.
The SSA "Direct connection" includes three key eleof protection of information (MPI) and allowable delays
in detecting and eliminating IS threats (which largely ments: terminal nodes of the CS, MPI that are outside
depend on the configuration MPI‘s for the SSA and the of terminal nodes of the system and communication
channel.
sequence of their application.
The objective of the SSA "Direct connection" is to
Information security threats can be of a different
nature, ranging from unauthorized access to a CS and ensure IS of terminal nodes of the CS. For this in its
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Figure 2. Service process of request in the system of information
protection, including the R-stages: V1 , . . . , VR – the processing time
on the stages of the system of information protection; P1 , . . . , PR−1 –
the probability of passing the request to the i − th stage of the system
of information protection, i = 1,. . . , R.

IS) or arrives at the next (i + 1)-th stage of service
with probability (1 − ˘Pi ), after the completion of the
i-th stage. The request leaves the system and begins
phased implementation of the next request from the
queue after service completion at stage R. We assume
that the service time of these stages has an exponential
distribution.
III. E STIMATION OF AVERAGE RESIDENCE TIME OF
THE REQUEST IN THE SYSTEM

Queuing system with stage-by-stage service “Fig. 2”
is a special case of a queuing system of type M/G/1
[12], [13], [14], [15], [16], [17]. The average residence
time of the request in the system T can be defined by
the Pollaczek–Khinchine equation, as shown in “(1)”:
T = x + ρx

Figure 1. The system of secure access – "Direct connection".

1 + Cv2
2(1 − ρ)

(1)

where x — the average time of service request; ρ = λx
— the coefficient of exploitation (ρ < 1 ), here λ
— arrival rate; Cv2 = σv2 /(x)2 — the square of the
coefficient of variation, and σv2 -– the dispersion of the
service time of the request.
One way to improve the reliability and performance
of the SSA is the integration of MPI in clusters with a
distribution of requests between nodes [19], [20], [21].
Then, the arrival rate of requests that arrive in each of
M-systems will be divisible by M if the SSA includes
M-systems, which serve incoming requests. In the result,
the equation to calculate the average residence time of
the request in the system shown in “(2)”:

composition used specialized hardware and software MPI
aimed at solving problems of IS. MPI may also be
located on the terminal nodes of the CS. First, however,
the process of IS within the CS rests on external remedies
to improve performance of SSA and reduce processing
load on end nodes of CS.
A communication channel carries out switching of the
1 + σv2 /(x)2
CS from the external network or to other areas of the
T = x + ρx
.
(2)
2(M − ρ)
corporate network which uses other methods to ensure
IS.
We assume that the service time of these stages has an
We consider a system of information protection im- exponential distribution. Then, using the distribution of
plemented in the compute node with a certain set of Cox (in accordance with “Fig. 2”), we obtain the Laplace
software MPI. MPI that are used in the SSA are activated transform for the density of probability distribution of
step-by-step (sequentially), in this regard, consider the service time in the form “(3)” [13], [14]:
protection system as a queueing system with a stepR−1
i−1
X
Y
µ1
by-step executing queries [11], [12]. Service process of
B(s) =
P1 + (
Pi ( (1 − Pj ))·
s + µ1
request in the system of information protection, including
i=2
j=1
(3)
the R-stages, is shown in “Fig. 2”.
i−1
R
R−1
Y µj
Y µi
Y
A request immediately leaves the system with prob·
(
)+
)
(
(1 − Pj )
s + µj
s + µi j=1
ability Pi (the MPI found and removed the threat of
j=1
i=1
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where µi – the intensity of service; Pi – the probability
of removing the threat of IS on the i − th stage of the
service; R – the number of stages in SSA.
We can obtain the mathematical expectation and dispersion of the average service time for the system,
including the R-stages of service after the definition
of the Laplace transform for the density of probability
distribution of time. We will use the following equation
to calculate the n − th initial moment of the random
variable [13]:
X n = (−1)n A∗(n) (0)

The second initial moment for SSA that includes 3step defined as:
B“(s) =
+

+
(s + µ2 )(s + µ3 )2
2µ2 (P2 )(1 − P1 )
+
+
(s + µ1 )2 (s + µ2 )
2µ2 µ3 (1 − P1 )(1 − P2 )
+
×
(s + µ2 )(s + µ3 )
1
1
(10)
+
+
×(
2
(s + µ1 )
(s + µ2 )2
1
+
)+
(s + µ1 )(s + µ2 )
2µ1 (1 − P1 )P2
2µ1 (1 − P1 )P2
+
+
+
(s + µ2 )3
(s + µ1 )(s + µ2 )2
2P1
2µ2 µ3 (1 − P1 )(1 − P2 )
+
+
+
2
(s + µ1 )
(s + µ2 )(s + µ3 )3
µ2 µ3 (1 − P1 )(1 − P2 )
+
(s + µ1 )(s + µ2 )(s + µ3 )

(4)

The first derivative of B(s) corresponds to the first
initial moment, and the mathematical expectation:
x=

dB(s)
|s = 0
ds

(5)

The second derivative of B(s) corresponds to the
second initial moment:
x(2) =

d2 B(s)
|s = 0
ds2

(6)

Knowing that µi = Vi−1 and having s = 0, we get the
dispersion of the service time, as shown in “(11)”:
σv2 = 2(V1 (P1 + (1 − P1 )(P2 )) + V22 P2 (1 − P1 )

Given the Laplace transform, receiving the first (x)
and second (x(2) ) initial moment, it is possible to find
the dispersion:
σv2 = x(2) − x2

P 1 µ1
µ1 µ2 P2 (1 − P1 )
+
+
2
(s + µ1 )
(s + µ1 )(s + µ2 )2
µ1 µ2 µ3 (1 − P2 )(1 − P1 )
+
+
(s + µ1 )(s + µ2 )(s + µ3 )2
µ1 µ2 P2 (1 − P1 )
µ3
+
+
×
2
(s + µ1 ) (s + µ2 ) s + µ3
µ1 µ2 (1 − P1 )(1 − P2 )
×(
+
(s + µ1 )(s + µ2 )2
µ1 µ2 (1 − P1 )(1 − P2 )
)
+
(s + µ1 )2 (s + µ2 )

+ (V12 + V1 V2 + V22 )(1 − P1 )(1 − P2 )+

+ V32 (1 − P1 )(1 − P2 )) + V1 V2 P2 (1 − P1 )+

B‘(s) =

IV. D ETERMINING THE PROBABILITY OF DETECTING
THREATS IN A STAGE - BY- STAGE USES MEANS OF
PROTECTION OF INFORMATION

The probability of detection of threat after applying r
MPI‘s can be defined as:
r
Y
Pr = 1 −
(1 − pi )
(12)
i=1

(8)

Knowing that µi = Vi−1 and having s = 0, we get the
average service time, as shown in “(9)”:
x = V1 P1 + (V1 + V2 )(1 − P1 )P2 +
+ (V1 + V2 + V3 )(1 − P1 )(1 − P2 )
where Vi – service time i − th MPI.

(11)

+ 2V3 (V1 + V2 )(1 − P1 )(1 − P2 ) − x2

(7)

For example the calculation, suppose a system of information protection of CS includes three MPI (R = 3).
Thus, the average time R-stage service defined as:

µ2 µ3 (1 − P1 )(1 − P2 )
µ1
(
)+
(s + µ1 ) (s + µ2 )2 (s + µ3 )2
µ1 µ2 ( µ21+s + µ31+s )(1 − P1 )(1 − P2 )

(9)
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There are some sets:
• H -– the set of threat of IS which need to be
addressed in the context of a specific CS;
• E – the set of threat of IS which is capable of
detecting (and with some probability, eliminate) the
set of R means (or ways) used in the system of
information protection;
• Ai – the set of threat of IS which is capable of
detecting and eliminate i − th MPI of the system of
information protection.
Define:
• Li = |Ai |/|E| -– the proportion of threats of total
set of threats of IS detected and eliminated by the
i − th element;
• li...m = |Ai ∩ Aj ∩ ... ∩ Am |/|E| – the proportion
of threats of total set of threats of IS detected and

eliminated elements i, j to m (using different from
each other methods and/or algorithms) used in the
system consisting of several elements;
• I = |E|/|H| the coefficient of "coverage" of threats
of IS (which can be susceptible to the CS) detected
by the elements used in the system (E ⊆ H);
• |E|, |H|, |Ai | a cardinal number (number of threats)
of sets, respectively E, H, Ai .
We assume that all threats are not equivalent among
themselves, that is, the losses that they can cause the CS
are different.
In the system highlight areas to detect and eliminate
threats of IS: an area where work can be conducted only
one element that is part of the system of information
protection of CS and the area where you can work several
elements of the system of information protection.
In general the intersection of the sets of threats of IS
to the system of information protection, which includes
three elements (with the proportion of the threats addressed by each element or group of elements) is shown
by Venn diagram in “Fig. 3”.

threats of IS detected and eliminated by the i−th element
of the system of information protection that consists of
R-elements; li. . . m – the proportion of threats of total
set of threats of IS detected and eliminated elements i, j
to m used in the system consisting of several elements;
pi – the probability a threat is detected by the i−th MPI;
pj – the probability defined as pj = 1 − pj ; i, j, . . . , t
– the ordinal numbers of the elements of the system of
information protection. Thus, using “(13)” we get P1 and
P2 , as shown in “(14)” and “(15)”:
P1 = I · W · l1 p 1
P2 = I · W · (p1 (L2 − l12 ) + l12 p1 p2 ))

(14)
(15)

Here L1 = |A1 |/|E| and l12 = |A1 ∩ A2 |/|E|.

V. C OMPREHENSIVE ASSESSMENT OF THE
EFFECTIVENESS OF THE SECURE ACCESS SYSTEM

We can use a comprehensive indicator of effectiveness
expressing the normalized average time savings before
detecting and eliminating a threat relative to the maximum allowable delay time introduced by the SSA for
a comprehensive assessment of the effectiveness of the
SSA "Direct Connection". The comprehensive indicator
of effectiveness is shown in “(16)”:
To − T
· PS
(16)
T0
Here T0 - maximum allowable time of the request in
the SSA; T - average time the request in the SSA; PS
- information security of the system. The information
security of the system can be found using the equation for
estimating the probability of detecting a threat of information protection by the information protection system
consisting of R-elements (equation extension “(13)” for
the case of estimating the probability of detecting a threat
to the entire system, rather than individual stages of its
operation) – “(17)” [22].
QS =

Figure 3. The proportion of the threats eliminate by each element or
group of elements included in the system.

Given that the system of information protection uses
MPI have the intersection of the sets of detected threats
of IS, then get that the probability of eliminating the
threat Pi for the i − th service stage “(13)”:
Pi = I · W · (li pi +
+ ... +

m<i
X

m=1

j<i
X

(lji (pi pj ) +

i=1

q<i
X

PS = I · W ·
+

q<i
X
q=1

q=1

lmt...i (pi pj ...pm ))...)
(13)

i=1

((li pi +

j<i
X
i=1

(lji (1 − pi pj )+

lqji (1 − pi pj pq )+

+ ... +
lqji (pi pj pq )+

R
X

m<i
X

m=1

(17)

lmt...i (1 − pi pj ...pm ))...)

VI. E XAMPLE OF CALCULATION OF THE AVERAGE
TIME OF DETECTING THREATS IN DIFFERENT
SEQUENCES OF APPLICATION OF MEANS OF
PROTECTION OF INFORMATION AND SYSTEM
EFFECTIVENESS INDEX

where W = λT /λ – the proportion of threats of IS in the
Let the tenth part in the incoming to CS data is
channel of communication, here λT and λ – arrival rate malicious (threat to CS) and can be detected used in
of threats of IS and total arrival rate (including threats of its elements of information protection (W = 0.1), and,
IS), accordingly; li – the proportion threats of total set of also, we assume that I = 1 (all MPI‘s used as part of
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a system of information protection cover all the existing
threats against the CS). The service time of elements
of the system of information protection m1 , m2 , m3 :
V1 = 0.0025 c, V2 = 0.004 c, V3 = 0.0075 c. The
probability of eliminating the threat of IS of each of
the elements of the system of information protection:
p1 = 0.9 , p1 = 0.95 , p1 = 0.925 . The proportion of
threats of total set of threats of IS detected and eliminated
elements of system of information protection: L1 = 35%
, L1 = 50% , l12 = 15%.
When completing the system with three means of
protection, there are the following options for their
consistent application:
• b1 : (m1 , m2 , m3 );
• b2 : (m1 , m3 , m2 );
• b3 : (m2 , m1 , m3 );
• b4 : (m2 , m3 , m1 );
• b5 : (m3 , m1 , m2 );
• b6 : (m3 , m2 , m1 ).
Substituting in the equation “(2)”, of equations “(9)”,
“(11)”, “(14)” and “(15)”, we get, the average service
time of request of the SSA – corresponding to the average
time a threat is detected. The dependence of the average
time of request in the system on the arrival rate for
different options of placing of elements of the system
of information protection shown in “Fig. 4”.

Figure 4. The dependence of the average time of request in the system
on the arrival rate. Option b1 and b5 – black and grey lines, accordingly;
option b3 and b4 – grey and black the dash-dotted line, accordingly;
option b2 and b6 – grey and black the dotted line, accordingly.

close to this embodiment the result of the placement of
the elements of the system of information protection. At
the same time, the difference between options b1 and b3
increases with increase in the intensity of the arrival rate.
A similar pattern is observed when comparing options b2
and b4, and options b5 and b6. The options b2 and b4, the
sequence of application of various MPI have significantly
worse performance of the average time of request in the
SSA (threats detection). This is because in the center (in
this case, second) stage of work the system of information protection is the most “complex” MPI (thus, it is
necessary to work with almost partially unfiltered arrival
rate) in each of these accommodation options elements.
At the same time, at low arrival rate, consistent use of
connecting “complex” means to “simple” means (option
b5 and option b6) gives close results to the best options.
However, the difference between them begins to grow
rapidly with the increase in the arrival rate, approaching
the worst options – options in which “complex” means
are at the center of the information security system
(option b2 and option b4).
For the option of building a SSA "Direct connection"
(b1) we get the following graph of the effectiveness of
using SSA from 1 to 3 MPI‘s. “Fig. 5”.

Figure 5. The dependence of the system effectiveness index on the
arrival rate. Three MPI‘s option – black lines; two MPI‘s option
(m2 , m1 and m3 , m1 ) – grey and black the dotted line, accordingly;
one MPI option (m2 , m3 ) – grey and black the dash-dotted line,
accordingly.

As can be seen from the graph (“Fig. 5”) with inFrom “Fig. 4” we can see that option b3 sequence of creasing arrival rate the efficiency of the SSA using a
application of various MPI in the system of information three MPI‘s becomes lower than the use of two MPI‘s.
protection the best. It involves a sequential arrangement Similarly, with a further increase in the arrival rate, it
of the elements of the system of information protection will be more efficient to use one MPI.
from “simple” (with a smaller area of detection and
C ONCLUSION
elimination of threats of IS, but with greater speed)
to a more “complex” (a larger area of detection and
It was determined the average time of detecting threats
elimination of threats of IS, but slower). Option b1 has, in different sequences of a stage-by-stage uses of various
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means of protection information in the system of secure
access. We raised the assumption that the service time
of each step is a random variable that has exponential
distribution.
It is shown that a variant of a sequential arrangement
of the elements of the system of information protection
from “simple” (with a smaller area of detection and
elimination of threats of information security, but with
greater speed) to a more “complex” (a larger area of detection and elimination of threats of information security,
but slower) is preferable in terms of providing the least
values for average time of threat detection.
The effectiveness of the system of secure access using
a different number of information security tools is shown.
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ЭФФЕКТИВНОСТЬ ИНТЕЛЕКТУАЛЬНОЙ
СИСТЕМЫ БЕЗОПАСНОГО ДОСТУПА ПРИ
ПОСЛЕДОВАТЕЛЬНОМ ПРИМЕНЕНИИ
СРЕДСТВ ЗАЩИТЫ С УЧЕТОМ
ПЕРЕСЕКАЕМОСТИ МНОЖЕСТВ
ОБНАРУЖЕНИЯ УГРОЗ
Коломойцев В.С., Богатырев В.А., Поляков В.И.
Для интеллектуальных систем защиты информации
определены временные задержки, вносимые системой
безопасного доступа с учетом различной последовательности поэтапного применения средств защиты и пересекаемости множества обнаруживаемых и
устраняемых ими угроз. Для системы безопасного
доступа показано, что лучший вариант последовательного применения элементов системы защиты – тот,
при котором элементы системы применяются последовательно от наименее "слабых"(имеющих меньшую
область предотвращения угроз защиты информации) к
наиболее "сильным"(имеющих большую область работы). В то же время при низкой интенсивности входного
потока последовательное подключение от «сложных»
средств к более «простыми» дает близкие результаты
к лучшим из исследованных вариантам построения.
Однако разница между ними начинает быстро расти
с увеличением интенсивности входного потока, приближаясь к худшим вариантам - вариантам, в которых
«сложные» средства находятся на центральных этапах
работы системы защиты информации. Показана комплексная оценка эффективности системы безопасного
доступа по показателям вносимых задержек и информационной защищенности.
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Method of development of information security
expert system
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Abstract—In the modern world, information technology
is used in almost all spheres of society, so information
security is particularly relevant. There are various methods
of solving information security problems, one of which is
the use of expert systems. This article discusses the method
of development of information security expert system on
Exsys Corvid.
Keywords—information security, expert system

Business disruptions in the form of data breaches,
hacking, hijacking of website or social network accounts
and IT infrastructure threats are part of the new business
reality for organizations in any sector. The use of ES
contributes significantly to the detailed analysis and evaluation of IS and the protection of the organization and its
information assets from current and future cyber threats
by specific information security specialists in various
organizations without the involvement of additional and
more qualified personnel. The main purpose of ES is that
they act as a kind of assistant or amplifier of intellectual
activity of a specialist in a particular subject area.
The generalized structure of the expert system is
shown in Fig. 1. It should be noted that real ES can
have a more complex structure, but the blocks shown in
the figure are certainly present in any real expert system,
since they represent the standard of the modern structure
of the ES.

Credit card information leaks, identity theft, ransomware, intellectual property theft, privacy breaches,
denial of service-these information security incidents
have become common news. Among the victims are the
largest, wealthiest and most secure enterprises: government agencies, large retail chains, financial institutions,
even manufacturers of information security solutions.
Among the threats to the organization can be identified:
• Theft of confidential information, site deface, phishing, ransomware.
• Data loss due to natural phenomena or accidents.
Security is closely connected with IT infrastructure
management: a well-managed network is more difficult
to hack than a poorly managed one. To understand how
well an organization protects information, the following
questions arise, such as do you know what do your
employees connect to their computers? What devices
are connected within the local network? Do you know
what software is used in your information systems?
Did you configure your computers to meet information security requirements? Do you control employees
’ access to confidential information or those who have
elevated access rights in the systems? Do your employees
understand their role in protecting your organization from
information security threats? There are various methods
of solving IS problems, one of which is the use of expert
Figure 1. Structure of the expert system
systems (ES). The possibility of using expert systems to
solve problems of information security has become of
Main components of IT used in the expert system:
interest to specialists in information security due to the User interface, knowledge base (KB), knowledge engithe rapid development of information technology, hence neer (ornithologist, interpreter engineer, analyst), expert,
the emergence of new types of threats. Already expert solver General scheme of interaction between the cresystems are used to solve some problems of information ators of the expert system is shown in Fig. 2.
security:
In the course of work on the creation of ES, a
• risk assessment and threat modelling;
certain technology of their elaboration has developed,
• antivirus software;
including the following six stages: identification, concep• audit of information security of the enterprise.
tualization, formalization, implementation, testing, trial
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Figure 2. Interaction of the creators of the expert system

operation (Fig. 3). At the identification stage, the tasks
to be solved are determined, the development goals are
identified, experts and types of users are determined.
At the stage of conceptualization, a meaningful analysis
of the problem area is carried out, used concepts and
their interrelations are revealed, the methods of problem
solving are determined.

Figure 4. Methods of development of expert systems

mental difficulties have emerged that prevent the wider
spread of ES and seriously slow down and complicate
their development. They are quite natural and follow
from the very principles of the development of ES
(tab. I).
Table I
P ROBLEMS ENCOUNTERED IN THE DEVELOPMENT OF ES
Expert
Knowledge engineer

Knowledge base

Logical output machine
Figure 3. The stages of development of expert systems
The output target

Error in expert knowledge such as
incorrect and incomplete knowledge
Semantic errors due to different
interpretations of the meaning of the
knowledge engineer and the expert;
Incomplete knowledge of the expert.
Syntax errors in the forms of
knowledge representation;
Errors in content due to incorrect and
incomplete knowledge, as well as
uncertainty in rules and facts
Errors in the logical output machine
and in other software tools of expert
systems
Inference errors due to incorrect
prioritization of rules, interaction of
rules and errors in the knowledge base;
Error due to non-monotonic inference.

At the stage of formalization, the methods of representation of all types of knowledge are selected and
determined, the basic concepts are formalized, the ways
A lot of tools are presented on the market for the
of interpretation of knowledge are determined, the work development of ES. One of the leaders is a system
of the system is modeled, the adequacy of the goals EXSYS CORVID.
of the system of fixed concepts, methods of decisions,
Consider the example regarding the protection of inmeans of representation and manipulation of knowledge formation of any organization. Hereinafter there will be
is assessed.
a description on how to use the Corvid Exsys shell to
At the stage of implementation, the expert fills the create an ES.
knowledge base. Due to the fact that the basis of ES is
In the beginning, in order to move forward on the issue
knowledge, this stage is the most important and the most of information security, it was necessary to deal with
time-consuming stage of ES development. The process the local network, connected devices, critical data and
of acquiring knowledge is divided into the extraction of software. Without a clear understanding of what you need
knowledge from the expert, the organization of knowl- to protect, it will be difficult for you to ensure that you
edge that ensures the effective operation of the system, are providing an acceptable level of information securi.
and the presentation of knowledge in the form of a
Key issues that are necessary for our system:
understandable ES. The process of acquiring knowledge
Do you know what information needs to be protected?
is carried out by a knowledge engineer based on the Where is the most important information stored on your
analysis of the expert’s activities to solve real problems. network? Do you know which devices are connected to
The method of development of expert systems is shown your network? Do you know what software is installed on
in Fig. 4.
employees ’ computers? Do your system administrators
However, already at the initial stages, serious funda- and users use strong passwords? Do you know which
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online resources are used by your employees (i.e., working or sitting in social networks)? Consider the question:
do you Know what information you need to protect?
Where is the most important information stored on your
network?
To solve this problem, the variable "Know your infrastructure"was set.
In the simplest case, you can write only 2 rules:

Figure 6. Window logic blocks in the system Exsys Corvid

When all necessary variables are defined, logical
blocks are built (Fig. 5), which describe the knowledge
in the system. A logical block can contain one or more
logical trees and/or rules.
Figure 7. Window logic blocks in the system Exsys Corvid

use in real-world tasks requires a fairly large data and
knowledge base. Further work will be directed towards
finding the sources of this data and knowledge. Also,
it is possible to carry out additional studies to further
define the task, by a more detailed description of the
input data. If you develop an expert system that will
have the following features:
• automation of risk assessment procedures;
Figure 5. Window logic blocks in the system Exsys Corvid
• the assessment should be based on the established
list of parameters;
The user dialog after starting the ES will look as shown
•
low requirements to qualification of the expert;
in Fig. 6 and Fig. 7.
•
presentation of the final assessment in a visual form;
The result is a very flexible and powerful development
• ability to easily adapt to the requirements of new or
environment that can be quickly explored and impleupdated regulatory documents on is;
mented.Thus, a prototype was developed using Exsys
• formation of a list of recommendations to improve
Corvid, but the prototype should be improved with the
the organization’s is system based on the results of
help of new knowledge.
the program.
The expert system can be used to analyze and configure information security systems. This conclusion is
With the above features, the expert system will most
made on the basis of its main characteristics, proper- effectively assess the risks of violation of is organizaties, analyses, methods of development. However, for tions.
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МЕТОД РАЗРАБОТКИ ЭКСПЕРТНОЙ
СИСТЕМЫ ИНФОРМАЦИОННОЙ
БЕЗОПАСНОСТИ
Маржан Тынарбай
В современном мире информационные технологии
используются практически во всех сферах жизни общества, поэтому информационная безопасность очень
актуальна. Существуют различные методы решения
проблем информационной безопасности, одним из
которых является использование экспертных систем.
В данной статье рассматривается методика разработки
экспертной системы информационной безопасности
на Exsys Corvid.
Received 10.01.19
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have similar symptoms, the main difference lies in the
timing of the development of hepatic encephalopathy
regarding the first manifestations of jaundice, excluding
drug-induced liver injury [3]. It is possible to transfer
from one form of liver failure to another in the process
of developing the disease and the continuing impact of
adverse factors. Thus, physicians deal with fuzzy manifestations of the disease, which creates serious difficulties
for the diagnostic plan.
Clinical trials of new approaches to the treatment
of this disease are constantly being conducted. Knowledge of modern methods of treatment by the attending
physician can increase the survival of patients with liver
failure. The number of new publications is so huge that
knowing with them seems impossible for a practitioner.
I. I NTRODUCTION
This problem can be solved by developing a system that
Liver failure is receiving increasing attention in studies
will find similar cases in the literature and select the
in different countries, despite the relatively rare morbidmethod of treatment that most effectively showed itself
ity due to extremely high patient mortality. Acute liver
on a sample of similar patients.
failure is a life-threatening disease in which liver fails to
To implement such a system, two models were develfunction normally. The sudden loss of the synthetic and
oped,
combining different variants of the course of the
detoxifying functions of the liver leads to jaundice, endisease
and methods of treatment. In the present study, a
cephalopathy, coagulopathy, and multiorgan failure. The
set-theoretic
approach was chosen for building models,
etiology of liver failure is extremely variable. Mortality
with
the
help
of which various forms of the disease and
reaches 40–50%. Primary care depends on timely recogrelations
defined
on them are described.
nition of the condition and early detection of etiology.
In the present formulation of the problem, syndromes
Treatment includes intensive therapy, support for specific
etiology treatment, if any, and early identification of and symptoms were used as elements of the sets of
candidates for liver transplantation. Liver transplantation symbolic agents, as well as associated diseases, the
remains the only therapeutic intervention with proven presence or absence of which in the patient is essenefficacy of survival in patients with irreversible liver tial for the formation of the clinical picture of liver
failure. Activities aimed at combating various types of failure. The concept and description of sets from the
hepatitis and medicinal injuries of the liver will help standpoint of different authors is quite diverse. The sets
reduce the incidence and mortality from liver failure [1]. of signs presented in this study are a prerequisite for
However, there are no universal methods for treating an accurate diagnosis and choice of treatment tactics.
this pathology [2]. This is largely determined by the Since the model includes various forms of the disease,
relevance of this study, involving the search for adequate which have a similar set of manifestations, the diagnostic
methods of personal therapy, based on taking into ac- criteria are repeated several times with minor changes.
count the specific characteristics of disease progression These differences must be considered in the differential
diagnosis. Due to the fact that the elements will be
in individuals.
There are numerous forms of the disease: acute, fulmi- repeated, the set-theoretic approach with the presentation
nant, chronic, acute-on-chronic and a condition preceding of liver failure as a multiset is chosen as the basis of the
liver failure – drug-induced liver injury. All of them model.
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failure, allowing the diagnosis of the disease forms and personalized
selection of traditional and new methods of treatment. Separate
types are presented in the form of 5 sets which correspond to
the known clinical forms of the studied pathology: "chronic liver
failure", "acute-on-chronic liver failure", "acute liver failure",
"fulminant liver failure" and "drug-induced liver injury". The
models allow to take into account the dynamics of transition from
one form to another in the process of developing the disease with
continued influence of negative factors. The proposed approach
allows the difference in the clinical manifestations of the pathology,
the fuzzies of the transitional disease states, specific and nonspecific signs of etiologically and pathogenetically different forms,
which are the criteria for selecting similar cases to choice the most
effective therapies. Personalized treatment is based on comparing
a patient with a specific subset of the multiset.
Keywords—set-theoretic model, multiset, approximate sets,
meta-analysis, liver failure, personalized therapy

A multiset is a set that allows the possibility of
multiple presence of elements, that is, the existence of
several identical instances of the same element [4], [5].
Due to the fact that hepatic insufficiency is characterized
by blurred clinical manifestations of individual forms and
features of a particular patient and different etiological
causes, the multi-set model includes fuzzy sets. Although
any set can be represented as a continuous image of
space in which all sets are closed. In this sense, all
locally connected continua are Jordan continua, that is,
continuous images of a segment of a straight line [6]. In
a certain sense, one can also speak of the connectedness
of the sets under consideration. According to William
Weiss [7], set theory is a true study of infinity.
II. C LINICAL AND FORMAL PROBLEMS OF FUZZINESS

The process of designing granules can be downward
or upward. In the descending process, a universal set is
taken as a basis, which is divided into a family of subsets.
In the upstream process, the original subset of objects is
grouped into a granule, and then the smaller granules
are combined into larger ones. This is similar to disease
subclasses and classes. An important characteristic of
fuzzy logic is that any theory can be fuzzified and,
therefore, generalized by replacing the notion of a clear
set with the notion of a fuzzy set. The win from the
fuzzification is the greater generality and the best fit of
the model to reality [13]. In the same article, attention
was drawn to the fact that fuzzy logic underlies the
methods of working with inaccuracy, granular structure
(granulation) of information, approximate reasoning, and
computing with words.

OF PATHOLOGICAL MANIFESTATIONS

III. S ET- THEORETIC MODELS OF PATIENT AND
In approximate sets, the boundary region allows to
TREATMENT OF LIVER FAILURE
simulate inaccuracy, and improving accuracy means reducing the boundary region. The theory of approximate
A formal presentation of the problem of liver failsets [8] provides formal means for working with incom- ure treatment, including various clinical forms, and applete or inaccurate information in terms of three-valued proaches to the choice of appropriate treatment tactics,
logic [9].
it seems expedient to consider from the standpoint of set
Medical information has a certain degree of fuzziness, theory.
determined by the possibility of an atypical course of
Accordingly, in the present study, two mathematical
the disease. The specific characteristics of individuals models were developed: a diagnostic "Model of a patient
create a situation of fuzziness in the manifestation of with liver failure" and a model for selecting options
diseases. Based on the diverse knowledge of pathological for targeted therapy, called the "Liver failure treatment
manifestations, a model of the disease is formed, which model". Both models are based on the concept of a
includes various forms and variants of development. In multiset and include fuzzy sets and subsets, which are
other words, a model is a set that includes the interpre- different forms of liver failure. Their fuzzies determines
tation of some symbols of relations and constants, which the difficulty of deciding on the choice of the most
may or may not be present in specific cases. The course effective therapy.
of the disease can be characterized by the emergence of
As a result, 5 sets were formed that characterize
new signs, which does not exclude the transition of indi- various clinical forms of liver failure: "chronic liver
vidual elements (objects that characterize the condition failure", "acute-on-chronic liver failure", "acute liver
of patients) from one subset to another.
failure", "fulminant liver failure" and "drug-induced liver
In computer science, the characteristic function of injury". When establishing relations between the five
a fuzzy set is considered in the range from 0 to 1 initially distinguished sets, it was considered expedient to
[10]. Thus, using the concept of fuzziness in medical group them into two contiguous, though not intersecting
knowledge, it becomes possible to ensure that subsequent sets: “Form of chronic liver failure” and "Form of acute
features take into account the clinical characteristics of liver failure". Inside each of the newly formed united
individual patients.
sets, there are subsets that are closest in composition to
Consider also the concept of granulation as the ability the elements, which were initially considered as separate
to operate with data and knowledge at various levels of sets. This is explained by the fact that the subset "acutedetail as interval mathematics. It should be remembered on-chronic liver failure" has a similar clinical picture
about the general principle of granulation L. Zadeh [11]: and etiopathogenetic mechanism of development with
to work effectively with inaccurate information should the subset "chronic liver failure", the difference is that
choose the largest granules in accordance with the per- the exacerbation was caused by the appearance of a
missible level of inaccuracy. This will help to reflect the provoking factor in a patient with chronic liver disease,
level of generalization-detail when considering specific which caused a similar disease dynamic. The second
processes. One of the main components of the theory of formed set "Form of acute liver failure" included a subset
granulation [12] are formal models of granules. These are of "acute liver failure" and "fulminant liver failure",
subsets, clusters, neighborhoods, multisets, approximate the latter of which is characterized by the absence of
chronic liver disease in the patient, but develops with
sets, fuzzy sets, etc.
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lightning speed. The third subset of "drug-induced liver analysis. The basic designations of the disease sets:
injury" only partially overlaps with the set "Form of
∙ LF – "liver failure" multiset.
∙ FCLF – "form of chronic liver failure" set.
acute liver failure", as it has a similar clinical picture
∙ FALF – "form of acute liver failure" set.
and timing of complications, but the syndrome of hepatic
∙ CLF – "chronic liver failure" subset.
encephalopathy does not develop in this event. However,
∙ ACLF – "acute-on-chronic liver failure" subset.
in the absence of timely treatment, hepatic encephalopa∙ ALF – "acute liver failure" subset.
thy syndrome is manifested and the disease turns into an
∙ FLF – "fulminant liver failure" subset.
∙ DILI – "drug-induced liver injury" subset.
acute form of liver failure. Both sets represent the "Liver
failure" multiset.
The multiset, sets, and subsets consist of elements.
The "Model of a patient with liver failure" contains Designations of the main elements:
groups of criteria that ensure the exclusion of cases of
∙ j – jaundice,
liver failure that were not considered in this study, since
∙ b – total bilirubin,
∙ c – coagulopathy,
they require the interaction of specialists from different
∙ i – international normalized ratio (INR),
areas of medicine. One of the groups were presented
∙ p – prothrombin activity,
signs (elements of subsets), the presence of which is
∙ e – hepatic encephalopathy,
necessary for the diagnosis of the liver failure form,
∙ a – ascites,
named as inclusion criteria. The other group consisted of
∙ d – liver disease history,
∙ 𝑡𝑠 – time of development of complications of liver failure
non-specific criteria, the presence or absence of which in
(hepatic encephalopathy and/or ascites) since the first
a patient is considered necessary to clarify the clinical
manifestations of liver damage (jaundice).
picture of the liver failure form and to establish the
The
elements jaundice, total bilirubin, coagulopathy,
etiological features of occurrence of the disease in a
INR, prothrombin activity, hepatic encephalopathy, asparticular patient.
cites, and a history of liver disease in the model are
During operation, the model checks the signs from encoded in a binary type [0, 1], where 0 indicates either
which groups are present in a particular case and allow to the absence of manifestation of this trait, or, in the case of
confirm the hypothesis about the diagnosis. On this basis, laboratory indicators, the norm. For the time of symptom
in the future, a sample was selected from the literature development, a scale consisting of 5 values [0, 1, 2, 3,
4] was introduced, where 0 is up to 7 days (1 week), 1
for the selection of an adequate method of treatment.
is up to 14 days (2 weeks), 2 is up to 28 days (4 weeks),
The "Liver failure treatment model" is based on a 3 – up to 56 days (8 weeks), 4 – more than 56 days (8
diagnostic model, taking into account various classes weeks). There is a connection between some elements.
of treatment involving traditional and new approaches For example, jaundice syndrome is diagnosed by elevated
bilirubin levels, that is:
to therapy. This made it possible to form patterns that
1, 𝑏−𝑒𝑣𝑒𝑙𝑎𝑡𝑒𝑑
ensure the selection of analogues according to clini𝑗0,
(1)
𝑏−𝑛𝑜𝑟𝑚𝑎𝑙
cal manifestations and answers to the applied methods
This statement is also true for coagulopathy syndrome and
and resources of treatment. Currently, this is especially
important with the development of high-tech treatment prothrombin activity and INR:
methods. Although applied and well-proven drugs in
1, 𝑖≥1.5, 𝑝≤40%
𝑐0,
(2)
𝑖<1.5, 𝑝>40%
certain situations. Thus, the main methods of treating
patients with hepatic insufficiency are: drug therapy, liver
Using this designation of elements, the subset of "acutetransplantation, extracorporeal liver support systems, and on-chronic liver failure", which corresponds to the definition:
cellular technologies. The choice of treatment tactics may "jaundice (serum bilirubin ≥ 5 mg / dL) and coagulopathy (INR
be affected by various symptoms, such as a history of ≥ 1.5 or prothrombin activity < 40%), with complications
in the form of ascites and/or encephalopathy for 4 weeks in
chronic liver disease, hepatitis, viral diseases, sepsis, etc. patients with previously diagnosed or undiagnosed chronic liver
When analyzing the Russian and world literature, it was disease" [14] can be written in the following form:
found that the principles of treatment for various forms
⎧
𝐴𝐶𝐿𝐹 = 𝑗 1 , 𝑐1 , 𝑎1 , 𝑒1 , 𝑡2𝑠 , 𝑑1
of liver failure do not differ in regions of the world.
⎪
⎪
⎪
𝐴𝐶𝐿𝐹 = 𝑗 1 , 𝑐1 , 𝑎1 , 𝑒0 , 𝑡2𝑠 , 𝑑1
⎪
Basically, there are similar points of view regarding the
⎪
⎨
𝐴𝐶𝐿𝐹 = 𝑗 1 , 𝑐1 , 𝑎0 , 𝑒1 , 𝑡2𝑠 , 𝑑1
therapeutic approach to the treatment of patients with
(3)
𝐴𝐶𝐿𝐹 = 𝑗 1 , 𝑐1 , 𝑎1 , 𝑒1 , 𝑡2𝑠 , 𝑑0
⎪
⎪
liver failure, the use of extracorporeal technology and
⎪
1 1
1 0 2
0
⎪
𝐴𝐶𝐿𝐹
=
𝑗
,
𝑐
,
𝑎
,
𝑒
,
𝑡
,
𝑑
⎪
𝑠
⎩
transplantation, the use of stem cells.
𝐴𝐶𝐿𝐹 = 𝑗 1 , 𝑐1 , 𝑎0 , 𝑒1 , 𝑡2𝑠 , 𝑑0
For the formalized presentation of knowledge obtained
from literary sources, linguistic scales for signs of liver that will correspond to all variants of the course of the disease,
failure were developed. With their help, the forms of which the authors considered in their article. Similar scales
are used to record treatment methods and their results. Subsethe disease, described in various publications, are written quently, with equations, operations are performed using special
in the form of equations, which further allows us to algorithms to identify the most effective methods of treating
carry out comparison operations with them in subsequent patients with the same forms of the disease.
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Approaches to the selection directed (targeted) [15]
treatment are determined by the necessity of a personalized approach to treatment with targeted areas of
action for certain cells. This is achieved by assigning
the individual to one of the subsets of the "Model of a
patient with liver failure", which are defined by the fuzzy
boundaries of the various forms of this disease.
Proper selection of targeted therapy due to the need
to consider the characteristics of the disease in a given
individual. In fact, personalized treatment is selected by
assigning the patient to one of the subsets of the multiset.
Clinical variants of liver failure in the form of subsets,
implemented in the models described above, were used
to search for similar cases in various studies available
in the PubMed database for describing clinical cases
with parameters similar to those observed in a particular
patient.
Queries to the international publication databases reflect the manifestations of various forms of liver failure
(including exclusion terms, the combination of which
with the underlying disease should not be contained
in the collection of publications given to the doctor),
treatment methods and research designs. It should be
noted that in terms of evidence-based medicine, metaanalysis and randomized studies have the greatest degree
of evidence (validity). In this study, a meta-analysis was
applied to various types of studies [16]. The formation
of a database of treatment methods was carried out by
marking up the corpus of articles, including inclusion
criteria, exclusions and non-specific criteria in a model
of a patient with hepatic insufficiency.
Selection of treatment is carried out on the basis of
similar clinical cases, published in Russian and foreign
literary sources in relation to various ethnic groups, that
is, on cases-analogs and precedents.
V. C ONCLUSION
The problem of selecting an adequate treatment for liver
failure is still relevant and causes considerable difficulties. At
the same time, adequate therapies have appeared that provide
a good effect. However, the search for a method of treatment
appropriate to a particular case of disease presents a serious
problem for the physician. Features of the clinical picture of
liver failure largely determine the tactics of patient management. A large volume of databases of literary sources does not
allow timely detection of similar cases with an effective result
of treatment.
Methods of mathematical modeling, in particular the settheoretic approach, considering fuzzy sets and subsets of forms
of liver failure and suggest the selection of targeted therapy
in each case using the method of meta-analysis of large
specialized databases.
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ВЫБОР АНАЛОГИЧНЫХ МЕТОДОВ ЛЕЧЕНИЯ
ПЕЧЕНОЧНОЙ НЕДОСТАТОЧНОСТИ ПРИ
ИСПОЛЬЗОВАНИИ
ТЕОРЕТИКО-МНОЖЕСТВЕННЫХ МОДЕЛЕЙ
Благосклонов Н.А., Кобринский Б.А.
В статье представлены теоретико-множественные модели
печеночной недостаточности, позволяющие осуществлять
диагностику форм заболевания и персонифицированный
подбор традиционных и новых методов лечения. Отдельные
типы представлены в виде 5 множеств, которые соответствуют известным клиническим формам исследуемой патологии: «хроническая печеночная недостаточность», «обострение хронической печеночной недостаточности», «острая
печеночная недостаточность», «фульминантная печеночная
недостаточность» и «лекарственно-индуцированное поражение печени». Модель позволяет учесть динамику перехода
от одной формы к другой в процессе развития заболевания
при продолжающемся воздействии негативных факторов.
Предложенный подход учитывает различие клинических
проявлений патологии, нечеткость переходных состояний
болезни, специфические и неспецифические признаки этиологически и патогенетически различных форм, являющихся
критериями отбора аналогичных случаев для выбора наиболее эффективных методов терапии. Персонализированное
лечение основано на сопоставлении пациента с определенным подмножеством мультимножества.

[1] Ch. Panackel, R. Thomas, B. Sebastian, S.K. Mathai. Recent advances in
management of acute liver failure. Indian J Crit Care Med, 2015, vol. 19,
no 1, pp.27–33.
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Abstract—Fuzzy inference systems are widely used in order to
implement complex rule-based decision-making process in expert
systems. One of their significant limitations, however, is the fact
that rules themselves describe ambient semantic of decision-making
process without taking real world data into account. This paper
discusses the possible ways to use sample data in order to optimize
fuzzy inference-based decision making.
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I. I NTRODUCTION

every decision made. While this is useful when dealing
with some ambient decision-making process that cannot
be formally verified with real-world data (for instance,
because the data is scarce), this is not the case most of the
applications. Usually, at least some measure of existing
data can be obtained that binds input variables and the
projected result. These data points, however, are mostly
only used to check the correctness the decision-making
process, and are not used to directly improve it.
The way rule-based expert systems operate is directly
opposite to supervised machine learning approach. In
supervised machine learning, decision-making process
itself is not defined in any way. Instead, learning algorithm is expected, given a large set of data points with
known outputs, to generate a decision-making model that
infers data semantics and mimics the intrinsic inputoutput relationship. This approach yields great results
when the direct semantic relationship between input and
output parameters exists, but is not obvious; this semantic
relationship can be expected to be determined during the
learning process itself. However, the exact reasoning that
led a fully-trained supervised machine learning model
to produce specific output based on specific input is
usually hard or impossible to determine, i.e. the decisionmaking process itself remains a black box; moreover, this
decision-making process is expected to be different for
different learning models and input data, the difference
sometimes being very significant [4].
The aim of this paper is to discuss the possible ways
to combine these two approaches – to employ supervised machine learning techniques in order to optimize
and augment the expert system ruleset and its variable
parameters to better fit existing sample data. The process is applied to fuzzy inference-based decision-making
medical expert system for determining chorionicity.

Expert systems are a useful tool for formalizing complex semantic decision-making processes performed by
a domain expert in order to build a software platform
that supports similar manner of decision-making. In a
way, creating an expert system is a means to break
down expert knowledge and experience into a set of
formal semantic logical statements that allow inductive,
deductive and abductive reasoning to be applied to realworld data. This, in turn, allows these rules to reach some
kinds of conclusions based on semantic representation
of input data, therefore generating new knowledge or
producing new facts based on prior knowledge or existing
facts. In a way, expert systems can be viewed as higher
order formalizations of real-world data – not only do
these systems require strict semantic formalizaiton of
data, they also require a strict semantic formalization of
any decision-making process associated with the data [1].
Inference-based expert systems use an inference engine as part of the decision-making process. These engines are expected to produce new facts based on intrinsic expert-specified semantic rulesets and some input
facts. Essentially, inference process defines how input
facts and rulesets are used to generate new facts and
output data. In order to implement an expert system given
a formal inference engine it is only required to form
a corresponding semantic ruleset, containing a direct
logical implication path from facts that are given to the
II. E XPERT SYSTEMS WITH FUZZY INFERENCE IN
expert system as an input to facts that can be used to
MEDICAL APPLICATIONS
determine problem output [2], [3].
A key component of any expert system is inference
One of the significant disadvanatages of most
inference-based expert systems is the fact that only engine. It defines, precisely, in what form expert knowlsemantic ruels themselves serve as the ground truth for edge should be presented to the system in order to
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support further decision-making process, i.e. it defines a higher order of applicaiton, FIS is a function - providing
formalization of the expert knowledge. Most commonly, a projection of input parameters into output parameters.
inference engines require decision-making process to be Input parameters are variables that are known prior, and
described as a number of rules that are assumed to be output parameters are the unknown variables that must
truthful logical statements and can be utilized to generate be determined by applying a set of rules.
When specifying rules in FIS, the elementary logical
new facts about existing data.
In general, the ruels used in inference engine are expressions used in them are generally defined not as a
defined as a number of if-then rules, i.e. “IF (A) THEN strict boolean value that can be true or false, but rather
(B)”. Logical statement A (antecedent) is usually some as a fuzzy variable that can have an arbitary degree of
known fact, and logical statement B (consequent) is a fact “truth-iness” from 0 to 1. In order to simplify the rule
that can be naturally deduced from A. Inference engines generation, all input variables can have several fuzzy sets
work by applying existing knowledge A to produce new associated with them that can be used as rules [3].
For instance, a medical expert system for determining
knowledge B, i.e. by asserting the truth of consequents
based on antecedent across the rulesets. The fact that chorionicity and amnionicity in multiple pregnancies can
consequent is true can be used as an output fact, i.e. have a set of rules stated by the expert [6], [7]. One of
as something that must be determined in context of the them might look like this:
problem solved by expert system, or as prior knowledge
IF [(amniotic membrane thickness) IS “Thick”]
for another rule, i.e. as part of antecedent statement
AND [(duration) IS “End of the 1-st trimester”] (1)
for other rules, which, in turn, allows to generate more
THEN [(chorionicity) IS “Likely dichorional”]
facts based on these rules with modus ponens inference.
The rule (1) has 2 input variables (amniotic memThe process of cascading application of existing facts is
brane thickness and duration) in antecedent and 1
known as chaining.
output variable (chorionicity) in consequent. The anMost of the known inference engines employ ei- tecedent is a compound statement - it has two simther forward chaining or backward chaining in order pler logical terms grouped with conjunction (logical
to deduce the result. The primary difference between “AND”). The first operand of conjunction is a statement
the two is the form of input to the system. Forward [(amniotic membrane thickness) IS “Thick”]. In fuzzy
chaining means that problem input can be stated as a inference systems all input and output parameters are
number of facts that are then used as antecedents in assumed to have a crisp numeric value. For instance, one
the ruleset, and the goal of the system is to deduce of the possible values for amniotic membrane thickness
some of the consequent facts. Backward chaining means is 2.1mm, as measured during ultrasound inspection. But
that problem input is not only a number of facts used it is usually hard to operate with crisp values in the rules,
in antecedents, but also a formal logical statement, and because the terms in them allow for a degree of uncerthe goal of the system is to determine, based on given tainty. Here, we use the term “Thick”. By itself, the stateinput facts, whether this statement is true according to ment [(amniotic membrane thickness) IS “Thick”] acexisting ruleset. In general, backward chaining is harder tually defines a fuzzy set over crisp tickness values, in
to implement, but it allows expert systems to work as milimeters, which means that, for any crisp thickness
knowledge bases and use these input formal statements as value, it is possible to determine the “truth-iness” meaa queries, implicitly performing a semantic analysis with sure of this statement. For instance, for value of 2.1mm
existing facts. Such systems require non-linear traversal that statement might yield a 0.95 certainty fuzzy value.
mechanism for rulesets in order to deduce which rules The exact mapping from crisp values to fuzzy certainity
exatcly must be applied in order to verify the given for each of the terms used in the rule is determined by a
statement. Forward chaining is usually easier to reason fuzzy membership function. Likewise, duration variable
about, since it is only applied to deduce the correct facts with the term “End of the 1-st trimester” is also a fuzzy
based on known data provided as an input [2], [5].
set over the duration of the pregnancy, in weeks [6], [7].
One of the common approaches to building inference
The membership functions are usually selected from
engines in expert systems is usage of fuzzy logic-based a range of basic functions, like triangular, trapezoid,
inference. Based on fuzzy algebra, fuzzy inference allows sigmoidal, etc. The parameters of these functions can
input facts to be stated not as a strict logical statements, regulate slope, translation points and the general shape
but as fuzzy variables, i.e. with a specific degree of of the function. Typically, the parameters for membership
certainty. It enables a one-way formalization of concrete functions are also defined by the expert. For instance, the
input parameter values to statements as fuzzy sets in fact amniotic membrane thickness is considered “Thick”
order to form a fuzzy variable, that can be further used at >2mm is part of the expert knowledge that is forin logical statements of a ruleset to generate new data.
malized within the system. The "gray" areas, however,
In a fuzzy inference system (FIS) any kind of numeric where membership function takes values between 0 and
parameter can be used as input or output variable. From a 1, are usually interpolated between a known set of points
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model M behave in every possible way, and of those
possible functions those are best used for a particular
problem that guarantee that performance metric is at its
minimum across all possible values of model parameters.
More complex models tend to fit the data better.
However, the complexity of the model itself means that
it performs poorly in generalization – additional nonlinearity introduced into it works well for exact data
points used for training, but the function itself can behave
unpredictably in between these points. This problem
is known as overfitting. If the model is overfit, its
performance on the training set will be very good, but it
will perform poorly on any known data items not used
during training, and requires additional optimizations like
parameter regularization [1].
As described earlier, machine learning, while able to
III. F UZZY LOGIC SYSTEM PARAMETERS AS
fit the data for a variety of tasks, actually remains a
MACHINE LEARNING OPTIMIZATION VARIABLES
black box even when properly trained. The decisionAs noted earlier, expert systems in general and fuzzy making process within, for instance, neural networks is
logic inference systems in particular only rely on their based entirely on individual weight values. Sometimes
respective rulesets with a formal decision-making pro- it is possible to analyze the paths from input to output
cess in order to produce output values, and a significant and determine how input features affect the output;
disadvantage of such an approach is the fact that real however, most of the times this information doesn’t shed
datasets of the problem cannot be used to improve light on how exactly the decisions are made. This is
decision-making process. On the other hand, re-creating the main difference between classic expert systems and
a decision-making process from scratch based on real machine learning systems – the former work based on
data is the problem that machine learning aims to solve a formalized decision-making process without taking the
[1], [4].
real data into account, while the latter try to determine
In general, machine learning works based on the a set of parameters for some complex function so that it
assumption that output data (the result of the decision- fits the real data without trying to formalize the decisionmaking process, in our case) can be modelled as a making proecss [4], [8].
paremetric function:
Combinining fuzzy logic and neural networks to obtain
~
~
y = M (~x, θ),
(2) the benifits of both have been explored in the past
with the introduction of ANFIS (Adaptive Neuro-Fuzzy
where ~y is the output parameter vector, ~x is the input Inference System). However, the complexity of such
parameter vector and θ~ is the model parameters vector. systems mean that they remain a universal estimator and
Given a number of data points with known input and that their decision-making process is still obscure, since
output (a training set) {(x~i , y~i )}, it is possible to calculate it depends heavily on training set [8]–[10].
how well the model (2) fits these data points. The most
In medical systems, real data for training is usually
commonly used metric is sum of squared differences available in smaller quantities. At the same time, doctors
(SSD) defined as follows:
that observe and diagnose the patients usually follow
n
a set of generalist rules that aid with decision-making.
X
~ − y~i )2
~ =
(M (x~i , θ)
(3) These rules can be formed based on personal experience,
S(θ)
i=1
or observing historical data, or taken from a well-known
Other metrics that can be used include sum of absolute research on the topic, but the preference is usually given
differences and mean values of squared error and abso- to methodology rather than statistics. For this reason,
lute error, and other estimators based on median values. expert systems are a more natural choice for medical
The general idea is that this metric can be described as applications. However, historical data can and should be
“fitness”, i.e. it numerically represents the ability of a used not only to verify built systems, but also to help
particular model M with a concrete set of parameters θ~ improve them. The radical improvement would mean the
to generalize these data points [1].
complete reorganization of the rulesets if, for instance,
The learning process itself is essentially an optimizing some of the rules can be disproven by a certain case.
of any model performance metric, like (3), in regards to However, such decisions must be carefully weighted by
~ The general idea is that variable the expert himself, since outliers in medical practice are
model parameters θ.
parameters of the model θ~ can be adjusted to make the a common occurance [6], [7].
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linearly. For example, trapezoid membership function
would be a common choice for “Thick” term, because
there is a certainty that thickness over 2mm can be
considered thick and below 1.7mm cannot be considered
thick, so between 1.7mm and 2mm the values are linearly
or sigmoidally interpolated.
Fuzzy inference process aggregates all the logical
expressions in atecedents using a specific implementation
of t-norm and t-conorm for AND and OR operators.
Based on the output membership, all consequents that
contain a specific output variable can be assigned a
specific value. In classic Mamdani inference type system,
resulting output values of the system are fuzzy sets. In
order to produce a crisp value based on the fuzzy set, a
centroid is most commonly used [2].

The above means that incorporating real-world data
statistical distribution as a basis for decision-making
process, as is done in machine learning, is generally not
a desireable approach. As such, a better way to use real
data is to make smaller adjustments to the formal rulebased expert systems [10].
The formal parameters that can be optimized are rule
weights and membership function values. It is important
to note that both weights and membership function parameters must be constrained, because those parameters
are part of the expert knowledge formalization, as well.

Optimizing expert systems based on real-world data is a
powerful way not only to verify the formal decision-making
model, but to also augment it with statistical observations.
This allows to retain the clarity of formal decision process, as
formulated by an expert, while allowing the outliers present in
live data to also be reflected in the model in a form of weights
and membership function parameters. The results indicate that
this approach yields a noticeable accuracy increase for fuzzy
inference systems. Further studies, however, are required in
order to optimize the augmentation process, since the only way
of determining correct variable parameters is a full traversal,
making it a costly and time-consuming process.

IV. O PTIMIZING MEDICAL FIS FOR DETERMINING
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Given a ruleset of k rules, rule weight vector w
~ of length k
determines the scaling factor of this particular rule. The output
membership of antecedent of i-th during antecedent aggregation
are additionally multiplied by wi .
Given a trapezoid membership function mtrap with parameters a1 < a2 < a3 < a4 defined as follows:

0,
if x ∈ (−∞; a1 ] ∪ [a4 ; ∞)



 x−a1 , if x ∈ (a , a )
1
2
mtrap (x) = a2 −a1
(4)

1,
if
x
∈
[a
;
a
]
2
3


 a4 −x , if x ∈ (a , a )
3
4
a4 −a3

It is possible to treat a1 - a4 as model parameters per fuzzy
membership, i.e. for every term of every input and output
variable in the model. The outlines of membership functions
(4) should still be defined by the expert, so it’s usually helpful
(max)
to formalize them as a set of predefined constraints ai
(min)
and ai
for these parameters and allow data optimization
to variate parameters within these constraints.
A parameter vector for optimization θ~ consists, as such, of
rule weights wi for every rule and trapezoid membership function parameters aij that lie within their respective constraints
(max)
(min)
aij
and aij
for every term membership.
The only optimization strategy for such an algorithm is
an iterative mesh descent, since function gradients cannot be
approximated. This algorithm provides a very low guarantee
of finding global minimum, but with existing decision-making
model local minima already provide better results, as shown
in the table I. The training set included 300 cases with known
chorionicity with 10% used for cross-validation. Input parameters include results of various laboratory and examination
reviews, based on which an expert was asked to provide a
resolution. The results indicate that pure machine learning
approach requires further tuning or model selection as it retains
larger error in outlier cases, while fuzzy logic with optimization generally performs better than pure fuzzy inference, as
predicted, approaching the expert estimation errors.

T RAINING AND VALIDATION

Table I

ERRORS FOR ALL PREDICTIONS , BY
DIFFERENT APPROACH

Approach
Expert estimation
Feedforward ANN
FIS
FIS with optimization

Training error
8.4%
11.4%
13.3%
9.3%

Validation error
N/A
19.6%
N/A
12.8%

V. C ONCLUSION

УТОЧНЕНИЕ НАБОРА ПРАВИЛ СИСТЕМЫ
НЕЧЕТКОГО ВЫВОДА С ИСПОЛЬЗОВАНИЕМ
ИСТОРИЧЕСКИХ ДАННЫХ В МЕДИЦИНСКИХ
СИСТЕМАХ ПОДДЕРЖКИ ПРИНЯТИЯ РЕШЕНИЙ
Курочкин А.В., Садов В.С.
Нечеткий вывод – широко распространённый подход к
построению сложных процессов принятия решений в экспертных системах на базе набора правил. Одним из существенных недостатков таких систем является самостоятельное описание семантики процесса вывода без учета реальных
данных. В работе рассматриваются возможные способы
использования существующих исторических данных с целью
оптимизации процесса принятия решений с использованием
нечеткого вывода.
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Abstract—One of the unresolved issues in the problem
of artificial intelligence is the question of the desirability
of introducing elements of motivation and emotions into
artificial neural networks. The attitude to this issue is still
controversial. The coding system in the interfaces is based
on the binary system of the "on-off" type. In the case
that an emotional component is included into the artificial
intelligence system, it is advisable to introduce, along with
binary coding system, a positive or negative attitude to the
decision which is being made by implementing a feedback
system. Thus, the “on” or “off” due to the feedback can, at
a certain level of “noise” or emotional disturbances, decline
or turn into appropriate opposite. This article presents an
attempt to critically understand the existing problem of
an effective result of artificial intelligence in the presence
of positive or negative emotional component of varying
intensity and duration. It is important that all events
associated with artificial intelligence functioning should be
considered not as static ones, but as events developing
simultaneously in time and space.
Keywords—intellectual systems, feedback, emotions, natural neural networks

schematically indicated only [8]. In this report, we will
try to understand the existing problem in more detail.
II. “T O BE OR NOT TO BE ”, DO INTELLECTUAL
SYSTEMS NEED EMOTIONS ?

Marvin Minsky believes that emotional cycles lead
to long fixation, thus reproducing a contrasting emotional state (joy-grief) [1]. From this point of view, the
addition of the emotional component to the system of
artificial intelligence will inevitably be accompanied by
the formation of an external reaction of the intellectual
system, which indicates the relation of the system to the
decision made [9-13]. That is, in fact, it is possible to
determine the success or failure of the task performed,
by considering the external behavior of the artificial
intelligence system.
Experts in the field of artificial intelligence, who create
computer architecture to reproduce the human brain in
the form of chips and interfaces, build the boards which
I. I NTRODUCTION
consist of 16 million neurons as, for instance, the board
Artificial intelligence got its name due to the fact made by the experts from IBM. For comparison, the
that researchers have been trying to create a system that total number of neurons in the human brain amounts
fragmentarily uses the architecture of natural intelligence from 80 to 100 billion. Thus, additional development of
and, this way, approximates in its capabilities the natural technologies is required to ensure more realistic consisintelligence [1]. Since intelligence is often associated tency between the artificial intelligence and the natural
with human abilities in the field of creativity, when cre- one. These examples demonstrate the importance of the
ating such system it is necessary to take into account as emotional component in the functioning of both natural
many of the constituent elements, presenting attributes of and artificial neural networks [14-16].
Further. If, in the process of artificial intelligence
the creative realities of natural intelligence, as possible.
One of these elements is emotional component of the creation the option of complete analogy of the artificial
natural intelligence [2-7]. Experts discuss the feasibility intelligence with the natural intelligence has been choof the component, but in reality it is not widely used sen, then we arrive at well-known fact that depression,
in modern models– of the artificial intelligence. Let depressed state of a person is often accompanied by a
us give some examples from everyday life to confirm complete lack of efficiency and, in fact, by the blockade
this idea. The role of the emotional state of poets, of functioning of neural networks responsible for the
for example, Pushkin and Virgil, when writing good efficiency of performing complex tasks. While in case of
verses in the morning, after sleeping, is well known. The model experiments such effects are interesting and valid
examples above confirm the importance of the emotional for the analysis of final and sometimes fatal outcomes,
component in the formation of the final result in the the introduction of the emotional component into comactivities of the neural networks of the brain and the plex systems of artificial intelligence that are responsible
whole organism. In the previously published article by for (critical processes) vehicle movement, rocket launch,
the authors of this paper, this component was actually piloting airplanes, etc. can lead to fatal results. For better
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understanding the essence of the problem, let us turn which maintains the optimal amount of hydrogen ions
to the structure of the functional system by Pyotr K. (pH), the content of CO2 as well as O2 .
Anokhin.
We note that the multi-element feedback scheme by
Pyotr K. Anokhin [17-20] has an emotional component.
The presence of feedback allows the neural networks of
the brain to correct the signals coming from the brain
to the executive organs in order to improve the action
performed. In case of any deviation of the feedback
signals from the pattern of command signals that initiate
the execution of the action, adaptive changes occur in
neural networks that control the effectiveness of the
action performed. The result of these changes is the
formation of a new pattern of command signals that
provide more accurate implementation of the intended
action. When the pattern of the conceived action and
the pattern of the performed one are fully coincide, the
functional system stops functioning as the planned result
has been achieved.
Such coincidence of the conceived and performed
actions is accompanied by the formation of positive
emotions. In natural neural networks, this principle of
operation is the basis for effective achievement of the result, when positive solution of the task is achieved within
Figure 1. Regulation of lung ventilation (scheme). 1 - carotid body, 2
a short time and with minimum power consumption. On - medullary (central) chemoreceptors, 3 - respiratory center structures,
the other hand, the occurrence of additional “noises” in 4 - vagal afferent nerve terminals, 5 - diaphragm. XII - the nucleus of
the functional system, the source of which are negative the hypoglossal nerve. Arrows correspond to directions of signal flow
(figure by Dmitry Tokalchik [25]).
emotions, reduces the efficiency of the neural network
functioning, since part of the neurons of the network,
Figure 2 demonstrates in vitro relationships in a netand sometimes the entire network, are simultaneously work of neurons, which are the basis for the formation of
involved in performing at least two or several tasks.
reactions of neurons of one network when the functional
The introduction of the emotional component into state of neurons of another network changes. This figure
the system of artificial intelligence will inevitably be shows more than 20 neuron-like elements with clear
accompanied by additional noise caused by the process- contours of processes. Dominated cells of 25-35 microns.
ing of the “emotional” component and the assessment There are single cells of small size of about 10 microns,
(consideration) of its role in making the final decision. which are also involved in the formation of a neural
For the time being, there is no clear answer to this network.
question because of the relatively small number of works
As we know, the functional state of local neural
on this subject. But a priori, it is assumed that additional networks has a direct impact on the pattern of total
noise in neural networks that control the execution of any brain activity [4, 7, 18, 21]. This, in turn, determines the
action will introduce additional interference in achieving emotional state of a living organism [17]. Also, the emothe “final adaptive result”.
tional background is influenced by various chemicals:
Figure 1 shows in schematic form a variant of the func- neurotransmitters, hormones and others. Neurotransmittioning of the neural networks of the brain stem, which ters have a direct impact on the state of neural networks
ensure the maintenance of vital respiratory function. The due to the fact that they transmit an electrochemical
figure shows highlighted chemoreceptor link, which was impulse from a nerve cell through the synaptic space
formed in the process of evolution of the neuroglial between neurons. The release into the intercellular space
cells of the brain (Figure 1). Brain stem chemoreceptors of various mediators can inhibit or accelerate the work
do not respond to hypoxia, but to a miniature shift of individual neurons. And the work of a single neuron
of hydrogen ions in the brain tissue. Such mechanism modulates the functional state of the neural network.
of self-regulation of brain functions primarily ensures Another feature of neurotransmitters is that they can have
control of the intensity of metabolic processes in the a selective effect. So there are neurons that have receptors
brain, during which, even with normal amount of oxygen for serotonin (serotonergic neurons), adrenaline (adrenin the brain, acidosis is often formed in the brain tissue ergic neurons), dopamine (dopaminergic neurons) and
due to disruption of the reverse chemoreceptor function, others on the membrane. As a rule, one neuron is able to
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Figure 2. Formation of a neural network in an in vitro experiment.

perceive only one neurotransmitter. Thus, a certain type
of neurotransmitter modulates the work of a specific part
of the neural network. For example, serotonin is often
called the “hormone of happiness,” and dopamine is an
important part of the reward system. This is possible due
to the fact that these neurotransmitters modulate the work
of the neural networks of the brain, which are involved
in the formation of a certain type of emotion: joy,
satisfaction. It is not a secret for anybody that a person’s
working capacity is connected with his emotional state.
In an excellent mood, work is done faster, the efficiency
of solving complex and non-standard tasks increases, and
fatigue decreases. With a negative emotional background,
in addition to a decrease in performance, problems
may arise with social communication. In severe cases,
pathological conditions develop: depression, symptoms
of various mental illnesses. For example, the dysfunction
of dopamine regulation of neural networks leads to
disruptions in the functioning of the reward system. As
a result, the person ceases to enjoy the work done, the
task at hand, meeting with friends, tasty food and other
pleasant events. In addition to the obvious changes in the
emotional state of breakdown in dopamine regulation, the
processes of learning and motivation are disturbed. It is
natural that in this case a person has big problems.

modulating the processing paths of information and the
point of its entry into the neural network. It is also important to consider the environment in which the neural
network elements are located. It is necessary to take into
account not only the physicochemical parameters that
ensure the vital activity and maintenance of the shape
of the neural network and its components (Figure 1).
It is also important to control and manage the balance
of bioactive molecules, in particular, neurotransmitters.
This will allow selectively activating and modulating the
work of specific neurons and launch directed chemical
cascades.

III. C ONCLUSION

Just few articles on the intellectual approach for adaptive control of a nonlinear dynamic system, including
emotional training of the brain, are available [16]. The
results demonstrated not only excellent improvement in
the actions performed, but also smaller energy consumed
by the dynamic system. There are more areas of application of artificial intelligence systems with an “emotional
component”. The World Health Organization report for
2017 noted that almost 5% of the world’s population
Summarizing the above, a set of factors of different suffers from a deep depression, which is accompanied
nature is involved in maintaining the normal operation by a decrease in the quality of life. Psychotherapy does
of the neural network. These include the principles of not provide any solution to this growing global public
organization and architecture of a neural network, the health problem. Technologies based on the artificial innumber of neurons and the methods of their synaptic telligence and evidence in interactive mobile applications
contacting with each other (chemical, electrical, mixed). can play a role in filling this gap. It is clear that such
Also an important aspect in evaluating the neural network technologies will not replace health care professionals to
architecture is the structures (Figure 2) that are involved more seriously address mental health problems. However,
in the formation of synapses (axo-dendritic, axo-somatic, application technologies can act as an additional or
axo-axonal and dendro-dendritic synapses). This allows intermediate support system [21-24].
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НУЖНЫ ЛИ ИНТЕЛЛЕКТУАЛЬНЫМ
СИСТЕМАМ ЭМОЦИИ?
Давыдов М. В., Осипов А. Н.,
Килин С. Я, Кульчицкий В. А.
Вопрос о необходимости введения элементов мотивации и эмоций в нейронные сети – одна из нерешенных
проблем в области искусственного интеллекта. К данной
проблеме до сих пор относятся противоречиво. Система
кодирования в интерфейсах основана на двоичной системе
типа включено/выключено. В случае, когда в интеллектуальную систему включается эмоциональный компонент,
рекомендуется помимо двоичной системы кодирования вводить также положительное или отрицательное отношение
к принимаемому решению путем реализации механизма
обратной связи. Таким образом, под влиянием обратной
связи состояние "включено"или "выключено"может при
определенном уровне "шума"или под воздействием эмоциональных расстройств поменяться на противоположное. В
данной статье предпринимается попытка критически осмыслить существующую проблему функционирования систем
искусственного интеллекта при наличии положительного
или отрицательного эмоциональных компонентов различной степени интенсивности и продолжительности. Важно
понимать, что все события, связанные с функционированием
систем искусственного интеллекта должны рассматриваться
не как статические, а как развивающиеся одновременно в
пространстве и времени.
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Algorithm of generation finite element mesh
for the system «vertebrae – intervertebral disk
– vertebrae» based on the stl model
Konstantin Kurochka, Kosntantin Panarin, Ekaterina Karabchikova
Gomel State Technical University named after P.Sukhoj
Gomel, Belarus
kurochka@gstu.by, logran2@gmail.com, catharine-diva@gstu.by
Abstract—The authors propose an algorithm for generating a regular finite-element mesh, based on the threedimensional «vertebrae-intervertebral disk-vertebrae» stl
model, that resistant to defects in the model, which allows the model to be correctly partitioned if there are
intersecting objects or objects with incompletely touching
surfaces. The resulting finite elements of different objects
will be guaranteed to match, that is, the sides and edges
of neighboring elements will be guaranteed to repeat each
other.
Keywords—Mesh, finite elements, stress-strain state,
modeling, vertebra, stl

But radiographic pictures do not allow us to estimate
the stress-strain state or predict the development of the
resulting stresses over time.
Thus, when treating a patient and examining the state
of his lumbar spine, necessary to solve a number of
problems presented in Fig. 2

I. I NTRODUCTION
In the study of the state of the lumbar spine of a
person, very often there is the problem of identifying
areas of the spine that are exposed to the greatest loads.
This will allow to choose the best treatment method
and, as a result, minimize the rehabilitation period. In
addition, when choosing a surgical procedure, it is often
necessary to estimate how the stress-strain state of the
vertebra changes, how the surgery affects the stress-strain
state of other vertebrae, and how the stress-strain state
of the lumbar spine changes over time after surgery [1],
[2].
To estimate the state of the lumbar spine usually used
radiographic methods, which make it possible to get a
visual picture of the current state of the spine [3] (Fig. 1).

Figure 2. The general scheme of studying the state of the lumbar spine

To generate STL files based on the results of CT
images obtained in the DICOM format, an algorithm
based on vertebral search and localization [4] was used.
To determine the stress-strain state of mechanical and
biomechanical systems, in practice very often the finite
element method [5] is used, which allows one to find
deformations from the action of different loads on any
complex non-uniform three-dimensional objects.
II. E XISTING SOLUTIONS TO THE PROBLEM

When using the finite element method, the initial
stage is the approximation of the studied area and its
discretization into grid cells (finite elements). This stage
is one of the key and most significant ones, as further
calculations are completely based on the obtained results
of discretization the source domain. Due to the various
features of the structure, shape and size of the studied three-dimensional models, an individual approach
is required for the correct execution of the discretization stage, except for cases with simple models. Finite
element meshes can be separated into regular (fig. 3
a), containing objects of the same shape and size, and
irregular (fig. 3 b), varying the size of the elements for
maximum match the original shape [6].
When discretizating objects of complex shape on an
irregular grid, there may be places where finite elements
Figure 1. An example of radiography (a) and computer tomography
(b) images
acquire an irregular shape, an uneven size of the sides
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Figure 3. Regular (a) and non-regular (b) finite element mesh

(the size of one side greatly exceeds the others) or the
finite element becomes too small. As a consequence of
these problems, the calculation becomes impossible, or
the accuracy of the calculation results based on a such
model decreases.
In this paper, the model is a «vertebrae – intervertebral
disk – vertebrae» system, which is determined by a stlfile with a three-dimensional model (Fig. 4) describing
the surfaces of vertebrae and intervertebral disks.

simplifications and distortion, in consequence of which
between the vertebrae and intervertebral discs are formed
the intersection of surfaces or gaps with the lack of
direct contact, which results the impossibility of further
calculations.
Using Gmsh software [9] allows you to avoid this
problem, since this software performs the discretization
of the internal area of the object based on the existing
surface points. The resulting finite element meshes have
the original correctly touching surfaces, without gaps
and intersections. However, Gmsh makes it impossible to
correctly split into finite elements wide and flat objects,
such as an intervertebral disk. With a small distance
between the upper and lower planes, the application
performs a separation by connecting the points of these
planes directly, which leads to the appearance of a
small number of finite elements whose dimensions of
the sides are comparable to the size of the entire disk.
The presence of such elements makes it impossible to
correctly calculate the stress-strain state of the spine.
III. D EFECT- RESISTANT REGULAR MESH
PARTITIONING ALGORITHM

The authors propose an algorithm for constructing a
regular finite-element mesh based on a three-dimensional
model of the human spine, that allow to avoid intersections of the boundaries of elements of various objects,
resistant to arbitrary irregularities of the surfaces of
model objects, defects of objects, as well as gaps between
objects. The application of the proposed algorithm to the
stl-file allows you to get a regular finite element mesh
for the entire model.
The algorithm for constructing a finite element mesh
can be separated into the following steps:
•

Figure 4. Example of stl-model «vertebrae - intervertebral disc vertebrae»

the establishment of maximum and minimum values
of the length, width and height of the analyzed
model and the formation of the corresponding region of space;
dividing the resulting region of space into a finite set
of regular parallelepiped cells by forming vertical
and horizontal lines — constructing a regular grid;
finding the set of points of intersection of the formed
straight lines with the elements of the objects of the
analyzed three-dimensional model;
removal of parallelepiped cells that are not related
to any of the objects contained in the model;
the division of parallelepipeds into finite elements
(tetrahedra);
correlation of the resulting tetrahedra with the corresponding model objects.

•
On the basis of this model, the construction of a finite
element mesh is carried out. This file was formed as a
result of reconstruction of the spinal column according
•
to the results of image analysis obtained using computed
tomography and X-ray, in connection with which the
objects of the stl-model have uneven edges, and may not
•
completely touch the surfaces or intersect and overlap.
Described factors impose limitations for partitioning the
•
model into finite elements by standard means.
Existing software for mesh creating, such as NetGen
•
[7] and TetGen [8], allows to customize various parameters of a finite element mesh, but when constructing
The first step of the algorithm is to establish a working
a mesh, they produce a discretization based on their
algorithms not only on the internal area of a three- region of space in which the model is considered. This
dimensional object, but also on its surface. The result area is a parallelepiped wrapping the model, to obtain the
of approximation of the surface by finite elements is its dimensions of which, the points (vertices) of the consid338

ered model are searched for, which have the smallest and
largest values for each of the coordinate axes.
The second stage of the algorithm is based on the concept of regular (structured) meshes, according to which
the model under consideration is completely placed in
the resulting region, on which the grid is subsequently
superimposed. This mesh is formed by constructing a set
of straight lines defined by a fixed step in three directions
of coordinate axes. In this case, the step in each of the
three directions may differ from each other, which allows
to vary the shape and size of the final finite elements.
In other words, at this stage determined by a plurality
of straight lines that define a set of ribs parallelepipeds
serving as the basis for the further formation of the finite
element.
At the third stage, the whole set of triangular elements
Figure 5. The results of the finite element mesh generation for a system
included in the three-dimensional stl-model presented of «vertebrae – intervertebral disc – vertebrae» based on stl-model.
is traversed in order to find the points of intersection
with the previously constructed set of lines forming a
regular mesh. The points of intersection of lines with such problems as determining the risk and predicting the
triangles obtained as a result of this stage are fixed, course of diseases of the musculoskeletal system, and
thereby forming a set of segments located inside the selecting the optimal treatment strategy before surgery
and evaluation of the effectiveness of measures taken in
region defined by the initial stl-model.
As a result of the analysis of the obtained segments the treatment process.
in the fourth stage, a set of parallelepipeds is comIV. V ERIFICATION OF THE PROPOSED
piled, which are guaranteed to be part of the threeDECOMPOSITION ALGORITHM
dimensional model under consideration. Parallelepipeds,
To verify the finite element mesh generated by the
in the construction of which the obtained segments were
proposed algorithm and verify its suitability for solving
not involved, are discarded.
real problems of stress-strain modeling, the simulation
Then each parallelepiped is discretized into 6 equal
results in FreeFem software using the built-in irregutetrahedra. For each tetrahedron checked affiliation of
lar mesh generator were compared with the simulation
its model and determines which element of the lumbar
results based on the mesh generated by the proposed
spine it belongs. Depending on the element belonging, its
algorithm.
physical and mechanical characteristics (elastic modulus
As the first test case was considered a cylinder with a
and Poisson’s ratio) are determined.
radius of 11 mm. and a height of 90 mm from the same
A total of 4 different structural elements are considered
material. Applied vertical load is concentrated at the top
[10]:
center of the cylinder plane. Fig. 6 presents the obtained
• the cortical tissue;
displacement values for both meshes.
• the intervertebral disk;
It can be seen from the graph that the displacement
• the spongy tissue;
values for the resulting mesh and for the mesh from the
• the transverse processes.
FreeFem program are almost identical, the error does not
An example of a finished finite element mesh is shown exceed 3%.
in Fig. 5
V. F INDING THE STRESS - STRAIN STATE OF THE
With such partition into finite elements boundary
LUMBAR SPINE
planes of different objects are guaranteed to be the
The
proposed
algorithm
was tested on a real model
same, i.e. the part of parallelepipeds forming neighboring
of
the
human
lumbar
spine,
reconstructed on the basis
finite elements and their eedges obtained as a result
of sampling will be guaranteed to repeat each other, of medical images. The model contained two groups of
which would eliminate the possibility of the empty space elements with different material characteristics - L1-L5
between the elements and the intersection boundaries of vertebrae and intervertebral disks.
The material of the vertebrae is bone, possessing the
objects.
The regular mesh obtained as a result of applying the following physical characteristics:
algorithm makes it possible to perform a to perform finite
• Young’s modulus 3432 M P a
element modeling of stress-strain state model of the hu• Poisson’s ratio of 0.3
3
man spine, the results of which can then be used to solve
• Density of the fabric is 2020 kg/m
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The correctness of the algorithm is verified by comparing the simulation results based on the grid generated by
the algorithm with the simulation results in the FreeFem
software package.
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АЛГОРИТМ ГЕНЕРАЦИИ
КОНЕЧНОЭЛЕМЕНТНОЙ СЕТКИ ДЛЯ
СИСТЕМЫ «ПОЗВОНОК –
МЕЖПОЗВОНОЧНЫЙ ДИСК – ПОЗВОНОК»
НА ОСНОВЕ STL МОДЕЛИ
Figure 7. Graph of displacement in the lumbar spine model

Курочка К. С., Панарин К. А., Карабчикова Е. А.

From the graph one can see a clear dependence of the
displacement values on the material of the object — a
sharp change in displacements occurs at the border of
intervertebral disks.

Авторами предлагается устойчивый к дефектам
модели алгоритм генерации регулярной конечноэлементной сетки на основе трехмерной stl-модели «позвонок – межпозвоночный диск – позвонок», позволяющий производить корректное разбиение модели
при наличии пересекающихся объектов или объектов
с не польностью соприкосающимися поверхностями.
Получаемые конечные элементы различных объектов
будут гарантированно совпадать, т.е стороны и ребра
соседних элементов будут гарантированно повторять
друг друга.

VI. C ONCLUSION
Algorithm for constructing regular finite element mesh
based on the three-dimensional stl-model «vertebrae
- intervertebral disc - vertebrae» was developed. The
algorithm is resistant to arbitrary irregularities of the
surfaces of model objects, defects in objects and gaps
between objects, which allows applying it to models of
any quality.
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«Open Semantic Technologies
for Intelligent Systems»
OSTIS2020

Open Semantic Technologies for Intelligent Systems
February 20-22, 2020 Minsk. Republic of Belarus
CALL FOR PAPERS

We invite you to take part in X International Scientific and Technical Conference “Open
Semantic Technologies for Intelligent Systems” (OSTIS-2020), which will focus on areas of use of the
semantic technologies.
Conference will take place from February, 20th to February, 22nd, 2020 at the Belarusian
State University of Informatics and Radioelectronics, Minsk, Republic of Belarus.
Conference proceedings language: English
Working languages of the conference: Russian, Belarusian, English

MAIN ORGANIZERS OF THE CONFERENCE






Russian Association for Artificial Intelligence (RAAI)
Belarusian State University of Informatics and Radioelectronics (BSUIR)
State Institution “Administration of High Technologies Park” (Republic of Belarus)
Ministry of Education
Ministry of Communications and Informatization

CONFERENCE TOPICS:















Underlying principles of semantics-based knowledge representation, and their unification.
Types of knowledge and peculiarities of the semantics-based representation of various knowledge and
metaknowledge types.
Links between knowledge; relations, that are defined on the knowledge.
Semantic structure of a global knowledge base, that integrates various accumulated knowledge.
Parallel-oriented programming languages for processing of the semantics-based representation of knowledge bases.
Models for problem solving, that are based on knowledge processing, which occurs directly at the semantics-based
representation level of knowledge being processed. Semantic models of information retrieval, knowledge integration,
correctness and quality analysis of knowledge bases, garbage collection, knowledge base optimization, deductive and
inductive inference in knowledge bases, plausible reasoning, pattern recognition, intelligent control. Integration of
various models for problem solving
Semantic models of environment information perception and its translation into the knowledge base.
Semantic models of multimodal user interfaces of intelligent systems, based on the semantic representation of
knowledge used by them, and unification of such models.
Semantic models of natural language user interfaces of intelligent systems. The structure of semantic representation
of linguistic knowledge bases, which describe natural languages and facilitate solution of natural language text and
speech interpretation problems, and of natural language texts and speech messages synthesis, that are semantically
equal to certain knowledge base fragments.
Integrated logic-semantic models of intelligent systems, based on semantic knowledge representation, and their
unification
Various technical platforms and implementation variants of unified logic-semantic models of intelligent systems,
based on semantic knowledge representation
Models and means, that are based on the semantic representation of knowledge and that are oriented to the design of
various typical components of intelligent systems (knowledge bases, programs, problem solvers, user interfaces).
Models and means, that are based on semantic representation of knowledge and that are oriented to the complex
design of various classes of intelligent systems (intelligent reference systems, intelligent learning systems, intelligent
control systems, intelligent robotics systems, intelligent systems for design support etc.)
Applied intelligent systems, that are based on the semantic representation of knowledge used by them

CONFERENCE GOALS AND FORMAT
The goal of the conference is to discuss problems of creation of the Open Complex Semantic
Technology for Intelligent Systems Design. This determines the Conference format, which involves
(1) plenary reports; (2) workshops; (3) round tables, dedicated to discussion of various questions of
creating of such technology; (4) poster sessions.
During the poster sessions every participant of the conference will have an opportunity to
demonstrate his results. Conference format assumes exact start time of each report, and exact time of
its exhibition presentation.
One of the major objectives of the conference is to attract not only scientists and postgrad uate
students, but also students who are interested in artificial intelligence, as well as commercial
organizations willing to collaborate with research groups working on the development of modern
technologies for intelligent systems design.

PARTICIPATION TERMS AND CONDITIONS
All those interested in artificial intelligence problems, as well as commercial organizations
willing to collaborate with research groups working on the development of modern technologies for
intelligent systems design are invited to take part in the Conference.
To participate in the OSTIS-2020 conference, it is necessary to register in the CMT system
before December 15, 2019, find conference page, and from there:

submit a participation form for the OSTIS-2020 conference. Each participation form field is
required, including indication of the reporter. By filling in the registration form, you agree that
your personal data will be processed by the Organizing Committee of the Conference, and that
the paper and information about the authors will be published in printed and electronic format.
Participation form should contain information on all of the authors. If author(s) are participating
with a report, participation form should have their color photo(s) attached (they are needed for
the Conference Program);

upload an article for publication in the OSTIS-2020 Conference Proceedings. Papers should be
formatted according to the provided template (see http://proc.ostis.net/eng/autors.html). Four
full pages is a minimum size of a paper.

send the signed scan of the letter of consent
If a report is submitted to participate in one of the contests, this intention should be clearly
indicated in the participation form.
The selection of papers for publication in the Conference Proceedings and participation in the
Conference is performed by a number of reviewers from among the members of the Conference
Program Committee.
Non-compliant applications and papers will be rejected.
Authors, whose articles were included in the Conference Program, will receive the invitations
for participating in the Conference before January 30th, 2020.
Conference participation does not require any fees .

PAPERS SUBMISSION PROCEDURE
Papers (only on topics mentioned above) should be submitted ready for publication
(http://proc.ostis.net/eng/main.html -> For authors). The text should be logically complete and contain
new scientific and practical results. Each author is allowed to submit a maximum of two reports.
After the article was submitted, it is sent for review. Review results will become available to the
paper author(s) on the CMT website before January 25th.
The Organizing Committee reserves the right to reject any paper, if it does not meet the

formatting requirements and the Conference topics, as well as if there was no participation form
submitted for the paper.

YOUNG SCIENTIST REPORTS CONTEST
Authors of the report submitted to the contest may include scientists with scientific degrees, but
the report should be made by those without a degree and under 35 years old.
To take part in the young scientists report contest, it is necessary to:
1) fill in the participation form, where your participation in the contest is clearly indicated;
2) write an article and upload it to the CMT website;
3) fill in, sign, scan and send letter of consent via the email.
4) make a report at the conference (in person);

YOUNG SCIENTIST PROJECTS CONTEST
Projects of applied intelligent systems and systems aimed at supporting the design of intelligent
systems are allowed to take part in the contest; they have to be presented by a scientist without a
degree and under 35 years old.
To take part in the young scientist projects contest, it is necessary to:
1) fill in the participation form, where your participation in the contest is clearly indicated;
2) write an article and upload it to the CMT website;
3) make a report at the conference (in person);
4) make an exhibition presentation of the software

STUDENT INTELLIGENT SYSTEM PROJECTS CONTEST
To participate in the contest, a project must meet the following criteria: (a) it was developed by
students and/or undergraduates of the higher education institutions, and (b) project consultants and
advisors must hold a scientific degree and title. To participate in this contest, it is necessary to:
1) familiarize yourself with contest's terms and conditions (http://www.conf.ostis.net);
2) fill in the participation form for the contest (http://www.conf.ostis.net);
3) prepare a summary of the project (http://www.conf.ostis.net).
4) submit the participation form and project summary to the student projects' email address:
ostis.stud@gmail.com.

RESEARCH PAPERS COLLECTION PUBLICATION
The Conference Organizing Committee plans to publish the papers selected by the Program
Committee based on the results of their review, in the Research Papers Collection, on the official
Conference website http://conf.ostis.net , and on the Research Papers Collection website
http://proc.ostis.net.
Upon successful review author sends a letter of consent to the Organizational Committee.
Author therefore agrees that his paper can be made freely available in electronic form at other
resources at the Editorial Board's discretion.

KEY DATES OF THE CONFERENCE
October 1st, 2019
December 15th, 2019
January 25th, 2020
January 20th, 2020

paper submission opens
paper submission deadline
paper review deadline
final decision on paper publication; sending out invitations and
notifications on inclusion of a paper in the OSTIS-2020 Scientific works

February 10th, 2020
February 15th, 2020
February 20st, 2020
February 20st to
22rd, 2020
February 26, 2020
March 15th, 2020

collection
Draft Conference Program publication on the conference website
http://conf.ostis.net
Research Papers Collection and Conference Program publication on the
Research Papers Collection website http://proc.ostis.net
Participant registration and OSTIS-2020 conference opening
OSTIS-2020 conference
Photo report and conference report publication on the conference website:
http://conf.ostis.net
Research papers collection will be uploaded to the Russian Science
Citation Index database

CONFERENCE PROGRAM FORMATION
Conference program is formed by the Program Committee according to the paper review
results; author(s)' confirmation of participation is required as well.

CONTACTS
All the necessary information about the forthcoming and previous OSTIS Conferences can be
found on the conference website http://conf.ostis.net and http://proc.ostis.net.
For questions regarding conference participation and dispute resolution please contact:
ostisconf@gmail.com.
Methodological and advisory support to the conference participants shall be provided through
the conference e-mail only.
The conference venue is the 5th academic building of the Belarusian State University of
Informatics and Radioelectronics (39, Platonovа str., Minsk, Republic of Belarus)

X международная научно-техническая конференция
«Открытые семантические технологии
проектирования интеллектуальных систем»
OSTIS2020

Open Semantic Technologies for Intelligent Systems
20 – 22 февраля 2020 г. Минск. Республика Беларусь
ИНФОРМАЦИОННОЕ ПИСЬМО

Приглашаем принять участие в X Международной научно-технической конференции
«Открытые семантические технологии проектирования интеллектуальных систем» (OSTIS2020), которая будет посвящена вопросам области применения семантических технологий.
Конференция пройдет в период с 20 по 22 февраля 2020 года в Белорусском
государственном университете информатики и радиоэлектроники, г. Минск, Республика
Беларусь.
Язык статей сборника конференции: английский
Рабочие языки конференции: русский, белорусский, английский.

ОСНОВНЫЕ ОРГАНИЗАТОРЫ КОНФЕРЕНЦИИ






Российская ассоциация искусственного интеллекта (РАИИ)
Белорусский государственный университет информатики и радиоэлектроники (БГУИР)
Государственное учреждение «Администрация Парка высоких технологий» (Республика Беларусь)
Министерство образования Республики Беларусь
Министерство связи и информатизации Республики Беларусь

НАПРАВЛЕНИЯ РАБОТЫ КОНФЕРЕНЦИИ:













Принципы, лежащие в основе семантического представления знаний, и их унификация.
Типология знаний и особенности семантического представления различного вида знаний и метазнаний.
Связи между знаниями и отношения, заданные на множестве знаний.
Семантическая структура глобальной базы знаний, интегрирующей различные накапливаемые знания
Языки программирования, ориентированные на параллельную обработку семантического представления баз
знаний
Модели решения задач, в основе которых лежит обработка знаний, осуществляемая непосредственно на
уровне семантического представления обрабатываемых знаний. Семантические модели информационного
поиска, интеграции знаний, анализа корректности и качества баз знаний, сборки информационного мусора,
оптимизации баз знаний, дедуктивного и индуктивного вывода в базах знаний, правдоподобных
рассуждений, распознавания образов, интеллектуального управления. Интеграция различных моделей
решения задач
Семантические модели восприятия информации о внешней среде и отображения этой информации в базу
знаний
Семантические модели мультимодальных пользовательских интерфейсов интеллектуальных систем, в
основе которых лежит семантическое представление используемых ими знаний, и унификация этих моделей
Семантические модели естественно-языковых пользовательских интерфейсов интеллектуальных систем.
Структура семантического представления лингвистических баз знаний, описывающих естественные языки
и обеспечивающих решение задач понимания естественно-языковых текстов и речевых сообщений, а также
задач синтеза естественно-языковых текстов и речевых сообщений, семантически эквивалентных
заданным фрагментам баз знаний
Интегрированные комплексные логико-семантические модели интеллектуальных систем, основанные на
семантическом представлении знаний, и их унификация
Различные технические платформы и варианты реализации интерпретаторов унифицированных логикосемантических моделей интеллектуальных систем, основанных на семантическом представлении знаний
Средства и методы, основанные на семантическом представлении знаний и ориентированные на
проектирование различных типовых компонентов интеллектуальных систем (баз знаний, программ,
решателей задач, интерфейсов)





Средства и методы, основанные на семантическом представлении знаний и ориентированные на
комплексное проектирование различных классов интеллектуальных систем (интеллектуальных справочных
систем, интеллектуальных обучающих систем, интеллектуальных систем управления, интеллектуальных
робототехнических систем, интеллектуальных систем поддержки проектирования и др.)
Прикладные интеллектуальные системы, основанные на семантическом представлении используемых ими
знаний

ЦЕЛЬ И ФОРМАТ ПРОВЕДЕНИЯ КОНФЕРЕНЦИИ
Целью конференции является обсуждение проблем создания открытой комплексной
семантической технологии компонентного проектирования интеллектуальных систем.
Этим определяется и формат её проведения, предполагающий (1) пленарные доклады, (2)
секционные заседания; (3) круглые столы, посвященные обсуждению различных вопросов
создания указанной технологии; (4) выставочные презентации докладов.
Выставочная презентация докладов даёт возможность каждому докладчику
продемонстрировать результаты своей разработки на выставке. Формат проведения
конференции предполагает точное время начала каждого доклада и точное время его
выставочной презентации.
Важнейшей задачей конференции является привлечение к её работе не только учёных и
аспирантов, но и студенческой молодежи, интересующейся проблемами искусственного
интеллекта, а также коммерческих организаций, готовых сотрудничать с научными
коллективами, работающими над интеллектуальными системами и созданием современных
технологий и их проектированием.

УСЛОВИЯ УЧАСТИЯ В КОНФЕРЕНЦИИ
В конференции имеют право участвовать все те, кто интересуется проблемами
искусственного интеллекта, а также коммерческие организации, готовые сотрудничать с
научными коллективами, работающими над созданием современных технологий
проектирования интеллектуальных систем.
Для участия в конференции OSTIS-2020 необходимо до 15 декабря 2020 года
зарегистрироваться в системе CMT, найти страницу конференции и на ней:

подать заявку на конференцию OSTIS-2020. Каждое поле заявки обязательно для
заполнения, в том числе указание того автора, кто будет представлять доклад. Заполняя
регистрационную форму, Вы подтверждаете согласие на обработку Оргкомитетом
конференции персональных данных, публикацию статей и информации об авторах в
печатном и электронном виде. В заявке должна содержаться информация по каждому
автору. К заявке доклада должны быть прикреплены цветные фотографии всех авторов
статьи (это необходимо для публикации Программы конференции);

загрузить статью для публикации в Сборнике материалов конференции OSTIS-2020.
Статья на конференцию должна быть оформлена в соответствии с правилами
оформления публикуемых материалов и занимать не менее 4 полностью заполненных
страниц;

загрузить сканированный вариант письма о согласии на публикацию и размещения
передаваемых материалов в сети Интернет.
Если доклад представляется на конкурс докладов молодых учёных или на конкурс
программных продуктов молодых учёных, это должно быть явно указано в заявке доклада.
Отбор статей для публикации в Сборнике и участия в работе конференции
осуществляется рецензентами и редакционной коллегией сборника.
Заявки и статьи, оформленные без соблюдения предъявляемых требований, не
рассматриваются.
До 30 января 2020 года, авторам статей, включённых в Программу конференции,
направляются приглашения для участия в конференции.

Участие в конференции не предполагает организационного взноса .

ПОРЯДОК ПРЕДСТАВЛЕНИЯ НАУЧНЫХ СТАТЕЙ
Статьи (только по перечисленным выше направлениям) представляются в готовом для
публикации виде (http://proc.ostis.net -> Авторам). Текст статьи должен быть логически
законченным и содержать новые научные и практические результаты. От одного автора
допускается не более двух статей.
После получения статьи, она отправляется на рецензирование и в срок до 25 января на
сайте CMT вы сможете ознакомиться с результатами рецензирования
Оргкомитет оставляет за собой право отказать в приеме статьи в случае, если статья не
будет соответствовать требованиям оформления и тематике конференции, а также, если будет
отсутствовать заявка доклада, соответствующая этой статье.

КОНКУРС ДОКЛАДОВ МОЛОДЫХ УЧЁНЫХ
Среди авторов доклада, представляемого на конкурс докладов молодых учёных, могут
входить учёные со степенями и званиями, но непосредственно представлять доклад должны
авторы, не имеющие степеней и званий в возрасте до 35 лет.
Для того, чтобы принять участие в конкурсе научных докладов молодых учёных
необходимо:
1) заполнить заявку на участие в конференции, в которой чётко указать своё желание принять
участие в данном конкурсе;
2) написать статью на конференцию и загрузить на сайте CMT;
3) заполнить, подписать, отсканировать и отправить по почте письмо о согласии;
4) лично представить доклад на конференции.

КОНКУРС ПРОЕКТОВ МОЛОДЫХ УЧЁНЫХ
Принимать участие в конкурсе проектов молодых учёных могут проекты прикладных
интеллектуальных систем и систем, ориентированных на поддержку проектирования
интеллектуальных систем, при этом представлять проект на конкурсе должен молодой учёный
в возрасте до 30 лет, не имеющие учёных степеней.
Для того, чтобы принять участие в конкурсе программных продуктов молодых учёных
необходимо:
1) заполнить заявку на участие в конференции), в которой чётко указать своё желание принять
участие в данном конкурсе;
2) написать статью на конференцию и загрузить на сайте CMT;
3) лично представить доклад на конференции;
4) провести выставочную презентацию, разработанного программного продукта.

КОНКУРС СТУДЕНЧЕСКИХ ПРОЕКТОВ ИНТЕЛЛЕКТУАЛЬНЫХ СИСТЕМ
В конкурсе студенческих проектов могут принимать участие проекты, разработчиками
которых являются студенты и магистранты высших учебных заведений, консультантами и
руководителями проекта могут быть лица, имеющие научную степень и звание. Для того,
чтобы принять участие в данном конкурсе необходимо:
1) ознакомиться с положением о конкурсе студенческих проектов (http://www.conf.ostis.net ->
Конкурсы -> Конкурс студенческих проектов интеллектуальных систем);
2) заполнить заявку на участие в конкурсе студенческих проектов (http://www.conf.ostis.net ->
Конкурсы -> Конкурс студенческих проектов интеллектуальных систем);
3) подготовить описание проекта (http://www.conf.ostis.net -> Конкурсы -> Конкурс
студенческих проектов интеллектуальных систем).

4) выслать заявку на участие в конкурсе и описание проекта по электронному адресу конкурса
студенческих проектов: ostis.stud@gmail.com.

ПУБЛИКАЦИЯ МАТЕРИАЛОВ КОНФЕРЕНЦИИ
Оргкомитет конференции предполагает публикацию статей, отобранных Программным
комитетом по результатам их рецензирования, в Сборнике материалов конференции и на
официальном сайте конференции http://conf.ostis.net и официальном сайте сборника
http://proc.ostis.net.
По результатам рецензирования автор отправляет оргкомитету письмо о согласии,
которое предусматривает дальнейшую возможность размещения статей, вошедших в сборник
конференции, в открытом электронном доступе на иных ресурсах по усмотрению редакции
сборника.

КЛЮЧЕВЫЕ ДАТЫ КОНФЕРЕНЦИИ
1 октября 2019г.
15 декабря 2019г.
25 января 2020г.
20 января 2020г.

10 февраля 2020г.
15 февраля 2020г.
20 февраля 2020г.
20-22 февраля
2020г.
26 февраля 2020г.
15 марта 2020г.

начало подачи материалов для участия в конференции
срок получения материалов для участия в конференции Оргкомитетом
срок предоставления рецензий на статьи
срок принятия решения о публикации присланных материалов и
рассылки приглашений для участия в конференции и сообщение о
включении статьи в Сборник научных трудов
размещение на сайте конференции http://conf.ostis.net проекта
программы конференции
размещение на сайте сборника http://proc.ostis.net Сборника научных
трудов и Программы конференции OSTIS-2020
регистрация участников и открытие конференции OSTIS-2020
работа конференции OSTIS-2020
публикация фоторепортажа и отчёта о проведённой конференции на
сайте конференции: http://conf.ostis.net
загрузка материалов сборника конференции в РИНЦ

ФОРМИРОВАНИЕ ПРОГРАММЫ КОНФЕРЕНЦИИ
Программа конференции формируется Программным комитетом по результатам
рецензирования, представленных статей, а также на основании подтверждения автора(-ов)
статьи о прибытии на конференцию.

КОНТАКТНЫЕ ДАННЫЕ ОРГАНИЗАТОРОВ КОНФЕРЕНЦИИ OSTIS
Вся необходимая информация по предстоящей и предыдущих конференциях OSTIS
находится на сайте конференции http://conf.ostis.net, а также на сайте материалов конференции
http://proc.ostis.net.
По вопросам участия в конференции и решения спорных вопросов обращайтесь:
ostisconf@gmail.com.
Методическая и консультативная помощь участникам конференции осуществляется
только через электронную почту конференции.
Конференция проходит в Республике Беларусь, г. Минск, ул. Платонова, 39 (5-ый
учебный
корпус
Белорусского
государственного
университета
информатики
и
радиоэлектроники).

