
27

Russian Technological Journal. 2025;13(2):27–35

© E.S. Shevtsov, R.V. Shamin, 2025

ISSN 2500-316X (Online)

UDC 004.6
https://doi.org/10.32362/2500-316X-2025-13-2-27-35
EDN SRKXBR

Information systems. Computer sciences. Issues of information security

Информационные системы. Информатика. Проблемы информационной безопасности

RESEARCH ARTICLE

Logical integration of information systems  
based on expert systems

Evgeniy S. Shevtsov,  
Roman V. Shamin @

MIREA – Russian Technological University, Moscow, 119454 Russia
@ Corresponding author, e-mail: roman@shamin.ru 

Abstract
Objectives. The study set out to develop fundamental methodological principles for the logical integration of 
information systems (IS) in organizations and to quantitatively assess the topological significance of the IS integration 
process.
Methods. Methods based on expert systems were used for the logical integration of information in conjunction 
with data-mining approaches based on various IS. In order to quantitatively assess the topological significance of 
the IS integration procedure, graph theory methods were used. Discrete topology methods were also employed for 
calculating the topological invariants of the IS interconnection topology.
Results. Issues and challenges involved in the integration of IS in large organizations are considered in terms of 
integration methods based on physical and logical principles. While IS integration approaches based on logical 
principles offer distinct advantages over physical integration approaches, new problems arising in the context of 
logical integration approaches require innovative solutions. The proposed scheme for the logical integration of IS 
includes an algebraic method for quantitatively assessing the topological significance of integration, comprising 
an important numerical indicator in the logical integration of IS. Methods based on learning expert systems, which 
represent a fundamental solution for organizing the logical integration of IS for intelligent data analysis, are reviewed.
Conclusions. When integrating IS in organizations, it is advisable to use a logical integration approach that preserves 
the logic of existing information systems. The application of logical integration enables intelligent data analysis using 
various IS. The use of expert systems in logical integration enables the creation of a new logical layer for providing 
decision support within the organization.
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Резюме 
Цели. Целью статьи является разработка принципиальных основ для методов логической интеграции ин-
формационных систем (ИС) в организациях, а также получение количественной оценки топологической зна-
чимости процесса интеграции ИС.
Методы. Использованы методы экспертных систем для логической интеграции информации, а также ме-
тоды интеллектуального анализа данных из различных ИС. Для количественной оценки топологической зна-
чимости процедуры интеграции ИС используются методы теории графов, а для вычисления топологических 
инвариантов топологии взаимной связи ИС – методы дискретной топологии.
Результаты. Рассмотрены вопросы и проблемы интеграции ИС в крупных организациях, а также методы 
интеграции ИС, основанные на физическом и логическом принципах. Показаны сложности, которые воз-
никают при физической интеграции ИС, и преимущества их интеграции на основе логических принципов. 
Установлено, что логическая интеграция обладает рядом важных достоинств, но при этом возникают новые 
проблемы, которые необходимо решать. Предложены схема логической интеграции ИС и алгебраический 
метод количественной оценки топологической значимости интеграции – важного числового показателя при 
логической интеграции ИС. Рассмотрены методы обучающихся экспертных систем для интеллектуального 
анализа данных. Использование экспертных систем является принципиальным решением для организации 
логической интеграции ИС.
Выводы. При интеграции ИС в организациях целесообразно использовать логическую интеграцию, сохра-
няющую логику отдельных ИС. Применение логической интеграции позволяет проводить интеллектуальный 
анализ данных, используя различные ИС. Использование экспертных систем при логической интеграции 
дает возможность создать новый логический слой для осуществления поддержки принятия решений в ор-
ганизации.

Ключевые слова: информационные системы, интеграция систем, экспертные системы, интеллектуальный 
анализ данных, топология информационных систем
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INTRODUCTION

The ongoing digitalization of the economy and 
business processes involves the increasing use of various 
information systems (IS) for decision-making support 
in which basic information about the organization’s 
activities is stored and processed [1–3]. While different 
IS have distinct purposes and may be based on 
different information technologies, the important task 
of integrating existing IS arises due to their extensive 
interrelation. However, challenges involved in the full-
scale integration of large IS involve complex technical, 
financial, and organizational issues [4–8]. In addition, 
some IS cannot be integrated due to the potential 
violation of information security rules.

The present work proposes a logical approach to 
IS integration based on the creation of an intelligent 
information environment. Logical integration of IS, 
which offers a number of advantages over physical 
integration approaches [9], involves the use of various 
data mining methods to reveal additional (hidden) 
information. The use of learning expert systems to create 
a unified information field in the organization represents 
a new logical level of IS integration.

1. IS INTEGRATION METHOD

Many organizations simultaneously maintain 
several IS, which are connected by unified information 
flows. A characteristic feature of these IS consists in 
their mutual intersection by various objects, whose 
corresponding information must be stored and processed. 
Such objects may include employees, material objects, 
customers, etc. Since, for objective reasons, such 
IS are created at different times and using different 
technologies, a number of problems arise related to the 
integrity of information, its reliability, as well as issues 
related to the potential violation of information security 
rules [10]. The task of integrating different IS into 
a single information platform methods can approached 
based on either of the following principles:

1. Physical integration.
2. Integration based on business logic.

The physical integration of more than one IS implies 
the creation of an IS that fulfills all the functions of the 
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merged systems. In this case, it is necessary to refactor 
the structure of databases and the corresponding logic 
of all software. While this process can provide a full-
fledged integration of IS, it is generally very labor-
intensive, in some cases comparable to the creation of 
a new IS [11].

IS integration carried out on the basis of business 
logic, which can thus be referred to as logical 
integration of IS, is understood not only in terms of 
the integration of databases, but also the creation 
of a single logic of combining information across 
different IS (Fig. 1) [12, 13].

IS integration sets out provide a unified logic 
of the merged IS without significant changes in the 
IS architecture [14, 15]. The advantages of logical 
integration of IS over physical integration approaches 
can include the following factors:

1. Lower cost.
2. Preserving diversity.
3. Technological heterogeneity.
4. Ability to process data at a higher level.

The use of a common logic in IS integration is based 
on the use of special protocols for mutual communication 
between existing IS. The development of such protocols 
should be based on a specially developed formal 
language [16].

2. SYSTEM INTERACTION DURING LOGICAL 
INTEGRATION

During the logical integration process, it becomes 
necessary to provide mechanisms of interaction 
between the merged IS. Such interaction can be 
described using a formal finite-automata language. 
The task of the interaction mechanism is to provide 
mappings of objects in one IS into the objects of 
another IS. However, the main difficulty that arises 
in this connection is that the mapped objects may 
have information overlap. For example, there may be 
information related to employees of an organization in 
different IS, but this information may be represented 
in different ways in different systems. An addition 
problem may arise due to the different scales used when 
describing the same objects in different information 
bases.

https://doi.org/10.32362/2500-316X-2025-13-2-27-35
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Thus, when designing and implementing an 
IS integration procedure, one of the main tasks is 
to create a mechanism for logical mapping of the 
different IS. Figure 2 shows an object-mapping scheme 
for application during logical integration.

For the logical display of the various objects in 
the different IS, it is advisable to use an intelligent 
environment for integration of information objects. 
This environment, which uses semantic information-
processing methods, can be used to realize the 
mechanism of displaying objects in the IS.

3. CHANGING AN ORGANIZATION’S 
INTERCONNECTIVITY TOPOLOGY

When integrating different IS in an organization, an 
important issue arises in terms of changing the topology 
of mutual connection of these systems. The main point 
here is that, in order to obtain qualitative changes during 

IS integration, it becomes necessary to provide changes 
in the topology of their interconnection.

The topology of IS interconnection is described by 
an undirected graph, whose vertices are individual IS, 
while the edges represent information links between 
systems [17]. Since it is only the presence of a connection 
that is important for the topology of the IS network, i.e., 
irrespective of the direction of flow, we will consider 
undirected graphs. Here, the salient point consists in the 
fact that that even unidirectional flows include not only 
the data flow, but also the corresponding request for this 
data.

Figure 3 shows an example of the IS communication 
topology.

In this example, IS numbered 1–8 are linked by 
information links, while IS number 9 is not linked to the 
other IS. Two IS will be referred to as incident if there is 
an information link between them. We will define two IS 
S and P as connected if a chain of sequentially connected 

IS 1

IS 2

IS 3

Unified IS

Common logic 
for accessing  
the unified IS

Fig. 1. Logical integration of IS

Object A

Object B

Object C

Object D

Object E

Object F

IS 1 IS 2

Intelligent environment for the integration of information objects

Data mapper

Fig. 2. Diagram of the logical object display mechanism
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IS can be constructed from S to P. The entire IS network 
can be represented by connectivity components, 
where each connectivity component represents a set of 
individual IS that are connected in pairs.

We will consider the process of IS integration as 
a sequential operation of merging neighboring nodes 
(incident IS). In this case, the unified IS inherits all the 
information links of the united vertices.

IS 1–2

IS 3

IS 5–4

IS 6–7

IS 8

IS 9

Fig. 4. Topology following IS unification

Figure 4 shows the IS topology following IS 
unification:

[1, 2] [1–2],
[4, 5] [5–4],
[6, 7] [6–7].

→
→
→

In order to distinguish significant changes in the IS 
communication topology, we will use topological 
invariants. As an example of such a variant, let us 
consider the fundamental group for the graph describing 
the IS communication topology. We will define the 
fundamental group as the set of equivalence classes of 
homotopy loops in the graph [18]. For the connected 
component of the IS network, the fundamental group 

defines the number of loops. If a connected graph 
representing the IS communication topology has 
N cycles, then the fundamental group is isomorphic to 
the ℤN group [19].

The presence of cycles in the organization’s IS 
network indicates the need to integrate IS, since the 
presence of cycles in the network of information 
links implies risks of ambiguity in the presentation of 
information to the organization during information 
requests due to the possibility of ambiguous ways of 
transferring information between different IS.

While no new cycles can arise when integrating IS, 
existing cycles can be opened. In the language of the 
fundamental groups of the IS communication graph, this 
means that the following change in the representation 
of the fundamental groups occurs during the process of 
IS integration:

ℤN → ℤN−k.

In this interpretation, we can define the topological 
significance of the IS integration procedure as the 
number k by which the degree of the fundamental group 
decreases.

4. USE OF EXPERT SYSTEMS FOR IS LOGICAL 
INTEGRATION

While the logical integration of IS in an organization 
may have various objectives, the main aim is to create 
a unified information field. This problem cannot be 
solved using “mechanical” methods since samples 
from different IS must be brought to a “common 
denominator” in order to obtain uniform information. 
Another challenge that arises in this connection consists 
in the need to obtain additional information about the 
organization’s activities based on the heterogeneous 
information in the different IS.

In order to solve these problems inherent in the 
logical integration of IS, it is proposed to use trainable 
expert systems and knowledge bases. The objects 
described in the IS are used as the subject area of the 
knowledge base.

Figure 5 presents a scheme for the application of 
an expert system in logical integration of IS. The key 
element of the proposed scheme consists in the use of 
the IS query router and the intellectual environment of 
the integrated IS. The logical integration of IS implies 
an intellectual environment since it provides a means to 
obtain information from different sources on the incoming 
request for further logical integration of heterogeneous 
information. In order to determine which IS should form 
the basis for information queries, a query router is used 
to identify the most appropriate data sources based on 
the display of information in different IS.

IS 1 IS 6 IS 7

IS 2 IS 5 IS 8

IS 3 IS 4 IS 9

Fig. 3. Example of the IS communication topology
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Following the realization of logical integration of 
information from different IS, a meaningful query is 
formed to the expert system, which forms the result 
according to the received query using the knowledge 
base [20, 21].

The architecture of an expert system depends on the 
nature of objects described by the IS, as well as on the 

completeness of information for each object [22]. The 
general scheme of the architecture of the expert system 
and knowledge base is presented in Fig. 6.

The architecture of the expert system includes 
a mechanism for performance-based learning as a means 
of improving the data-mining procedure on integrated 
data.

Fig. 5. Diagram of the expert system application

Request  
for information

IS request router

IS 1 IS 2

Logical integration of heterogeneous information

Expert system Knowledge base

Result

IS 3
Intellectual 
environment  
of the integrated IS

Request

Integrated data of the IS Information quotas

Rules for logical 
inference

Result  
evaluation unit

Result

Fig. 6. Architecture of a learning expert system
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In Fig. 6, solid arrows depict the sequential 
process of calculating and obtaining the result of the 
expert system operation, while data transferred to 
implement the training procedure of the expert system 
are represented by contour arrows. Dashed arrows 
show the data flow for the expert system from the 
integrated IS.

Within this scheme, a fundamental principle 
concerns the use of information quanta to represent 
integrated information from IS. The specific realization 
of the procedure of data representation in the form of 
information quanta depends on the nature of objects 
in IS and the structure of their interaction.

In order to implement the training process of 
the expert system, a result-evaluation block is 
used. This block can either be implemented using 
feedback from the user of the expert system or 
based on the evaluation by the artificial intelligence 
system. In cases where an artificial intelligence 
method is used (neural network, Bayesian networks, 
decision trees, etc.), training can be realized on the 
basis of machine learning methods with suitable 
reinforcement [23].

CONCLUSIONS

The present work considers fundamental issues of 
IS integration in organizations on the basis of intellectual 
methods. The introduced concept of logical IS integration 
is suitable for integrating heterogeneous IS. Issues 
connected with the topological significance of the logical 
IS integration procedure have also been considered.

The logical integration of IS and creation of a unified 
information environment involves the use of an expert system, 
which responds to queries associated with the operation of 
integrated information flows. Such an expert system allows 
a basis for intellectual analysis of the data to be provided.

The proposed architecture of expert systems includes 
mechanisms for training (self-learning) of the knowledge 
base of the expert system, by means of which the results of 
IS integration in the organization can be further improved.
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