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MulTi-aGenT inforMaTion SerViCe SYSTeM of ManaGinG 
inTeGraTion ProCeSSeS of enTerPriSeS

Purpose. To model consolidated information systems as a result of interaction of economic entities in the information space. 
To reveal the information and communication direction of the virtual integration plane, to substantiate the principles of its forma
tion and composition of the elements which constitute it.

Methodology. The theoretical and methodological basis of the article involves neoclassical economic theories, concepts of 
economic integration, methodological basis of systematic and synergistic approaches. The authors used methods of subject and 
cognitive modeling, which allowed developing a model of multiagent information plane to implement mechanisms of interaction 
of participants in integrated business structures. The logical method of scientific cognition allowed the authors to formulate con
clusions that substantiate the need to create an economic and informational space for interaction between the participants of the 
economic integration.

findings. The authors suggest the theoretical and methodological provisions of the use of information technologies to ensure 
the information interaction of participants of integration entities. A model of a multiagent information plane, based on a 4tier 
open distribution information system, is presented. The role and tasks of interconnected subsystems in the economic and informa
tion space are substantiated. Directions of influence through the formed information and communication corridors are clarified. 
The authors proved the need to accumulate information flows within the virtual integration plane based on the agents’ local infor
mation systems. The multiagent architecture of the virtual interaction environment for business entities within the integration 
plane is improved; the scheme of virtual agent interaction model based on the virtual plane is defined and the block diagram of the 
algorithm of interaction of economic agents within the virtual integration plane is improved.

originality. Scientific priority of ensuring information interaction of participants of integration entities based on using informa
tion technologies is enhanced. The authors revealed information and communication direction of the virtual integration plane. 
The process of formation of the virtual economicinformation space of interaction of participants within the framework of a multi
agent virtual information plane is specified, which allows accumulating, processing, distributing, and using the consolidated 
knowledge base with the purpose of information and communication support of crosscutting business processes, support of the 
adoption of management decisions to provide virtual interaction of the agents.

Practical value. The conducted research provides applied tools of modernization of the use of information technologies to 
ensure information interaction of participants of integration entities. A virtual integration plane is formed, which is the basis for 
managing the virtual integration interaction of business entities and implementing the concept of integration development. The 
results obtained during the research will allow providing informational support of managerial decisionmaking, implementing 
economic ties, monitoring the implementation of integration programs and strategies.

Keywords: information systems, integration development, business entities

introduction. In the conditions of formation of the infor
mation society, the mechanisms of interaction of economic 
entities are transformed, which is accompanied by an increas
ing role of information as a consolidated resource, intensive 
use of the global information space and information systems as 
a communication medium of interaction. This leads to the 
transfer of a significant amount of connection and interaction 
of economic agents in the information space, accompanied by 
the need to deepen the use of information technology, the cre
ation of consolidated information systems and actualize the 
need for the formation of effective mechanisms for the imple
mentation of virtual information interaction.

literature review. The prerequisites for forming conclu
sions about the peculiarities of forming a consolidated infor
mation space of interaction of participants of integration pro
cesses are determined both by the tendencies of structural 
transformations in the economy, as well as by the nature of 
internal motives and factors of economic entities that encour
age them to inform interaction. Theoretical and methodologi
cal understanding of the problem of development of informa
tion support for integration processes at different hierarchical 
levels of the economic system, made it possible to conclude 
that there is no clear methodological justification of approach

es to the formation of a consolidated information system that 
allows realizing economic information interaction.

Thus, Okunlola, O. A., Masade, E. O., Lukman, A. F., 
Abio dun, S. A. (2020) identified the possibility of consolida
tion of information as the main motive for the relationship be
tween financial development and economic growth and inte
gration [1]. Korn, O., Schmidt, A. considered the need to ac
quire new knowledge and to form consolidated information 
systems for the use to “gamify” business processes [2].

Davidavicienė, V., Allelūnas, I., Sabajite, I. (2015) noted 
that information and communication technologies have a de
cisive influence on the competitiveness of the organization [3].

Ajibade, P., OndariOkemwa, E. M. and Matlhako, M. 
(2019) formulated the basic requirements and identified the 
necessity of  information technology use as strategic tool to 
promote business decision making through quick business 
data analysis and dissemination of business ideas across busi
ness units and locations [4].

Petrasch R. (2020) proposed to solve the faults in tradi
tional control algorithm and achieve the goal of improvement; 
a new statistical process control approach is proposed to glob
al optimization of system integration. They proposed com
prises various tasks such as providing the strategies, concepts, 
infrastructure, and tools for OLTP (Online Transaction Pro
cessing) and OLAP (Online Analytical Processing) [5].
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Heimburger L., Buchweitz L., Gouveia R., Korn O. (2020) 
analyzed Software tools and especially mobile applications as 
innovative means to support providing onboarding processes 
in a modern, even remote, way, described a mobile onboard
ing application specifically developed for the young, techni
cally literate generations Y and Z, who are just about to start 
their career [6].

Particularly noteworthy are the studies by Nissen, V., 
Füßl, A., Werth, D., Gugler, K., Neu, C. (2019) and Genc, T. S., 
De Giovanni, P. (2020), who examined methods for the selec
tion and implementation of information technology in the digi
tal transformation era, analyzed the current status and future 
developments of the digital transformation in business consult
ing [7, 8].

Abtahi, A.R., Abdi, F. (2018) investigated the informa
tion interaction of participants using effective mechanisms for 
monitoring process, using cloud computing as an approach to 
access the virtualized resources based on an integrated system 
[9].

Heidari, M. R., Heravi, G., Esmaeeli, A. N. (2020) detail a 
comprehensive stepbystep approach to building a best prac
ticedriven, multiyear roadmap in the quest for architectur
ally evolvable BI and data warehousing at the enterprise scale. 
The authors addressed the sustainable development which re
quires decisionmaking systems based on sustainability crite
ria and overpassing just economic and financial criteria. Inte
gration of lifecycle cost analysis (LCCA) and lifecycle as
sessment (LCA) to select pavement alternative is a solution to 
address economic and environmental issues simultaneously 
[10].

Korn, O., Funk, M., Schmidt, A. (2015) presented gamifi
cation as an ever more popular method to increase motivation 
and user experience in realworld settings. It is widely used in 
the areas of marketing, health and education. The authors 
proposed a new concept for participants of integration entities 
in production environments, accepted in the industrial do
main; it has to be seamlessly integrated in the regular work 
processes [11].

Bressanelli, G., Perona, M., Saccani, N. (2019) in the pa
per “Challenges in supply chain redesign for the Circular 
Economy: a literature review and a multiple case study” iden
tify and systematize 24 challenges that may hamper a supply 
chain redesign for the Circular Economy [12].

results. To ensure information interaction of participants 
of integration entities, which will allow carrying out informa
tion support of management decisions, virtually realizing eco
nomic ties, monitoring the implementation of integration pro
grams and strategies, the creation of an economic and infor
mational space of interaction of information integrators and 
tools implementation of integration interaction is required.

Economic-information space of interaction of the partici
pants of integration is a subsystem of external global informa
tion infrastructure and allows realizing economic information 
interaction of economic subjects. This layer is characterized by 
indicators of completeness of information, reliability, suffi
ciency, which create information “visibility” of the agent in 
relation to other economic entities and contribute to its inte
gration activity. Business entities implement this level of inte
gration processes on a global distribution systems platform. 
Having passed the sensory level, the subjects engage in eco
nomic interaction within a single information and communi
cation virtual plane. Entrepreneurs are implementing business 
processes and integrated information systems on the platform 
of the product family 1C, etc., which are used as mechanisms 
for implementing virtual integration interaction.

The third level of the integrated information plane creates 
an additional information contour, which aggregates informa
tion flows coming from the first level, which allows accumulat
ing knowledge in the distribution base of knowledge of inte
grated entities and transferring it for management decisions in 
strategic centers of the integrated structures.

Multi-agent virtual information plane is a consolidated in
formation and communication system that allows implement
ing mechanisms of interaction of economic agents (partici
pants of integration processes) in the economicinformation 
space and accumulating, processing, distributing, using con
solidated information for the purpose of informational support 
of decision making concept of integration development.

Fig. 1 presents a model of a multiagent information plane, 
which is based on a 4tier open distribution information sys
tem. The architecture of this system is formed from 4 levels: 
touch (a set of information); implementation (distribution in
formation system, which allows for information interaction 
based on the use of information); cognitive (knowledge dis
tributive framework that allows knowledge to be accumulated 
and transmitted to actors for management decisions); personi
fied (individual actor knowledge base, local information sys
tem).

At the top level of the proposed architectural design, infor
mation is exchanged between economic entities regarding the 
realization of the interaction possibilities. This level is formed 
on the basis of publicly available information contained on 
websites, regional and industry portals, reference sources.

As information accumulated by actors in the economic in
formation space is part of the information support for strategic 
management decision making, the virtual plane is accordingly 
integrated into the decision support system. The architecture 
of the specified segment is a collection of the following inter
connected subsystems:

 accumulation of information from external sources;
 monitoring of indicators of socioeconomic develop

ment of industry, region, economic entities;
 modeling the development of an integrated structure (in

teraction of economic agents), forecasting scenarios for the 
development of relationships between agents within the inte
grated formation;

 formation of document flow (incoming, outgoing, regu
latory and other documents).

In the process of virtual interaction between agents, a sig
nificant number of positive, negative, direct, indirect and 
feedbacks are formed, the implementation of which allows ex

Fig. 1. Model of multi-agent integrated information space
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erting managerial influences through the formed information 
and communication corridors, which is presented in Table.

Within the virtual integration plane, information flows are 
accumulated on the basis of agents’ local information systems 
(Level 4 of the multiagent space profile – personalized), 
which are the source of both the formation of the sensory level 
of virtual interaction, and of the distributive and cognitive. For 
the technical implementation of this concept it is recommend
ed to use specialized systems of KDD (Knowledge Discovery 
in Databases) Data Mining.

The multiagent architecture of the virtual interaction 
environment for tourism entities within the integration 
plane has a dual purpose, which causes difficulties in its im
plementation. Thus, on the one hand, it aims to support 
managerial decisionmaking in the development of an inte
gration strategy, which requires the generation of informa
tion about the possibility of growth of resource potential due 
to the creation of integration chains of interaction and the 
need for integration, which leads to reduced competition in 
the market. On the other hand, monitoring the implementa
tion of the integration strategy requires determining the ef
fectiveness of integration processes in terms of increasing 
resource potential.

Since, within the integration plane, diagnostics of interac
tion of economic agents is considered, which are considered as 
a decentralized system (each participant has individual target 
orientations, unique resource potential, certain behavior in the 
external environment), so in the process of information trans
formation the subjects of information space perceive informa
tion flows through individual filtration and information pro

cessing – mental models that provide a personal understand
ing of the environment and internal consumption and solving 
the management problems of each agent recorded in the form 
of information resources.

The mental model (KAsi) of the agent is defined as the pro
jection of the agent’s architecture on the level of business pro
cess realization (Fig. 2)

( , ),E p
Asi si siK f A A=

where, Si is interacting entities; ,E p
si siA A  are the role of the 

agent at the time of the act of virtual interaction.
During the interaction, the subjects Si can play different 

roles and change them (initiator, receiver). At the same time, 
for the implementation of a separate act of interaction, agents 
are activated and implement a business process based on a ba
sic information architecture B1ij, Bnij to create a crosscutting 
business process, n is the number of business processes that 
agents implement in a single act of interaction. The results of 
each business process are transmitted to the cognitive level of 
the virtual plane, with the attributes and parameters of the 
implementation of business processes which are private infor
mation and are the property of only those agents who have 
been involved in virtual interaction.

Some of the closed information is cognitively accumulated 
and transmitted for consolidated access by all participants in the 
virtual information environment. The main element of this in
teraction is the component K Bmij – a database of rules of vir
tual interaction (procedures for implementing the mth business 
process), which are the norms of the implications of the form.

Table
Matrix of managing influences on interconnections and resourcefunctional orientation of information and communication 

corridors within the integrated virtual plane

Strategic guidelines 
for ensuring effective 

engagement

Relationships between agents within the formed information 
and  communication corridors

The nature of the influence of the elements
of the outer shell of the virtual plane

Goal 
Level

Mega 
Level

Macro 
Level

Mezzo 
Level

Micro 
Level

Links between 
 subsystems

X1…i X2…i X3…i X4…i Z1 Z2 Z3 Z4 Zii

Provision subsystem 
(conditions for 
formation, 
allocation of 
potential 
utilization)

1 Resource and 
recreational 
potential of 

the region, a11

a12 a13 a1i β11 β12 β13 β14 β1i

regulation and audit 
subsystem 
(interaction 
trajectories, change 
parameters, impact 
weight)

2 a21 Agent 
Information 

Communication 
System a22

a23 a2i β21 β22 β23 β24 β2i

Transformation 
subsystem (increase 
in material and 
intangible potential, 
optimization of 
business processes)

3 a31 a32 Economic, 
environmental, 

social, innovation 
and investment 

potential of 
agents, a33

a3i β31 β32 β33 β34 β3i

forecasting 
subsystem 
(knowledge 
generation, adaptive 
management)

4 a41 a42 a43 Organizational, 
managerial, 
intellectual 

potential of the 
integrated 

structure, a4i

β41 β42 β43 β44 β4i

where, X is communication corridors between agents; a – the nature of the control effects; Z – external influences and obstacles; β – nature of 
external influences;  – direct regulatory connections;  – weak links;  – feedbacks;  – mediated communications;  – weak 
mediation.
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rm(F1)  …  rm(Fi)  …  rm(FiBm)  rm(DPj),

where IBm is the number of functions of the mth business pro
cess; rm(Fi)  {0, 1} is the fact of effective implementation of 
the ith function of the current business process (complete im
plementation of the business process according to the algo
rithm of the agent’s behavior); rm(DPj) is assessment of the 
impact of the business process on the growth of the jth compo
nent of the resource potential of participants (determined on 
the basis of peer review by the criteria: 1 – negative increase in 
resource potential (loss, decrease); 0.5 – probability of nega
tive growth; 0 – no change; 0.5 – probability of increase; 1 – 
positive gain).

The obtained values characterize the results of the imple
mentation of the acts of interaction, the accumulation of 
which makes it possible to determine the total increase in the 
resource potential of the agents. The algorithm of resource po
tential growth is built on the basis of additive reconciliation by 
potential criteria

1 11 ( );
n

Bij m
m

Sum P= = ∅r D∑

1 ( ),
n

xBij m x
m

Sum P= = ∅r D∑

where , 1, ; 1,lm m n l x∅ = = are business process weights from 
the point of view of growth of resource potential.

If 
i j

T
S SAct is an act of interaction of subjects Si and Sj within 

the virtual information plane at a certain point in time – T, T0 
is the moment of time of the first interaction between these 
actors. The formed model of virtual interaction of actors with
in the virtual plane will allow estimating the effect of interac
tion from the point of view of growth of aggregate resource 
potential (consolidated knowledge base) for the period of time 
from T0 to T

0
1( ) ( , ).T T

sisj Bij xBijAct Sum Sum→W =

In this case, the agent interaction environment is an eco
nomicinformation multiagent space (consolidated distribu
tion system) and can be represented as a set of agents, each of 
which is an intellectual information subsystem, characterized 
by a set of goals, individual properties, rules of behavior and 
market behavior.

In the multiagent environment of interaction of the sub
jects of tourism activity several determinant agents are identi
fied – prototypes: enterpriseproducer of tourist product; an 
enterprise agent, an enterprise operator, an investor, each of 
which has its own role in the value chain. In the processes of 
interaction, agents accumulate knowledge in their own knowl
edge bases, resulting in the process of adaptation of subjects to 
changes in the environment and the development of agents 
[13]. Each agent has the basic architecture and structure of the 
knowledge bank and can interact with another agent within 
the virtual integration plane, the mechanism of which is pre
sented in Fig. 3.

In order to reach the targets of the participants of virtual 
interaction through the implementation of business processes, 
agents communicate with each other through requests and 
messages, which is preceded by their information visibility 
(availability and information space of sufficient and reliable 
information about the subject of the relationship), and per
form specified actions and operations according to available 
knowledge. From the formed algorithm it is evident that in the 
process of interaction the cycle of knowledge exchange be
tween levels of information plane of interaction is realized, at 
the expense of which the knowledge base of the cognitive level 
is kept uptodate.

In this case, the architecture of interaction of participants 
of integration processes based on a multiagent approach has a 
specific substantive and meaningful interpretation – the be
havior of the agent (procedural component of the knowledge 
base) is given priority, and is formed in the process of imple
mentation of the act of interaction by replenishing and updat
ing the knowledge base at each moment of time. The purpose 
of virtual interaction management is to accumulate knowl
edge. In this case, each agent is not only a user of information, 
but also a source of knowledge and a means of their accumula
tion within the cognitive level.

Conclusions. The created virtual integration plane is the 
basis for managing the virtual integration interaction of eco
nomic entities in the business sector as an important mecha
nism for implementing the concept of integration develop
ment. A multiagent virtual information plane defines a con
solidated information and communication system that allows 
implementing mechanisms of interaction of economic agents 

Fig. 2. Schematic of the virtual agent interaction model based 
on the virtual plane

Fig. 3. Flowchart of the algorithm of interaction of economic 
agents within the virtual integration plane
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(participants of integration processes) in the economic infor
mation space through the accumulation, processing, distribu
tion, use of consolidated information in order to support the 
conceptualization of decision making development. The archi
tecture of the multiagent information plane is presented in the 
context of four levels: the touch (a set of information); imple
mentation (distribution information system, which allows for 
information interaction based on the use of information re
sources); cognitive (knowledge distributive framework that al
lows knowledge to be accumulated and passed on to actors for 
management decisions); personified (individual actor knowl
edge base, local information system). For realization of man
agement influences within the integrated virtual plane, a ma
trix model of creation of information and communication cor
ridors for interaction of participants on resource and function
al orientation was formed. It is determined that the transforma
tion of information by the subjects of the virtual information 
space occurs on the basis of individual filtering and processing 
of information – mental models, which are defined as the pro
jection of the agent’s architecture on the level of business pro
cess realization, ensure the management decisions by the 
agents based on the consolidated knowledge bases, recorded in 
the form of information resources. The process of economic 
agents’ interaction within the virtual integration plane is de
fined, which is determined by an important mechanism of im
plementation of the concept of integration development.
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Мета. Моделювання консолідованих інформаційних 
систем за результатами взаємодії економічних суб’єктів в 
інформаційному просторі. Обґрунтування інформацій
нокомунікаційного спрямування віртуальної інтегра
ційної площини, принципів формування й сукупності 
елементів, що її утворюють.

Методика. Теоретикометодологічною основою до
слідження є неокласичні економічні теорії, концепції 
економічної інтеграції, системний і синергетичний під
ходи. Використані методи когнітивного моделювання 
для розроблення моделі мультиагентної інформаційної 
площини реалізації механізмів взаємодії учасників в ін
тегрованих структурах бізнесу. На основі методу науко
вого пізнання сформульовані висновки щодо створення 
економікоінформаційного простору взаємодії учасни
ків економічної інтеграції.

Результати. Розвинуті теоретичні й методологічні по
ложення щодо використання інформаційних технологій 
для забезпечення інформаційної взаємодії учасників ін
теграційних утворень. Представлена модель мультиа
гентної інформаційної площини, в основу якої покладе
но 4рівневу відкриту розподільчу інформаційну систе
му. Обґрунтована роль і завдання взаємопов’язаних під
систем в економікоінформаційному просторі. Уточнені 
напрямки впливу через сформовані інформаційнокому
нікаційні коридори. Доведена необхідність акумулюван
ня інформаційних потоків у межах віртуальної інтегра
ційної площини на основі локальних інформаційних 
систем агентів. Удосконалена мультиагентна архітектура 
середовища віртуальної взаємодії суб’єктів підприєм
ницької діяльності в межах інтеграційної площини; ви
значена схема моделі віртуальної взаємодії агента на 
основі віртуальної площини та удосконалена блоксхема 
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алгоритму взаємодії економічних агентів у межах вірту
альної інтеграційної площини.

Наукова новизна. Розвинута наукова позиція щодо пріо
ритетності забезпечення інформаційної взаємодії учасни
ків інтеграційних утворень на основі використання інфор
маційних технологій. Розкрито інформаційнокомуніка
ційне спрямування віртуальної інтеграційної площини. 
Змістовно конкретизовано процес формування віртуально
го економікоінформаційного простору взаємодії учасни
ків у межах мультиагентної віртуальної інформаційної пло
щини, що дозволяє здійснювати акумулювання, обробку, 
розподіл, використання консолідованої бази знань з метою 
інформаційного й комунікаційного забезпечення наскріз
них бізнеспроцесів, підтримки прийняття управлінських 
рішень для здійснення віртуальної взаємодії агентів.

Практична значимість. Запропоновано прикладний 
інструментарій модернізації інформаційних технологій 
для забезпечення інформаційної взаємодії учасників ін
теграційних утворень. Сформована віртуальна інтегра
ційна площина для управління віртуальною інтеграцій
ною взаємодією суб’єктів підприємницької діяльності та 
реалізацією концепції інтеграційного розвитку. Отрима
ні результати дозволять здійснити інформаційну під
тримку прийняття управлінських рішень, реалізовувати 
економічні зв’язки, проводити моніторинг реалізації ін
теграційних програм і стратегій.

Ключові слова: інформаційні системи, інтеграційний 
розвиток, суб’єкти підприємницької діяльності
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Цель. Моделирование консолидированных инфор
мационных систем как результата взаимодействия эко
номических субъектов в информационном простран
стве. Обоснование информационнокоммуникационно
го направления виртуальной интеграционной плоско
сти, определение принципов и совокупности элементов, 
которые ее образуют.

Методика. Теоретикометодологическую основу ис
следования сформировали неоклассические экономиче
ские теории, концепции экономической интеграции, 
системный и синергетический подходы. Использованы 
методы когнитивного моделирования для разработки 
модели мультиагентной информационной плоскости ре
ализации механизмов взаимодействия участников в ин
тегрированных структурах бизнеса. На основе метода на
учного познания сформулированы выводы по созданию 

экономикоинформационного пространства взаимодей
ствия участников экономической интеграции.

Результаты. Предложено направление развития тео
ретических и методологических положений по использо
ванию информационных технологий для обеспечения 
информационного взаимодействия участников интегра
ционных образований. Представлена модель мультиа
гентной информационной плоскости, в основу которой 
положена 4уровневая открытая распределительная ин
формационная система. Обоснована роль и задачи взаи
мосвязанных подсистем в экономикоинформационном 
пространстве. Уточнено направление влияния через сло
жившиеся информационнокоммуникационные кори
доры. Доказана необходимость аккумулирования ин
формационных потоков в рамках виртуальной интегра
ционной плоскости на основе локальных информацион
ных систем агентов. Усовершенствована мультиагентная 
архитектура среды виртуального взаимодействия субъек
тов предпринимательской деятельности в пределах инте
грационной плоскости; определена схема модели вирту
ального взаимодействия агента на основе виртуальной 
плоскости и усовершенствована блоксхема алгоритма 
взаимодействия экономических агентов в рамках вирту
альной интеграционной плоскости.

Научная новизна. Представлена научная позиция 
приоритетности обеспечения информационного взаи
модействия участников интеграционных образований на 
основе использования информационных технологий. 
Раскрыто информационнокоммуникационное направ
ление виртуальной интеграционной плоскости. Содер
жательно конкретизирован процесс формирования вир
туального экономикоинформационного пространства 
взаимодействия участников в рамках мультиагентной 
виртуальной информационной плоскости, что позволяет 
осуществлять накопление, обработку, распределение, 
использование консолидированной базы знаний с целью 
информационного и коммуникационного обеспечения 
сквозных бизнеспроцессов, поддержки принятия 
управленческих решений для осуществления виртуаль
ного взаимодействия агентов.

Практическая значимость. Предложен прикладной 
инструментарий модернизации информационных тех
нологий для обеспечения информационного взаимодей
ствия участников интеграционных образований. Сфор
мирована виртуальная интеграционная плоскость для 
управления виртуальным интеграционным взаимодей
ствием субъектов предпринимательской деятельности и 
реализацией концепции интеграционного развития. По
лученные результаты позволят осуществить информаци
онную поддержку принятия управленческих решений, 
реализовать экономические связи, проводить монито
ринг реализации интеграционных программ и стратегий.

Ключевые слова: информационные системы, интегра-
ционное развитие, субъекты предпринимательской дея-
тельности
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