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Abstract. The study of the transformation of the industrial complex and industrial products 
markets, due to its complexity, involves the use of tools that can adequately simulate elab-
orate systems of interconnections. The paper aims at developing an agent-based model of 
digital transformation of the regional industrial complex. The research methodology relies 
on regional economics, game and contract theories, the network approach, as well as the 
concepts of new industrialisation and the fourth industrial revolution. The author uses simu-
lation modelling to study the individual behaviour of agents. As one of its outcomes, the 
article provides a methodological rationale for modelling industrial development processes 
by simulating the behaviour of interacting agents. The structural elements of the proposed 
model include an interaction environment, four classes of agents with individual parameters, 
strategies and rules of behaviour, a complex of external stimulating factors and a set of indi-
cators of a phased digital transformation of an industrial complex. The model development 
algorithm consists of three parts: setting the initial state; determining the specific number of 
model runs corresponding to the time horizon of calculations; making final calculations and 
visually presenting simulation outcomes. The author proposes one of the possible methods to 
formalise behaviour rules of heterogeneous agents that includes the choice of the digitalisa-
tion strategy and operational decision-making. The results of the study can offer support for 
the practical implementation of the simulation model within a specific computer environ-
ment and lay the foundations for the control system of a region’s industry digitalisation.
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Introduction

Transformation of the industrial complex and its product markets should accommodate con‑
flicting interests, strategies, and rules of behaviour of the entities subject to industrial devel‑

opment. One of the approaches to studying the topic is the agent-based modelling which is quite 
powerful and has acquired additional effective tools with the advent of computer technologies.

Agent-based models belong to the class of models that study individual behaviour of agents, 
usually by means of computer simulations. The main idea of these models is to make a set of 
agents with a set of properties and behaviours close to the real-world ones typical for the par‑
ticular area of activity. At the same time, by means of simple rules of agent behaviours such 
models can demonstrate the dynamics of a system as a whole and produce the results that can‑
not be obtained by other methods.

At the current stage, the purpose of the study is to develop the architecture of the agent-based 
model for the digital transformation of the region’s industrial complex, determine its features, 
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and identify its main modules, interrelations, and other parameters. The practical outcome of 
the study consists in specifying simulation entities and interactions between them, developing 
the structure of the model to be implemented within the AnyLogic simulation environment, 
and describing the algorithm of its operation. The next stages of research will add further details 
to the parameters, verify the model against historical data, and perform predictive calculations 
based on scenarios for the regions’ industrial development.

Theoretical and methodological basis of agent-based modelling 

The theoretical and methodological basis of the research rests on regional economics to explore 
the local industrial systems, game theory and contract theory to formalise the interactions 
between businesses, as well as platform and network approaches describing the modern nature 
of interactions between economic agents in the industry. When modelling digital transformation 
of industrial activities, the study also relies on the concepts of new industrialisation and the 
fourth industrial revolution.

Simulation modelling was used as a methodological tool to investigate the industrial complex. 
It has been successfully applied to research complex dynamic systems where the object and 
problem under study are hard to formalise and model by analytical and numerical methods. 
Traditionally, simulation modelling involves the following approaches: discrete-event (main 
tools: entities, resources, flow charts, and services); agent-based (autonomous agents, their 
characteristics, rules of behaviour, state charts); and system dynamics (stock and flow diagrams).

The approach to be applied is selected based on the set objectives. The real-life systems, 
especially socioeconomic ones, often include many elements and interactions, and may require 
the use of various approaches. In this case, the agent-based approach appears to be the most 
versatile as it focuses on modelling an agent and allows to preset a wide range of parameters, 
methods, behaviour rules, and other characteristics.

At the same time, local behaviours of agents following their own rules make up the global 
behaviour of the system as a whole making it possible to observe new systemic effects and reveal 
emergent properties. This effect is usually exemplified by the cellular automata theory [Macal, 
North, 2009] where the agents with two-three simplest rules of interaction generate rather 
complex structures. In addition, adding complexity to the agents’ behaviour rules in the model 
makes it possible to predict actions of the real-world agents (by processing their statistical data, 
for example) that independently determine their behaviours (people, households, communities, 
large economic entities, etc.).

The methodology of agent-based modelling first took shape in the study of social problems 
by Schelling [1971]. This approach was applied to various domains such as defence [Hill, 
Champagne, Price, 2004; Sokolowski, Banks, Morrow, 2012], land use [Polhill et al., 
2008], marketing [Duffy, Unver, 2008; Rand, Rust, 2011; Ivashkin, 2017], social studies 
[Patel, Crooks, Koizumi, 2012; Gangel, Seiler, Collins, 2013], logistics [Wijermans et al., 
2013;  Pluchino et al., 2014], inventory management, supply chains [Zamyatina, Karimov, 
Mitrakov, 2014], establishment of the region’s economic area and information space [Zhuk, 
Buresh, 2010], modelling sustainable industrial development [Romero, Ruiz, 2014; Fraccascia  
et al., 2020], etc.

It is worth mentioning agent-based models created by researchers of the Central Economic 
Mathematical Institute of RAS [Bakhtizin, 2007, 2008; Makarov, Bakhtizin, 2009; Makarov, 
Bakhtizin, Sushko, 2013].  Such models of regions and municipalities usually include industrial 
enterprises as an agent class [Chirkunov, 2011; Fattakhov 2013]. A number of publications 
address the modelling of industrial systems, for example: the evolution of the coal industry 
in the competitive market [Markov, Markova, Kotelkin, 2013], operation of emission control 
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systems in the industrial enterprises [Makarov, Bakhtizin, Sushko, 2017], high-technology and 
industrial cluster management [Ramzaev et al., 2017; Abramov, 2019], interaction between 
the state and enterprises in monopolistic markets [Panyukov, Konovalova, 2012], building 
predictive models for the regional timber complex development [Dianov, Rigin, 2020], free 
market in the electric power industry [Rashidova, 2017], etc.

From the author’s point of view, it is natural that the growing popularity of agent-based 
modelling is associated with, among other things, increased computer performance and relevant 
software availability that eased conducting research [Heath, Hill, 2010]. Currently, the world’s 
largest research centers use this approach to study socioeconomic and political processes. A 
whole new branch has appeared in economics, agent-based computational economics [Bakhtizin, 
2008; Chen, 2011]. Agent-based modelling is described as the “correct” mathematics for the 
social studies [Borrill, Tesfatsion, 2010], since the state of society and its development laws 
are generally extremely difficult to describe mathematically. At the same time, the approach 
to agent-based modelling itself has constantly evolved from creating the simplest automata to 
studying the learning agents affected by culture with regard to their psychology and peculiarities 
of knowledge transfer [Serrano et al., 2014; Anzola, 2019; Antinyan, Horváth, Jia, 2019; Chen, 
2020].

There is a number of scientific journals dedicated to the aspects of agent-based modelling 
of social systems, namely the Journal of Artificial Societies and Social Simulation (issued 
since 1998), and the Russian quarterly online journal Artificial Societies. In addition, there is 
a significant amount of reference resources on the practical issues and methods for creating 
agent-based models and related software which indicate the applicability and effectiveness of 
this approach.

The literature review suggests that agent-based models have a number of advantages for the 
socioeconomic research such as: 

•  system modelling is as close to reality as possible, interaction between economic agents is 
modelled directly, almost any algorithms can be introduced into the model;

•  the ability to build models without exact knowledge of global interactions in the system’s 
operation;

•  the most flexible toolkit offering the ability to modify separate parts of the model with a 
wide range of visual presentation and scaling capabilities allowing to apply specific modelling 
methods to individual modules;

•  the ability to calculate scenario simulations with adjustable conditions;
•  configured models help identify and visually present new so-called emergent properties of 

the simulated systems.
The author believes that the main feature of the agent-based approach is the ability to study 

the changes in the system’s macro-parameters by setting the correct rules for micro-interactions 
between agents. At the same time, the structure of the system is not rigid but gradually takes 
its final shape as the entities interact. By interacting with other agents based on the pre-set 
behaviour rules, an agent gradually changes the structure of the system, since the agent and 
structure are interdependent and are dynamically changing in the process of their interaction.

The agent’s nature and its key qualities (proactivity, reactivity, location, ability to learn and 
communicate) are still debated. Some examples of agents include people (as well as other living 
beings), robots, cars, and other mobile units; immobile objects; sets of homogeneous objects. 
Generally, any object seen in real life can act as an agent in agent-based models provided that 
they have correct specification [Makarov, Bakhtizin, 2009]. Besides, real models may include 
auxiliary agents performing special functions in the studied system. The agent shall be generally 
defined as an autonomous structure affected by the outside world, the one that decides on 
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and effects its response based on the rules of any complexity including the accumulation of 
knowledge, the choice of special strategies, random behaviour, etc.

Agent-based modelling is now widely used to address many socioeconomic and technological 
issues [Makarov, Bakhtizin, 2009] such as:

•  supplier network optimisation and logistics planning;
•  business planning;
• product demand and sales forecasting;
•  optimisation of the number of employees;
•  forecasting certain aspects of the socioeconomic system (e.g. a city, a region) development;
• modelling migration processes;
• pedestrian traffic simulation and optimisation;
•  transport system simulations;
•  environmental forecasting, etc.
At the same time, the modelling of a socioeconomic system is complicated by many direct 

and inverse relationships, mutual effects, and a large number of active agents with bounded 
rationality learning and uniting into groups, all within a changing environment. Such systems 
tend to have no single centre that would unambiguously determine their overall dynamics, 
which emerge from the actions of a large number of heterogeneous agents. All these features can 
be fully accommodated within the agent-based models. For this type of systems, agent-based 
modelling is a universal tool capable of accommodating complex structures and rules of agent 
behaviour. A model can be created even without any knowledge of global interactions, just by 
understanding the individual logic behind the actors’ behaviour [Borshchev, 2014].

The distinctive features of an agent-based model involve agent autonomy, agent 
heterogeneity, bounded rationality of agents, availability of room for agents’ activities, large 
number of interacting agents. In the author’s view, these features allow reliably modelling the 
processes occurring in the industrial complex with the agent-based approach. The approach 
based on formalisation of interactions between entities appears to be one of the most suitable 
for modelling the processes and mechanisms of industrial development. This assumption is 
supported by the current shift in the management of industrial development from the state-
run (dirigiste) model to the multi-subject one typical of developed countries. At a regional 
level, the industrial complex is managed through a set of mechanisms of vertical and horizontal 
industrial policy which include various formal and informal interactions typical for the network 
structures in the industry. The approach to industrial policy as a system of interactions among 
multiple entities and its applicability to creating competitive industry was discussed in the 
previous studies [Akberdina et al., 2018b].

This approach is especially useful when you need to determine the future state of a system 
which results from established new rules, changes in the existing ones, and effects from external 
factors. In this regard, the agent-based modelling seems to be best suited for the given area of 
study, namely the process of industrial complex transformation.

The author’s approach involves the development of a methodology to explore the technological, 
structural, and institutional transformation of the industrial complex and industrial markets in 
the context of Industry 4.0 development. The agent-based model being created belongs to a 
group of economic and mathematical models that describe various aspects of regional industry 
transformation together with their objects, subjects, and characteristics of interactions. The 
main goal at this stage of research is to develop the architecture of the agent-based model for the 
digital transformation in the industrial complex of a region. In this regard, the objectives are to:

•  develop and justify the structure of the model with respect to its further implementation in 
the AnyLogic simulation environment;
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•  identify the main agents, their properties, rules of behaviour, and interaction features;
•  establish environmental parameters with respect to existing digitalisation trends.

Description of the industry’s digital transformation process

The digital transformation of the manufacturing industry, or digitalisation in production, 
involves improvement across technological and organisational areas. The Digital Economy 
programme lists the following end-to-end digital technologies: big data, new production 
technologies, industrial Internet, artificial intelligence, wireless technologies, components of 
robotics and sensorics, quantum technologies, blockchain systems, technologies of the virtual 
and augmented realities.

In Russia, digitalisation in manufacturing often focuses primarily on resource management 
processes, while digitalisation in the areas of product design, fabrication, and servicing lags 
much behind. In this sense, a more important process in line with the fourth industrial revolu‑
tion would be to introduce information technologies in production.

Establishing a set of indicators to measure the processes of digitalisation in industrial pro‑
duction poses a certain challenge. For example, the Information and Communication Technol‑
ogy section of the OECD Statistics website1 lists several dozens of indicators reflecting various 
digitalisation processes such as the usage of broadband Internet and various technologies and 
networks by different sectors of business. To assess the level of digitalisation in a model, one can 
use a modified index for measuring manufacturing enterprises’ digitalisation which comprises 
the following indicators [Tolkachev, 2019]:

•  broadband Internet access (with the speed of at least 100 MBit/sec);
• use of EDI (electronic data interchange);
• use of radio frequency identification (RFID) technologies;
• use of cloud services;
• use of ERP;
• use of big data;
•  availability of a website allowing for online ordering;
• use of CRM;
•  sharing of electronic information with suppliers and customers;
•  receipt of orders over computer networks;
• placement of orders over computer networks;
• use of social media.
The set of indicators included in the index allows for a comprehensive assessment of how well 

a business is equipped and organisationally developed in the digital sphere. 
To monitor individual digitalisation stages, the author will adopt the approach described by 

Akberdina [2018] who suggests the discrete qualitative changes in the industry leading to signifi‑
cant structural and institutional transformation. The paper will also identify the stages of the in‑
dustrial complex transformation and the irreversible nature of transition to a new state with high‑
er socioeconomic indicators. In this sense, the term “transformation” is understood as a result of 
prior conversions. Akberdina [2018] suggests identifying the industrial complex’s transformation 
stages, each with a certain “digitalisation gene” and a relevant set of specific indicators. The added 
value of this approach lies in the set of specific indicators available from regional statistics. At the 
same time, it should be noted that in this approach, the main indicator at the final stages of digi‑
talisation is the development of high-technology sectors, i.e. mechanical engineering producing 
specialised sensors, precision drives, and other robotisation tools and appropriate software. This 
may require a separate class of agents to be included in the model under development.

1  URL: https://stats.oecd.org
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Features of the agent-based model structure
Considering the purpose and objectives of the study, the author believes that the architecture of 
the model being created should make it possible to:

•  adjust the model, change the set of agents, their parameters, environmental conditions;
• provide aggregated indicators for a group (target cut) of agents and for the system as a 

whole;
•  show the structure of agents’ interaction, their behaviours, information exchange;
•  acquire and visually present the received statistical data, to process it automatically;
• verify the simulation model, increase its reliability based on historical data;
•  optimise the simulation experiment in terms of its duration and reliability;
•  implement smart rules of agents’ behaviour with the functions of reactive behaviour, 

learning, strategy selection, etc.
•  import agent parameters, i.e. real-life businesses, from external databases, as well as to 

export the data for its further analysis.
The overall structure of the model includes a number of elements such as an interaction 

environment, specified external parameters, important factors affecting the transformation 
process, a set of agents of various classes, and aggregated macro-indicators (Fig. 1).

Fig. 1. The structure of the agent-based model for industrial complex transformation
Рис. 1. Структура агент-ориентированной модели трансформации промышленного комплекса

The types of agents for the model will be determined with regard to its subsequent 
implementation in the Anylogic simulation environment. The idea to study the region’s industry 
as a multi-subject system with relatively independent stakeholders has already gained some 
traction. The author has identified the main subjects of industrial development [Korovin, 2017]. 
Akberdina et al. [2018a] have proposed the approach to analyse interaction between industrial 
entities based on the game theory, and outlined mathematical parameters for the cost-benefit 
ratio of their interaction. In this study the model under development will use characteristics 
calculated on the basis of statistical observations, surveys, and other data treated as agent 
parameters.

The agent-based approach will use the following tools to formalise each type of agents and 
interactions between them: parameters and variables, events, various functions, and state charts. 
Most parameters of the influence that businesses have on each other and that the environment 
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has on businesses will be determined by regression analysis. Individual parameters of the extent 
to which the businesses are aware of and participate in the support system are evaluated by 
means of a questionnaire survey among businesses (including the one conducted by the Union 
of Industrialists and Entrepreneurs for the Sverdlovsk oblast).

The model includes both large and small businesses as economic agents. A separate class of 
agents consists of manufacturers of digital technologies, robotics, and software. The elements 
of industrial infrastructure, including specialist training, IT infrastructure, transport, etc., are 
counted as aspects of the environment and at this stage are not singled out as a separate entity. 
Regional government that changes individual parameters of the environment and affects the 
enterprises and manufacturers of digitalisation elements by interacting with them also constitutes 
an individual agent. Since all economics agents, except for the government, are represented by 
multiple entities, it is possible to monitor and modify their number as the agents can be added 
or removed during simulations (see table).

Each of the selected enterprise agents has its own geographical and sectoral profile, follows 
specific competitive strategies and business models, and shows distinguishable resource 
capabilities. For the purpose of the study, only key financial and selected technological indicators 
will be used.

Model agents’ main characteristics 
Основные характеристики агентов модели

Agent type Parameters (variables) Strategies States

Large industrial 
enterprises

Digitalisation indicators
Sales
Profit
Costs of particular digital 
technologies

1. Reactive
2. Proactive

Pre-transformation 
state
Ongoing 
transformation period
Transformed state

Small and medium-sized 
industrial enterprises

Digitalisation indicators
Sales
Profit
IT expenditures
Level of digitalisation 

1. Reactive
2. Proactive

Pre-transformation 
state
Ongoing 
transformation period
Transformed state

Producers of means of 
digitalisation and software

Sales
Profit
R&D expenditures

1. Proactive –

Regional government

Costs of industrial 
modernisation promotion 
(subsidies)
State’s benefit from industry 
transformation (taxes)

1. Proactive 
(digitalisation 
promotion)
2. Reactive

–

The list of large enterprise agents with appropriate parameters will be imported from the 
external database and identical small and medium-sized enterprise agents will be created to 
ensure the model reflects real-life experiences. With further elaboration, the model could be 
supplemented with additional agents such as scientific/educational institutions, population/
households, as well as research and innovation centres, industrial parks, etc. There may also be 
an option to group companies by their sectoral profile (by the key industries such as aviation, 
automotive, electronic, radio-electronic, and pharmaceutical industries, medicine, mechanical 
engineering, etc.), as well as single out high-technology companies; export-oriented enterprises; 
emergent high-technology businesses (start-ups); companies with a high share of R&D spending; 
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company networks; companies engaged in creating and developing new technology, etc. Sectoral 
profile may be introduced as  an optional parameter to adjust agents’ behaviour rules.

Each agent in the model has its own behaviour strategy. Its parameters can be deduced from 
statistical evidence and other materials, by analysing opinions given by industrial companies’ 
management. A study carried out by Strategy Partners, a Russian member company of the 
Sberbank Group, provides an estimate of the Russian companies’ digital transformation 
readiness index. Of main interest here is the attitude of enterprise management to the possibility 
of digitalisation. The survey revealed that the overwhelming majority of Russian enterprises 
(91 %) not only keep using an outdated business model but generally have no digitalisation 
strategy for their business (the strategy was developed in 4 % of companies). In the next 3–5 
years, only 30 % of respondents consider digitalisation as their priority, while 78 % declare their 
intent to use digital technologies to improve certain production processes, and 35 % are going 
to offer new digital products and services. 80 % of companies use digital design technologies in 
one form or another; over 60 % use novel materials, big data, and cloud technologies. Lack of 
financial resources was named as one of the main obstacles hindering digital transformation by 
22 % of survey participants, while only 17 % of managers cited staffing issues as a barrier.

35 % of the managers expect the government to develop specialised educational programmes, 
support corporate R&D, and promote technology adoption initiatives, while 22 % expect the 
incentives for technological entrepreneurship (grants, acceleration programmes). At the 
same time, analysts suggest that digitalisation can provide the business with new competitive 
advantages: a several-fold increase in productivity and a drop in operating costs by a third.

The findings of the survey will help specify digitalisation strategies and estimate the likelihood 
of each one of them being adopted by a company.

The model at this stage will not be tied to a specific pre-set (physical) space and will not require 
setting rules or other attributes of agent movement or any concomitant graphical presentation. 
An enterprise agent will be assumed to have a full “field of vision” when it sees all its potential 
contractors irrespective of their actual geographical location and is aware of digital technologies. 
In real life, this is ensured through communication means, the Internet, a fairly effective data 
exchange as well as the advanced logistics network.

Parameters of the external environment are limited to the full availability of technologies, 
personnel, production capacities, high-potential external and internal markets, etc. At the same 
time, the support measures from the federal government will also be modelled as external 
parameters. When simulating the external environment, the regulatory impact from various 
measures (mostly financial) will be taken into account, namely guarantees, subsidies, grants, 
bans/restrictions/permits, tariff- and non-tariff barriers, etc. These will be evaluated by the total 
amount of allocated budget funds. The following types of regulation are to be incorporated in 
the model in the future:

•  tax regulation (tax burden reduction, special tax treatment);
• monetary regulation (concessional lending, greater credit availability); 
•  foreign exchange regulation (for example, protection of domestic producers in foreign 

trade); 
•  regulation of specific product markets, antimonopoly, cost, and customs tariff regulation;
•  institutional regulation (introduction and alteration of norms and rules defining interaction 

between business entities).
The simulation algorithm of the agent-based model (Fig. 2) consists of the following stages:
1) initialisation: creating agents and, if necessary, locating them, assigning parameters from 

the given database, as well as setting environmental parameters and establishing external factors;
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Fig. 2. Agent-based model algorithm
Рис. 2. Алгоритм работы агент-ориентированной модели

2) imitation: running rules of interaction, agents select individual strategies, communicate, 
share resources, collecting statistical data;

3) obtaining results: downloading statistical data, analysing aggregated indicators, evaluating 
the system’s macro-parameters, processing and visually presenting the data.

Formalisation of the behaviour rules followed by heterogeneous agents is the most 
challenging and critical part of model development. As the model’s architecture is developed, 
general relations that determine the actions of the agents can be established. At each model run 
enterprises select their own strategies as a function of their internal state, external environment, 
actions of regional government and, possibly, actions of other enterprise agents. In addition, the 
choice of a digitalisation strategy depends on personal qualities of the company managers. The 
decision to adopt a digitalisation strategy can be expressed by a Boolean function:

	                        Dsi = ƒ(DigLev,Vi), 		  (1)

where Dsi is a Boolean variable that denotes whether or not an enterprise agent i decided to 
digitalize; DigLev is the overall level of industry digitalisation in the region; Vi is the probability 
of adopting the digitalisation strategy by the enterprise i management which is established 
on the basis of the survey conducted among industrial enterprises, taking into account their 
sectoral and technological profiles.
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The very decision to launch the programme depends on the chosen strategy and the current 
financial capabilities of a particular enterprise, external factors, and the amount of support from 
the regional government:

	                       Di = ƒ(Dsi,Ii,O,Gi), 		  (2)

where Di is a Boolean variable that denotes whether or not an enterprise agent i decided to 
digitalize; Ii is the aggregate of the current financial state of an enterprise i; O is the aggregate 
of the state of the current environment where an enterprise operates; Gi is the assistance from 
the regional government estimated based on the total amount of support and its allocation in 
accordance with the criteria set by the authorities.

In case of a positive decision, an enterprise agent initiates the process of digitalisation, bears 
additional costs, and creates additional demand for the technical means and services including 
telecommunication services provided by regional agents. After a certain number of model 
runs, the agent passes into the transformed state, and as a result its technological and financial 
characteristics change.

The agent providing IT responds to the higher demand from the industry and improves its 
financial performance which becomes even stronger as the agent accumulates placed orders for 
digitalisation.

Taking the overall state of the industry into consideration, the regional government agent 
makes a decision on supporting digitalisation based on the aggregates of industry performance 
and its own financial capabilities. The amount of support will also depend on the industry 
digitalisation strategy adopted by the regional authorities:

	                              RgSupp = ƒ(DigLev,RgS), 	 (3)

where RgSupp is the amount of support allocated by the regional government for the industry 
digitalisation; RgS is the strategy adopted by the government regarding the industry digitalisation 
in the region.

External environment will be characterised by the common macroeconomic and social 
indicators changing in accordance with the simulation conditions. Individual and integral 
indicators of digitalisation will be computed. The obtained data will be included in the model, 
and used in the follow-up calculations in each run.

At this stage, this is a general framework to formalising interactions within the model that 
will be specified during its implementation in the AnyLogic environment. Further development 
of the model will involve calculation of parameters for the above functions and programming 
the agents. Calibration and verification of the agent-based model is complicated by the implicit 
and indirect nature of relationship between local properties of individual agents and those of the 
modelled system as a whole. The model will be calibrated against the available historical data on 
the digital development of the industry in Sverdlovsk oblast

Scenarios of strengthening government support for the digital development of the industry, 
improving general economic conditions, emerging digital technologies, and a deepening 
economic crisis will be considered as possible options to be tested with the verified model.

Conclusion

The author investigated modern approaches to agent-based modelling of the socioeconomic 
processes. The paper analysed the evolution of these approaches, showed the variety of applied 
methods, and summarised the areas of their application. Based on the literature review, the 
advantages of the agent-based approach in studying socioeconomic systems were identified, 
namely its ability to model complex systems by simulating simple behaviours of interacting 
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agents in a given environment. As a result, the chosen approach was proved to be applicable for 
modelling digital transformation processes in the industrial complex of the region. At the same 
time, transformation of the industrial complex is the final process divided into stages, and will 
make the production and business processes in the region’s industry rely on the new digital base.

As a result of efforts to determine acceptable model architecture and find a suitable software 
environment for its implementation, the author identified a set of indicators to monitor the 
processes of industry digitalisation and its individual stages. The selected indicators together 
with the results of expert evaluation of the region’s industry and assessment of the certain largest 
enterprises’ performance should make up the information base for the model. 

The article specified requirements for the model to be developed, proposed classes of agents, 
described the interaction environment, and summarised its ambient factors. The agents’ 
characteristics feature their key parameters, strategies, and possible states. Allowances are made 
for incorporating the geographical and sectoral profile, patterns of competitive strategies and 
business models, as well as particular resource capabilities of certain large enterprises into 
simulation. The established external environment parameters are limited to those important for 
the studied process, i.e. full availability of technologies, personnel, production capacities, high-
potential external and internal markets, etc. The model algorithm consists of three parts: setting 
the initial state; determining the specific number of model runs corresponding to the time 
horizon of the calculations; making final calculations, obtaining results, and visual presentation 
of the simulation outcomes. The author proposed one of the possible methods to formalise 
behaviour rules of heterogeneous agents and general relations that predetermine agents’ actions. 
The obtained functions will be specified based on the results of processing the collected statistics 
from the information basis of the model.

The proposed architecture will make it possible to implement the model in the AnyLogic 
environment and create the basis for its further development to simulate transformation 
processes in the industrial complex of a region. Verification of the agent-based model will allow 
to identify interactions between agents unaccounted for at this stage, adjust their features, and 
quantify them. At the same time, the expected results will make it possible to create a flexible 
and adaptable methodological basis to manage the process of the region’s industry digitalisation.
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Архитектура агент-ориентированной модели 
цифровой трансформации промышленного 

комплекса региона

Аннотация. Изучение трансформации промышленного комплекса и рынков промыш-
ленной продукции ввиду своей сложности предполагает использование инструментов, 
способных адекватно моделировать сложные системы взаимосвязей. Статья направлена 
на разработку агент-ориентированной модели цифровой трансформации регионально-
го промышленного комплекса. Методологическую базу исследования составляют по-
ложения региональной экономики, теории игр и контрактов, сетевой подход, а также 
концепции новой индустриализации и четвертой промышленной революции. В качест-
ве методического инструментария используется имитационное моделирование, приме-
няемое для изучения индивидуального поведения агентов. В результате исследования 
методологически обоснована целесообразность моделирования сложных процессов 
промышленного развития с помощью имитации поведения взаимодействующих аген-
тов. Структурными элементами предложенной модели являются среда взаимодействия, 
четыре класса агентов с отдельными параметрами, стратегиями и алгоритмами пове-
дения, комплекс внешних стимулирующих факторов и совокупность индикаторов по-
этапной цифровой трансформации промышленного комплекса. Алгоритм разработки 
модели включает три части: установку начального состояния; определение заданного 
количества рабочих циклов модели, соответствующего временному горизонту расчетов; 
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выполнение итоговых расчетов и визуализацию результатов. Предложен вариант фор-
мализации алгоритмов действий разнородных агентов, включающий выбор стратегии 
цифровизации и принятие оперативного решения. Результаты исследования могут по-
служить методической основой для практической реализации имитационной модели в 
специальной компьютерной среде и создания на ее основе системы управления процес-
сом цифровизации промышленности региона.

Ключевые слова: агент-ориентированное моделирование; промышленная политика; 
цифровизация; трансформация промышленности.

Благодарности: Статья подготовлена в соответствии с государственным заданием для 
Института экономики УрО РАН на 2020 г.
Для цитирования: Korovin G. B. (2020). Architecture of the agent-based model for the region’s 
industrial complex digital transformation // Journal of New Economy, Т. 21, № 3. С. 158–174.  
DOI: 10.29141/2658-5081-2020-21-3-8 
Дата поступления: 23 июля 2020 г.

Источники

Абрамов В. И. (2019). Ситуационное моделирование развития индустриальных кластеров 
России на примере образования транспортных коридоров // Экономический анализ: теория и 
практика. Т. 18, № 2. С. 327–338. DOI: https://doi.org/10.24891/ ea.18.2.327.

Акбердина В. В. (2018). Трансформация промышленного комплекса России в условиях циф‑
ровизации экономики // Известия Уральского государственного экономического университета. 
Т. 19, № 3. С. 82–99. DOI: 10.29141/2073-1019-2018-19-3-8.

Акбердина В. В., Гребенкин А. В., Коровин Г. Б., Пономарева А. И. (2018а). Моделирование про‑
мышленной политики на основе теоретико-игровой модели взаимодействия государства и биз‑
неса // Журнал экономической теории. Т. 15, № 4. С. 554–560. DOI: 10.31063/2073-6517/2018.15-4.1.

Акбердина В. В., Романова О. А., Бухвалов Н. Ю., Гребенкин А. В., Кузнецова Е. Ю., Вегнер-
Козлова Е. О., … Ершова И. В. (2018b). Мультисубъектная промышленная политика: монография. 
Екатеринбург: Институт экономики УрО РАН. 365 с.

Бахтизин А. Р. (2007). Опыт разработки агент-ориентированной модели // Экономическая на‑
ука современной России. № 3 (38). С. 104–116.

Бахтизин А. Р. (2008). Агент-ориентированные модели экономики. М.: Экономика. 279 с.
Дианов С. В., Ригин В. А. (2020). Общие методологические аспекты создания агент-ориентиро‑

ванных моделей регионального лесного комплекса // Проблемы развития территории. № 2 (106).  
С. 46–61. DOI: 10.15838/ptd.2020.2.106.4.

Жук М. А., Буреш О. В. (2010). Агентный подход к формированию экономико-информацион‑
ного пространства региона // Вестник ОГУ. № 13 (119). С. 259–265.

Замятина Е. Б., Каримов Д. Ф., Митраков А. А. (2014) Архитектура агентно-ориентированной 
системы имитации с агентами, основанными на нейронных сетях // Информатизация и связь.  
№ 2. С. 89–97.

Ивашкин Ю. А. (2017). Мультиагентное моделирование ценового конфликта в рыночной сре‑
де // Вестник Международной академии системных исследований. Информатика, экология, эко‑
номика. Т. 19, № 1. С. 66–73.

Коровин Г. Б. (2017). Теоретическая модель мультисубъектной промышленной поли‑
тики // Вестник УрФУ. Сер.: Экономика и управление. Т. 16, № 5. С. 744–759. DOI: 10.15826/
vestnik.2017.16.5.036.

Макаров В. Л., Бахтизин А. Р. (2009). Новый инструментарий в общественных науках – агент-
ориентированные модели: общее описание и конкретные примеры // Экономика и управление. 
№ 12 (50). С. 13–25



173Том 21 • № 3 • 2020 Journal of New Economy

Региональные аспекты экономического роста

Макаров В. Л., Бахтизин А. Р., Сушко Е. Д. (2013). Компьютерное моделирование взаимодейст‑
вия между муниципалитетами, регионами, органами государственного управления // Проблемы 
управления. № 6. С. 31–40.

Макаров В. Л., Бахтизин А. Р., Сушко Е. Д. (2017). Регулирование промышленных выбросов 
на основе агент-ориентированного подхода // Экономические и социальные перемены: факты, 
тенденции, прогноз. Т. 10, № 6. С. 42–58. DOI: 10.15838/esc/2017.6.54.3.

Марков Л. С., Маркова В. М., Котелкин Д. Д. (2013). Агент-ориентированный подход к мо‑
делированию отраслевой эволюции: угольная промышленность России // Регион: экономика и 
социология. № 4 (80). С. 242–265.

Панюков А. В., Коновалова Е. Д. (2012). Анализ эффективности адаптивности государствен‑
ного регулирования к изменениям ситуаций на рынках с высокой степенью монополизации // 
Вестник Пермского университета. Сер.: Экономика. № S. С. 59–69.

Рамзаев В. М., Хаймович И. Н., Чумак В. Г., Кукольникова Е. А. (2017). Использование агент-
ориентированного моделирования для анализа высокотехнологичных интегрированных струк‑
тур промышленности региона // Вестник Самарского муниципального института управления.  
№ 2. С. 98–105.

Рашидова Е. А. (2017). Агент-ориентированное моделирование оптового рынка электроэнер‑
гии России // Мир экономики и управления. Т. 17, № 1. С. 70–85.

Толкачев С. А. (2019). Киберфизические компоненты повышения конкурентоспособности 
обрабатывающих отраслей промышленности // Экономическое возрождение России. № 3 (61).  
С. 127–145.

Фаттахов М. Р. (2013) Агент-ориентированная модель социально-экономического развития 
Москвы // Экономика и математические методы. Т. 49, № 2. С. 30-43.

Чиркунов К. С. (2011). Агентное моделирование развития территориальной системы // Ин‑
форматика и ее применение. Т. 5, № 1. С. 58–64.

Antinyan A., Horváth G., Jia M. (2019). Social status competition and the impact of income inequality 
in evolving social networks: An agent-based model. Journal of Behavioral and Experimental Economics, 
vol. 79, pp. 53–69. DOI: https://doi.org/10.1016/j.socec.2018.12.008.

Anzola D. (2019). Knowledge transfer in agent-based computational social science. Studies in History 
and Philosophy of Science, Part A, vol. 77, pp. 29–38. DOI: doi.org/10.1016/j.shpsa.2018.05.001.

Borrill P. L., Tesfatsion L. (2010). Agent-based modeling: The right mathematics for the social sciences. 
Working Paper, no. 10023. 29 p.

Borshchev A. (2014). Multi-method modelling: AnyLogic. In: Brailsford S., Churilov L., Dangerfield 
D. (eds.) Discrete-event simulation and system dynamics for management decision making. John Wiley & 
Sons, Ltd, pp. 248–279. DOI:10.1002/9781118762745.ch12.

Chen S. (2011). Varieties of agents in agent-based computational economics: A historical and an 
interdisciplinary perspective. Journal of Economic Dynamics and Control, vol. 36, no. 1, pp. 1–25. DOI: 
10.1016/j.jedc.2011.09.003.

Chen S. (2020). On the ontological turn in economics: The promises of agent-based computational 
economics. Philosophy of the Social Sciences, vol. 50, no. 3, pp. 238–259. DOI: 10.1177/0048393120917641.

Duffy J., Ünver M. U. (2008). Internet auctions with artificial adaptive agents: A study on market 
design. Journal of Economic Behavior & Organization, vol. 67, no. 2, pp. 394–417. DOI: 10.1016/j.
jebo.2007.03.007.

Fraccascia L, Yazan D.M., Albino V., Zijm H. (2020). The role of redundancy in industrial symbiotic 
business development: A theoretical framework explored by agent-based simulation. International 
Journal of Production Economics, vol. 221, pp. 1–23. DOI: https://doi.org/10.1016/j.ijpe.2019.08.006.

Gangel M., Seiler M. J., Collins A. (2013). Exploring the foreclosure contagion effect using agent-based 
modeling. The Journal of Real Estate Finance and Economics, vol. 46, no. 2, pp. 339–354. DOI:10.1007/
s11146-011-9324-1.

Heath B. L., Hill R. R. (2010). Some insights into the emergence of agent-based modelling. Journal of 
Simulation, vol. 4, no. 3, pp. 163–169. DOI:10.1057/jos.2010.16.



2020 • Vol. 21 • No. 3174 Journal of New Economy

Regional Aspects of Economic Growth

Hill R. R., Champagne L. E., Price J. D. (2004). Using agent-based simulation and game theory to 
examine the WWII Bay of Biscay U-boat Campaign. Journal of Defense Modeling and Simulation, vol. 1, 
no. 2, April, pp. 99–109. DOI:10.1177/875647930400100204.

Macal C. M., North M. J. (2009). Agent-based modeling and simulation. Proc. of the 2009 Winter 
Simulation Conference. Piscataway, New Jersy: Institute of Electrical and Electronics Engineers, pp. 86–98.

Patel A., Crooks A., Koizumi N. (2012). Slumulation: An agent-based modeling approach to slum 
formations. Journal of Artificial Societies and Social Simulation, vol. 15, no. 4, p. 2.

Pluchino A., Garofalo C., Inturri G., Rapisarda A., Ignaccolo M. (2014). Agent-based simulation of 
pedestrian behaviour in closed spaces: A museum case study. Journal of Artificial Societies and Social 
Simulation, vol. 17, no. 1, p. 16. DOI: 10.18564/jasss.2336.

Polhill J. G., Parker D., Brown D., Grimm V. (2008). Using the ODD protocol for describing three 
agent-based social simulation models of land-use change. Journal of Artificial Societies and Social 
Simulation, vol. 11, no. 2, p. 3.

Rand W., Rust R. T. (2011). Agent-based modeling in marketing: Guidelines for rigor. International 
Journal of Research in Marketing, vol. 28, no. 3, pp. 181–193. DOI: 10.1016/j.ijresmar.2011.04.002.

Romero E, Ruiz M. (2014). Proposal of an agent-based analytical model to convert industrial areas 
in industrial eco-systems. Science of The Total Environment, vol. 468–469, pp. 394–405. DOI: https://doi.
org/10.1016/j.scitotenv.2013.08.049.

Schelling T. C. (1971). Dynamic models of segregation. Journal of Mathematical Sociology, vol. 1,  
no. 2, pp. 143–186. DOI:10.1080/0022250X.1971.9989794.

Serrano E., Moncada P., Garijo M., Iglesias C. A. (2014). Evaluating social choice techniques into 
intelligent environments by agent based social simulation. Information Sciences, vol. 286, pp. 102–124. 
DOI: https://doi.org/10.1016/j.ins.2014.07.021.

Sokolowski J. A., Banks C. M., Morrow B. (2012). Using an agent-based model to explore troop surge 
strategy. The Journal of Defense Modeling and Simulation: Applications, Methodology, Technology, vol. 9, 
no. 2, pp. 173–186. DOI: 10.1177/1548512911401739.

Wijermans N., Jorna R., Jager W., Vliet T., Adang O. (2013). CROSS: Modelling crowd behaviour 
with social-cognitive agents. Journal of Artificial Societies and Social Simulation, vol. 16, no. 4, p. 1. 
DOI:10.18564/jasss.2114.

Информация об авторе

Коровин Григорий Борисович, кандидат экономических наук, заведующий сектором экономи‑
ческих проблем отраслевых рынков Института экономики УрО РАН, 620014, РФ, г. Екатеринбург, 
ул. Московская, 29 
Контактный телефон: +7 (343) 371-45-36, e-mail: korovin.gb@uiec.ru

© Korovin G. B., 2020


