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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

ransformation 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 [Dufty, 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, Horvath, 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;

o 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 website' 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.

! 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;

o implement smart rules of agents’ behaviour with the functions of reactive behaviour,
learning, strategy selection, etc.

o 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).

External factors

Agents:

stimulating the process
of digital
transformation in the

Set of parameters

classes, parameters,

characterising
behavior rules and

the interaction )
strategies, states

environment — industry: regional tax
regional incentives, subsidies,
socioeconomic Means to acquire digitalisation
indicators programmes, etc.

and process information about

the interaction environment

...................................................

Industry transformation indicators

Dynamic, structural parameters of the industry transformation process

Fig. 1. The structure of the agent-based model for industrial complex transformation
Puc. 1. CTpyKTypa areHT-opneHTUPOBaHHON MOAENN TpaHC(OPMALIMU MPOMbILLTIEHHOTO KOMIeKca

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
OcHoBHbIe XapaKTepPUCTUKK areHToB Moaenun

Agent type Parameters (variables) Strategies States
Digitalisation indicators Pre-transformation
. . Sales 1. Reactive state
Large industrial . .
Profit 2. Proactive Ongoing

enterprises

Costs of particular digital
technologies

transformation period
Transformed state

Digitalisation indicators

Pre-transformation

state

Ongoing
transformation period
Transformed state

1. Reactive
2. Proactive

Sales

Profit

IT expenditures
Level of digitalisation

Small and medium-sized
industrial enterprises

Producers of means of Sales .
digitalisation and software Profit 1. Proactive -
5 R&D expenditures

Costs of industrial

.. . 1. Proactive
modernisation promotion

digitalisation
Regional government (subsidies) (dig . -
, . promotion)
State’s benefit from industry .
2. Reactive

transformation (taxes)

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 tarift 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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Setting the initial state

Running the timed model

v

Agents select their digitalisation strategies

-

Interaction between enterprise agents,

Setting the experimental conditions

v

/ Importing raw data from the database /

making decisions, changing variables

Creating the set of agents, assigning Regional authorities make decisions

them individual parameters in accordance L
on supporting digitalisation

!

Visual presentation of agent parameters

with the calculated probabilities

v

Establishing interaction environment

parameters

Collecting and visually presenting
current statistics by agent type

Obtaining results

Calculating and visually presenting Calculating model target values

the changes in the targeted industry  j&— (aggregated digitalisation indicator)

digitalisation indicator at the end of the run

for the current run

!

Visually presenting agents

v
/ Exporting the obtained data / !

to the external database

and the overall system status

Fig. 2. Agent-based model algorithm
Puc. 2. ANropuT™ paGoTbl areHT-0pUeHTUPOBaHHON MOAENN

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:

Ds; = f(DigLev, V), (1)

where Ds; 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; V; 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 = f(DSi)Ii)O)Gi); (2)

where D; is a Boolean variable that denotes whether or not an enterprise agent i decided to
digitalize; I; 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; G; 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 = f(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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I. b. KopoBun MucruryT skonomukn YpO PAH, r. Exarepun6ypr, Poccuiickas Oepgepanys

ApXxuTeKTypa areHT-OpueHTUPOBaHHOU Mo Aenu
umcposon TpaHchopmaLmm NPOMbILLIIEHHOT O
KOMIJIeKca permoHa

Annomauus. VIsydenue Tpancopmanuy IpoOMBIIIIEHHOTO KOMIUIEKCA ¥ PIHKOB ITPOMBIIII-
JIEHHOJI IPOAYKIMM BBUAY CBO€V CTOXXHOCTH IPeAroaraeT UCIONb30BaHNe MHCTPYMEHTOB,
CIIOCOOHBIX aIeKBaTHO MOJIETIPOBATh CJIOKHbIE CHCTEMBI B3aMOCBs3eil. CTaThs HalpaB/IeHa
Ha pa3pabOTKy areHT-OpMEeHTUPOBAaHHOI Mofenu udpoBoit TpaHchopMaLy pernoHanbHO-
rO TPOMBIIIIEHHOTO KOMIUIEKCa. MeTOROIornuecKyto 6asy MCCIefOBaHUsA COCTAB/IAIT IIO-
JIOXKEHVISI PETVMOHA/IbHOM 9KOHOMMUKM, TEOPUM UIP U KOHTPAKTOB, CETEBOJ MOMXOM, a TAKKe
KOHIIETIIVY HOBOJI MHAYCTPUAIM3aLINI U YeTBEPTOI IIPOMBIIIIEHHON peBomoLuy. B kavect-
Be METOAMYECKOTO MHCTPYMEHTAPVs MCIOIb3YeTCsI MMUTALMOHHOE MOJIeNTPOBaHILe, IpUMe-
HseMoe [l M3yYeHMsl MHAVBUAYATbHOTO IIOBefeHNsI areHTOB. B pe3ynbrare mcciegoBaHus
MeTOZIONIOTMYeCK 00OCHOBAaHA I[e7IeCOOOPAa3HOCTh MOJEMMPOBAHMS CIOXKHBIX IIPOLIECCOB
IPOMBILIJIEHHOTO Pa3BUTH C IOMOIIBI0 VMUTALMY [OBeJeHNs B3a¥MOJe/ICTBYIOLINX areH-
TOB. CTPYKTYPHBIMM 97IeMEHTaMU IIPeJIOKEeHHOI MO ABIAIOTCA Cpefja B3ayMOJeVICTBIA,
JeThIpe K/Iacca areHTOB C OTHE/IbHBIMU IIapaMeTpaMy, CTPaTerusMU U aITOPUTMaMU ITOBe-
JieHNsI, KOMIUIEKC BHELIHUX CTUMYIMPYIOINX (PaKTOPOB ¥ COBOKYITHOCTb MH/MKATOPOB I10-
sTamHoy nudpoBoit TpaHchOpMaIUY TPOMBIIITIEHHOTO KOMIUIEKCAa. AJITOPUTM pa3paboTKu
MOJeM BK/TIOYaeT TPY YAcCTU: YCTAaHOBKY HAYa/lbHOTO COCTOSIHUS; OIpefie/ieHIe 3aJaHHOTO
KO/IMYeCTBa PaboYNX LMK/IOB MO/, COOTBETCTBYIOIETO BpeMEHHOMY TOPU30HTY PacieToB;

Tom 21+ N2 3+ 2020 Journal of New Econom



Regional Aspects of Economic Growth

BBITIO/THEHVIE UTOTOBBIX PAacyeTOB M BU3yaIM3aluIo pe3ynbTaroB. [Ipemmoxken BapuaHt dop-
Ma/IM3aly aITOPUTMOB JIeICTBMIT pa3HOPOJHBIX areHTOB, BKIIOYAIONIII BEIOOP cTpaTernn
UPOBU3ALUN U TIPUHSATHE ONEPATUBHOTO pellleHNs1. Pe3ybpTaTsl MCCIeTOBaHUs MOTYT IIO-
CIIY>KUTb METOAMYECKON OCHOBOM JJIA IMPAKTUYECKON peannsanuy UMUTALVIOHHOV MOJIEN B
CIela/IbHON KOMIIBIOTEPHOM Cpefie ¥ CO3[aHNsA Ha ee OCHOBE CUCTEMBI YIIpaBlIeHus Ipolec-
coM 1udpoBU3aLNY IPOMBIIIIEHHOCTI PETVMOHA.

Kntoueevie cnoséa: areHT-opMeHTMPOBAHHOE MOJENMPOBAaHNE; NPOMbBILIUIEHHAsA IOMUTUKA;
nupoBu3anus; TpaHCPOpMAIVIA IPOMBIIIIEHHOCTH.

Bnazooaprocmu: CtaTbsi HOATOTOB/IEHA B COOTBETCTBUY C TOCYAAPCTBEHHBIM 3a/jaHMEM ISt
VnctutyTra skonomuku YpO PAH na 2020 .

[na yumupoeanus: Korovin G. B. (2020). Architecture of the agent-based model for the region’s
industrial complex digital transformation // Journal of New Economy, T. 21, Ne 3. C. 158-174.
DOI: 10.29141/2658-5081-2020-21-3-8

Hama nocmynnenus: 23 uronsa 2020 2.
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