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1. Introduction

Clustering is considered to be one of the most effective and universal drivers of development in the context of
economic instability (Abdurakhmanov, 2018). This circumstance is primarily due to the synergy effect achieved
through the interaction of business structures, the state, research centers and universities, which forms the basis
for a system of financial and non-financial incentives to support business (Egorova, 2014). At the same time the
interests of all cluster participants are balanced as well as the basis for healthy competition and the development
of market relations is created (Nikulina & Yakunina, 2011). The special role of clusters in European countries is
to develop the Institute of small and medium-sized businesses, in particular in the context of the development of a
“cyclical” economics (Nielsen, 2019; Petrenko et al., 2019). Some authors compare performace of clusters in
different countries (EI Idrissi et al., 2020).

Some authors (Charykova & Markova, 2019) emphasize the importance of the cluster approach in the context of
the transition of the historically established economic model to the digital channel. Other scientists (Kiseleva &
Samodinsky, 2018) also note the role of public-private collaboration tools in the development of the digital
economy where clustering is the most important part. Some experts (Turgel, Bozhko & Zinovieva, 2019) justify
the crucial importance of the cluster approach in the development of free economic zones, in particular from the
point of view of international partnership.

We will not consider in detail the evolution of the cluster approach (Bondarenko, 2016) but we will analyze the
most significant problems in this area at the present stage.

2. Literature review

There are a lot of publications that focused on clarifying the concept of “cluster”. For example, some authors
(Kolesnikov & Khazalia, 2016) studied the evolution of the concept of “cluster"” for the period from 1992 to 2008.
They identify cluster as “a set of organizations and institutions interacting in a particular sphere of activity where
competition and cooperation (coordinated actions) lead to a competitiveness increase of each of them due to such
factors as aggregate efficiency (exchange of knowledge and information, network effects, savings from diversity),
training, and economies of scale”.

In the press release "Clusters in the circular economy. Building Partnerships for Sustainable Transition of SMEs"
the authors specify: today many clusters are defined by a group of companies when the most important element of
such a partnership is cooperation with research organizations, the state, private investors and startups in order to
make effectively interaction in defined technological areas. It describes cluster as a neutral platform that is
independent of political and industrial interests. This approach is largely focused on the formation of the so-called
social economy, the creation of new jobs in accordance with changing requirements for the competence of
specialists.

In the scientific literature (Korchagina et al., 2016) was found that there are significant differences in the
mechanisms of cluster development in European countries. It concerns the scale of cluster policy in different
regions and differentiation of goals and methods of cluster policy. At the same time, it was emphasizing (Ketels,
2009) that there are two opposite approaches to understanding cluster policy: one of them considers
agglomeration as a key factor (the agglomeration grows the competitiveness increase) and another one, on the
contrary, considers competitiveness as the central element of cluster policy.
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It is important to note that the exact sciences use largely universal approaches of clustering but in the vast
majority of cases they are outside of the scope of research in the field of economics. These methods could be
successfully used as tools for evaluating the feasibility of implementing a cluster initiative. For instance, some
authors (Polishchuk & Kochergin, 2011) consider the issues of spatial data analysis based on multidimensional
clustering using geoinformation systems, in particular an algorithm for using the maximum local distance method
is used. It’s based on principle to consistently combine objects into homogeneous groups (first is the closest) in a
multidimensional feature space.

Some experts (Tolstova, 2011) used the analytic hierarchy process and cluster analysis and proposed to divide
regions into clusters based on the criteria for assessing the investment climate at the level of the corresponding
territorial units. It was found the function determined the value of the integral indicator of each region for the
investment block.

The other experts (Moskovkin & Arinella, 2017) propose to use matrix clustering: clusterization of countries of
the world based on the Trade Competitiveness Map database; clusterization of enterprises that produce (or export)
mm-types of similar products when each of them is characterized by indicators; clusterization of retail chains that
sell mm-types of similar products when each of them is characterized by nn-indicators etc.

Besides the coefficient method is widely used in the economic literature. For example, the method of location
quotient calculating can be used to determine the integrated index of the clustering potential of a region.

Summarizing the conclusions of the experts in the field of clustering it could be said that the understanding of the
essence of the cluster is changing in accordance with the current trends in the development of the economic model
as a whole. In other words, the vision of clustering evolutionizes while preserving its generic features (Kolesnikov
& Khazalia, 2016). Unfortunately, a significant destructive factor of the clustering theory development is the high
influence of the subjective component — most of the works are purely theoretical or, in contrast, they evaluate the
cluster's performance based on achieving/not achieving the target values of ordinary economic indicators
(Korableva et al., 2018). At the same time, the methodological component of the cluster approach stays largely
out of the boundaries of such studies. A significant negative factor is the lack of strong links between using of
clustering tools in the exact sciences (Pestunov et al., 2011) and in economics.

Nowadays many of the formed clusters are going through the collapse and crisis as well as the departure of the
basic enterprises that formed the cluster core. This trend is caused not so much by intra-cluster processes but by a
general change in the business environment and investment climate in the region. And no doubt it implies a
considerable danger to innovation security (Gorochnaya, 2019).

The crucial issue of cluster is a process of defining the core since its viability directly depends on it (Trifonova,
Borovskaya & Epstein, 2018). In most cases the cluster core is determined either on the basis of the coefficient
method (and its variants — by calculating the multipliers) or on the basis of a major industry player.

In the conditions of economic crisis, the cluster core is determined on the base of the coefficient method
(Kostenko, 2017) and its varieties (Karayeva & Shogenova, 2017) or the method of delegating control and
management functions to the largest industry player (Battalova, 2012). They are generally applicable but do not
have a sufficient flexibility and universality.

From the point of view of justifying the location of the cluster core it should be pay attention to calculation
methods (Maltsev & Davankov, 2017) that are largely used outside the scope of research in the field of
economics. For example, the identification core algorithm for the high dimensional data clustering includes the
following indicators:
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° the radius of the cluster core can be:

Ri = ?Tl + V{EJ{J
where T; — average distance between the cluster center and its elements, ;i — mean-square deviation;
. the cluster density is determined by the formula:

where Ri - the radius of the cluster core, f"?l — the number of elements that make up the core.

The average density will be an estimate of the final clusterization result:
__pl+ =t Phe

p‘]‘lﬂ
Of particular note, the mobile cluster core model should be mentioned: the authors of the paper have formulated
the assumption that there is a mental, dynamic nature of the innovation cluster core which assumes the transition
of the dominant company's function from production and business structures to large university and research
centers.

It can be concluded that in the conditions of economic crisis both methods — determining the cluster core based on
the coefficient method as well as the method of delegating control and management functions to the largest
industry player — does not have a sufficient flexibility, objectivity and universality. In other words, there is a need
to develop universal and — at the same time — accurate clustering methods with a minimum level of error which
determine the correct position of the core not only base of the optimization of time and financial expenditure.

So, there is an objective need to improve both the theoretical basis of the cluster approach (taking into account the
changes in the economics over the past twenty years) and the methodology by introduction of mathematical
methods and models.

3. Methods

The methods are based on importance ranking of the main directions of business entities' work taking into account
the following evaluation criteria: R1 — recreation, R, — convenience, Rs — products, Rs — cognition, Rs — service,
Re — comfort, Ry — safety. The following condition must be met:

iRi=1. 1)

Within each of the selected directions kj—organizations were ranked based on its number in their own direction.
After that the main and secondary organizations were allocated while:

Z}Elkj =1. )

Then each organization was evaluated in terms of the set of Ri-services provided by it. After that the arithmetical
mean for an individual set of parameters kj (Ri] is defined for each organization. Similarly, values for the actual
cluster center Z were found. To find the coordinates of the geometric center M of the cluster the average
arithmetic value kj u Z was calculated for the respective axes.
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By defining the axes of coordinates in the system “x — the number of organizations (or the number of services)”
and “y — the arithmetical mean for an individual set of parameters (ranking)” a graph of the points density of the
cluster was plotted.

It was suggested to mark out the thematic border and geographical border of the cluster. The thematic border
includes the basic (cluster-forming) organizations. If even one of them goes out from the cluster the further work
of the cluster will be impossible or poor. Geographical border includes others organizations and cluster can exist
without them. But it will be "incomplete" in terms of the volume or security of provided services.

So, the expediency of an attract of each of the potential participants to the cluster as well as the possibility of
exclusion of organizations that duplicate each other's functions can be assessed.

As part of the study, an analysis of domestic experience in the formation of the perimeter of the integration of
corporate reporting information was carried out. System analysis, empirical research, principles of formal logic,
synthesis and analysis of theoretical and practical material were used as research tools.

4. Results

There are several clustering methods that define the necessary data to determine the effectiveness of existing or
creating cluster such as:

o K-means clustering method and hierarchical clustering when they try to find the partitioning of set of
observations into a predefined number of clusters

o clustering of observations based on characteristics — it consists of searching for a subgroup among
observations or searching for a subgroup among characteristics;

o clusterization method based on point density analysis where much attention is paid to the location of cluster
objects in space and there is no need to select the size of the “union territory”.

Currently, the methods for combining several cluster procedures, combining methods with data visualization and
others are actively developing. It is important to use cluster algorithms that meet the invariance criteria in relation
to the initial numbering (permutation) of clustered objects and invariance in relation to monotone transformations
of similarity values.

There is also a clustering method based on point density analysis. When using this method much attention is paid
to the location of cluster objects in space and there is no need to select the size of the association territory.

The methods and algorithms for clustering based on fuzzy equivalence relations are defined by studying the
development and research of clustering methods and algorithms for data analysis systems. Besides both the
clustering quality criteria (they are suitable for building an adaptive system) and adaptive clustering techniques
are developed.

In most case this approach takes into consideration a stationary cluster that has clear limitations and scope.
Therefore, not all clustering methods may be effective and appropriate for the “temporary” cluster that we are
creating as part of a sport-dance competition.

The “temporary” cluster acts as a link that includes all the necessary activities of the structure and their

complements. However, we need to define a clustering method that can be used to calculate more accurate data
and make sure that it is appropriate to create a cluster at all.
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However, this approach takes into account the equivalence of all organizations including their economic might
and the readiness of management to inter-cluster interaction without zero-sum game and other methods of daily
operations that are no longer typical for individual organizations. This clustering system can be described by a
linear function (Fig.1, position a).

a b c
Fig. 1. Plot of functional relation
Source: compiled by the authors

Threshold function (Fig.1, position b) allows to describe the "qualitative™ jump that occurs when the "critical
mass" of organizations wishing to enter into new economic relations within the cluster is exceeded. However, the
"jump" will largely be determined by the number of organizations willing to participate in clusterization even if
they are already ranked using weight coefficient.

The sigmoid function (Fig.1, position ¢) has the property of amplifying weak signals better than strong ones as
well as preventing saturation from strong signals coming at the same time. Thus, it allows to evaluate their ability
to cluster without “egalitarianism” but taking into account the capabilities of all incoming organizations. This
process can be implemented by assigning the average weighted factor for each incoming organization taking into
account all aspects — from economic soundness to management methods and assessing the need for its
participation in the cluster.

The number of objects included in the cluster must meet the value of the criterion of optimality which determines
the best possible functioning of the system. The correct selection of criteria plays a significant role in choosing the
optimal solution. It is difficult to choose one of such criterions that would ensure the fullness of the requirements
when describing an object. But the desire for a comprehensive solution and the assignment of a large number of
criteria greatly complicates the task. Therefore, the number of criteria may differ for different tasks.

Let's assume that the following organizations are included in the "temporary" cluster that is being created for a
single event in sport-dance competition (table 1). The table also shows the number of organizations that can
potentially be involved in a particular area of cluster activity. Besides, it introduces the designations for each of
the areas.

Now let's consider the relative similarity of the expected activities of organizations that are the part of the cluster
based on plotting the density of points. Each object in the cluster has an individual set of parameters. The
following criteria are offered: 1 — leisure; 2 — convenience; 3 — products; 4 — cognition; 5 — service; 6 — comfort; 7
— safety.

We will rank these criteria based on expert evaluation. For this case the sum of the seven criteria for an individual
set of parameters will be equal to one. Each rank R will have its own special value. Next, we distribute the unit's
fractions according to the criteria (Fig.2) and assign a letter denotation for each parameter: Ry, — leisure, Rz —
convenience, Rs; — products, R4 — cognition, Rs — service, R — comfort, R; — safety.
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Table 1. The potential organizations of the cluster

Areas of work of organizations orli;gnmiEZ[igzs Letter denotation
Food services 3 k1
Equipment and accessories for dancing 6 k2
Transport organization 2 k3
Beauty industry (makeup and hairstyles) 4 k4
Hotels (accommodation for participants of the competition) 2 k5
Model agency (organization shows dresses) 1 k6
Museum-exhibitions of the dance history 1 k7
Tourist organization (excursions to the event) 1 k8
Security and control of order during the competition 2 k9
Organization demonstrates the concerts and master classes 1 k10

Source: compiled by the authors

Rz=0,08

R4 =0,09

JH

Fig. 2. Ranking criteria for individual parameters by significance
Source: compiled by the authors
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Then we will distribute the received data in according to the description of each directions: ki(y)={R1,R2,R3,Rs};
Ka(y)={R2,R3,Rs};  ks(Y)={Rz,Rs,Re};  Ka(y)={R2,R3,Rs};  ks(y)={R1,R2,Rs,Re};  Ke(y)={R1,R2,Rs,Re};
kz(y)={R1,Rs}; ks(y)={R1,R3,R4,Rs}; Ko(y)={Rs5,Re,R7}; Kio(y)={R1,Rs,R4,Rs}.

Substituting numeric values for the criteria significance levels we get: ki(y)={0,25;0,15;0,08;0,1};
ka(y)={0,15;0,08;0,1}; ks(y)={0,15;0,1;0,13}; ke(y)={0,15:0,08:0,1}: Ke()={0.25-0.15:0,1:0,13}-
ke(y)={0,25;0,15;0,1,0,13}; ka(y)={0,25;0,09}; ke(y)={0,25;0,08;0,09;0,1}; ke(y)={0,1;0,13;0,2};
ki0(y)={0,25;0,08;0,09;0,1}.

From the data obtained above, we find the coordinates of the points on the Y-axis (the arithmetical mean of data
for an individual set of parameters):
ki(y)= (0,25+0,15+0,08+0,1)/4=0,145;
kz2(y)= (0,15+0,08+0,1)/3=0,11;
ks(y)= (0,15+0,1+0,13)/3=0,126;
k4(y)= (0,15+0,08+0,1)/3:0’11,

ks(y)= (0,25+0,15+0,1+0,13)/4=0,157;
ks(y)= (0,25+0,15+0,1+0,13)/4=0,157;
kz(y)= (0,25+0,09)/2=0,17;

ks(y)= (0,25+0,08+0,09+0,1)/4=0,13;
ke(y)= (0,1+0,13+0,2)/3=0,143;
kio(y)= (0,25+0,08+0,09+0,1)/4=0,13.

Accordingly, we get the coordinates of ten points of corporate business line on the X-axis (the number of
organizations of this corporate business line) and on the Y-axis (the arithmetical mean of an individual set of
criteria): k1={3;0,145}; k2={6;0,11}; k3={2;0,126}; k4={4;0,11}; k5={2;0,157}; k6={1;0,157}; k7={1;0,17};
k8={1;0,13}; k9={2;0,143}; k10={1,0,13}.

Due to the fact that some activities of the included economic units imply the presence of several organizations (ki,
ka, ks, Ka, ks, ko) it is necessary to further divide the already separated unit's fractions between these organizations.

Ranking by significance indicates that dance and sports events will not be complete without a Gala-concert and
master-classes for participants of the competition. At the same time “secondary” organizations include a company
that organizes a museum of the dance history; a company that organizes the show of costumes for dancing; a
second hotel complex; two organizations that provide food services and a one tourist organization. The “third
plan” includes one organization that provides food services; six stores with inventory and equipment for dancing
as well as all the masters or organizations that provide makeup and hair services.

Let's explain the abovementioned: three organizations that provide food during the competition are evaluated in
accordance with certain parameters that meet the conditions of the event (menu, readiness to move, staff, service
rate, decoration of dining area) as follows: 1% has a rank of 0,05; 2" — 0,04; 3" — 0,03. At the same time, it should
be emphasized that the sum of the ranks of all three organizations is equal to the rank of this direction.

The stores that sell inventory, equipment and accessories for dancing represents by six organizations. In this case

the significance is distributed in accordance with the diversity of the assortment in relation to the conducted
disciplines: 1st —0,010; 2nd — 0,016; 3rd — 0,015; 4th — 0,018; 5th — 0,013; 6th — 0,018.
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Two transport organizations must be as mobile as possible and have high speed and quality of passenger
transportation: 1st — 0,05; 2nd — 0,05. Two selected organizations have an equal fraction since they not only
provide the same service but also meet the necessary requirements equally.

The beauty industry must be represented by four organizations or private masters. Due to the fact that the sport-
dancing competition is a large-scale event it would be more acceptable to cooperate with organizations since there
are several specialists work instead of one. The choice of a specialist (master) is based on the client's preferences,
so it is impossible to clearly identify more or less significant organizations. Thus, the ranking for this
organizations is equal to 0,015 for each.

To provide accommodation services we selected two hotel complexes often involved in such events. They are
located in different territories of the Russian Federation. The distribution of significance in this case was taking
into account the scale of the hotel complex network: 1%t — 0,09; 2™ — 0,06.

Two organizations were invited to safeguard the event. It is unlikely that two security organizations can work
effectively together within the framework of a single event since each firm operates on its own principle and
according to a special developed system. Therefore, the distribution of significance corresponds to the number of
provided services and readiness to participate in a sports event of a cluster type: 1%t —0,08; 2" - 0,12.

Thus, the ranking of the significance of organizations included in the cluster can be represented as a graph (Fig.3).

rank

012

Fig. 3. Significance of organizations in descending order
Source: compiled by the authors

We use the indicated approach to grouping for a newly created “temporary” sport-dance cluster taking into
account the fact that the actual center Z of the created cluster is a dance organization with the coordinates
"ranking" {0,08;0,09;0,1;0,13}=0,1 and "the number of objects/services/directions” is equal to 3. In this
coordinate system we will draw the actual center Z and the geometric center M (its coordinates are calculated as
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the arithmetical mean values of ki and Z on the corresponding axes) and we will also highlight the geographical
and thematic borders (Fig.4).

rank S thematic border
01751 K7,/
‘e k5
0,157 / 6 \
[ / ke ~ @ l: ok \
1/, @ * N !
0,12 ||F Kio ks | K> |‘
% | @ k4 L |II
011 % § /
0.054 ______ ~._geographical border
00254
1 2 3 4 s 6 7 number of objects/
services/directions

Fig. 4. Point density in a sport-dance cluster
Source: compiled by the authors

In the sport-dance cluster the main focus is made on the need to move the event objects because of sport-dance
competitions are often held in completely different locations. Thus, the thematic border goes to the background
and the basis for such cluster is food facilities, hotel complexes, security and transport organizations.

5. Implementations and Conclusion

On the basis of this research it is possible to come to the following conclusions”

1. When the actual center coincides with geometric center it indicates that the actual center does not have a
significant "attractive force" and it perceives as an equal partner but not the center of grouping.

2. The relative position of the geometric center and the actual center will be determined by the resources
available to the actual center and their diversity — the more resources the far away these centers will be from each
other.

3. The narrower the cluster boundaries the greater the concentration of resources at the actual center and the
less need for clusterization (most likely it will be changed by subcontracting/outsourcing).

4. Clusters based on a thematic border will be characterized by a stationary association. If the basis of the
association is a geographical border then such cluster is considered mobile and ready to function on different
territories.

5. The opportunity for adjusting the location map of cluster members (formatting the cultural and thematic
landscape) are indicated. It is very interesting for developing programs for creating flexible models of innovation
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clusters with a significant number of mobile objects and experimental sites. On the other hand, it can be
successfully used for short-term cluster initiatives such as organizing competitions in dance, sports, eSports
events etc.
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