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Abstract. The problem of estimating the level of production potential for
different time periods is investigated. It is proposed to apply an integrated
approach to the analysis of the regional indicators complex that characterize the
level of production potential. At the first stage, the normalization of indicators
is carried out taking into account their economic content. The next stage is the
calculation of integral indicators in three different approaches. At the last stage,
the clustering of the regions by the level of production potential is carried out
using Kohonen neural network. Application the Kohonen map with the database
clustering simultaneously allows to project multidimensional data into two-
dimensional space and analyze the resulting cluster system. The choice of the
clusters number is based on the cluster indicator calculation, in contrast to the
traditional statistical approach, based on the Storges formula using. It allows to
improve the clustering results by selecting the optimal number of partition
groups. The convenient form of visualization of the clustering results enables to
localize the features and make appropriate adjustments to the rating list, based
on expert judgements.

Keywords: production potential, Kohonen neural network, level of region
development, integral estimation, competitiveness of regions.

1 Introduction

The current development of Ukraine is characterized by interregional socio-economy
disparity, an increased level of disproportion in the development of individual regions
and the emergence of differences in the sectoral structure of economic systems of
different regions. The difference in the economic development of the country as a
whole leads to the domination of some regional systems over others. Therefore, an
important stage in the analysis of the development of the country as a whole, is the
assessment of each of the regions.

This topic is relevant and open to new research because it is difficult to identify a
single set of indicators that characterize the state of regional development fully. There
is a problem of calculating the integral indicator the estimation and ranking of regions
by level of development.
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The purpose of the paper is application of integrated approach to assessing the
level of development of regions of Ukraine in terms of production potential based on
the construction of integral indicators and clustering by methods of neural networks.

2 Analysis of Recent Research

The problem of disproportionate regional development is one of the most important
and actual that must be solved not in Ukraine only but also in the whole world. For
effective public administration it is necessary to assess the level of development of
regions, to identify regions with different levels of development. Therefore, a large
number of scientific papers are devoted to this sphere. A lot of scientific works are
devoted to the development and research of the problem of assessing the level of
development of regions, their competitiveness. The theoretical basis for estimation the
development of regions is considered in [1-5]. Different approaches and methods of
diagnostics of regional development are presented in works [6-18]. Depending on the
goals and objectives of the study, both statistical indicators and expert assessments are
used, methods of integrated indicators construction are used [7, 10, 14], and develop
scenario models for the development of regions [16].

Thus, (Pike, Rodriguez-Pose, Tomaney) [1] consider purposes, principles and
values of regional development, and integrated approaches to local and regional
development throughout the world. The approach provides a theoretically informed,
critical analysis of contemporary local and regional development in an international
and multi-disciplinary context, grounded in concrete empirical analysis.

Rivza, Azena, Sunina [2] study the impact of regional development on the
development of enterprise environment. In order to implement the aim the authors
investigated theories of regional development and studied the indicators of
environment development in two cities in Latvia.

Ciobanu [3] considers regional development that is currently being discussed at
national or European level, the effects of reorganization, the greatest achievement
concerning economic and social cohesion, mitigating intra- and inter regional
differences.

Korent, Vukovic, Brcic [8] apply correlation and dynamic panel data analysis on
the set of data from Croatian counties with levels and relative changes of the selected
regional growth indicators.

Meyer, De Johng, Meyer [11] construct a composite regional development index
that successfully measures all the dimensions of development in a quantitative
manner. The index was designed to be able to assess regions on a national, regional
and local level. The hypothesised index consisted of four dimensions (demographic,
social, labour and economic) that were constructed using 17 indicators.

Di Pietro et al. [12] study the influence of regional institutional environment,
measured as regional development, on capital structure of small and medium-sized
enterprises (SMEs).

Bachtler and Begg [13] highlights innovation, human capital and effective
institutions as three crucial dimensions of future regional policy.



Li and Xu [15] use multi-index comprehensive measurement to calculate the
composite index of the level of economic development of each evaluation unit for
counties in Taiwan.

Kohonen neural networks are used for solving research problems in different fields
of knowledge [19-36]. Lototskiy [19] considered the method of images fractal
compression. The algorithm of clustering by means of artificial Kohonen neural
networks was constructed.

Bacao, Lobo, Painho [20] review different initialization procedures, and propose
Kohonen's Self-Organizing Maps as the most convenient method, given the proper
training parameters.

Mingoti and Lima [21] present a comparison among some nonhierarchical and
hierarchical clustering algorithms including SOM (Self-Organization Map) neural
network and Fuzzy c-means methods.

Fayos and Fayos [22] consider time series of Circulation Weather Type, including
daily averaged wind direction and vorticity, that are self-classified by similarity using
Kohonen Neural Networks.

Dekker [23] presents a self-organizing Kohonen neural network for quantizing
colour graphics images. The network is compared with existing algorithmic methods
for colour quantization. It is shown experimentally that, by adjusting a quality factor,
the network can produce images of much greater quality with longer running times, or
slightly better quality with shorter running times than the existing methods

Nizam [24] presents a new cluster bus technique using Kohonen neural network for
the purpose of forming bus clusters in power systems from the voltage stability
viewpoint. This cluster formation will simplify voltage control in power system.

Singh et al. [25] propose and analyze Kohonen neural network tracking control of
nonlinear system. Proposed adaptive Kohonen neural network are used to recognize
class of nonlinear discrete-time systems.

3 Research Methods

The economic situation of any country is largely determined by the level of
development of industry and agriculture. So, one of the most important groups of
indicators of socio-economic development of the regions is exactly the production
potential.

Production potential is the maximum possible volume of output that the economy
is able to produce with the full involvement of all available resources in the process of
social production [6]. The assessment of the production potential of the region is
based on the analysis of its components: industrial, agricultural and investment
potential. In turn, the characteristic of the industrial potential of the region is based on
the research of the following indicators: the volume of industrial products sold
(works, services), the share of the region; volume of sold industrial products (works,
services) and volume of sold industrial products (works, services) per person.
Regarding agricultural potential, its analysis is carried out on such indicators as gross



crop production and gross livestock production. The investment potential in this
research is characterized by an indicator of capital investment.

The construction of the integral index for assessing the production potential of the
regions is carried out according to the following three approaches.

The first methodology is an integrated assessment of the competitiveness of
regions, proposed in [7]. It has a hierarchical structure, which consists of three types
of indices:

1) general integral index of the benefits of the region;

2) group integral indices of various aspects of the region's life;

3) partial integral indices characterizing the advantages of the region.

The proposed technology for calculating the regional benefits index implies the
formation of databases, that is, the formation of a matrix of output data (X),
determination of indicators of stimulant and distimulant, as well as their
normalization.

Indicators-stimulant are calculated by the formula:

k=—"-. 1
Xijmax ( )
Indicators-distimulant:
X
k — ijmin ; 2
x )
where X . - the maximum value of the indicator j in the region I ; - the minimum

value of indicator j in the region i.

Calculation of the consolidated integral index of investment advantages of the
region is carried out on the basis of the formula of the average geometric group
integral indexes, which characterize its main aspects:

KW = {/Kpart.l : Kpart.2 Tt Kpart.r ' (3)

where K, = ok, K, -...-k, , n is the number of indicators included in a certain group

indicator.
The second technique [14] also uses a hierarchical analysis scheme. At the stage of
calculation of the group indicator from the obtained normalized indicators it is

suggested to use the formula:
Kpart =\n)H(1+ kn)_l' (4)

Next, the radial diagram of regional competitiveness is being constructed
according to the group indicators. The total area of the sectors of the chart will
determine the integral index of the region's competitiveness and will be calculated
according to the following formula:
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where |, - the integral index of the region i; r - the number of groups of indicators

or the number of calculated integral indicators for each of the groups of indicators.
The third method [37] for the valuation of indicators offers the following formulas:
for indicator-stimulants:

Xij - Xmin
ky = X X' ©)
for indicators-distimulants:
Xmax - Xij
kij Zﬁy (7)

where X;; - the value of the indicator in the region i ; X.ex - the maximum value of

the indicator j for all regions; X, - the minimum value of indicator j for all
regions.

Then the value of the factor weight is calculated. This procedure consists of three
consecutive steps: calculation of the product of the factor load |f| and the share of
the total dispersion d, that it explains; calculation of the sum of the received products

of all factors and calculation of each factor contribution to the specified amount, that
is, the actual weight of the factor in the general model:

Wk: O« . (8)

The next stage is the calculation of aggregate indicators |, characterizing certain

aspects of economic development and the calculation of the integral index of
economic development by the following formulas:

Ly =2 kWi, )

Iy = Zr: W, (10)

where k; is the normalized indicator i of the economic development block | in the
region j; W, is the weight of indicator i in the aggregate indicator of the block 1;
n is the number of indicators for economic development estimation; W, is the
weight of the block | in the integral index of economic development.



In [7, 10, 14] for clusterization of regions by integral indicators, it is proposed to
determine the number of groups by the Storges formula:

N =1+3,322Igm, (12)

where m is the number of regions under consideration.
At the same time grouping is calculated by the formula:

h= Imax_lmin, (12)

N

where | is the maximum of integral indicators; | is the minimum of integral
indicators.

A powerful alternative clustering method is the use of Kohonen's neural networks
(Kohonen self-organizing maps — SOM) [20-36]. It is the most well-known
unsupervised neural network approach to clustering [26]. Its advantage over
traditional clustering technique is improved visualization capabilities. SOMs find a
mapping from high dimensional input space into the feature space of reduced
dimension and make possible visualization in reduced dimensionality.

On the initial stage of SOM learning algorithm we should set the weights to small
random values, the initial neighborhood size N, (0) and the values of parameter
function «(t) and o*(t) (between 0 and 1). The steps of algorithms are as follows
[26].

STEP 1: Randomly select an input pattern x to present to the SOM through the
input layer.

STEP 2: Calculate the similarity (distance) between this input and the weights of

each neuron j:
d; =||X_Wj ":\fé(xi —Wj )2' (13)

STEP 3: Select the neuron with minimum distance as the winner m
STEP 4: Update the weights connecting the input layer to the winning neuron and
its neighboring neurons according to the learning rule:

w; (t+1) =w (0 +c[ X —w, (1) ], (14)

where ¢ = a(t)exp(-|r —r, [/ o*(t)) for all neuron j in N, (t)

STEP 5: Continue from STEP1 for ©Q epochs; the decreased neighborhood size,
a(t) and o (t) : Repeat until weights have stabilized.

The Ward clustering in general is hierarchical agglomerative clustering algorithm
[27, 28]. On the initial stage of clustering each node is defined as a cluster itself. At
each next stage two clusters with minimum distance between them are combined in
one new cluster. This distance is called Ward distance and defined as follows:



n.n,

d =
®(n+n,)

"Yr =X "2 ’ (15)

where r and s denote two specific clusters, n, and n, are the number of data points
in the two clusters, and X and X, denote the centers of gravity of the clusters; ||| is

the Euclidean norm. Starting from the full distance matrix (lower triangle matrix as
the distance measure is commutative), at every step a row and a column is stripped
(and a different row and column is updated) until the matrix is completely cleared and
only one cluster remains. The mean and cardinality of the new cluster built as product
of the combining step is as follows:

n.xX +n.X
Xgnew) —_r’r s's (16)
n, +n,
n"™ =n_+n,. (17)

The SOM-Ward clustering approach is a two-level clustering approach which
combines the standard Ward’s algorithm to determine the SOM and clustering results.
Ward clustering algorithm as agglomerative hierarchical algorithm have the following
steps [29]:

1. Initialize: assign each vector to its own cluster.

2. Compute distances between all clusters.

3. Merge the two clusters that are the closest to each other.

4. Return to step (2) until there is only one cluster left.

As a specialty, the distance matrix is initialized in a manner that takes into account
the number of data records matching to the nodes of the map. Nodes with many
matching data records are weighted stronger than nodes with fewer matching records.
As distance measure we have to use a modified Ward distance

0 if n =n=0,
A = ﬂ"x ~%| otherwise. (18)
n, +n,

While determining the distance, both the Ward distance and the topological
properties of SOM are taken into account. In other words, the distance between two
nonassociated clusters is considered as infinite and only the associated clusters are
combined. Low SOM-Ward distance value represents a more natural clustering for
the map, and high value represents an artificial clustering for the map. By this means,
users can select the optimal cluster number in a flexible manner [30].

For the SOM-Ward clustering the distance is redefined as

d. if clustersr and s are adjacent inthe SOM,
” ={ . j 19)

oo otherwise.



The modified SOM-Ward clustering algorithm combines a method of displaying
data using self-organizing maps with a classical hierarchical Ward clustering
algorithm [31, 32]. This method offers its own clustered indicator, which defines the
reasonable number of clusters into which the input sample is broken [33].

4 Research results

The statistical data of 24 regions (excluding Kyiv) for the period 2010-2016 [37] is
used for estimation of the productive potential of the regions. Results of ranking of
regions by integral indicator of production potential are presented in Table 1. The
calculations were carried out according to three methods mentioned above. Method 1
is described by formulas (1) — (3), method 2 — formulas (1), (2), (4), (5) and method 3
— formulas (8) — (10). For the convenience of the user, the methods were implemented
in the EXCEL environment. The clustering algorithm and the variance analysis are
implemented in EXCEL and SOMine. The ratings that adduced for comparison are
based on the results of the regions in 2010, 2013 and 2016.

Table 1. Places of regions of Ukraine in the ranking on the level of production potential

Regions The first method The second method The third method
2010 | 2013 | 2016 | 2010 | 2013 | 2016 | 2010 | 2013 | 2016

Vinnytsia 11 9 7 10 8 8 12 11 9
Volyn 21 20 18 22 19 18 21 20 18
Dnipropetrovsk 1 1 1 1 2 1 2 2 1
Donetsk 2 2 5 2 1 6 1 1 2
Zhytomyr 17 17 15 18 18 17 18 17 15
Zakarpattia 23 23 23 23 23 23 22 23 23
Zaporizhia 5 7 6 4 10 7 3 4 4
Ivano- 13 | 14 | 16 | 13 | 14 | 15 | 13 | 14 | 14
Frankivsk
Kiev 3 3 2 3 3 2 6 5 5
Kirovohrad 19 16 14 15 15 13 19 16 16
Luhansk 7 6 22 9 6 22 4 6 21
Lviv 9 8 8 8 9 5 9 8 7
Mykolaiv 12 12 11 12 12 11 11 12 10
Odessa 8 10 10 7 7 9 8 10 11
Poltava 4 4 4 5 4 4 5 3 3
Rivne 18 19 20 21 21 21 17 19 17
Sumy 15 15 13 16 16 14 14 13 13
Ternopil 22 22 21 20 20 20 23 22 22
Kharkiv 6 5 3 6 5 3 7 7 6
Kherson 20 21 19 19 22 19 20 21 20
Khmelnytskyi 14 13 12 14 13 12 15 15 12
Cherkasy 10 11 9 11 11 10 10 9 8




Chernivtsi 24 24 24 24 24 24 24 24 24

Chernihiv 16 18 17 17 17 16 16 18 19

From Table 1 it follows that the use of different techniques gives close results for
leaders and outsiders ranking. Donetsk and Dnipropetrovsk regions occupied the first
and second places in the level of production potential in 2010 and 2013, and
Dnipropetrovsk region is also the leader in 2016. As for the Donetsk region, it
dropped to 5-6 places by the results of the use of the first and second methodology.
Donetsk region remained in second place for the third method. But according to all
approaches, the value of productive potential level of this region has significantly
decreased compared with 2013 and 2010. This is not surprising given the situation in
the east of the country. The worst indicators for all years showed the Chernivtsi
region (24th place) and the Zakarpattia region (23). Over the researched period, the
following regions improved their results: Vinnytsia, Kiev, Lviv, Poltava, Mykolaiv,
Kharkiv, Cherkasy. As well as minor but positive changes have taken place in the
Volyn, Zhytomyr, Kirovohrad, Sumy and Khmelnytskyi regions.

There were 5 clusters allocated for 24 regions using the Storges formula. In Table
2 shows the clustering of regions of Ukraine by the level of production potential in
2016 for each of the three methods.

It should be noted that for regions with average values of integral indicators,
calculated according to different approaches, there are significant differences in the
distribution of regions by clusters and their mutual ordering. The Kohonen neural
network was used to verify the results and identify stable homogeneous groups of
regions.

Table 2. Clusterization of the regions of Ukraine by the level of production potential in 2016

Level_o_f The first method | The second method | The third method
competitive
MAXIMUM Dnipro(;i;\trovsk Dnipropetrovsk (1) Dnipro(go;\trovsk
HIGH Kiev (2) Kiev (2) -
Donetsk (2)
Kharkiv (3) Poltava (3)
MODERATE Poltava (4) - Zaporizhia (4)
Donetsk (5) Kiev (5)
Kharkiv (6)
Zaporizhia (6)
Vinnytsia (7)
Lviv (8) Kharkiv (3) Lviv (7)
MEDIUM Cherkasy (9) Poltava (4) Cherkasy (8)
Odessa (10) Lviv (5) Vinnytsia (9)
Mykolaiv (11) Mykolaiv (10)
Khmelnytskyi
(12)




Donetsk (6)
Zaporizhia (7)
Vinnytsia (8) Odessa (11)
Odessa (9) Khmelnytskyi
Ki;%?r?rgijs()m Cherkasy (10) (12)
Zhytomyr (15) Mykolaiv (11) Sumy (13)
lvano-Frankivsk Khmelnytskyi (12) Ivano-Frankivsk
(16) Kirovohr?d ()13) ) (14) )
e Sumy (14 Zhytomyr (15
LOW Ct;;:gr;zl\(/l(Bl;) Ivano-Frankivsk Kirovohrad (16)
Kherson (19) (15) Rivne (17)
Rivne (20) Chernihiv (16) Volyn (18)
Ternopil (21) Zhytomyr (17) Chernihiv (19)
Luhansk (22) Volyn (18) Kherson (20)
Zakarpattia (23) Kherson (19) Luhansk (21)
Chernivtsi (24) Ternopil (20) Ternopil (22)
Rivne (21) Zakarpattia (23)
Luhansk (22) Chernivtsi (24)
Zakarpattia (23)
Chernivtsi (24)

Calculations were made according to the statistics of 2016. The same indicators as
in previous methods were considered. The SOM-Ward method performed clustering
of input data and calculated the clustered indicator [34] for each of the possible
cluster numbers (see Fig. 1).
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Fig. 1. Cluster indicator diagram

The horizontal axis of the diagram indicates the number of clusters, the vertical
axis shows the indicator value for each cluster system. The diagram can be interpreted
as follows: if the indicator value is high for a particular cluster system, then clustering
can be considered as "natural” for the constructed map. Accordingly, when the
indicator value is low for some cluster system, clustering is "artificial." Consequently,
the peaks of the clustered indicator graph represent true clustering.

According to calculations, the largest indicator corresponds to 18 clusters, the next
maximum is 8 clusters. But, given that the number of investigated objects is 24, it is
expedient to group the regions into the 8 clusters. Fig. 2 shows the division of regions
into 8 groups by the level of production potential in 2016. In brackets, under the name



of the region, the average place in the ranking is indicated by the results of previous
calculations. Note that the regions-leaders tend to the left side of the map, and
outsiders tend to the right side of the map. The division of regions into five groups
(Fig. 3), which was proposed earlier, is considered in parallel, in order to compare the
results. It should be noted that the indicator for such a number of clusters was very
low, clustering in five groups is artificial and not entirely correct.

The adequacy of the constructed clusterization models was verified using a
dispersion analysis. For each investigated indicator, the intergroup and intragroup
components of the variance were calculated and the hypothesis of their significant
difference was checked. The results of the calculations confirmed the quality of
clustering at the level of significance of 5% (Table 3).

Table 3. Results of the dispersion analysis

Intergroup Dispersion
Indicator variance inside the F p
cluster
Gross crop production 1,65 0,21 66,44 | 0,00009
Gross livestock production 0,74 0,04 151,75 | 0,00001
Volume of sold industrial 0,53 0,04 107,08 | 0,00003

products (works, services)
Volume of sold industrial
products (works, services), 0,50 0,04 101,75 | 0,00003
share of the region

Volume of sold industrial

products (works, services) 0,15 0,18 7,29 0,01728
per person
Capital investments 0,16 0,22 6,11 0,02551

SOM-Ward-Clusters

akarpattia
Ivano-Frankivsk Chernivtsi
(14)

Volyn

Poltava

(3)

Fig. 2. Distribution of regions into 8 groups by level of productive potential (year 2016).
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Fig. 3. Distribution of regions into 5 groups by level of productive potential (year 2016).

Fig. 4 presents a profile of contributions of indicators in the formation of 8 clusters
(the contributions of indicators are arranged from the bottom up according to their
ordering in the performed calculations out and marked with different colors).

The Dnipropetrovsk region is in the first place with the highest value of the integral
indicator and is isolated in the C8 cluster. All cluster metrics are at levels above the
average significantly. The next cluster (C7) consists of the Kiev region, which has
somewhat lower levels of indicators.

Vinnytsia (8) and Cherkasy (9) are in the same cluster (C5), which is characterized
by a very high level of gross livestock production and gross crop production. One can
note that on Fig. 3 Kiev, Vinnytsia and Cherkasy regions form one of the 5 clusters.
However, Kiev region is significantly different from the other two regions by the
level of capital investment, therefore, its allocation to a separate cluster is justified.

Poltava (3) and Kharkiv (4) regions from the C3 cluster have the values of
indicators that are higher significantly than the average level. Also, the following
cluster C4 consists of two regions: Zaporizhia (6) and Donetsk (5) regions. In Fig. 3
all four regions form one cluster. However, the C4 cluster, unlike C3, includes regions
whose agricultural production indicators are lower significantly than the average
level. Odessa (10), Mykolaiv (11), Sumy (12), Kirovohrad (15), Chernihiv (17) and
Kherson (20) form the C2 cluster (Fig. 2) and the C3 cluster (Fig. 3). All indicators of
these regions are lower than the average level, except of gross crop production
indicator.

The C1 cluster includes Lviv (7), Ivano-Frankivsk (14), Khmelnytskyi (13),
Zhytomyr (16), Volyn (18), Rivne (19), Ternopil (21) regions. All indicators of this
group of regions are at a level that is significantly lower than the average. The C6
cluster is characterized by the largest deviation in the negative side of all studied
indicators and includes the following areas: Luhansk (22), Zakarpattia (23),
Chernivtsi (24). Note that in Fig. 3 clusters C1 and C6 have been united into one
cluster. Separating the last three regions into a separate group is logical and
reasonable.
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Fig. 4. Profile of contributions to the formation of 8 clusters.

At the next step Kohonen maps are built without taking into account the six regions
that have ranked as the leaders. That is done in order to improve the results of
conducted clustering and the allocation of stable homogeneous groups. This approach
allows to reveal structural features of the aggregate of regions with average values of
integral indicators.

‘SOM-Ward-Clusters.

Khmelnytskyi

Fig. 5. Distribution of regions into 11 groups by level of productive potential (year 2016)



In Fig. 5 the distribution of regions into 11 clusters is presented and new groups are
allocated. The proximity of following regions is detected: Sumy and Khmelnytskyi;
Zhytomyr, Rivne, Ivano-Frankivsk, VVolyn; Kirovohrad, Chernihiv, Kherson. It should
take into account the location of the region on the map, compared with its neighbors,
proximity to the leaders or outsiders of the rating.

During clustering using the Kohonen network, it was discovered that distribution
into five clusters does not allow to make qualitative grouping and ranking of regions.
Note that the rating estimation of the region did not always coincide with the location
of the region itself on the map in terms of ratings of the closest neighbors by cluster.
Therefore, there are grounds for improvement and modification of the proposed
algorithms for determining the competitiveness of regions, taking into account the
possibility of the Kohonen neural networks.

Also, it should be noted that the city of Kiev was not included in the list of studied
regions. If we take into account the indicators of the city of Kiev, this will greatly
complicate the processes of ranking and clustering, because most regions have low
rates compared to the city of Kiev. Therefore it is expedient to compare the indicators
of the city of Kiev with the indicators of areas with the highest level of production
potential.

5 Conclusion

By means of various methodological approaches, the level of Ukraine’s regions
production potential was assessed by taking into account the industrial, agricultural
and investment potential of the regions in different time moments. Further clustering
of the studied regions was accomplished with the Kohonen neural maps. Using
Kohonen maps with simultaneous database clustering made it possible to design
multidimensional data in two-dimensional space, visually analyze the obtained cluster
system and improve the results of clustering by choosing the optimal number of
distribution groups. The number of clusters calculated according to the statistical
approach was artificial. The construction of the Kohonen map allowed to improve the
situation and select a reasonable number of clusters.

Note that the rating estimation of the region did not always coincide with the
location of the region itself on the map in terms of ratings of the closest neighbors by
cluster. This is due to the fact that the whole database and the nonlinear model of
clustering were used in constructing the map and conducting clustering, in contrast to
the methods for calculating total integral indicators and even grouping. A convenient
form of visualization of the results of clustering allows to localize the features and
make appropriate adjustments to the rating lists based on expert considerations.

During the research period, the growth of all indicators in most areas was
observed, and therefore the value of the integral index of production potential
improved year after year. But this tendency is not typical for all regions of Ukraine.
The presence of significant regional differences in development requires the
introduction of an effective arrangement for implementing the regional policy of
Ukraine.



References

10.

11.

12.

13.

14.

15.

16.

17.
18.

Pike, A., Rodriguez-Pose, A., Tomaney, J.: Local and Regional Development: Second
edition (2016). DOI: 10.4324/9781315767673

Rivza, B., Azena, L., Sunina, L.: Impact of Regional Development on Entreprise
Environment. European Integration  Studies, 10, 106-113 (2016). DOI:
10.5755/j01.eis.0.10.14614

Ciobanu, C.L.: Regional Development Policy in International Context. HOLISTICA —
Journal of Business and Public Administration, 8(1), 87-96 (2017). DOI: 10.1515/hjbpa-
2017-0007

. Padilla-Perez, R., Vang, J., Chaminade, C. Regional Innovation Systems in Developing

Countries: Integrating Micro and Meso-Level Capabilities. In: Bengt-Ake Lundvall,
Joseph K.J., Chaminade C., Vang J. (eds) Handbook of Innovation Systems and
Developing Countries, Edward Elgar Publishing (2009).

Breinlich, H., Ottaviano, G., Temple, J. Regional Growth and Regional Decline.
Handbook of Economic Growth. 683-779 (2014).

Daviskiba, E. Economic potential of the region: methodology and evaluation experience.
Scientific sciences. 152-157 (2003).

Umanets, T. Estimation of investment attractiveness of the region by means of integral
indices. Economy and Forecasting, 4, 133-146 (2006).

Korent, D., Vukovic, K., Brcic, R.: Entrepreneurial Activity and Regional Development.
Economic  Research-Ekonomska Istrazivanja, 28(1), 939-958 (2015). DOI:
10.1080/1331677X.2015.1084237

Digas, B.V. Rozenberg, V.L.. Modeling of Environmental-Economic Indicators of
Regional Development. Computational Mathematics and Modeling, 28(4), 550-560
(2017). DOI: 10/1007/s10598-017-9380-3

Klebanova, T., Trunova, T., Smirnova, A. Algorithm of estimation and analysis of
disproportions of levels of social and economic development of regions. Biznesinform. 5,
34-38 (2011).

Meyer, D.F., De Jongh, J., Meyer, N.: The Formulation of a Composite Regional
Development Index. International Journal of Business and Management Studies, 8(1), 100-
116, 2016.

Di Pietro, F., Palacin-Sanchez, M.-J., Roldan, J.L.: Regional Development and Capital
Structure of SMEs. Cuadernos de Gestion, 18(1), 37-60 (2018). DOI:
10.5295/cdg.150530fd

Bachtler, J., Begg, I.: Beyond Brexit: Reshaping Policies for Regional Development in
Europe. Papers in Regional Sciences, 1-20 (2018). DOI: 10.1111/pirs.12351

Bevz, I. Scientific approaches to the assessment of inter-regional disproportionality of
economic development. Effective Economics, 12, 7-12 (2014).

Li, X., Xu, J.: Analysis and Evaluation of Difference in the Level of Regional
Development across Taiwan. Applied Mechanics and Materials, 687-691, 5190-5193
(2014). DOI: 10.4028/www.scientific.net/ AMM.687-691.5190

Klebanova, T., Guryanova, L., Trunova, T., Smirnova, A. Scenario modeling in the
management of regional development. Biznesinform, 10, 60-65 (2012).

Kutscherauer, A. Disparities in the country's regional development. Ostrava (2010).

Barca, F., McCann, P., Rodrigues-Pose, A. The case for regional development
intervention: Place-based / place-neutral approaches. IMDEA: 15th Social Sciences. 45-67
(2011).


http://www.e-elgar.com/

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.
33.

34.

35.

36.

37.

Lototskiy, R.V.: Images Fractal Compression Optimization by Means of Artificial
Kohonen Neural Networks. Journal of Automation and Information Sciences, 35(1), 50-60
(2013). DOI 10.1615/JAtomatinfScien.v35.i1.60

Bacao, F., Lobo, V., Painho, M.: Self-organizing Maps as Substitutes for K-Means
Clustering. In: Sunderan V.S., van Albada G.D., Sloot P.M.A., Dongarra J. (eds)
Conference on Computational Science (2005). Lecture Notes in Computer Science, 3516,
Springer-Verlag, Berlin, Heidelberg, 476-483 (2005). DOI 10.1007/11428862_65

Mingoti, S.A., Lima, J.O.: Comparing SOM Neural Network with Fuzzy c-means, K-
means and Traditional Hierarchical Clustering Algorithms. European Journal of
Operational Research, 174(3), 1742-1759 (2006). DOI 10.1016/j.ejor.2005.03.039

Fayos, J., Fayos, C.: Wind Data Mining by Kohonen Neural Networks. PLoS ONE 2(2):
€210 (2007). DOI: 10.1371/journal.pone.0000210

Dekker, A.H.: Kohonen Neural Networks for Optimal Colour Quntization. Network
Computation in Neural Systems, 5(3), 351-367. DOI: 10.1088/0954-898X/5/3/003

Nizam, A.: Kohonen Neural Network Clustering for Voltage Control in Power Systems.
TELKOMNIKA: Telecommunication, Computing, Electronics and Control, 8(2) (2013).
Singh, L.P., Tiwari, A., Singh, R.K., Dubey, D.: Kohonen Neural Network Model
Reference for Nonlinear Discrete Time Systems. Computational
Intelligence&Communication Technology (CICT), 1, (2017). DOI: 10.1109/CIACT
2017.7977335

Smith, K., Gupta, J.: Neural Networks in Business: Techniques and Applications. IRM
Press, 2003.

Ward, J.H., Jr.: Hierarchical Grouping to Optimize an Objective Function. Journal of the
American Statistical Association, 58, 236-244 (1963).

The Ward cluster algorithm of Viscovery SOMine. http://
www.viscovery.net/download/public/The SOM-Ward cluster algorithm.pdf

Vesanto J., Alhoniemi E. Clustering of the self-organizing map. IEEE Transactions on
Neural Networks, 11(3), 586-600 (2000). DOI: 10.1109/72.846731.

Yorek, N., Ugulu, 1., Ayden, H.: Using Self-Organizing Neural Network Map Combined
with Ward’s Clustering Algorithm for Visualization of Students’ Cognitive Stryctural
Models about Aliveness Concept. Computational Intelligence and Neuroscience (2016).
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4706862/ DOI: 10.1155/2016/2476256
Deboeck, G., Kohonen, T.: Visual Explorations in Finance with Self-Organizing Maps.
Springer (1998).

Kohonen, T.: Self-Organizing Maps, Berlin-New York: Springer-Verlag, (2001).

Kravets, T., Kuznetsov, G. Rating of enterprises' activities by the modified cluster method.
Economika. 101-113 (2011).

Tamir, D.E.: Multiresolution Training of Kohonen Neural Network. SPIE Proceedings
Vol. 6700. Mathematics of Data/Image Pattern Recognition, Compression, Coding, and
Encryption X, with Appications. Gerhard S. Ritter, Mark S. Schmalz, Junior Barrera,
Joeakko T. Astola Editor(s). DOI 10.1117/12.735394

Reyes, J., Cardenas, V.H.: A Chilean Seismic Regionalization Through a Kohonen Neural
Network. Neural Computing and Applications, 19(7), 1081-1087 (2010).

Phillips-Wren, G., Ichalkaranje, N.: Intelligent Decision Making: An Al-Based Approach.
Studies in Computational Intelligence, 97, Springer Publishing Company: New York
(2008). DOI: 10.1007/978-3-540-76829-6

State Statistics Service of Ukraine, http://www.ukrstat.gov.ua/, last accessed 2018/11/01.


http://www.viscovery.net/download/public/The%20SOM-Ward%20cluster%20algorithm.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4706862/
http://www.ukrstat.gov.ua/

