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SOFTWARE METHODS FOR ANALYSIS
AND FORECASTING SUSTAINABLE DEVELOPMENT
INDICATORS USING PYTHON TOOLS

Today we have the rapid development of information and communication technology, the amount of global
data is exploding. An important task is to identify factors that affect the sustainable development of society through
the software analysis of data from various socio-economic indicators. As for today the analysis of sustainable
development is a task with a fairly high demand that is done in order to evaluate the influence of various positive
and negative factors on the development of the region. With the help of such analysis one can research the
economic, social, ecological and technological threats. These metrics can indicate a field having certain positive
or negative dynamics. Based on the results achieved, dependencies can be found and improvements for the future
can be made. The implementation of software that would automate the creation of necessary tables, performing
calculations and building the charts based on the input data is a fairly necessary task.

This research is devoted to the analysis of the level of sustainable development of society. Existing methods
for analysis and clustering of statistical data about the territorial living standard of inhabitants are researched.
Software method of calculating the index of sustainable development of society and the components of quality
of life is created. The structure of the database is modeled in the models.py file which is a Django structure
file. To test the developed software, statistical data were analyzed using Python tools. The clustering module of
proposed software is developed and tested. Clustering algorithms by data set size, number of clusters, by data
set type are analyzed and compared.

Key words: software, sustainable development, harmonization of society degree, clustering, statistical
data, Python technologies, Django.

Introduction. Problem statement

The full implementation of the concept of
sustainable development is inextricably linked
with its appropriate provision at various levels of
management, the elements of which should provide
for full mutual consistency to maximize obtaining a
useful result of managing the components of socio-
ecological and economic development. Research
results show that the dynamics economic growth in
recent years has been unstable, since the growth of
the Ukrainian economy was determined primarily by
the ability to adapt to changes external and internal
institutional and economic conditions, rather than
the formation of sustainable internal principles of
balanced development. At present, the entire world

community is facing an aggravation of not only
economic, but also social problems against the
backdrop of deteriorating environmental conditions.

As for today the analysis of sustainable
development is a task with a fairly high demand that
is done in order to evaluate the influence of various
positive and negative factors on the development of
the region.

With the help of such analysis one can research
the economic, social, ecological and technological
threats. These metrics can indicate a field having
certain positive or negative dynamics. Based on
the results achieved, dependencies can be found
and improvements for the future can be made. The
implementation of software that would automate the
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creation of necessary tables, performing calculations
and building the charts based on the input data is a
fairly necessary task.

Related research

The research is based on the sustainable
development concept that is derived from Volodymyr
Vernadsky’s works on the noosphere [1]. Both
theory and practice have proven that at the turn of
the century the teachings about noosphere turned out
to be a necessary basis for developing the concept
of continuous ecological, social and economic
development [2—4].

Methodology of evaluating and analyzing
sustainable development covers the model of
sustainable development, which is a cross-field
generalization of the models known from natural,
economic and social science fields, and the ways
of utilising formal statistical methods and methods
of expert evaluation for analyzing the processes of
sustainable development.

The main goal of the article is to developed the
software method for calculation of the coefficient of
sustainable development, analysis of factors of the
degree of harmonization of society and speed up
time of processing statistical data about the territorial
living standard of inhabitants and to obtain more
accurate results compared to existing methods.

Mathematical basis of the proposed method

We will characterize the process of sustainable
development with two main components: safety
(Cy) and quality of life (C,), and the generalized
measurement of sustainable development will be
defined by the following quaternion:

{Q}zjwslcsl+wacq (]ec’l 1 ) (1)

Quaternion {Q} contains an imaginary balanced
scalar faction jw,C,, that describes the safety of life
and a balanced real vector faction that describes
the quality of life in a space with three dimensions:
economic (/,), ecological (/,.) and the dimensional of
social institutes (/,). In addition, j gains the value of
a real unit for a regular state of the development of
society while C;>0 and the value of an imaginary
unit when the society enters a state of conflict (C,,=0).

Balance coefficients w,, and w,, in the formula
(1) are used in order to equalize the scales of safety
and quality of life components (in case of evaluating
sustainable development of Ukraine’s regions
wy=w,=1).

Index of Sustainable Development is a quantity
measurement of sustainable development, that
includes safety and quality of life and for the case of
C,> 0 is calculated as the norm of quaternion {Q}:
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szc2+m; (Z+2+1%). @

For every region the euclidean norm of quality of
life radius-vector C,, will be given in the following

form:
C,=yI2+I*+1. 3)

Than the quantity measurement of quality of life
will be defined as the length of a projection of this
vector onto an vector with the coordinates of (1; 1; 1):

C,=~NIL+12+1] -cos(a). 4

Deviation angle o of radius-vector C_qz from
the vector (1, 1, 1) is defined by the values of the
measurements /,.,/,,/ in the following way:

ec?

I +1 +1
a = arccos L5 4)
I+ +17

0<a <arccos—.
3

Accordingly, the length of a projection of the
radius-vector C,, onto an ideal vector (1, 1, 1)
describes the quality of life, while the orientation of
the vector C , 1nside the coordinate space (L, 1., 1)
describes the measure of the “harmony” of sustainable
development.

Vector C,,’s equal distancing from every
one of coordinates will correspond to the most
harmonic development while closing in to one of the
coordinates will indicate a priority in development in
the corresponding dimension and negligence toward
the other two. The value G=1-a will be named the
level of harmony of sustainable development. It will
grow when G is closing to 1 and drop with G closing
to 0. Accordingly the Quality of life component is
an integrated value that simultaneously includes all
three dimensions of sustainable development and
the interconnection between three inseparable fields
of society’s development: economic, ecological and
social. Level of harmony of sustainable development
is the balance between its economic, ecological and
social dimensions.

The values of sustainable development dimensions
that were used to define the Quality of life component
should be based on the data from a wide spectrum
of phenomena of various nature. Additionally these
values must be integral, meaning they must describe
a certain aspect of human life as a coherent system.
In order to evaluate the quantity measurements of the
sustainable development dimensions we will use the
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principles of building a hierarchical system of values
and indexes defined as L,-norms:

;= ZW/XI‘,/" i=1m, ZW./ =1 (6
j=1 Jj=1

in the space of values X/ x X? x... x X™, that describe
economic, ecological and social development of every
i-th region. Balance coefficients w; in the formula (6)
are defined by expert evaluation.

Using formula (6) requires the harmonization
of various data, including both measurement units
and value ranges [5]. That’s why if greater values
of a measurement X ' correspond to a better state of
sustainable development, then we use a logistical
norm for measurement values according to formula:

-1
a—=x; ;

Cm)rm(xi)j): l+e ® ,

(7

where the parameters a and b are calculated as an
average value and standard divergence of the sample
of regions being analyzed.

In the opposite case if greater values of X
correspond to worse state of the sustainable
development, then a value inverse to one calculated
through formula (7) is used:

-1

(l*XL-

Crom (X, ;) =1=|14€ *

®)

The total influence of threats on different regions
of Ukraine will be evaluated using a Safety of life
component C,; as a part of the Index of sustainable
development used in the formula (1).

To every region j a corresponding vector:

Trj :(ti/)’ J=Ln ©)
will be assigned with its coordinates #/ € [0, 1] ,i=1n
describing the level at which every threat manifests.

The value of measurements describing the
occurrence of said threats are harmonized using the
formulas (7)—(8) in a way where the greater threat
levels have their correspondent values close to 1
[1-5].

To organize the decision-making process aimed at
sustainable economic, socio-natural development of
the region, it is necessary to develop a methodology
for calculating the integral indicator of sustainable
development of the regional economy, where the
main indicators would be closely linked to the targets
and priority areas for the development of the strategic
plan of the region.

When calculating indicators of sustainable
development, there are two methodological approaches
that differ in structure and applied principles of
construction. In the first approach, all calculated
indicators of the system reflect certain aspects of
sustainable development, that is, they distinguish the
following subsystems of indicators: economic, social,
environmental and institutional. In this case, they usually
consider various options for issues, problems, tasks that
are submitted for consideration, which may not even
have a quantitative characteristics, but only a descriptive
answer. In the second approach, an integral indicator is
constructed that indicates the degree of sustainability of
economic and social and environmental development.
With the growth of such an aggregated indicator, the
economy of the region takes the path that brings it closer
to sustainable development, and with its decrease or with
a negative value, the movement occurs in the opposite
direction to the destructive type of development.

Statistical data for research

For completing analyzing the sustainable
development of Ukraine’s regions the task was
complemented with a .osd file that contains the data
on all Ukraine’s regions in two years (2017 and 2018).
This file contains such indicators as: Level of housing
needs satisfaction, The number of infected with HIV,
Integrated atmospheric pollution index averaged on
the population of observed towns etc. All this data
had to be read from the file and develop a procedure
that would calculate the model of sustainable
development (composite indicator that is calculated
based on measurements) and harmony level using the
programming tools of Python.

Using programming tools of Python we represent
the sustainable development index and harmony
level (visualize the data) by the regions and find the
correlation chart between all the indicators (by the
use of corresponding interface buttons). Additionally
a sample of statistically influential indicators (r > 0.7
and r <—0.7) had to be made and a conclusion about
their corresponding levels of connection had to be
formulated. Next we had to perform a regression
analysis of statistically important indicators
(independent variables X, X..., X)) influence on the
sustainable development index (dependent variable Y)
and separately on the harmony level (also as a
dependent variable). Develop according regression
mathematical models for all 27 regions of Ukraine.
Also a database for storing input data and generated
results of input files analysis had to be created. We
need to create a database to store the input files and
the generated analysis results of the input files. Import
the results of calculating the sustainable development
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index (/) and harmony level (G) in .csv and xls
formats for all 27 regions of Ukraine.

The proposed software method and software
modules description

Pythonis one of the most widely used programming
languages thanks to it being easy to learn, well-
designed and flexible, making it practically a perfect
programming language. Django is an immensely
popular and fully functional server-side web
framework written in Python. This framework can
work with any client-side platform and can deliver
content in almost any format (including HTML, RSS-
channels, JSON, XML). Django includes dozens of
additional functions that fulfil user authentication,
site mapping, content administration, RSS etc.
Django uses a component-based architecture (every
component of the architecture is independent from
the others and thus can be replaced or altered in case
of such necessity). Django framework is extremely
well suited for high traffic workloads. Django uses
the Do not Repeat Yourself (DRY) principle, thus
avoiding unnecessary code repeats, reducing the
overall quantity of code [6-7].

For the data output in comfortable format,
the output of tables and charts the following
instruments had to be used. Highcharts is a library
for chart creation that is written in Javascript. It
allows adding interactive and animated charts
to the website or the web application easily. At
the moment charts include a large variety of line
graphs, pie charts, column charts and many other
types of graphs. Also a standard Python set of
tools for mathematical operations and data analysis

was utilised. The proposed software contains the
following modules:

1. Module for reading and processing the
information from the file, which contains the data on
27 territorial units of Ukraine.

2. Module performing the procedure of calculating
the sustainable development index model (composite
indicator that is calculated based on measurements)
and harmony level.

3. Software modules for the graphical
representation of sustainable development index
and harmony level (data visualization) by the
regions and finding the correlation chart between
all indicators (by the use of corresponding interface
buttons).

4. A module performing regression analysis of
statistically important indicators influence on the
sustainable development index and separately on
the harmony level and building according regression
mathematical models for all 27 regions of Ukraine.

5. A module for storing input data and generated
results of input files analysis.

6. A module for importing the results of
calculating the sustainable development index (/)
and harmony level (G) in .csv and .xIs formats for
27 regions of Ukraine into the database.

For the better understanding of the software
structure a visual representation of all the modules
and components of the project is provided. Here is a
dependency scheme of the proposed software front-
end (chart visualization part) (fig. 1).

One of the main parts in implementing software is
the database. The structure of the database is modeled

® export-data.js

> @ exporting.js

® jquery-3.5.1.min.js
“

/2 charts/charts_bublle.html

& highcharts-more.js B

|
& accessibility.js

A templates/index.html

- U S
& highcharts.js

h |
® bootstrap.min.css

Fig. 1. Visualization module
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in the models file (models.py) which is a Django
structure file. After modelling the database tables
that are correspondent to the models are created
automatically via migration.

Data reading and processing module. In order
to use the application one has to download the .osd
data file containing the information on 27 territorial
units of Ukraine. This functional possibility is taken
response of by the method export data in the file
views.py. Here we receive the data and perform the
calculations of all the key indicators. After the data
has been processed the calculation of the indicators
has to be performed. After the indicators have been
calculated we have to provide the possibility of saving
this data into the database.

Thus we have the functionality for the page
“Upload a file”, which can be used to upload and save
the data and also show the resulting values (fig. 2).

Data visualization module. For outputting the
vulnerability correlation chart for the harmony level
and sustained development index we have to consult

Get data for a region

the file charts.py and the method chart_garmonizacii
where the process of calculating the correlation
coefficient occurs. This coefficient is later loaded into
the corresponding chart (fig. 3) where the user can
review the received data.

Data analysis module. For implementing the
regressive model we determine the correlation
coefficient for every region and every type of threats
[8]. For this task we use the method charts_buble from
charts.py. For a start we use a loop to look through
all the regions and get the necessary indicators from
every one of them, and then use the data from these
coefficients to calculate the correlation coefficient.

According to the analysis of the Sustainable
Development Index for Ukraine, we will perform
clustering of regions of Ukraine on this indicator
into five clusters (Highest level of sustainable
development, High level of sustainable development,
Average level of sustainable development, Level of
sustainable development below average, Low level of
sustainable development) (fig. 4).

Get data by the region

Chaase a file

Choose File | Mo file chosg

Region

Kherson region

Choase a region

Kherson region
H

» Upload

Year Data (ISD , G)
2017 15D 0.5622

G 00431
2018 1SD -0.1021

G 0.0673

Fig. 2. View of the resulting data
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Fig. 3. Vulnerability to threats
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Fig. 4. Mean values of the life safety components for clusters, 2018

kmeans =  KMeans (n_clusters=5, init="k-
means++’)
clusters _csl 2018 = pd.

Series (kmeans.fit predict(data 2018.
["Cs1"11), index=data 2018.
index, name=’cluster num’)

loc(:,

pd.concat ([data_ 2018["region
clusters 2018, clusters csl 2018.
rename (' cluster csl’)], axis=1)

We analyze the main parameters that affect
the sustainable development of regions to build
a scattering diagram of the dependence of the
Sustainable Development Index on the degree of
harmonization. We see that in both years in clusters
with a higher index of sustainable development, the
average index of life safety is also higher. But if we
compare clusters by sustainability index and security
component, they are different. Kyiv city, for example,
no longer has its own cluster — the clusters are more
uniform. Both trends are repeated in 2017 and 2018.

In Kyiv city, the economic component significantly
outperforms other components of quality of life. If
we talk about the main components of the index of
sustainable development, the quality of life index
has a greater impact on it, but the positive correlation
between the two main components is significant.

For example, in 2018, both components have
less impact (fig. 5). In the correlation tables of the
Sustainable Development Index and the Vulnerability
Index we can see that in 2017 the largest inverse
correlation has the provision of the population with
doctors, and in 2018 — the average life expectancy.

To get the regression model we navigate to
the /charts-bubble/ page where we review the
correlation chart of the regions’ vulnerability to

name’ ],

118 Tom 33 (72) N2 4 2022

threats and the regression models for every threat
category are presented (fig. 6). To use the required
chart for every threat type, we have to use the side
buttons.

Research results

Functioning of clustering algorithms depends on
the mathematical & logical procedure which they
use to solve a problem, and also on the input dataset
[9-10]. Hierarchical clustering algorithms are not
suitable for large dataset due to time complexity.
K-means can form clusters very effectively and
faster than most algorithms. For our research the
four clustering algorithms (k-means, Hierarchical
Clustering (HC), Self-Organization Map (SOM)
algorithm,  Expectation = Maximization (EM)
clustering algorithm) are compared according to the
following factors: the size of datasets, number of
clusters, dataset type. The performance of different
algorithms for different & is compared in order to test
the performances that are related to k. To compare
Hierarchical Clustering with other algorithms, the
hierarchical tree is cut at two different levels to obtain
corresponding numbers of clusters. K-means and EM
algorithms have less quality (accuracy) than others.
All the algorithms have some ambiguity in some noisy
data to be clustered. The small dataset is extracted as
a subset of the huge data set. The quality of EM and
k-means algorithms becomes very good when using a
huge data set. The other two algorithms Hierarchical
Clustering and SOM show good results when using a
small data set.

Partitioning algorithms (EM and k-means) are
used for huge dataset while hierarchical clustering
algorithms are used for small data set. For £ from 3
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Fig. 6. Regression model for corruption indicator

to 8 on average we get 3—8% better result. After
analyzing the results of testing the clustering
algorithms and running them under different factors
and situations, the followiing conclusions obtained:
as the number of clusters k& becomes greater, the
performance of SOM algorithm becomes lower. The
performance of k-means and EM algorithms is better
than hierarchical clustering algorithms. The quality
of k-means and EM algorithms become a very good
when using huge data set.

In our research we used the k-means++ algorithm
to choose the initial values, or the initial cluster
centroids, for k-means, because in some cases, if the
initialization of clusters is not appropriate, k-means
can result in arbitrarily bad clusters. K-means++
specifies a procedure to initialize the cluster centers

before moving forward with the standard k-means
clustering algorithm.

Using the k-means++ algorithm, we optimize the
step where we randomly pick the cluster centroid. We
are more likely to find a solution that is competitive
to the optimal k-means solution while using the
k-means++ initialization.

Conclusions and future work

Existing methods for analysis and clustering of
statistical data about the territorial living standard
of inhabitants are researched. Software method of
calculating the index of sustainable development
of society and the components of quality of life is
created. To test the developed software, statistical
data were analyzed using Python tools. The clustering
module of proposed software is developed and tested.
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The four clustering algorithms (k-means,
Hierarchical Clustering, Self-Organization Map
algorithm, Expectation Maximization clustering
algorithm) are compared according to the following
factors: the size of datasets, number of clusters, dataset
type. For number of clusters £ from 3 to 8 on average
we get 3—8 % better result using k-means algorithm.

Through proposed software method, problems can
be clearly identified and solved as soon as possible,
so as to provide a better living environment and
living standard for the people. Developed software
for analyzing the sustained ment of Ukraine’s regions
allows to analyze the data and receive conclusive
results.
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Oaemenko JI.M., MoBuan K.O., I'yiiga O.I'., Hosak /[.C. IPOI'PAMHI METO/IH
AHAJII3Y TA ITPOTI'HO3YBAHHSI IIOKA3HUKIB CTAJIOT'O PO3BUTKY
3 BUKOPUCTAHHSAM IHCTPYMEHTIB PYTHON

Cb0200Hi cnocmepiecaemvcsi CmMpiMKUl PO36UMOK IHPOPMAYIHO-KOMYHIKAYIUHUX MeXHOoa02ill ma 30i1b-
WieHHs 00cA2i6 8eNUKUX OaHUX. Bascnusum 3a60antam € 8usagieHHs (hakmopis, wo 8naueaoms Ha CMaiuli po3-
BUMOK CYCRINLCMBA WISAXOM NPOSPAMHO20 AHANIZY OAHUX PISHUX COYIANbHO-eKOHOMIYHUX NOKa3HuKie. Ha cbo-
200HIWHIL OeHb aHali3 CMAN020 PO3BUMKY € 00CUMb 3aMPeOy8aHUM 3a80AHHAM, AKe BUKOHYEMbCA 3 MEMOoto
OYIHKU BNUBY DIZHUX NOZUMUBHUX | HE2AMUBHUX (aKMOPI8 HA PO3BUMOK De2ioHY. 3a 00noMO2010 MaKo2o
AHANI3Y MOJICHA OOCTIONCYBAMU eKOHOMIUHI, COYIAIbHI, eKONO2IUHI Ma MexHON02iuHI 3a2po3u. L]i nokasHuku
MOXCYMb 8KA3Y6AMU HA NOJE 3 NEGHOI0 NOZUMUBHON Yl He2amueHow OuHamikowo. Ha ocnosi docsaeHymux
De3YIbIMAmie MONCHA 3HAUMU 3ANEeHCHOCMI Md NPONOHY8AMU NOKPAUEHHS NOKA3HUKIE Ha MaubymHe. Axmy-
ANILHUM 3a80AHHAM € 8NPOBAONCEHHI NPOSPAMHO20 3a0e3neyeHHs, aKke 0036801U10 O a8momMamusyeamu Cmeo-
penHsl HeoOXIOHUX MabnuYb, BUKOHAHHS PO3PAXYHKIE ma noOy0o8y diacpam Ha OCHOBE BXIOHUX OAHUX.

llane Oocnidoicenns npucesuene ananizy piHs CMAL020 PO36UMKY CYCRitbemed. Jocniodceno ichyoyi
Memoou auanisy ma kiacmepuszayii cmamucmuunux oanux. CmeopeHo NpocpamHuii Memoo pOo3PAXYHKY
IHOeKCY Ccmanoeo po3eumKy CyCniibCmed ma ckaadosux saxocmi scumms. Cmpykmypa 6a3u OaHux mMooeinro-
emoca y hatini models.py, axuii € gatinom cmpyxmypu Django. /[{na mecnygsanus po3pooieHo20 npoepamHo2o
3abe3neuents OYIU NPOAHANI308AH] CIMAMUCTUYHI OaHi 3a 0onomozor iHcmpymenmie Python. Po3pobneno
ma anpobo8aHo MOOYIb KiACmepu3ayii 3anponoHo8ano2o npoepamnozo 3abesnevenus. Ilpoananizosano ma
NOPIBHAHO ACOpUMMU KAACmepu3ayii 3a po3mipom Habopie Oanux, KilbKicmio K1acmepis, 3a munom Habopy
OaHUX.

Knrouosi cnosa: npocpammue 3abesneuenmss, Cmaiuti po3eumor, Cmyninb 2apmMoHizayii cycnintbcmea, Kiac-
mepu3sayis, cmamucmuyuni oaui, mexnonoeii Python, Django.

120 Tom 33 (72) N@ 42022



