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At the moment, there are no universal tools for forecasting indicators of socio-economic development in
general and demographic in particular. However, the amount of budget allocations that are directed to solving
personnel issues, creating social facilities and implementing other activities significant for economic, social
and infrastructural development, development vectors depend on the forecast of demographic indicators by
one-year-olds. In this article, a meaningful analysis is carried out an analysis of the researchers' work, based
on the results of which it is determined that artificial intelligence models, in particular the most adaptive
neural networks, are almost not used in predicting demographic indicators, forecasts based on models of
artificial neural networks for all ages or by age groups, have almost no significance from the point of view of
managing socio-economic development. The result of the research is a neural network methodological
approach, methodology and tools for forecasting demographic processes for one-year-olds. The developed
methodological approach to forecasting and tools are universal in the field of forecasting socio-economic
indicators. In addition, the results described in the article can be used in other research in the field of

forecasting, planning of any indicators.

1 INTRODUCTION

The amount of budget allocations that are directed to
solving personnel issues, creating social facilities and
implementing other activities significant for
economic, social and infrastructural development,
development vectors depend on the forecast of
demographic indicators by one-year-olds.

At the moment, there are no universal tools for
forecasting indicators of socio-economic
development in general and demographic in
particular.

A meaningful analysis of the researchers' work
has shown that the most common methodological
approaches to demographic forecasting are:

= Time series modeling.
= Building regression models.

This thesis is determined based on a constructive
analysis of the work of more than 50 researchers.

The problems of constructing demographic
forecasts as an essential element of the socio-
economic development planning system have been
sufficiently worked out in terms of tools and
modeling. Conceptual approaches to the construction
of demographic forecasts were developed by such

researchers as Graunt J. [1], Malthus T. [2],
Pearl R. [3], Reed L.[3], Welton P. [4],
Vishnevsky A. G. [5] and others. A significant
contribution to the development of tools for building
computer models of demographic processes has been
made: Meadows D. [6], Simon G.A. [7],
Forrester J. [8, 9], Tsybatov, V.A. [10] and others. In
their work, the above-mentioned researchers also
focused on the possibility of predicting demographic
processes using regression models and time series
models. However, the main disadvantage of these
models is their weak adaptability to changes in the
socio-economic situation, which negatively affects
the accuracy.

A constructive analysis of studies, including the
latest ones from 2023-2024, in which models of
artificial neural networks were used to build a
forecast of demographic indicators, showed that
forecasts using neural networks are built either for all
ages or for individual age groups. In turn, such neural
network forecasts have almost no value in managing
socio-economic development [14, 15, 24, 25]. Only
demographic forecasts based on one-year ages have
significant value in this process.
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In turn, the scientific problem can be determined
as follows: the use of subjective, non-adaptive
methodological approaches to forecasting indicators
of socio-economic development leads to a high
forecast error and, as a result, ineffective planning of
development. This has a negative impact on
economic development and the standard of living of
the population.

Therefore, the purpose of the study is to develop
theoretical and methodological provisions and tools
based on them to improve the planning system for
socio-economic development in the context of
forecasting demographic processes by one-year-olds
based on artificial intelligence.

2 MATERIALS AND METHODS

When developing tools for the formation of an
information base, autocorrelation and cluster analysis
are used, and artificial neural networks are used for
modeling.

When building neural networks in the framework
of the study, neural network training was chosen as a
paradigm: with a teacher; training rule — error
correction; architecture — a multilayer neural
network; learning algorithm (optimizer) — BFGS.

When using training models of artificial neural
networks with a teacher, when correcting an error, the
parameters of the neural network are determined in
such a way that the actual data are as close as possible
to the values obtained from the model, that is, so that
the model error is minimal (it is on the test sample).
To solve the forecasting problem, it is important that
the accuracy of the model be as high as possible,
because the effectiveness of socio-economic
development management depends on the accuracy
of the forecast. Therefore, neural network training
with a teacher and the error correction training rule
were chosen as the paradigm.

To solve the forecasting problem, only multi-
layered neural networks are needed. After all, when
taking into account a large number of parameters, the
probability of increasing the accuracy of modeling
increases.

The BFGS algorithm was chosen as the optimizer
because it is one of the most effective ways of
optimization. Numerous publications on the
effectiveness of using this algorithm to solve complex
problems not only in forecasting, the use of this
algorithm in modern neural network simulation
systems prove the expediency of its application in the
framework of the study [12].

The structure of an artificial neuron can be
represented as follows (Figure 1).
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Figure 1: The structure of an artificial neuron.

The scheme of operation of the BFGS algorithm
is shown in Figure 2.

Given starting point xo, convergence tolerance € > 0,
inverse Hessian approximation Hy;

k <05

while |V fill > €
Compute search direction

pr = —HV fi:

Set x4y = xp + ay py where oy is computed from a line search
procedure to satisfy the Wolfe conditions
Define sy = xp4y —xpand yx = Vi — Vs
Compute Hy
k—k+1;
end (while)

Figure 2: Diagram of the BFGS algorithm.

Meaningfully, the algorithm works as follows: at
the first iteration, the initial weighting coefficients of
the connections in the neural network are determined.
In the following iterations, the weight coefficients
change until the error value on the test sample
becomes minimal [12].

When forming the information base, building
neural network models, and forecasting based on
them, the STATISTICA 13 version software package.

3 RESULTS

Modern neural network models are much more
accurate than time series models and regression
models, they have a wider degree of applicability and
they are more adaptive. Using specialized software
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products, they can be built by a specialist without
having in-depth knowledge of neural network
modeling [13].

Accordingly, in order to increase the accuracy of
forecasting demographic processes by one-year-olds,
a methodological approach based on the construction
of artificial intelligence models, namely artificial
neural networks, is proposed.

The characteristics of the neural network
approach to demographic forecasting by one-year age
proposed by the authors of the article are:

= Building models that conceptually work in a
similar way as an expert who develops a
forecast.

= Using only adaptive algorithms for building
neural network models.

The authors of the article have developed a
methodology for constructing a demographic
forecast, it is presented in Figure 3.

Formation of an information base for modeling

Building neural network models of birth rates by one-year-olds and
forecasting based on them

Building neural network models of mortality rates by one-year-old
age and forecasting based on them

Building neural network models of migration growth (loss) coefficients
by one-year age and forecasting based on them

Calculation of prospective fertility, mortality, migration growth
(decrease), population size, both by one-year-olds and in general by all
ages
Description of the forecast background in order to substantiate the
constructed forecast

Figure 3: Methodology for constructing a demographic
forecast.

Let's consider
(Figure 3) in detail.
At the first stage, retrospective information is
collected about:
= Age - related birth rates by one- year- olds.
= Age-related mortality rates by one-year age,
both among men and women.
= The coefficients of migration growth
(decrease) by one-year age, both among men
and women.
= The population of each age as of January 1,
both among men and women.
= Factors that significantly
demographic dynamics.

the developed methodology

affect  the

To collect information, you can use open [11].

Further, for the purpose of modeling, it is
necessary to process the data in the appropriate way,
that is, to divide it into representative groups. To do
this, it is necessary to conduct a cluster analysis. First,
it is necessary to determine the optimal number of
clusters using the tree clustering method [16].

After that, it is necessary to conduct a cluster
analysis using the method, for example, "k-means".

After the data is properly collected and processed,
you can proceed to the next steps related to building
models and forecasting directly. At subsequent
stages, models of fertility rates, mortality, migration
growth (loss) by one-year-olds and forecasts based on
them are being built. It is already advisable to use
artificial neural networks here.

In general, the procedure for building an artificial
neural network can be represented as the following
steps:

= Choosing a paradigm.

=  Selection of the training rule.

= The choice of neural network architecture.

= Choosing the algorithm for building a neural
network.

= Selection of the criterion for stopping learning.

Based on a meaningful analysis of the work of
researchers in the field of neural network modeling, it
was revealed that to solve the problem of forecasting,
including demographic processes by one—year—olds,
when building neural networks in the framework of
the study, neural network training was chosen as a
paradigm: with a teacher; training rule — error

correction; architecture — a multilayer neural
network; learning algorithm (optimizer) — BFGS [12,
17-22].

At the last stage, the stop criterion is selected. It
is usually understood as achieving the minimum error
value in the test sample.

Based on the results of a comparative analysis of
packages, systems and technologies in the field of
network neurosimulation in forecasting tasks
(STATISTICA, Matlab, Loginom and others), it
follows that the most suitable software package is
STATISTICA due to its advantages (it is free
software, it is possible to analyze and visualize big
data, there are packages of statistical analysis, access
rights management, predictive analytics, it is possible
to download the program code of the model in
different programming languages) and ease of
implementation for a user who does not have high
qualifications in the field of neural network modeling
and forecasting [23].

At the penultimate stage of the methodology, the
following is carried out:
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= Calculation of the number of births by age of
one year. The calculation of the number of
births for each age is carried out by multiplying
the average annual value of the population of
the corresponding age in the prospectus period
by the corresponding forecast value of the
fertility rate.

= Calculation of the number of deaths by age of
one year. The calculation of the number of
deaths for each age is carried out by
multiplying the average annual value of the
population of the corresponding age in the
prospectus period by the corresponding
forecast value of the mortality rate.

= Calculation of migration growth (loss) by one-
year age. The calculation of the number of
migration growth (loss) for each age is carried
out by multiplying the average annual value of
the population of the corresponding age in the
prospectus period by the corresponding
forecast value of the migration growth
coefficient (loss).

= Calculation of the population for each age. The
calculation of the population of the
corresponding age is carried out as follows:
from the value of the population of the
corresponding age of the previous year, the
number of deaths and the number of retirees in
the current year are subtracted. However, if
there is a migration increase rather than a
decrease, then the number of arrivals in the
current year is added to the population of the
corresponding age of the previous year, minus
the number of deaths. The number of newborns
is equal to the projected birth rate.

At the final stage of the methodology, a
description of the forecast background is carried out
in order to substantiate the constructed forecast within
the framework of planning socio-economic
development.

Using the estimated values of factors that
significantly affect demographic processes, the
justification of the forecast calculations is carried out.
The description of the forecast background is carried
out both for the forecast of fertility, and for mortality
and migration processes. The predicted value of the
demographic variable and the factors influencing it is
taken. Then the description of the change in the
variable from the corresponding changes in the
factors is carried out.

In addition, a description of the forecast
background is carried out for the total number and
population size by one-year age, depending on
changes in fertility, mortality and migration.

Then, based on the methodology developed
within the framework of the study (Figure 3), models
of artificial neural networks and a forecast based on
them were built.

At the first stage, an information base was
formed. For this purpose, statistical data were
collected on the rates of fertility, mortality, and
migration growth (loss) by one-year age from 2012 to
2022. Then an autocorrelation analysis was carried
out, the results of which revealed that it is advisable
to build models using data from 2017 to 2022. After
that, a cluster analysis was performed using tree
clustering and "k-means" methods to determine the
data arrays for further modeling.

At the second stage, complexes of predictive
models of the birth rate by one-year age were built for
the corresponding clusters.

When building neural networks in the framework
of the study, neural network training was chosen as a
paradigm: with a teacher; training rule — error
correction; architecture — a multilayer neural
network; learning algorithm (optimizer) — BFGS.

When forming the information base, building
neural network models, and forecasting based on
them, the STATISTICA 13 version software package
was used due to its advantages mentioned earlier.

The absolute verification of the constructed
models is shown in Figures 4, 5.

Figures 4, 5 show the actual data of the fertility
rate by one-year age and obtained using the
constructed neural network model. The value of the
average absolute error in the percentage of models
(MAPE) on training data is less than 2%, on test
data — 2-2.5%, retrogression — 3-3.5%. Neural
networks have 2 hidden layers of 7 neurons in each of
them.

The graph of the neural network of the fertility
rate is shown in Figure 6.

The constructed neural network models have
7 neurons in 2 hidden layers. The activation function
of neurons is a sigmoid.

The weight coefficients are shown in Table 1.

Similarly, the construction and analysis of the
accuracy of models for 2, 3, 4 clusters were carried
out.

At the third and fourth stages, neural network
models were built in a similar way for the
corresponding clusters to predict the mortality rate for
men and women, as well as the coefficient of
migration growth (loss) for men and women.

All built models, including those for verification
based on data from 2022, are quite accurate,
according to some models the accuracy reaches
99,5 percent.
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Verification of the neural network model (first cluster)
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Figure 4: Absolute verification of the neural network for the
first cluster (retrospective forecast for 2020).
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Figure 5: Absolute verification of the neural network for the
first cluster (retrospective forecast for 2021).
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Figure 6: The graph of the neural network of the fertility
rate.

Table 1: Weight coefficients.

The weighting

coefficients of

the connections
of the inputs

The weighting
coefficients of the
connections between

the neurons of the first

The weighting
coefficients of

the connections
of neurons of

with the neurons layer and the neurons t_he second
(_)f the first of the second layer hldden layer
hidden layer with the output

-0,126 0,66 0,132
-0,232 -0,306 -0,576
-0,148 0,372 0,101
-0,47 -0,189 0,511
-0,007 0,651 -0,54
-0,014 0,64 0,415
0,06 0,125 0,136

0,056 -0,013 -

0,096 0,6 -

0,12 0,74 B

0,2 -0,128 -

0,45 0,504 -

-0,05 -0,144 -

-0,165 -0,03 -

0,4 0,008 -

-0,13 -0,08 -

-0,546 -0,042 -

0,198 0,155 -

0,013 -0,044 -

0,232 -0,26 -

-0,104 -0,035 -

- 0,33 -

- -0,006 -

- -0,002 -

- -0,09 -

- -0,029 -

- 0,132 -

- -0,06 -

- 0,007 -

- 0,008 -

- 0,008 -

- 0,008 -

- 0,03 -

- 0,052 -

- 0,04 -

- 0,07 -

- -0,06 -

- 0,01 -

- -0,015 -

- 0,011 -

- -0,042 -

- 0,01 -

- -0,222 -

- 0,033 -

- -0,018 -

- -0,168 -

- 0,06 -

- -0,028 -

- 0,032 -
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At the fifth stage, a population forecast was built

and its verification was carried out.
The population forecast is shown in Figures 7, 8.
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Figure 7: Population forecast.

Population forecast by one-year age (men and women)

Figure 8: Population forecast (by one-year age).

The use of a neural network approach to
forecasting demographic processes by one-year-
olds has led to an increase in its accuracy, which
will entail increased opportunities to solve socio-
economic problems and the need to adjust
development plans.

4 CONCLUSIONS

The effectiveness of socio-economic development
planning depends on the forecast of demographic
processes by one-year age.

During the analysis of the researchers' work, it
was revealed that the most adaptive models of
artificial neural networks are practically not used in
predicting demographic processes.

Therefore, a  methodological approach,
methodology and tools have been developed for
predicting demographic processes by one-year-olds
in based on artificial neural network models.

Based on the results of the analysis of the

accuracy of the constructed models, it was found
that their use is advisable in the process of planning
of socio-economic development.
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