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1. Introduction

There is no area of economic and social life that would 
not take into account the changes taking place in demo-
graphic processes. Socio-economic processes in the soci-
ety are interconnected with demographic processes; the 
demographic policy is an important element of the social 
policy of each state. The main purpose of this policy is to 
achieve favorable conditions for the constant generation 
of population. This is in line with the interests of society 
and its members, taking into account the most important 
factors affecting demographic phenomena. Affecting the 
domestic and foreign policies of the states, the demographic 
changes in the modern world require to focus on the state-
ment and solution of many problems from the demographic 
aspect [1, 2]. Thus, to implement effective demographic 
policy in the country, to effectively manage human resourc-
es, it is important to:

– study the existing demographic situation and its inter-
action with socio-economic processes;

– define the prospects of demographic development;
– forecast the population development and conduct an 

analytical analysis of the results.
Solution of these problems requires the consideration of 

the monitoring and forecasting of demographic aspects of 
human resources, as a strategic resource of the country [1]. 
Demographic forecasts allow for defining the number of 
people in the perspective, which is an integral element of 
socio-economic development (general population, able-bod-
ied population, economically active population, population 
of different age groups, births, deaths, etc.) [3]. The results 
of this forecast and their analytical analysis constitute the 
basis for the development and realization of a scientifically 

justified socio-economic development policy and the forma-
tion of multifaceted practical practices.

These findings are often used to make decisions and take 
appropriate measures in the following cases [4]:

– determining the demand for food, energy, housing, 
social household, health, education, transport and other 
services (population forecast by general and individual age 
groups);

– developing pensions, social and health insurance pro-
grams (population forecast by age, gender and family struc-
ture, including the proportion of able-bodied and disabled 
people);

– developing national and regional development pro-
grams, drafts on individual areas (forecasting the total 
number of population, predictions of individual socio-demo-
graphic groups and reproduction of population);

– developing population growth policy and/or human 
development program;

– determining the economic growth rate (number of 
(employed) population, its education, age and family struc-
ture);

– determining the volume of the market of certain prod-
ucts and services (prediction of individual socio-demograph-
ic groups, forecast of birth, death, marriage rate);

– projecting the development models for scientific re-
searches (forecast of population, individual socio-demo-
graphic groups and population reproduction rate);

– evaluating the conditions of the environment (pop-
ulation’s size, prediction of individual socio-demographic 
groups);

– formation of constituencies and election companies 
(forecast of population’s number, individual socio-demo-
graphic groups.
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Each of these issues constitutes the basis of the so-
cio-economic development of the state and the human re-
source management policy in macroeconomics. Therefore, 
the correct and flexible solution of these issues requires the 
prediction of the changes related to the number of popula-
tion, its age-gender structure, birth, mortality, life expec-
tancy, etc. Such predictions constitute the basis for the man-
agement of demographic situation, and thus, improvement of 
this process through the advanced intelligent technologies 
is relevant. 

Thus, the submitted paper presents the scientific and 
functional principles for the development of a demograph-
ic forecast system that supports decision making on the 
above-mentioned issues. These principles are based on: fuzzy 
time series model for population forecasting; knowledge 
production model; intelligent systems design technologies.

2. Literature review and problem statement

Demographic forecasting can be described in the follow-
ing steps [5, 6]:

– selecting an object to be predicted;
– selecting the prediction period;
– selecting the prediction base;
– selecting the scenario to be predicted;
– selecting the forecasting method and model;
– and model calculations and results analysis.
Thus, many scientific works focus on these stages of 

demographic prediction. The methods used in demographic 
prediction are analyzed. Accordingly, the methods used in 
demographic prediction can be classified as follows:

1) extrapolation method: [7–11] describe the opportuni-
ties of using this method to estimate a future number of pop-
ulation. This method is based on the idea that the predicted 
tendencies of birth, mortality and migration will not change 
in the predicted period;

2) method of age replacement: the method used in [12, 13] 
is a promising method for calculating the age structure of 
the population. This method is based on the use of the data 
related to the life expectation (coefficient) of the population 
and the rate of mortality provided in the table. This method 
supposes the preservation of the existing order of extinction 
of the population in the future;

3) statistical modeling methods: comprise the use of a 
regression model characterizing the dependence of demo-
graphic situations on certain factors [14, 15]. One of these 
methods is the ARIMA-modeling (Autoregressive Inte-
grated Moving Average Model), which bases on the “pure 
time-series” approach. This approach was first proposed in 
1970 [16] and improved editions are used for different demo-
graphic situations [15, 17];

4) stochastic modeling methods: the advantage of this 
technique is determined by the availability of a parameter 
varying for the time in a simple stochastic model, and often 
provides better performance when the previous tendencies 
are linear [8, 18–20]. [18] uses the standard time series for 
demographic predictions.

[21] highlights the application opportunities of adaptive 
and imitation models, smooth dynamic series, autoregres-
sion, etc. for the prediction of the population number.

In general, the application of conventional analysis 
methods in demographic forecasting is based on the popu-
lation growth modeling referring to the processing of nu-

merical data. For example, prediction of the future num-
ber of population uses the numerical methods of classical 
mathematical apparatus based on the average growth rate, 
general growth coefficient, etc. as the statistical charac-
teristics [7, 14]. Nonetheless, the high accuracy performed 
by the numerical methods of classical mathematical appa-
ratus does not coincide with the great complexity of the 
population growth process. Thus, the methods aimed at 
the mathematical analysis of precision systems are not 
capable to take into account a number of existing features 
of the object of the study. The distinctive feature of this 
object is its functionality in uncertainty [22]. Taking into 
account this reality, it is necessary to use the fuzzy appa-
ratus to predict the population growth. Many studies on 
prediction issues have started to use fuzzy logic [23, 24]. 
These studies present a description of the mathematical 
model of fuzzy time series for solving the problem based 
on the fuzzy input information. Subsequently, this field 
was developed by other specialists dealing with analogical 
problems [25–27]. In these studies, the authors attempt 
to improve the accuracy of predictions by making certain 
changes in the fuzzy time series model. [28, 29] present 
the analysis of results achieved for the population growth 
by referring to the prediction technique based on fuzzy 
time series. They also provide that the error is less than 
those of other methods.

The articles focused on the approaches aimed at ensuring 
the prediction accuracy being restricted to:

– error calculation after being tested [8, 10, 11, 13–15, 
24–29];

– development of software product that presents predic-
tions [12, 16, 17];

– interpretation of the results obtained at the expert 
level [9, 16, 18–20].

These studies do not explore the system development 
which performs the analysis of the forecast results using 
intelligent technologies and makes necessary decisions for 
the future demographic situation management. The prin-
ciples of developing the decision support system for future 
demographic situation management in accordance with the 
results of the fuzzy prediction technique are presented.

3. The aim and objectives of the study

The aim of the study is to develop an Intelligent De-
mographic Forecasting System that supports demographic 
situation management decisions based on predictions (fore-
casts). To achieve this aim, the following objectives are 
accomplished:

– to model the demographic process; 
– to develop the demographic prediction technique;
– to determine the effectiveness of the proposed technique;
– to develop a decision support system for the man-

agement of demographic situation based on the proposed 
technique.

4. Modeling demographic processes 

The development of information technologies and 
software resources has opened up new opportunities for 
modeling demographic processes and handling forecast-
ing problems. Recent studies prove that the application of 
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traditional analyzing methods and modeling of population 
growth based on numeric/quantitative data processing don’t 
produce the desired results. They even involve considerable 
risks and errors. One of the main causes for this undesirable 
circumstance stems from the fact that many forecasting 
models are not sufficiently efficacious. This is due to the 
incompatibility of highly accurate quantitative methods of 
classical mathematical apparatus with the great complexity 
of population growth [30, 31].

The other cause, in our opinion, is that these methods 
aimed at the mathematical analysis of accurately determined 
systems are not capable to encompass certain characteristics 
of the research sphere.

Thus, population is a large dynamic (economic, social, 
ecological) system, irrespective of a specific territory and 
definite group. A distinguishing feature of this system con-
sists of its functioning under indefinite, uncertain conditions 
due to a multitude of causes. These uncertainties are, first of 
all, associated with:

– the impossibility of identifying all the factors that 
determine the development dynamics of human population;

– variability and inconstancy of boundaries of many 
indicators used in demographic analysis and considerable 
variations in the values of some indicators;

– the lack of comprehensive prior information pertain-
ing to demographic processes associated with the data 
source problems and impossibility of recording all the de-
mographic events.

This list of causes may include data incompleteness, un-
certainties involved while collecting some indicators from 
various sources. These sources are the results of population 
census and demographic researches, current registration of 
population movement, etc. Discrepancies between official 
and unofficial data, expert evaluations can cause further 
difficulties.

Population growth is a multi-factored and time-depen-
dent process. But it is not possible to consciously influence 
this process by varying certain parameters and observing 
changes in others.

Various uncontrollable factors (wars, inter-ethnic con-
flicts, natural disasters, ecological factors, etc.) significantly 
affect population growth. If systematic statistical material 
with regard to the concerned problem is lacking, empirical 
data become the sole information source.

Thus, keeping in mind that the demographic data are 
incomplete and accuracy of some or all the available data is 
questionable for any of several reasons, a demographic anal-
ysis based on this incomplete, inaccurate information bears a 
special significance. The vagueness, inaccuracy, incomplete-
ness, fuzziness of the data necessitate taking a new approach 
to the analysis and evaluation of demographic situations, 
particularly, population growth forecasting.

Within the context of the above-mentioned arguments, 
exploring the possibilities of the application of the fuzzy sets 
theory or the apparatus of sets, going by the name of fuzzy log-
ic, to modeling demographic processes bears a special interest.

5. Applications of the fuzzy sets theory in demographic 
forecasting

The advent of fuzzy logic made it possible to tackle a great 
many problems with fuzzy input data [22]. One of them was 

a forecasting problem. Many of the structural elements of 
the latter are either of a fuzzy nature or, being in fuzzy rela-
tionships, require the fuzzy description of the problem. These 
elements include the input data and interdependence between 
its components, interval evaluation of indicators and their 
interdependence, expert evaluations and judgments, etc.

The above-mentioned features of population, function-
ing under indefinite, uncertain circumstances, condition 
the fuzziness of input data or “load” the task onto fuzzy 
environment. Therefore, from both theoretical and practical 
standpoints, handling the concerned problem based on fuzzy 
time series would be more expedient.

Thus, the major purpose of the proposed approach is 
methodological:

– putting forth an evaluation method based on fuzzy 
time series for estimating model parameters;

– testing the extent to which the model is adequate to re-
flect the real process, that is to say, computing the method error;

– conducting the comparative analysis of computation 
results;

– revealing the practical and theoretical importance of 
the model.

6. Brief information on fuzzy time series 

Time series represents a consecutive series of observation 
that is conducted by equal time intervals and lies at the root 
of exploring real processes in economics, meteorology and 
natural sciences, etc.

The analysis of time series of observation consists of the 
followings:

– constructing the mathematical model of time series of 
observation of real processes;

– model identification or selection of quantitative eval-
uation/estimation method for assessing model parameters 
in order to test the extent to which the model is adequate to 
reflect the real process;

– conversion of the identification model into time series 
through the statistical evaluation of model parameters.

Formally, time series can be defined as a discrete func-
tion x(t) whose argument and function values are depen-
dent on discrete time moments as well as argument values, 
function values at different time intervals.

It is assumed, the time interval 0≤t≤T of process x(t) is 
observed, that is to say, the parameter t varies along the time 
interval [0, T] (set R) or assumes any integer belonging to 
this interval. For every fixed time moment t=s, the function 
value is determined by the function arguments values at all 
time moments from t=0 to t=s–1, and the function value at 
all time moments from t=0 to t=s–2.

Fuzzy time series. Let us assume that { }1 2, , ..., nU u u u=  
is a universal time set. The fuzzy set A of universal set U is 
defined as follows:

A={(µA(u1)/u1), (µA(u2)/u2),… ,(µA(un)/un)} 

or 

A={(µA(ui)/ui)}, 1, ,i n=  ui∈U, µA(ui)∈[0, 1],

where µA(ui) is the membership function; µA(ui):U⇒[0, 1], is the 
degree of belonging of ui to the set A; “/” is the division sign.
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Let us assume that Y(t) (t=…., 0, 1, 2…), which is a subset 
of set R of real numbers, is simultaneously a universal set on 
which a fuzzy set µi(t), (t=1, 2, …) is defined, that is to say, 
the membership function is time-dependent.

Let us define a set F(t) arranged out of {µi(t), t=1,2,…}.
More precisely, F(t) is a set of fuzzy sets F(t)={µi(t), 

t=1, 2,…}.
Then F(t) is a fuzzy time series defined on a universal set 

Y(t) (t=1, 2, 3….). It is evident, if F(t) is accepted as a linguis-
tic variable, the fuzzy sets {µi(t), t=1, 2,…}.

Out of which we arranged F(t) will assume the possible 
corresponding values of F(t). Besides, as is evident, F(t) is 
time-dependent, which means, the function F(t) will assume 
different values at different time moments.

7. Fuzzy time series model of the demographic forecasting

Problem statement. The intensive changes in demographic 
processes that are caused by the influence of the social-demo-
graphic factors, have rendered the determination of perspective 
variation in the total population, one of the most important 
tasks to be tackled for demographic forecasting. To solve the 
task of forecasting the total population, we have introduced 
a model of fuzzy time series in this article. More precisely, the 
problem is described as follows: for a given time interval, data 
pertaining to the total population in Azerbaijan or to be more 
clear, the dynamics and respective variation of the total pop-
ulation are available. The point is to find the anticipated total 
population based on the variations of the previous years.

Problem solution. In accordance with the description of the 
problem, the following forecasting methodology is proposed:

1. Finding appropriate variations of population dynam-
ics in the country for a certain period (e. g. 1980–2001).

2. Definition of universal set U containing the interval 
between the least and greatest variations in the total pop-
ulation.

3. Division of the universal set U into equal-length inter-
vals containing variation values corresponding to different 
population growth rates and the arithmetic mean of each 
interval is found by the following formula:

( ) ( )max min
,

2
j jj

m

u u
u

+
=

where max(uj) is the largest values of interval j, respectively; 
min(uj) is the lowest values of interval j, respectively.

4. The qualitative description of variation values of the 
total population as a linguistic variable, that’s to say, deter-
mining the respective values of the linguistic variable or the 
set of fuzzy sets F(t).

5. Fuzzification of the input data or the conversion of 
numerical values into fuzzy values, by the following formula:

( )
( ) 2

1
,

1
jA j

j
m

u
C U u

φ =
 + ⋅ − 

where U – variations; uj
m is the middle point of the corre-

sponding interval; C is a constant. C is chosen in such a way 
that it ensures the conversion of definite quantitative values 
into fuzzy values or their belonging to the interval [0, 1]: 

( ) / , .
jj A j j jA u u u U= φ ∈

Here ( ) [ ]0, 1
jA juφ ∈  is the fuzzy set (in our case 

C=0.0001). This operation enables us to reflect the cor-
responding numerical/qualitative values of qualitative 
representations of population growth rates in the value of 
membership function.

6. Selection of parameter W>1, corresponding to the 
time period prior to the concerned year, calculation of fuzzy 
relationships matrix R(t) and forecasting of population 
growth in the next year. According to the method, the rela-
tionship matrix R(t) is calculated at the next step:

( )[ ] ( )[ ] ( )[ ], ,wR t i j O t i j K t j= ∩

or

( ) ( ) ( )

11 12 1

21 22 2

1 2

...

...
.

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

...

j

jw

i i ij

R R R

R R R
R t O t K t

R R R

= ⊗ =

Here ( )wO t  is the operation matrix; ( )K t  is the criteri-
on matrix; ⊗  is the operation min (∩).

Later, the forecasted value F(t) for the t year is defined in 
a fuzzy form as follows: 

( )
( ) ( )

( )
11 21 1 12 22 2

1 2

max , ,..., max , ,..., ...
.

... max , ,...,

i i

j j ij

R R R R R R
F t

R R R

 
 =
  

7. Defuzzification of the obtained results or conversion 
of fuzzy values into qualitative values. The application of the 
proposed technique in forecasting demographic indicators 
(total population, able-bodied population, economically ac-
tive population, births, deaths, different age groups) of the 
population in Azerbaijan is described in [28, 29].

8. Determining the efficiency of the proposed technique

Based on the proposed technique, the estimates of pop-
ulation numbers for 2002–2016 are calculated based on the 
total number of population in Azerbaijan for 1981–2001. 
They are compared with the results obtained from other 
forecasting models (SPSS software referencing to the World 
Bank’s PROST model and statistical forecasting model). 
The results are given in Table 1. 

The relative error of the submitted method is calculated 
by the following formula:

( )
( ) ( )

( )
. .

.

100 %.
act forec

forec

N t N t
t

N t

−
δ = ⋅

Here .( )actN t is the number of actual population for year t; 
( ) .forec

N t  – forecasted number of population for year t, 
2002≤t≤2016.

The relative errors of the forecast results show that the 
proposed method can be used as an alternative approach to 
predicting demographic parameters (7–8 % of estimation 
errors are acceptable). Thus, executed experiments and com-
parisons show that the use of this approach is promising for 
short-term forecasting. 
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Table	1

Dynamics	of	population	(thousand	people)	in	Azerbaijan	for	
2002–2017	with	the	use	of	different	forecasting	models	and	

relative	errors	(source	for	actual	population	number	[32])

Years PROST
SPSS 
model

FSM Actual 
Error, %

PROST SPSS FTS

2002 8200.189 8141.41 8155.3 8191.4 0.11 0.61 0.44

2003 8277.965 8205.278 8233.8 8269.2 0.11 0.77 0.43

2004 8357.393 8277.211 8315.2 8349.1 0.10 0.86 0.41

2005 8438.496 8356.911 8398 8447.4 1.20 1.08 0.70

2006 8521.262 8450.611 8481.9 8553.1 1.37 1.2 0.83

2007 8606.523 8540.611 8566.7 8666.1 1.69 1.45 1.15

2008 8694.348 8646.278 8652.3 8779.9 0.96 1.52 1.45

2009 8784.848 8758.811 8738.5 8897.0 1.26 1.55 1.78

2010 8878.074 8876.011 8825.3 8997.6 1.33 1.35 1.91

2011 8974.047 8989.394 8912.5 9111.1 1.50 1.36 2.18

2012 9070.694 9099.561 9000 9235.1 1.78 1.47 2.54

2013 9168.131 9209.906 9087.8 9356.5 2.01 1.57 2.81

2014 9266.445 9322.628 9175.9 9477.1 2.22 1.63 3.18

2015 9365.678 9437.628 9264.2 9593.0 2.37 1.62 3.43

2016 9544.478 9352.6 9705.6 1.66 3.64

9. Functional princes of the intelligent demographic 
forecasting system

Relevant algorithm and software tool were developed on the 
basis of the proposed technique, and an intelligent demographic 
forecasting system (IDFS) was built. The system was imple-
mented in the Delphi 7 programming system. The system pro-
vides predictive estimates for various demographic indicators 
for any year or for the coming years. For example, Fig. 1, 2 de-
pict software windows that show the total population for 2018, 
the estimated values for the years of 2018–2034, respectively.

The IDFS functional scheme includes the following 
blocks (Fig. 3).

Interface Block enables communication between the 
system and the user. The user selects the system operating 
mode via the interface block. The system can operate in 
three modes: knowledge base building mode, forecasting 
mode of forecasting results on certain demographic indica-
tors and decision making mode that shapes the demograph-
ic policy of the country based on the forecasting results 
analysis.

Data base is composed of the initial data required for 
forecasting results based on the offered technique. More 
precisely, these data include the following:

– statistical values for the studied period for a certain 
demographic indicator;

– variations;
– maximum and minimum values of the variations;
– universal multiplicity U;
– numbers D1, D2 selected to smooth the boundaries of 

universal multiplicity U. 

This block also includes the forecasting results and the 
result of enabled Rule in accordance with the forecasting 
results analysis, i. e., the decisions made.

Fig.	1.	Software	windows	IDFS	that	show	the	total	
population	for	2018

Fig.	2.	Software	windows	IDFS	that	show	the	estimated	values	for	the	years	of		
2018–2034,	respectively
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Forecasting results processing block gets the results 
based on the proposed forecasting method for demographic 
indicators. This block calculates the fuzzy multiplication 
matrix of the forecasted year by fuzzification of variations 
and calculation of the operation matrix and criterion 
unique matrix of the chosen basis. Here, the operation of 
obtaining forecasting results for the corresponding de-
mographic indicator for the predicted year based on its 
defuzzification is realized. 

Forecasting results analysis block reveals the facts about 
the demographic situation based on the analysis of forecast-
ed values of certain indicators.

Knowledge base consists of the rules formed as a result of 
expert knowledge processing. The part “if” in the production 
rules “If, then” corresponds to a certain fact revealed from 
the analytics of the forecast results, and the part “then” can 
be any decision or measure to be taken in accordance with 
the appropriate demographic policy. 

If the condition of the Rule coincides with any fact re-
ceived from the analytics block, then the Rule is enabled, the 
second part “then” enters the decision making block and is 
presented to the user as a valid decision and stored in the DB.

Based on the enabled Rule included in the IDFS knowl-
edge base, the mechanism for obtaining the results (decision, 
the action to be implemented) is introduced as the following 
rule. This Rule is based on the gender analysis of “predictive 
results of the right ones”.

Rule 1. If a continuous gender ratio breach is observed in 
the predicted number of births (often decrease in females and 
increase in males), then the gender structure of the popula-
tion changes, and the measures should be taken to prevent the 
gender ratio breach.

The procedure for obtaining a result (decision) according 
to Rule 1 is as follows:

– initial forecast year for the births by gender in the 
estimations is t;

– Q(t) – the number of females born in the first fore-
cast year;

– O(t) – the number of males born in the first forecast year.
In this case, the rules are formalized through the follow-

ing condition operator:

“If (Q(t)/O(t)˃Q(t+1)/O(t+1)˃Q(t+2)/O(t)...), then
“the measures should be taken to prevent it”.

This Rule is based on the analytics of the forecasts 
of the number of births by gender for the predicted 
years (Fig. 1, 2). For example, if t=2018, then the 
Rule can be described as follows:

“If Q(2018)/O(2018)˃Q(2019)/O(2019)˃Q(2020)/
O(2020)˃Q(2021)/O(2021) .˃..), then the measures
 should be taken to prevent the gender ratio breach”.

If the condition of the Rule is met according to the 
obtained forecast results, the Rule is enabled and the 
system presents the decision to “take measures to pre-
vent the gender ratio breach”.

Referring to the results of the forecast of the gender 
ratio at birth given in Fig. 2, there is no doubt that this 
Rule will be applied. Based on the outcome of the fore-
cast, this approach allows for more effective decisions 
on human resources management at the state level, 
supports the measures on elimination of the undesirable 
demographic situation.

Indeed, in recent years there has been a tendency towards 
gender ratio breach (reduced rate of girls born to boys) in 
Azerbaijan. One of the facts that accelerated this tendency is 
the identification of a child’s gender in the mother’s womb and 
artificial interruption of pregnancy if a child’s gender is a girl. 
Thus, measures were taken to prevent this tendency at the state 
level, amendments were made in the law of the Azerbaijan Re-
public On Protection of Health of Population and it was stated 
in Article 11 of the law “Artificial interruption of pregnancy 
and ... prohibited” [33].

10. Discussion of the results of the study on the 
development of the intelligent demographic  

forecasting system

The article proposed scientific and methodological princi-
ples for the development of an intelligent demographic forecast-
ing system. These principles included: forecasting technique of 
demographic indicators based on fuzzy time series; software 
products that process forecasting results; the forecast is based 
on the development of the system supporting expected demo-
graphic situation management decisions based on the results.

In this study, the solution of the demographic predic-
tion problem is further developed referring to intelligent 
technology. Thus, in the studies [8, 10, 11, 13–15, 24–29], 
the methods for demographic prediction are proposed and 
tested, and errors were calculated. The studies [12, 16, 17] 
describe software products that provide forecasting results. 
An expert interpretation of the forecast results is given 
in [9, 16, 18–20]. In the present work, the development of the 
system that determines the expected demographic situation 
and makes decisions related to its management, and develops 
its architectural and functional principles referring to the 
knowledge production model for the interpretation of the 
results is considered.

The aspect of application of the scientific results obtained 
in this study is determined by the development of software 
products that provide forecast results on demographic indi-
cators. The decision-making mechanism in the intelligent 
demographic forecasting system is illustrated by a single rule 
knowledge base. The knowledge base of the system needs to 
be fully formed in order to support the decision makers in 
managing demographic situations.
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Data base

Forecasting 
results 
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block

Expert knowledge 
processing block

Interface block

User

Statistical 
values of 

demographic 
indicators

Variations

U, Vmax, Vmin,
D1, D2

Forecasting 
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Forecasting results 
processing block 

Decision-
making 
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Decisions
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Fig.	3.	IDFS	functional	scheme
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The next phase of this study involves the acquisition 
of knowledge from expert demographers who interpret the 
forecast results of demographic indicators; modeling based 
on knowledge production models; establishment of the 
knowledge base of the system; and determination of the ade-
quacy of the obtained results (decisions).

11. Conclusions 

1. A fuzzy time series model of demographic processes 
was proposed. The specifics of this model is that it does not 
refer to certain values of the indicators that characterize it 
for the description of the dynamics of the processes func-
tionalized in an uncertain environment, but it refers to the 
changing tendencies, which are expressed by the linguistic 
values at a certain moment of time. Therefore, this model 
provides such opportunities: the consideration of the intensi-
ty of the demographic processes, their multi-factor character, 
uncertainties of these factors, inaccuracies, incompleteness, 
inexactness, and the description of its dynamics in specific 
time intervals. 

2. A technique for predicting demographic indicators 
was proposed. Distinctive characteristics of this technique 
are the division of the universal set, which is determined 
based on the variations for a given time period of the indica-
tors, into fuzzy sets (linguistic sets), the fuzzification of the 
variations, the calculation of the fuzzy value of the growth 
for the forecast year, and its defuzzification. Therefore, this 
technique provides such opportunities: calculation of the 
forecast values of any demographic indicator (overall popu-

lation growth, able-bodied population, economically active 
population, population of different age groups, birth, and 
mortality) for any year or years, either in retrospective or in 
perspective, with the reference to the variations in a certain 
period.

3. A software product that produces forecast results of 
demographic indicators was developed. Distinctive charac-
teristics of this software product are that as input informa-
tion, it is required to include the value of the basis (W) along 
with the statistic data for a given period; forecast results for 
different indicators can be obtained. Therefore, the devel-
oped software product provides such features: results for any 
demographic indicator can be obtained for any year, either 
in retrospective or in perspective, forecasted results for a 
certain period can be presented in tabular or graphical form, 
and the forecast results obtained for various demographic 
indicators can be stored in the database.

4. Architectural and functional principles of the de-
cision-making system related to the management of the 
expected demographic situation based on the forecasted 
results were developed. Distinctive characteristics of these 
architectural and functional principles are the availability of 
a knowledge base block, which specifies the expected demo-
graphic situation based on the analysis of the forecast results 
and is created based on the modeling of the knowledge of ex-
pert demographers, and the availability of a decision-making 
block on the management of the expected situation. There-
fore, they provide such opportunities: determines the future 
demographic citations expected by analyzing the forecast re-
sults obtained for various demographic indicators and allows 
for making decisions on the management of these situations.
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