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Abstract. The identification of the socio-economic system, which
includes the scientific and scientific-technical activities of Ukraine, using
the three input and output signals, is carried out in the article. The
synthesis of the model is based on the minimization of the functional,
which is the distance in the functional space with the quadratic metric
between the real output signal and the theoretical signal containing the
unknown parameters of the system model. These parameters include the
system time constant and the coefficients that describe the power
transformation function of the nonlinear block. A comparison of real
output signals and signals calculated using the linear model of the system
with memory and the Hammerstein model for a nonlinear inertial model is
carried out. It is shown that the errors of the output signals representation
for the quadratic model are less than for the linear one and are different for
various output signals. If these errors exceed the allowable ones, it is
recommended to change the parameters of the model or the number of
members of the power function of the nonlinear block transformation.

1 Introduction
In the VUCA world, the requirements for the quality of socio-economic systems models
increase. The socio-economic system is a complex stochastic dynamic system that covers
the processes of production, exchange, distribution and consumption of material and other
goods.
Despite the existence of many simulation methods (econometric, neural networks, etc.),
there is still no reliable method for obtaining a model of a socio-economic system based on
its input and output data, which change over time. This process is a system identification. In
this case, the system is represented as a "black box", due to the impossibility of considering
the main influences on it from both higher-level systems and other systems that are in
contact with it.
We will identify the socio-economic system, which includes the scientific and technical
activities of Ukraine. For this system, according to [1], the change of input parameters only
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after a certain period of time affects the dynamics of the output parameters, i.e., the system
is inertial. Taking into account the resource indicators and indicators of the efficiency of
science proposed in [1, p. 11; 2, p. 385; 3, p. 23], as well as features of the statistics of
science in Ukraine, we have constructed the general model of the studied socio-economic
system (Fig. 1).
Influence of the system of the higher level - the state
y1(t)
x 3(t)
x 1(t)
Socio-economic system
y2(t)
“scientific and technical
x 2(t)
activity in Ukraine”
y (t)
3

Fig. 1. The general model of the socio-economic system under study
The actions or input signals come to the input of the system:
x1 (t ) - the number of performers of scientific and technical works, thousand persons;
x2 (t ) - costs of carrying out research and development (in current prices), mln. UAH;
x3 (t ) - science-intensive gross domestic product (GDP), that is, the share of expenses for
research and development in GDP,%.
The following signals are at the output of the system:
y1 (t ) - the volume of performed scientific and technical works, UAH million;
y2 (t ) - the share of the volume of performed scientific and scientific-technical works in
GDP, %;
y3 (t ) - the number of patents received for inventions (in the name of the national
applicants), unit.
The output data are given in Table 1.
Table 1. Output data (by [4] and earlier collections)
Years
x1(t),
thousand x 2(t), mln.
x 3(t),
y1(t),
y2(t),
y3(t),
people
UAH
mln. UAH
units
%
%
2010
2011
2012
2013
2014
2015
2016
2017

115.6
109.8
105.9
100.5
89.5
122.5
97.9
94.3

8107.1
8513.4
9419.9
10248.5
9487.5
11003.6
11530.7

0.75
0.65
0.67
0.70
0.60
0.55
0.48

9867.1
10349.9
11252.7
11781.1
10950.7
12611.0
11516.5*

0.90
0.79
0.80
0.80
0.69
0.64
0.63*

2,034
1,902
1,557
1,743
1,701
1,516
1,277

13379.3

0.45

11120.4*

0.6*

1,224

Note: * forecast (in the absence of statistical data due to changes in statistical reporting
forms)
The graphs of time functions describing the behavior of input and output signals are
shown in Fig. 2.
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Fig. 2. The example of input and output signals of the socio-economic model

2 Construction of a model
It is convenient for the researcher to use the simplest models of socio-economic systems
that adequately describe their behavior. First of all, we assume that the model of the socioeconomic system is linear, and after its testing it is possible to switch to more complex
models, if significant defects of the model are revealed. For a linear model, the relationship
r
r
between the vector of input signals x (t ) and the vector of output signals y (t ) is
determined by the dependence
r
r
y (t ) = H (t ) x (t ),
(1)
or in expanded form
жy1 (t ) чц жh11 (t ) h12 (t ) h13 (t )цж
ц
ч
зз
зз x1 (t ) ч
ч зз
ч
ч
ч
ч,
зз y (t )ч
з
з
ч
ч = ззh21 (t ) h22 (t ) h23 (t )ч
чзз x2 (t )ч
ч
зз 2 ч
ч
ч
з
з
ч
ч
ч
зиy3 (t )чш и
з h31 (t ) h32 (t ) h33 (t )ш
чи
з x3 (t ) ш
ч
where H (t ) is matrix operator whose elements are pulse characteristics or pulse
responses hij (t )(i , j = 1, , i.e., the reaction of the system on d -impulse, and for
simulation conditions, this is the reaction of the system yi (t ) at the i output on the pulse
action at the j input. Consequently, at i output of the system using equation (1) we have:
yi (t ) = hi1 (t ) x1 (t ) + hi 2 (t ) x2 (t ) + hi3 (t ) x3 (t ).

(2)

For the socio-economic system described by the differential equation of the first order,
the pulse response of the system can be represented as
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-

e

t
t ij

(3)

,

where Aij ,t ij are amplitude of the pulse characteristic and the system's time constant
respectively.
Then expression (2), using the equation of convolution, is transformed to form
Ґ

yi (t ) = hi1 т e

-

t- t
t ij

Ґ

-

x1 (t )d t + hi 2 т e

- Ґ

t- t
t i2

Ґ

-

x2 (t )d t + hi 3 т e

- Ґ

t- t
t i3

x3 (t )d t ,

(4)

- Ґ

where t is a time shift in the convolution equation.
The solution of the equation (4) is carried out by the method of global random search
(genetic algorithm), minimizing the functional
Ґ

Ji =

2

т [ y (t ) - m (t )] dt.
i

(5)

i

- Ґ

where mi (t ) is the right-hand side of equation (4) and depends on t ij and hij
which are determined by global random search.
If the modulus of the average difference between yi (t ) and mi (t ) at the final stage of
operation of the genetic algorithm exceeds the established threshold, then a linear model
can be considered as an inadequate one, because it describes the connection between the
input and the output of the system (Fig. 1) incorrectly. In this case, the Hammerstein model
has the advantage and it virtually represents the system in the form of two consecutive
blocks: nonlinear non-inertial and linear inertial. To evaluate the nonlinear properties of the
system, we described a nonlinear block by a power (quadratic) function, for example, and
then expression (2) has been transformed to the following form






y ( t )  a i 10 h (t   ) d   a i 11
i

i1
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In the equation (6) there are 9 unknown coefficients aimk (m,k = 0,1,
  of power
function, which are determined by minimizing the functional (5), but in this case mi (t ) is
the right-hand side of the relation (6). These coefficients can be further specified, as well as
the parameters of the system pulse characteristics (Fig. 1), if they are considered unknown,
but the average value is presented through previously calculated parameters and
coefficients. We restrict ourselves to previously obtained results.

3 The results of modeling
Figure 3 shows the dependence yi (t ) at the first input when i  1 . The calculation is
carried out both for the linear model of the system, and for the nonlinear one. In Fig. 3 the
real signal at the first input of the system is also given.
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Fig. 3. Real and model signals on the first output of the system
The difference between the real signals and those calculated using linear and nonlinear
models has been considered as the error. The graph of the relative error of output signal
representation for two models is shown in Fig. 4.

Fig. 4. The relative errors of signal representation at the first output for two models: dashed
line – linear model, solid line – nonlinear one
Similar results are obtained at other outputs of the system. From Fig. 4 it follows that the
application of the quadratic model of the socio-economic system provides the calculation of
the first output signal with a relative error of not more than 5%. However, this model on
other system outputs does not allow obtaining such an error. At different time intervals, it
can exceed 10%. Thus, the developed method provides identification of the multi-channel
socio-economic system, but for obtaining adequate results it is necessary to conduct
research for many input and output signals with statistical processing. Unfortunately, for
such a system there is only a limited set of data. In the presence of rapid changes in the
parameters of input signals, it is expedient to use the method developed in [5]. The results
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obtained in mathematical modeling, are qualitatively similar to the results of the study of
the measuring pressure channel [6], and the latter are confirmed experimentally.

4 Conclusions
1.

2.
3.

4.

5.

The developed model of socio-economic system describes the nonlinear and inertial
properties of the system and allows determining the output dependencies with known
input ones.
Errors of model output signals compared to real ones are equal to several percent at all
outputs, but at some moments of time they reach 20 - 30%.
Considering the nonlinear properties of the system leads to a reduction of these errors
several times at the first output and 5-10% at the third output, but in the second output
the error, on the contrary, increases. This indicates that it is not always necessary to use
the Hammerstein model and its first nonlinear block.
The given errors can be reduced by repeated application of the genetic algorithm
together with changes of the model parameters. To create a better model you need to
have a wide range of experimental data.
The obtained model must be tested on other experimental samples. It should be
expected that the model may be unique, that is, fair only for Ukraine. The method itself
is suitable for any socio-economic systems that are similar to the system studied in the
article.
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