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The article examines new approaches to labor market regulation, in
particular, research and forecasting labor supply and demand by type of
economic activity. And it is also investigated that the imbalance between
supply and demand in the labor market is observed in almost all types of
economic activity. Has been established significance of the influence of
seasonal factor on the processes of economic activity of the population.
Using neural networks, obtained the predictive values of employment and
unemployment in the labor market of Ukraine by types of economic activity
based on data from the State Employment Service.
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The problem. The social changes that take place in the conditions of functioning of the
information economy of Ukraine, the socio-political and economic situation in the country
affect the structure of the national labor market. Such transformations require new
approaches to regulating the labor market, including a comprehensive study of supply and
demand of labor. The relevance of the study is due to the fact that the labor market is a
dynamic and difficult-to-predict system, and therefore the use of neural networks to predict
the structure of the labor market can be an effective means of regulating the development of
this economy sector.

Analysis of recent research and publications. The study of problems of forecasting and
development of the labor market has been devoted to domestic and foreign scientists,
namely: J. Grayson, M. Campbell, M. Merzlova, O. Stretskaya-Illina, K. O'Dell,
P. McConnell. Interesting are the works of domestic economists, in particular
V. V. Bliznyuk [1], V. V. Druzhinina, A.Ivanchenko, G. I. Kupalova, O. M. Levchenko,
L. S. Lysogor [2], Yu. M. Marshavina, L. E. Lamina, V. L. Priymak [3], O. I. Cymbal and
others. However, the features of forecasting the development of the labor market, in
particular, the forecasting of the needs of the economy in the labor force and the volume of
vacancies for employment by type of economic activity, remain poorly understood.

Setting objectives. The purpose of this study is to summarize approaches to forecasting
supply and demand in the labor market of Ukraine, as well as to conduct a neural network
forecasting of the number of unemployed and the number of vacancies by types of
economic activity.

The main material. Transformation of socio-economic relations in the current
globalization conditions cause structural changes in the labor market of Ukraine. Increased
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competition, the development of the knowledge economy, information technology, changes
in the content and forms of labor require updating the system of regulation of the labor
market.

For Ukraine internal factors of socio-economic instability related to:

- increasing social tension in society by reducing living standards;

- worsening employment conditions, territorial and vocational-qualitative
imbalances between labor market demand and supply;

- aggravation of the situation in regional labor markets.

Among the tools for regulating the labor market, the most promising are those that
take into account the objective impact of global factors and aim to increase motivation for
work; activation of innovative employment and entrepreneurial activity of the population;
ensuring the balance of the education services market and the labor market; forecasting and
planning the structure of supply and demand in the labor market; increasing the
competitiveness of specialists and expanding the range of decent jobs. [4, p. 20].

In order to evaluate the efficiency of regulation and development of the labor market
in the information economy, it is advisable to use different groups of indicators and indices,
in particular: research of economically active population; research of supply and demand in
the labor market; research on wages; surveys of the unemployed; employment survey;
study of the social status of the population. An integral part of this process is forecasting,
which is difficult to overestimate. According to [5, p.261], in order for labor market
management to be effective, it is not enough to know its present state and how this state has
changed in the past. Information on the future trajectory of this market is needed. That is,
together with the assessment of the state and dynamics of the labor market, it is necessary
to have a forecast of demand, supply and other characteristics of this market. This issue is
of particular relevance in view of today's active deployment of computerized decision
support systems.

Choosing a prediction technique affects the accuracy and quality of the prediction
results. Data that is collected and used to make forecasts is often represented as time series
that describe the evolution of the process over time. Therefore, forecasting is usually related
to time series analysis.

The surveyed series of data on the number of vacancies and the number of persons
who had the status of unemployed consist of observations for three years, monthly from
January 2016 to February 2019. We believe that the number of vacancies and unemployed
persons for the next month depends on the number of previous months.

In our opinion, the labor market of Ukraine is characterized by inertia, and therefore
we believe that in the future it will continue to develop in accordance with the laws under
which it developed in the past and exists today. To forecast the demand and supply in the
labor market of Ukraine by types of economic activity, it is necessary to build a
mathematical model, check the degree of its adequacy and correctly apply it to the existing
observations. Such a model should explain the essence of the process that generates the
data, in particular - to describe the nature of the data (random, periodic, stationary, etc.),
identify patterns of behavior of the series, as well as to predict its further development.

The correlation analysis showed that for the studied series of data on the number of
persons who had the status of unemployed and the number of vacancies registered with the
State Employment Service by type of economic activity, the autocorrelation coefficients for
the shift values are large, which indicates the presence of a seasonal component with an
annual frequency.
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The input factors of the model for forecasting the number of unemployed and the
number of vacancies will be considered the number of persons for the current month, the
month before and so on, and the result - the number of persons for the next month.

To build a predictive model for the number of unemployed and job vacancies, need to
know the following options:

- forecast interval — the time interval at which forecasting will be made;

- forecast horizon — how many intervals do we want to get the forecast for;

- depth of immersion — the number of interval values in the past that we will use to
predict interval values in the future.

For the forecast of the number of persons who will have the status of unemployed and
the number of jobs in the labor market by type of economic activity for August-October
2019 neural network apparatus was chosen, since neural networks allow to simulate linear
and nonlinear dependencies, have the ability to generalize and isolate hidden dependencies
between incoming and source data.

Any kind of dependency xt=f{xt I, xt _2,....xt_p)+et with continuous nonlinear function
it can be reproduced on a multilayer network, namely a two-layer perceptron (Fig. 1)..

1o

Fig. 1. Generalized structure of a two-layer sigmoid neural network (with one
hidden layer) [6]

Where the weights of the hidden layer neurons are indicated by the upper index (1)
and the initial index (2), x=/x0, x1,...,.xNJT — input vector, vj (j=1,2,...,K) — the output
signals of the hidden layer neurons, y=[y0, yl1,...,yM]T — vector of actual output signals,
d=[do, x1,...,dM]T — vector of expected output signals.

The purpose of training is in the selection of such values wij(1) 1 wij(2) weights for all
layers of the network to obtain the output values of the signals yi at a given input vector x,
which will match the values with the right accuracy di (i=1,2,...,M).

The output signal of the ith neuron of the hidden layer is described by the function

N
functionVj = f(zwi(jl)xj) (D)
=0

In the output layer, the k-neuron generates an output signal:
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The output signal is influenced by the weights of both layers, but the hidden layer
signals are independent of the weights of the output layer.

In order to predict future values using neural networks, it is necessary to prepare data
for training and testing of the network operation, to select the topology, basic characteristics
and parameters of training of the neural network.

Table 1

Neural networks to predict the number of people who have been unemployed by the types of
economic activity of enterprises they previously worked for

Type of economic activity of Chain Error on training set Error on test set
enterprises

agriculture, forestry and fisheries 4-5-1 1344E-05 2,86 E-04
mining and quarrying 4-6-1 2,05 E-06 1,41E-03
manufacturing industry 4-5-1 3,08 E-06 1,30 E-03
supply of electricity, gas, steam and air 4-5-1 2,05 E-06 9,21 E-04
conditioning
water supply; sewerage, waste 4-6-1 2,01 E-05 1,30 E-03
management
construction 4-4-1 5,20 E-06 1,48 E-03
wholesale and retail trade; repair of 4-5-1 5,31 E-06 7,44 E-04
motor vehicles and motorcycles
transport, warehousing, postal and 4-5-1 8,41 E-05 1,24 E-03
courier activities
temporary accommodation and catering 4-2-1 6,24 E-04 3,09 E-03
information and telecommunications 4-5-1 3,71 E-06 3,10 E-032
financial and insurance activities 4-5-1 2,20 E-06 4,90 E-03
real estate operations 4-21 6,14 E-05 5,70 E-04
professional, scientific and technical 4-3-1 1,41 E-05 3,04 E-03
activities
activities in the field of administrative 4-3-1 3,45 E-04 2,71 E-03
and support services
public administration and defense; 4-6-1 1,02 E-07 1,11 E-02
compulsory social insurance
education 4-7-1 6,81E-05 1,30 E-04
health care and social assistance 4-5-1 4,62E-07 5,03 E-03
arts, sports, entertainment and 4-3-1 2,92 E-05 1,02 E-03
recreation
provision of other services 4-3-1 6,29 E-04 4,09 E-03

The process of forecasting using a neural network can be represented in the form of 6
stages [7, p. 123]:

1) statement of the task — it is necessary to clearly define what we need to anticipate
and what data to use;

2) collection and preparation of raw data — obtaining information from available
sources, determining the format of information presentation, creating a sample database for
training and testing of the neural network;
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3) creating a neural network —— determining its topology, inputs, outputs, the number
of hidden layers and the number of neurons in each of them;

4) network training (if the network cannot learn, steps 2 and 3 need to be repeated);

5) network testing — checking the accuracy of the network on test samples (if the test
results are unsatisfactory, steps 2, 3 and 4 are repeated);

6) obtaining predictive values.
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Fig. 4. Comparison of projected data with reference data

To construct a model of forecasting the number of persons who had the status of
unemployed, registered in the state employment service for each type of economic activity,
the neural networks of the respective structure were selected (Table 1). For example, MLP
4-7-1 (4 input, 7 hidden and 1 output neurons) with a sigmoid activation function was built
to predict the number of people who were unemployed in education. The three-layer
multilayer perceptron is taken as the base model. The training was conducted by the
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Resilient propagation method. The neural network training schedule and the percentage of
recognized examples for education are shown in Fig. 2.

The network recognizes 100 % of the examples, the magnitude of the error on the
training set 6,81E-05, and on the test set 1,30E-04. The scatterplot (Fig.3) shows the
scattering of the forecast data relative to the reference ones. Comparison of the predicted
values with the reference values (Fig. 4) shows slight deviations between the initial and the
predicted data. Overall, the quality of network training is satisfactory.

Estimated values of the number of persons who had the status of unemployed in
education for August-October 2019 in Fig. 5.
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Fig. 5. Estimated values of the number of people who were unemployed in
education for March-May 2019

The study found that in 2019, compared to the same periods in 2018, the number
of persons who had the status of unemployed in the educational sector decreased in
January-May by 152 persons (1.06 %), in January-June - by 101 persons (0.64 %), in
January-July - 93 persons (0.55 %). According to the forecast values in 2019,
compared to 2018, the number of persons having the status of unemployed will
increase by 5 579 persons (36.44 %), while in January-August and January-October it
will decrease by 2 534 persons (12.13 %) and 879 people (3.59 %) respectively.

To build a model for forecasting the number of vacancies registered with the State
Employment Service for each type of economic activity, the neural networks of the
respective structure were also selected (Table 2).

Comparison of the number of persons who had the status of unemployed and the
number of vacancies registered with the State Employment Service in the educational
sector revealed an imbalance between supply and demand during the years studied
(Fig. 6). The number of vacancies registered with the State Employment Service is
much higher than the number of registered unemployed, although at present the
problem of youth unemployment is acute.
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Table 2

Neural networks to predict the number of jobs registered with the State Employment Service
for each type of economic activity

Type of economic activity of Chain Error on training set | Error on test set
enterprises

agriculture, forestry and fisheries 4-5-1 2,51 E-05 2,31 E-04
mining and quarrying 4-6-1 2,24 E-05 1,14E-03
manufacturing industry 4-5-1 3,56 E-05 1,92 E-03
supply of electricity, gas, steam and air 4-4-1 5,49 E-04 2,70 E-03
conditioning
water supply; sewerage, waste 4-4-1 1,24 E-04 2,03 E-03
management
construction 4-4-1 1,04 E-04 2,81 E-03
wholesale and retail trade; repair of 4-5-1 1,01 E-05 5,03 E-039
motor vehicles and motorcycles
transport, warehousing, postal and 4-6-1 1,40 E-05 1,46 E-05
courier activities
temporary accommodation and catering 4-4-1 3,31 E-06 130 E-03
information and telecommunications 4-6-1 1,16 E-06 9,03 E-04
financial and insurance activities 4-8-1 3,25 E-06 8,14 E-04
real estate operations 4-6-1 2,52 E-05 2,26 E-03
professional, scientific and technical 4-6-1 3,38 E-06 5,04 E-04
activities
activities in the field of administrative 4-6-1 1,53 E-07 1,35 E-03
and support services
public administration and defense; 4-5-1 2,10 E-06 2,45 E-03
compulsory social insurance
education 4-3-1 5,59 E-05 1,04 E-03
health care and social assistance 4-4-1 1,81 E-05 6,54 E-03
arts, sports, entertainment and 4-5-1 8,77 E-08 2,71 E-03
recreation
provision of other services 4-6-1 4,10 E-07 1,18 E-03

According to the results of the study we can conclude that the imbalance between
supply and demand in the labor market is observed in almost all types of economic
activity. It is revealed that the trend of redundant vacancies is observed not only in
education but also in such activities as water supply, sewerage and waste management,
transport, warehousing, postal and courier activities.

The number of unemployed persons exceeds the number of job openings in such
sectors as agriculture, forestry and fisheries, construction, wholesale and retail trade,
repair of motor vehicles and motorcycles, financial and insurance activities.

That is why the need to forecast supply and demand for specialists by type of
economic activity is of particular importance.

To investigate how many times the current level of registered unemployed and the
number of vacancies have changed compared to the previous period, their growth rates
have been calculated. A noticeable decrease in the number of persons who had the
status of unemployed was observed in agriculture, forestry and fisheries, mining and
processing industries, financial and insurance activities, etc.
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Fig. 6. Number of unemployed persons and vacancies in education for the years
2018-2019, including the forecast August-October 2019

A survey of the growth rate for the number of vacancies registered with the State
Employment Service showed that in 2019 compared to 2018, the number of vacancies
declined in the mining and quarrying, manufacturing, financial and insurance industries.

® Status of unemployed g Mumber of vacancies

Fig. 7. Dynamics of growth (decrease) in education 2018-2019
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The projected figures for the number of vacancies for August-October 2019 indicate a
decrease in vacancies in agriculture, forestry and fisheries, financial and insurance
activities, wholesale and retail trade, public administration and defense, compulsory social
insurance. All other types of economic activity are projected to increase the number of jobs.

For the education sector in 2018-2019, the dynamics of employment vacancies
registered outstripped the growth rate of unemployed persons (Fig. 7). The situation can be
explained by the low wages of educators, high inflation, migration, the search for better
working conditions.

The forecast values for August-October 2019 show an increase in the number of
people who have had the status of unemployed and a decrease in the number of vacancies

(Fig. 8).
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Fig. 8. Forecasted growth rates in education for August-October 2019

The labor market, as an important subject of innovative development, plays a key role
in ensuring the stable competitiveness of Ukraine's economic system and is the basis for the
vital provision of all segments of society. In our opinion, the development of the labor
market is one of the strategic tasks of implementing the innovative model of economic
development of Ukraine.

Using the proposed method of short-term forecasting of labor supply and demand, it is
possible to obtain results on the basis of which it is advisable to develop effective measures
to prevent structural unemployment arising from the structural demand deficit experienced
by certain sectors of the economy. In addition, in order to reduce the imbalance between
supply and demand in the domestic labor market, it is advisable to adopt at the state level
appropriate normative documents that would determine the measures for the development
of the system of forecasting demand and supply of labor. Such a set of measures will
provide a medium-term forecast for the development of the labor market as a whole;
encouraging young people to acquire professions and mastering the professions whose
needs will be anticipated; reform of the public employment service towards a customer-
oriented service, and one that offers a wide range of services and training tailored to the
needs of the economy in general and in each region individually.
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Po3risiHyTO HOBI MIJXOM /IO PEryJIOBaHHS PUHKY Ipalli, 30KpeMa JOCIIKEeHHS Ta
NPOTHO3YBaHHs MOMUTY 1 NPOMO3uLii poOoUOi CHIIM 32 BUIAMH €KOHOMIYHOI JAisUTBHOCTI.
Hocinimkeno, mo qucdasanc MK MOMUTOM 1 TPOIMO3HUIE Ha PUHKY Tpalli CIOCTEPIracThes
MaiiKe y BCiX BH/IaX €KOHOMIYHOI MisUTbHOCTI. BCTaHOBIIEHO 1CTOTHICTD BIUIMBY CE30HHOTO
(hakTOpy Ha IPOLIECH EKOHOMIYHOI aKTMBHOCT] HACEJIEHHS.

Jnst epeKTUBHOTO YIpaBIIiHHS PUHKOM IIpalli HeJOCTATHRO 3HATH HOTO TEeNepintHii cTaH i
Te, SIK LIeH CTaH 3MIHIOBAaBCS B MHUHYJIOMY, HEOOXiJHA iH(pOpMALIS PO TPAEKTOPIIO PO3BUTKY
IIFOTO PUHKY y MaOyTHROMY. TOOTO pa3oM 3 OLIHIOBAaHHAM CTaHy W HMHAMIKMA PHHKY TIparli
MOTPiOHO MaTH MPOTHO3 TIOTIUTY, TIPOTIO3UITIT Ta 1HIIINX XapaKTEPUCTHK [IBOTO PHUHKY.

Jnst nporHo3yBaHHsI KUTBKOCTI BaKaHCIH Ta KUJIbKOCTI 0ci0, SIKi MaJii cTaryc 6e3po0iTHOro
32 BHJAMHM €KOHOMIYHOi AiSJIBHOCTI 3alPOIIOHOBAHO CKOPUCTATHCh alapaToM HEHPOHHHX
Mepex. HelpoHHI Mepexi 103BOJISIFOTh MOJCIIFOBATH JIHINHI Ta HETIHIHHI 3aJICKHOCTI, MaOTh
3[IATHICTh JI0 y3araJIbHEHHS 1 BUIUICHHSI IIPHXOBAHUX 3ICKHOCTEH MiXK BXiJIHUMU 1 BUX1THAMH
JIAHUMH, 1110 JIa€ 3MOTY MO0y lyBaTH aIeKBaTHY MaTeMaTH4Hy MOJIEIb.

Bxiguumu (akropaMu MOJEN Uit HPOrHO3yBaHHS KUIBKOCTI 0€3pOOITHUX Ta KiIBKOCTI
BaKaHCI{i BUKOPHCTAHO psiau AaHuX JlepaBHOI ciTy>kKOM 3aifHSTOCTI 32 TPH POKH MOMICSYHO
3 ciuns 2016 poky 1o motuit 2019 poky. OTpHMaHO IPOrHO3HI 3HAYEHHS PiBHS 3aHHATOCTI
Ta 0e3poO0ITTS HA PHHKY Ipari YKpaiHu 3a BHOAMH €KOHOMIYHOI IisUTBHOCTI Ha CEpIICHb-
*koBTeHb 2019 poky.  IIporHo3Hi 3HAa4YeHHS MOXYTh OYTH BHKOPHCTAaHI OpraHamu
JepKaBHOTO YIPABIIIHHS TS BIOCKOHAJICHHSI TOJIITHKU PETyITIOBaHHS PUHKY TIPALli.

3anponoHOBaHMH MHiOXiA OacTh 3MOIY BH3HAYaTH 3aXOOW LIONO CTHMYJIIOBAHHSI
MOJIOZI 10 OTpUMaHHs Tpodeciii i OBOJOAIHHS CIELiabHOCTAMH, MOTpedy B SIKHX Oyxe
CIPOTHO30BAHO 3 ypaxyBaHHSIM MOTPed eKOHOMIKH B3araii i KOXKHOTO PErioHy OKpEeMO.

Knrwowuosi cnosa: puHOK mpalli, 3aifHATICTb, 0€3p00ITTS, NPOrHO3YBaHHS, HEWPOHHA
Meperxa, yIpaBiIiHHS.





