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capitals. For the selected fuzzy sets, a set of sequence of procedures in the sequence of the
method for assessing the effectiveness of human resources have been identified. Input
and output membership functions for data mining have been developed.
This article discusses process of building rules of fuzzy logic that allowed us to
determine the degree of truth for each condition.
The relevance achieved through the development of a methodology that includes
eight procedures required for a comprehensive assessment of the economic efficiency
of human resources. In this article, an approach to assessing the normative or average
values of the performance of official duties by employees of an enterprise in many
specialties, educational levels, levels of management, as well as taking into account
the description of many positions, descriptions of compliance and interchangeability
of positions, assessment of additional characteristics of employees and a description
of many additional tasks and their characteristics is presented. The article presents a
structural data-mining model for personnel assessment. The results of modeling the
assessment of human resources is presented.

METOJOJIOTISI IHNTEJEKTYAJBHOI'O AHAJI3Y JIIOJCBKUX PECYPCIB
B LIU®POBIII EKOHOMIIII

IBanos C., Maaru3 B., Kamoxua 1O., Tepent’eBa H.

3anopizvruil HayionanbHull yHigepcumem
Yrpaina, 69600, m. 3anopiscoics, eyn. Kykoscvrkozco, 66

Kiouosi cioBa: VY cTaTTi BUKOPHUCTOBYETHCS CHCTEMATH30BaHA METOJIOJIOTIA aHAJi3y Ta OLIHKH
JIOJICBKI pecypen, Bemuki dani, Ingyctpist e(EeKTUBHOCTI JIFOACHKUX PECYPCiB HAa OCHOBI HEYITKUX MHOHH 13 BUKOPHUCTaHHIM
4.0, MOJIENb IHTENIEKTYaIEHOTO aHai3y TEXHOJIOTIH BENMMKHUX MaHuX. Ha OCHOBI HAIIOro MOCIIHKEHHS MH ITPOaHaJi3yBaJIH
JAHWUX, HEYiTKEe MOJICTIOBAHH, TU(PPOBUI MeTo]] TOOY/IOBH BEJIMKHX JAHUX JUIsi 0OPaHOTO HAMHM ITiIXOAY, BUKOPHCTOBYIOUH
MapKETHHT, II(POBE TiJIO, MPOTHO3YBAHHS, Inycrpiro 4.0.

JIIOACHKUH KariTa. Jns  BigiOpaHMX HEUITKUX MHOXHH, HaOip TIOCHTIZIOBHOCTI THpOLEIyp B

MOCNIIOBHOCTI METOAY MJIs OLHKM e(QEeKTHBHOCTI JIOICHKUX pecypciB Oyin
ineHTUdiKoBaHi. Po3pobieHo GyHKIIT BBOTY Ta BUBEICHHS IS IPUETHAHHS JaHUX.
LIs cTaTTst JOCIi KY€ MpoLiec IPaBHIT HEYiTKOT JIOTIKH, 10 JO3BOJISIE HAM BU3HAYUTH
CTYIIiHb TIPABIMBOCTI JJIsl KOXKHOT yMOBH.

AKTYaITbHICTh JOCIIDKEHHS TOJIATAE y PO3pOOIl METOMONIOTII, sIKa BKITFOYA€E BiCiM
npouenyp, HEOOXiMHMX Uil BCEOIYHOI OMIHKM EKOHOMIYHOI e(eKTHBHOCTI
JIOJICBKHX pecypciB. Y w1iif CTaTTi 3ampornoHOBaHO MiXi 10 OLIHKA HOPMAaTHBHHX
abo cepenHIX 3HAa4YeHb BHUKOHAHHA CIyXOOBUX OOOB’SI3KIB TNpaliBHUKAMH
HiZNPHEMCTBA 3a OaraTbMa CHEL[ialbHOCTSMH, OCBITHIMHM PIBHSIMH, PiBHSAMH
YIpaBJIiHHS, @ TAKOXK 3 ypaXyBaHHSM ONHCY OaratboX MOCaj, OMKCIB BiOBIIHOCTI
NPE/ICTABNICHa B3a€EMO3aMiHHICTh I10CaJ, OLIHKA JOJATKOBUX XapaKTEPHCTHK
NPALIBHUKIB Ta OITHC 0araThoX J0JaTKOBHX 3aBJaHb Ta X XapaKTePHUCTHK.

V crarTi npezcTaBieHa CTpPYKTypHa MOJIENb aHaNli3y JaHHUX JUIS OLIHKH IIePCOHAITY.
TIpencrasieno pe3yabTaTd MOJETIOBAHHS OLIHKY JIOACHKUX PECYpCiB.

General problem resolution economic objects in modern conditions of economic
activity, new approaches are required, which determined
the emergence of a new concept by the German economist
Klaus Schwab, President of the World Economic Forum.
Forum. Forum in Davos [1]. According to this concept, it

Today business is forced to solve a whole range of
complex and unique tasks. To solve such problems as the
tasks of increasing and stabilizing the development of
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is argued that we live in the era of the fourth industrial
revolution, when the virtual world is combined with the
physical world using information technology. The fourth
industrial revolution is characterized by a change in
economic relations and the widespread use of intelligent
technologies (cloud technologies, big data, artificial
neural networks and fuzzy sets, data mining, and others).
These technologies form the backbone of the digital
economy.

Therefore, for the successful development of states,
regions, enterprises in the era of the fourth industrial
revolution (Industry 4.0), an assessment of the possible
potential efficiency of human resources (HR) plays an
important role, since HR can radically change and increase
the development and competitiveness of business entities
in modern conditions. In addition, the global COVID-19
pandemic has forced countries to rethink their national
concepts of economic development.

Beyond these areas, it should be noted that for a long time
HR management has been focused on standardization and
versatility. However, today this approach is gradually
becoming obsolete. This approach is being replaced by
methods of personnel management focused on the
maximum use of the intellectual capital of employees.

Analysis of last researches and publications

At the present stage, the financial crisis is one of the
Ensuring compliance with the modern requirements of
Industry 4.0 and available technologies for using various
technologies for processing Big Data is based on the use
of previously developed directions.
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In the course of the recent work of M. Ivanov and S.
Ivanov [6], we realized that there is a great need to develop
a method for representing big data HR. It is also necessary
to develop a methodology for analyzing and assessing the
economic efficiency of personnel based on big data for the
development of a region or enterprise.

The problems of rating management have not yet been
resolved. The solution to the problem of rating
management was the work of Yu. Lysenko, V. Petrenko,
O. Bogatov [7]. However, the level of personnel
development and their assessment were not taken into
account. V. Helman [8] considers the development of
enterprise personnel as a change in its qualitative
characteristics, in which indicators are offered in the form
of a degree of activity.

In the work of Brian E. Becker [9] approaches are
considered in which all managers should be involved in
the management process, where the role of employees is
important for the competitive advantage of the enterprise.
The results of the work of scientists Mark A. Huzelid [10],
Jeffrey Pfeffer and John F.Weighi [11] show that
successful enterprises have several characteristics in com-
mon: stable job security, high levels of self-government
and excellent wages. Dennis R. Briscoe [12] in his work
writes about a situation when each employee of an
enterprise effectively performs his duties and builds a
highly efficient work system in which the employee bears
maximum involvement and responsibility.
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In modern enterprises, balancing the need to coordinate
and synchronize HR across cities and around the world is
an important challenge, as discussed by Randall S.
Schuler, Pavan S. Budhwar and Gary W. Florkowski [13].
Achieving this balance is becoming increasingly difficult
due to the level of functional diversity that states, regions
and enterprises strive for in the era of Industry 4.0.
Approaches to assessing the performance indicators of
personnel in the context of the development of the digital
economy are considered in the work of S. lvanov [14].

The use of big data in human resource management has been
reviewed by P. O'Donovan [15] and A. Caggiano [16].

Along with these studies, not enough attention is paid to
the problems of fuzzy modeling of big data of human
resources in the conditions of Industry 4.0, which makes
this problem very relevant today.

The purpose of the article

The article is devoted to intellectual analysis and
assessment of the effectiveness of human resources in the
context of Industry 4.0. In addition, our goal was to reveal
new knowledge based on the application of fuzzy set

Big Data Big Data
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theory with the possibility of using Big Data.
Study results

Modern construction and architecture of Big Data allows
not only storing, but also processing and analyzing data
that is too large or too complex for traditional database
management systems.

In Industry 4.0, according to research [3], they are required
by using a strategic change management approach that
gives them a broader approach to leverage the benefits of
analytic processing.

Big Data offers tremendous opportunities to revolutionize
human resource management.

Managing human resources with cloud-based solutions
opens up new opportunities and solutions.

These solutions include a new level of accessibility that
facilitates greater employee mobility. The ability to
effectively apply data mining tools and decision-making
systems. Great opportunities, flexibility and constant
updating of Big Data contribute to the development of
theoretical and practical developments. The Big Data
architecture can be represented as follows (Fig. 1).

Sources "| Transformation

Big Data Big Data

> ,| Analytics

» Platforms > yuc
and Tools Applications

Figure 1 - Architecture Big Data analytics.

Today, the sources of Big Data for us are the Internet
(social networks, websites and other applications). Big
Data transformation is based on Data Warehouse
principles.

The standard description of a multidimensional data
model is based on the following concepts: Data
Hypercube, Dimension, Memders, Cells, and Measure.

A data hypercube contains one or more dimensions and is
an ordered collection of components. Each component is
defined by one and only one set of measurement values -
labels. The component can contain a measure or be
empty.

A dimension is understood as a set of marks that form one
of the faces of a hypercube. An example of a time
dimension is a time period: day, month, quarter, year. An
example of an economic dimension is a list of
profitability indicators: working capital, cost, etc.

To gain access to the data, we need to specify one or more
directions for choosing the measurement values that
correspond to the necessary components. The mechanism
for selecting measurement values is the fixation of marks,
and the set of selected measurement values is a set of
fixed marks.

The set of dimensions of a hypercube can be written in
the following form

P={p_i=(op1,0p2.epl,ep2,ep3)},i=(LN) , (1)
where opl — is a generalized indicator of job compliance,
characterizing the degree of conformity of qualifications
130

and work experience of the post, level of responsibility,
as well as the quality of the performance of current work
and duties,

op2 — is a generalized indicator of diligence,
characterizing the effectiveness of the tasks (complexity,
quality, timeliness),

epl — ambitiousness, a single indicator of personality
characteristics,

epl — the quality of a leader, an indicator of personality
characteristics,

ep3 — the level of attitude in the team, a single indicator
of personality characteristics.

Then the set of measurement labels p_i is written
M (pi)={m 1,m 2,..m n},i=(1,n) . 2

And the set of fixed dimensions
DN={p_1Mp_2",..,p_n™ } and fixed labels of the fixed
dimension of the hypercube

M (p_i™MN={m_ 1M m 2",..,m n™ },i=(1,n) . 3)

The data hypercube will be denoted as the set of its cells
H(D,M), which corresponds to the sets D,M. Then the
subset of the data hypercube HR, will correspond to the
set of fixed values D',M™ and we will denote it as H™
(DN MM,
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A single set of measurement labels M_hcM corresponds
to each component of the data hypercube HR heH. If the
HR data cell is empty (does not contain data), then the set
of dimensions of the hypercube H(D,M) will be denoted
by V(H).

Consider data manipulation operations in a hypercube.
We propose a method for managing HR data that includes
the following steps.

Stage 1. Data Projection - Multiple Query (MDX).

A subset of the multidimensional data cube H™' (D™, M)
represents a query (Slice).

Stage 2. Building a multidimensional query.

The construction of the query is carried out in order to
obtain the necessary subset of the components HMcH
and remove the values by sequentially fixing the labels.
The request is usually an HR dataset.

The label m_i € M defines the hyperplane of intersection
of the data hypercube corresponding to the dimensiond_i
€D. The set of fixed labels MNSM, thus, defines the set
of hyperplanes of sections of the data hypercube,
corresponds to the set of fixed dimensions DA'SD. The
intersection of these hyperplanes determines the set of
components of queries of the data hypercube HM
(D™,M7), which is needed by the management level. The
essence of the process of extracting data from a
hypercube is to construct a slice of the data hypercube H*
(DN, M™) by specifying the sets DN, M,

Tearing out the label m_i€M, corresponding to the
measurement d_i€D, we determine what further
interests us in the data hypercube. At each next step, the

user has access to labels corresponding to the set of
unfixed measurements.
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Thus, by selecting a label in the dimensions d_i€D and
d i€ED’, we get a query to the HR data hypercube in the
form of a table. The essence of the process of adding
money from the hypercube is stored in prompting for the
development.

Thus, choosing a label in the dimensionsd_i€ED and d_i
€D we get a query to the HR data hypercube in the form
of a table. The essence of the process is to form a

multidimensional query to a hypercube where
multidimensional data is stored.
Stage 3. Changing the order of presentation

(visualization) of measurements.

Changing the order in which measurements are presented
is called Rotate. Rotation provides the ability to visualize
data in the most comfortable form for their perception. In
terms of the data model under consideration, rotation
means changing the sequence of fixing marks when
building a slice. The result of rotation for a two-
dimensional slice (table) will be replacing columns with
rows, and rows with columns.

Stage 4. convolution and detailing. Convolution and
detailing are carried out due to the presence of a
hierarchical structure of dimensions. Measurement values
(labels) can be grouped into hierarchies consisting of one
or more levels.

Stage 5. Aggregation of tributes. The number of
aggregates stored in the data hypercube along with the
primary data depends on the number of labels
corresponding to the levels of the hypercube dimension
hierarchy, starting with I=1, and can significantly exceed
the amount of primary data. The total number of
aggregates in the case of two dimensions will be
determined by the sum of the values of the areas
A O01,A 02,...,A 22, which are shown in Fig. 2.
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Figure 1 - Aggregation of HR data.

Filling the HR hypercube with data with an insufficient
amount of initial data leads to the formation of empty

components. Data hypercubes with many empty cells are
sparse.
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Thus, we have built a method for creating a visual
representation of a multidimensional database. This allowed
us to assess the effectiveness of personnel taking into account
the filling of data hypercubes and to carry out a visual search
for information in the database.

The task of fuzzy modeling and data mining when managing
HR processes is to efficiently extract and analyze the existing
data array of employees with subsequent management of
personnel using cloud solutions. This will allow the rapid

ISSN Print 2414-0287
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implementation of a new personnel management system,
obtaining a new level of accessibility and increasing its
mobility.

The resulting performance indicators of personnel at the
enterprise can be represented in the form of multidimensional
structures, where the corresponding indicators of the
enterprise management system represent each measurement.
The following method of modeling human resources is
propose, which is presented in Fig. 3.

1 Stage 2 Stage 3 Stage 4 Stage
U ! J
The procedures: The procedure The procedures:

I- assessment of normative or average
values of job performance,

II- the definition of many specialties,
IIT- assessment of the level of education,
IV- assessment of enterprise management
levels,

V- description of many posts,

VI- a description of the conformity and
interchangeability of posts,

VII- assessment of additional
characteristics of employees,

VIII- a description of many additional
tasks and their characteristics.

for assessing the
conformity of
the specialty of
the position.

I- construction of
membership finctions,
II- finding a clear value
for each of the input

linguistic variables,
1I1-
the diligence function of
the output linguistic
variable.

construction of

Figure 3 -The method of modelling human resources in fuzzy management.

The proposed method includes four stages.

Stage 1 Procedures. The first stage solves the problem of
choosing the analyzed indicators. For this, a lot of ratings
are determined (1).

Stage 2 Procedures. At the second stage, the initial
information is determined, which is necessary for
calculating indicators based on expert assessments,
analytical indicators (for example, work experience,
quality of work performed, and others).

To describe the formalized set of sets of source
information, we introduce the rules, namely, if the set

P = {pi = (opl,o0p2, op3)}, is defined, then to use
the value of the component op2 of unit level 0, we will

use the notation op?2 (join operator).

At the second stage, procedures are applied that allow:
The first () procedure allows you to evaluate the
regulatory or average value of the performance of official

duties by employees — PO:

PO = {p0; = (op01,0p02)}, i =1,N, 1)
where op01 — normative or average value of the job
performance of the I-th employee,

op02 — normative or average value of the level of
assessment of the performance of tasks of the i-th
employee.

The second (1) procedure is aimed at identifying many
specialties (economist, programmer, builder and others) —

SP:
SP ={sp,},r =1L, (2

132

where SP,- — is the r-th specialty,

L3P _is the number of specialties.
The third procedure allows you to assess the level of
education (secondary, bachelor, master and others) — UO:

U0 = {uo, = (name,u },v =1, L¥°, (3)
where UO,, — is the vector of characteristics of the v-th
category,

name — category name,

U — assessment of the level of education for the category
in points,

L"° —is the number of categories.

The fourth (1V) procedure is aimed at assessing the level
of enterprise management (higher, middle and lower
level) - UD:

UD = {ud,, = (name,y)},w = 1, L¥¢, 4

where ud,, — is the vector of characteristics of the w-th
level,

name — level name,

Y —is an estimate of the level in points,

L¥?_ the number of levels, which is determined by the
scale of the enterprise.

The fifth (V) procedure solves the problem of describing
many positions in the enterprise — D:
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D= {d]- = (name,ud, uo, kl, SPD):ud €

UD, uwo €U0 },j = 1,14, )
SPD = {spd, = (sp,B):sp €SP, 0 < B <
1}r=1,L7% (6)

where d ;- is the j-th position,
name - job title,

ud - position level in the organizational and staff
structure of the enterprise,

Uuo — the level of education required for the j-th position,

kl — required work experience (minimum number of
years) in a given position for an optimal qualification
level,

SPD — many specialties related to this position,
spd,- —is the vector of the correspondence characteristics

of the r-th specialty of the j-th position ,3 ,

B — is the correspondence coefficient of the specialty Sp
of the j-th position,

L? —iis the number of posts,

L]S-pd — number of specialties in the j-th position.

The sixth (V1) procedure solves the tasks of describing

correspondence and job interchangeability — SD:

SD = {sd; = (d1,d2,a):d1 € D,d2€ D0 <

a<1, (dl=d2)=>a=1} f=1,L% (@
L4 = (L9?, ®)

where Sdf — is the f-th wvector of job matching

characteristics d1 and d2,

& - is the compliance coefficient.

The seventh (VII) procedure is aimed at assessing
additional characteristics of employees — A:

A ={a; = (ds,ST,0B):ds € D, uo € U0 },i =

1,N, )

ST ={stj=(d,kL):d €D, de U0 },j =
1, LSt (10)

OB = {ob,, = (sp,uo,god):sp € SP, uo €
U0 },w = 1,L2b, (11)

where a; — is the vector of characteristics of the i-th
employee,

ds — the position held by the employee,

ST — many posts in which the employee previously
worked and experience in them,

Stj — vector of characteristics of work experience in
previous positions,

kL — length of service (number of years) in the position d,

OB — value, reflects the education received by the i-th
employee,

Sp — specialty,

Uuo — level of education,
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god — year of receipt of the qualification document
(certificate, certificate, diploma and others),

t . .
Lf — the number of posts previously held by the i-th
employee,

L?b — the number of specialties in which the employee
was educated by the i-th employee.

The eight (VI1I1) procedure allows you to describe many
additional tasks (determined by orders) and their
characteristics in the enterprise:

Z ={z; = (t0,tk, tk’,usz), 0 < B <1}, k=
1, M, (12)

where Z}, — is the vector of characteristics of the k-th task,

t0 & tk — the value of the beginning and end of tasks,
determines the term for completing the task in units of
measurement of working time (for example, working
days, hours and others),

tk' — the value of time, determines the critical deadline
for completing the task, after which the task is either
canceled or transferred to another performer,

usz — task difficulty level,
M — the number of tasks.
The set of completing additional /Z tasks by employees
can be written as follows:

1Z = {izy = (a,z,uvP,uv):a €A, z€Z0 <
uvP <200}, k=1,M, (13)

where iz,- is the characteristic of the K -th job,

a — an employee who performs additional tasks,

Z — the task

uvP —is the percentage of the task according to the plan

at the current time t (uv? = 0 at time t0, uv? = 200

at time k),

UD - is the percentage of the task at the current time t.

In case of failure to perform additional tasks, the value of
1Z = 0.

Stage 3 Procedures. At the third stage, the procedure for

assessing the conformity of the specialty of the position is

performed. The function f5 returns the value of the

correspondence of the specialty XSP to the position xd:

fB(xsp,xd) =

{djo. spdio- B, Fjo, To: (djo = xd)A(djo. sSpdyo.Sp = XSp)
0, =3jo, Io: (djo = xd)A(djo- spdyrg. Sp = XSp)

(14)

The function fot returns the value of the coefficient of

correspondence and interchangeability of the post XSp

post xd:

fa(xds, xd) =

{sdga, 3g0: (sdgo. d1)A(sdgo. d2 = xd)
0, ~3gy: (sdgo- d1)A(sdgo.d2 = xd) -

To determine job conformity is the level of education of
the position held in conjunction with work experience in
similar or related positions:

(15)

133



Bulletin of Zaporizhzhia National University. Economic sciences. /e 4 (48), 2020

p;.opl = 6(opll - opl2) - op13, (16)
ob .
Opll = Zﬁ/i:lfﬁ(ai. ObW' Sp, a;. dS) ' %’
1
op12 = 5L, f8(as.ds. f,ap5t.d)- LS (g

where godT - is the value of the current year,
op11 - qualification level of education received,

op12 — qualification level, which is determined by work
experience,

op13 —quality of job performance, determined by an expert.
When solving the problem of data mining in the
management of HR processes, fuzzy logic methods are
used to display the result on the interval [0; 1].

Stage 4 Procedure. Therefore, at the fourth stage, the
procedure for constructing membership functions based
on the theory of fuzzy sets is performed.
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The authors of the article propose a solution to the problem
of constructing a data mining methodology in human
resource management based on Big Data.

Conclusions

This article proposes a mining methodology for assessing
the effectiveness of human resources. A four-stage method
for analyzing and evaluating HR effectiveness has been
developed. At the first stage, the problem of choosing the
analyzed indicators is solved. At the second stage, eight
procedures are performed to solve the following tasks. This
procedure allows you to obtain an assessment of the
standard or average values of labor productivity, to
determine a number of specialties, to assess the level of
education, to assess the levels of enterprise management, to
describe many job responsibilities, to determine the
conformity and interchangeability of work, to assess the
additional characteristics of employees. At the third stage,
the procedure for assessing the conformity of the specialty
to the position held is carried out. At the fourth stage, the
procedure for constructing membership functions based on

the theory of fuzzy sets is performed. The proposed
methodology can be used to assess the human resources of
cities, regions and the country as a whole.
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