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GENERAL CHARACTERISTICS OF THE STUDY

The relevance of the study. Comprehensive development of
information and communication technologies has led to complex
changes in all spheres of human activity, making the formation of
information society a reality. Adaptation of the public administration
to the development of the information society is accompanied by the
establishment of national e-government infrastructures, including
human resources management (HRM) infrastructure, which
emphasizes the principles of transparency, mobility and interactivity
and serves to the welfare and prosperity of population. Establishment
of the electronic infrastructure of HRM, defined by the formation, use
and development of human resources, management of supply and
demand for human resources, analysis and forecasting of demographic
situation, integration of socially disadvantaged groups into the
workforce, comprises the development of scientifically grounded
approaches to problem solving and decision making with use of
innovative technologies.

Industry 4.0, which supports the application of innovation in all
areas and is characterized by Artificial Intelligence, Big Data, Internet
of Things, etc., changes the structure of occupations, calls for new
skills and habits, adaptation of knowledge and skills to the needs of a
dynamically changing environment, and requires the formation of
human resources that meet the requirements of an innovative
economy. Taking into account the changes in the attitudes towards
human resources, and their transformation into an important and key
factor in the innovative economy, and stating from the realities of
information society, it is relevant to explore the scientific-theoretical
problems of HRM and to develop its scientific and methodological
basis.

At present, the concept of human development, formulated by the
thesis that “People are the real wealth of a nation. The basic objective
of development is to create an enabling environment for people to



enjoy long, healthy and creative lives™, has shaped a new world trend
in the development of HRM theory and practice. It has shifted it from
the paradigm of HR management to multi-level HRM system. In this
regard, the human resources of the country are distinguished at the
micro level - organization (enterprise, firm), meso level - certain
segment of the economy (region, sector) and macro level - country: in
the organization, HRM represents the attitude of human resources as
the key resource of the organization; in certain sectors of the economy,
HRM is characterized by the management of supply and demand for
human resources in this segment; at the national level, human
resources are the main indicator of the economic development of each
state, representing the intellectual potential, knowledge and skills of
the population?.

The main objects of HRM system, which is formed at the
management levels, include a human and his/her competencies, the
personal and behavioral qualities, motivation values, intellectual and
qualifying potentials determined by his/her knowledge, skills and
professional capacity. The goal of HRM, which has become a specific
type of management activity, is to make scientifically-grounded
decisions referring to the socially oriented innovative approach that
prioritizes an individual and all the values that he/she possesses to
achieve the goals set out depending on a specific issue.

The population, labor resources of a country, and the personnel of
industries, mixed or government entities, etc. are the research objects
of HRM decision support issues for the hierarchical levels of
management and characterized by a large number of indicators, due to
which the multi-factorial and multi-criterial nature of HRM issues and
the uncertainty of these factors are ensured. On the other hand, HRM
is influenced by economic and social processes. These processes
include the development of advanced technologies, the recognition of
education and knowledge as a valuable asset of any society, the impact

1 UNDP Human Devolopment Report, 1990. (p.9)
2 YripapieHue 4eloBeuYeCKMMHU PEeCypcaMu: yueOHHK i 6akanaspos / nof ped. U.
A. Maxkcumresa, H. A. T'openosa, 2-e u3f., nepepad. u goi., M.:M3aarenscTBo
IOpaiit, 2014, 526 c. (p.23)
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of demographic processes on the formation of human resources, and
so on. These determine the variability and dynamic nature of the
research object, its characteristics, the prerequisites for HRM
decision-making, and the use of expert knowledge in the decision-
making process. The modeling of relevant uncertainties, the formation
of expert knowledge, the generation, selection and support of
management decisions require the development of acceptable models,
methods, algorithms and tools for decision-making processes referring
to fuzzy mathematical apparatus.

The goal of the dissertation is to develop the models, methods and
tools for the intellectual decision support in the HRM infrastructure of
e-government.

To achieve this goal, the following research issues are set:

¢ to analyze the scientific and theoretical aspects of HRM in the
context of the information society and to identify the issues of
decision support for the management of hierarchical human
resources across the country;

e to determine the role of demographic indicators in decision
support that forms the human resources and socio-economic
policies of the state, to analyze them and to develop the models
and methods for their forecast;

e to model the decision support on poverty reduction in the
country and the formation of promising employment policies,
and to develop solution methods and algorithms;

¢ to model the HRM issues that require an intellectual support at
micro level, i.e. in the organization, to develop decision-making
methods and algorithms;

e to develop the primary information processing methods for
intellectual HRM decision support.

e to analyze the situation related to the formation, use and
development of human resources at meso level, i.e., in the
medical field, and to develop the methods and algorithms for
HRM decision support.

The research methods are based on fuzzy set theory, decision

theory, fuzzy time sequences, multi-criterial selection and ranking
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methods, analytical hierarchy process (AHP), situational analysis,
fuzzy pattern recognition techniques.
Basic provisions set for defense:

scientific and theoretical aspects of HRM in the information
society, and HRM decision support issues at various levels of
management are identified,;

the model, method and system for demographic indicators
forecasting are developed to support decisions at the macro level
that shape the human resources and socio-economic policies of
the state;

the model, methods and algorithms for decision support on
poverty reduction and the formation of a promising employment
policy in the country are proposed,;

comprehensive assessment model of HRM issues, multi-criteria
decision methods, algorithms and tools, which require
intellectual support at micro level, i.e., in the organization, are
developed,

initial information processing methods for intellectual HRM
decision support are proposed;

the situation related to the formation, use and development of
human resources at meso level, i.e., in the medical field, is
analyzed, and decision methods and algorithms for multi-
scenario solutions to balance the supply and demand for medical
professionals are developed.

The scientific novelty of the dissertation is determined by the
following results:

HRM decision support issues on the hierarchical levels of
governance in the information society are identified and the
need to use the fuzzy mathematical apparatus for their
modeling are justified;

at macro level - a method of forecasting demographic
indicators and the intellectual demographic forecasting system
(IDFS) based on fuzzy time sequence model are developed,

at macro level - a hierarchical structure of the labor market
(LM) is proposed based on a comprehensive approach to the
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impact factors, as well as the methodology for its prognosis
and planning based on multi-scenario approach and AHP, and
the efficiency assessment method are developed,;

at macro level - a method for assessing family income is
developed to identify low-income families in the poverty
reduction system;

at micro level - a comprehensive assessment model for HRM
issues in the organization, and relevant solution algorithms and
HRM decision support system based on additive and
multiplicative aggregation are developed,;

at micro level - a mathematical representation of the multi-
criteria optimization problem for HRM decision support in the
organization is given, a TOPSIS (Technigue for Order
Preference by Similarity to Ideal Solition) modification and
IAM-based solution method are developed, and a recruitment
decision support methodology is proposed and implemented
on phases;

at micro level — the methods for selecting and evaluating
employees in virtual organizations (VOs) are proposed;

at meso level - scenarios are developed for balancing the
supply and demand for medical professionals taking into
account the variability, the appropriate decision methods based
on fuzzy pattern recognition, and the methodology for solving
employment issues are developed and implemented on phases.

Theoretical significance of the research is determined by the
development of scientific and methodological bases to support
decisions on hierarchical levels of human resources referring to fuzzy
models and methods. The proposed models, methods and algorithms,
along with their application, necessitate their development and
modification, and the mathematical basis for decision-making is
developed to address poorly structured and formulated issues.
Methodological bases of intellectual HRM decision support are
designated by:

¢ the development of the method and relevant tools for forecasting

demographic indicators of population at macro level, the
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methodology for LM forecasting and planning, income
assessment of low-income families to support decisions on
human resources and socio-economic and employment policy of
the state;

e the development of decision methods and multi-criteria
optimization methods based on additive and multiplicative
aggregation for the solution of HRM issues that require
intellectual support at micro level, i.e., in the organization, and
the creation of appropriate tools;

e the development of multi-scenario decision methods and
algorithms to balance supply and demand at meso level, i.e., in
the medical segment.

Practical significance of study. The results obtained in the
dissertation work focus on the application methods of intellectual
support systems of HRM decisions. The proposed methods and
algorithms are brought to the appropriate computations and to the
synthesis procedures’ level of intellectual support systems for HRM
decisions realized on a personal computer basis, and to the
development and implementation of tools and applied software
packages for human resources management on hierarchical levels
across the country.

Realization and application of results. The main results are
achieved from the implementation of the research work on the
“Theoretical and technical problems of information technology”
within the framework of the fundamental research of the Azerbaijan
National Academy of Sciences. The main scientific and theoretical
results are recognized by the Presidium of ANAS and the Department
of Physical and Mathematical and Technical Sciences and are included
in the annual reports for the years 2004, 2009, 2010, 2011, 2015, 2017,
2018 and 20109.

Approbation of research: The main scientific-theoretical and
practical results of the research are reported and discussed at the
following conferences:

International conference Soft computing Technologies in
economics ICSCTE-2007, Baki, 19-21noyabr 2007; The Third
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International Conference on “Problems of Cybernetics and
Informatics”, September 68, 2010, Baku; V International Conference
Application of Information and communication technologies, October
12-14, 2011, Baku; IV International Conference on ‘“Problems of
Cybernetics and Informatics”, September 12-14, 2012, Baku;
NckyccTBEHHBI  HMHTEIUIEKT. MHTENneKTyanbHbIE CUCTEMBI -
MexayHapoaHas Hay4HO-TexHu4eckas koHpepenuus NN-2013, 23—
27 centsOps 2013 roma, [omeuk, moc. Kammsenu; o |EEE
International Conference on Application of Information and
communication technologies, AICT2015, Rostov-on-Don, 14-16
October, 2015; 2nd International Conference on Information Science
and Control Engineering (ICISCE 2015), 24-26 April 2015, Shanghai,
China; “Elektron tibbin multidissiplinar problemlori” I respublika
elmi-praktiki konfransi, Baki, 24 may 2016; 3rd International
Conference on Advanced Technology & Sciences (ICAT16), Konya,
Sep. 01-03, 2016; The 6th International Conference on Control and
Opimization with Industrial Applications (COIA-2018), Baku, 11-13
July, 2018; “Azorbaycanda sosial miidafis sisteminin inkisafi: diinan,
bu giin vo sabah” mdvzusunda beynolxalg elmi-praktik konfransi,
Bak1, 26 dekabr 2018.

Scientific publications: On the results of the dissertation, 38
scientific papers: 23 articles, including 14 articles published in foreign
prestigious journals in accordance with the requirements of the HAC,
12 proceedings, 2 book and 1 express information were published.

Structure and scope of the work: The dissertation consists of 404
pages including the introduction, 5 chapters, conclusion and a list of
321 references, 50 figures and 96 tables.



BRIEF DESCRIPTION

Introduction justifies the relevance of the dissertation theme,
identifies the goals and problems of the research, presents the main
scientific innovations, theoretical and practical significance of the
work and provides information on the application and approbation of
the proposed models and methods.

Chapter 1 analyzes the scientific-theoretical aspects of HRM, its
essence, key concepts, development stages and models. In accordance
with the principles of “human resources”, "economic human",
"creative human", "multi-level management”, the objectives and
problems of HRM system are analyzed, and the modern approaches
that constitutes the basis for HRM concept and the formation phases
of the principles and methods are explained. It is noted that, in
accordance with the modern approach that studies the HRM in a multi-
level system, that is macro-, meso- and micro-levels, the human
resource is a multi-planned concept defined by the development level,
demographic situations, economic situation, employment, and so on
for the development of society. According to this approach, the
purpose of the HRM system is designated by the comprehensive study
of the human resources, which are the main productive forces of
society and the comprehension of the regularities of their reproduction
at various stages of life in the interaction with the socio-economic and
human resource policies of the state.

In accordance with the development stages of HRM concept, the
HRM models are analyzed, and the functions of the subsystems of
HRM system, namely the subsystems of formation, use, development
and organization of human resources, are examined based on the
multilevel model.

This chapter analyzes the human resource development indicators
as a key strategic factor of the state, i.e., human development index,
birth expectancy index, education index, national income index, living
index, intellectual ratio, and so on, and the relevant issues to be solved
(which requires the formation of research issues in the dissertation) are
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identified, and the situation on these indicators in Azerbaijan is
interpreted in detail [16].

The last section of this chapter analyzes the issues of HRM decision
support on the levels of hierarchical governance in HRM infrastructure
of e-government, and identifies the research issues of the dissertation.
It is argued that demographic changes should be taken into account at
macro level, i.e. in all areas of the economic and social life of the state,
in domestic and foreign policy. The importance of developing the
alternative approaches with the application of the fuzzy models and
methods in the monitoring and projection of demographic indicators
of human resources is highlighted. The research in this area is stated
to be consistent with the tasks set out in the State Program on
Population and Demographic Development in the Republic of
Azerbaijan (2014-2025).

It highlights the importance of forecasting and planning of LM to
support appropriate decisions and measures to combat poverty and to
provide employment, and emphasizes the significance of assessing the
family income to define different strata of population, particularly
low-income families and socially vulnerable groups to reduce the
poverty and improve the quality of life. These studies are stated to be
consistent with the objectives set out in the development concept of
“Azerbaijan 2020: Looking into the Future” and recently adopted state
programs for the development of human resources and the creation of
an effective social protection system and employment in the country.

The development of mechanisms for the management of demand
and supply of medical personnel based on intellectual technologies is
considered to be a research matter, taking into account the analysis of
the formation, use and development of human resources at meso-level,
i.e. in the medical segment, the monitoring of supply and demand for
medical personnel and the importance of assessing the demand for
human resources.

This chapter highlights that, at the micro-level, the goal of HRM
system, which is designed to provide the organization with staff, their
efficient use, and professional and social development, is to achieve
the global objectives of the organization while ensuring the objectivity
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and transparency of the decisions made. Numerous software products
currently available at the intersection of HRM issues and information
technology allow for the staff registry and support the salary
calculations, recruitment, planning, training, evaluation, placement,
motivation and so on. One of the major obstacles to the development
of these systems is to ensure the confidentiality and security of
employees’ personal data. Thus, each organization that has access to
all its employees' data must ensure the confidentiality and security of
this information, regardless of the carrier in which this information is
stored [21]. The personnel information in these systems is insufficient
for optimal management decisions, thus, the hidden facts related to the
professional activity of the staff, the dynamics of competence
indicators, personal life, physical status, personal aspirations, etc.
cannot be represented here. Given these aspects within the
organization, the HRM decisions require referring to expert
knowledge.

The object of this research includes the human resources at various
stages of management, i.e. the population, labor resources of the
country, personnel of industries, mixed or state enterprises, etc. All of
them act as the carriers of numerous indicators, defining the multi-
criterial and multi-factorial nature of HRM decisions and requiring to
refer to expert knowledge and to form a decision-making in a fuzzy
environment.

Taking into account all kinds of uncertainties, modeling of
uncertainty in decision-making makes it necessary to refer to fuzzy
mathematical apparatus® and requires the development of acceptable
models, methods and tools for decision-making in HRM. This section
analyzes the current situation, models, methods and tools for HRM
decision support, and emphasizes the importance of considering the
specifics of the certain issue in their development and the details of the
environment in which they are formed.

3 Zadeh L.A. Fuzzy Sets // Information and control, 1965, vol.8, no.3, pp.338-351.
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Chapter 2 focuses on the analysis, modeling and development of
appropriate solution methods for decision-making issues at macro
level - that shape the human resources and socio-economic policies,
demographic policies, employment and poverty reduction policies of
the state. It is shown that the analysis of demographic processes and
forecasting of population development is important in shaping and
implementing effective social and economic policies of the country,
ensuring sustainable development. Moreover, demographic analysis
allows predicting HRM issues at macro-level and making relevant
decisions [34]. However, the population with a large dynamic system
functions under uncertainty, and being affected by the socio-
demographic factors and due to the rapid demographic changes, the
identification of prospective population changes is implemented in the
fuzzy environment. Therefore, the technique for solving the
prospective population changes within the fuzzy time series is
proposed [1, 7].

Fuzzy time series. Assume that U = {ul, Uyyeenn Uy, } —isauniversal
time set. The fuzzy set A of the universal set U is defined as follows*:

A = {(pa(ur)/uz), (na(uz)/uz), ... ,(na(un)/un)} or
A ={(ua(ui)/u)}, i=1n, uieU, pa(ui)€[0,1].
where ua(ui) is a membership function; ua(ui):U=[0,1] is a degree of
belonging of ui to the set A; “/” is a division sign.

Let us assume that Y(?) (¢=...., 0, 1, 2...),which is a subset of set R
of real numbers, is simultaneously a universal set on which a fuzzy set
ui(t), (t=1, 2, ...) is defined, that is to say, the membership function is
time-dependent. Let’s define a set F(t) arranged out of {ui(t),
t=1,2,...}). More precisely, F(t) is a set of fuzzy sets F(t)={ui(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 linguistic
variable, the fuzzy sets {ui(z), t=1, 2,...}. Out of which it is arranged
that F(t) will assume the possible corresponding values of F(t).
Besides, evidently, F(t) is time-dependent, which means, the function

4 Song Q., Chissom B.S. Forecasting enrollments with fuzzy time series —part Il // Fuzzy
Sets and Systems, 1994, vol.62, pp.1-8.
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F(t) will assume different values at different time moments.

Problem statement. The problem is described as follows: for a
given time interval, data pertaining to the total population in
Azerbaijan or to be clearer, the dynamics and respective variation of
total population 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 dynamics in the
country for a certain period.

2. Definition of the universal set U containing an interval between
the least and greatest variations in total population.

3. Division of the universal set U into equal length intervals
containing variation values corresponding to different population
growth rates and the arithmetic mean of each interval to be found.

4. The qualitative description of variation values of total population
as a linguistic variable, that’s to say, determining the respective values
of 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.

1
1+[C- (U ~ug)I*
where U — variations; ulor. is the middle point of the corresponding
interval; C is a constant (in our case C=0.0001). 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]:
AJ:(Q)Aj (uj)/uj uj ey, (¢Aj (uj) €[0,1] .

This  operation enables to reflect the corresponding
numerical/qualitative values of qualitative representations of
population growth rates in the value of membership function.

Figure 1 shows the uninterrupted membership functions of the

fuzzy sets Ai, which describe the value of the linguistic variable
“Variation of population number” for the period 1980-2001.

§0Aj(uj):

14



Hai(u;)
1

0,9 ——Al
0,8 — —u— A2
07 | p
0,6 e AS
0,5 —e—AG
0,4 7 +A7
0,3 -

0,2 |

0,1

0 T T T T T T U

S N RN
S & &£ & &S
& & & & &S

@ A & F W0

Figure 1. Graphic description of fuzzy sets of linguistic variable <
Variation of population number> for the period 1980-2001

6. Selection of parameter w>1, corresponding to the time period
prior to the concerned year. If w = m, the number of the population for
years t-1, t-2, ..., t-m, t- (m + 1) preceding the year t must be known in
order to predict the population growth for year t.

7. Calculation of fuzzy relationships matrix R(t) and forecasting of
population growth in the next year. According to the method, the
relationship matrix R(t) is calculated at the next step:

ROI.i1= 0%(t) [i.jln K(®) [1,

or
Ry, R, le
REM=0%1 @ K(t) = | Rer  Rez R,

Here:

OW(t) is an operation matrix with dimension ixj for year t, i-
number of lines and corresponds to the sequence of years t-2, t-
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3, ..., t-w, j - number of columns and corresponds to the number
of variation intervals.
- K (1) is a criteria matrix with dimension 1xj and a line matrix
corresponding to the fuzzy variation of the number of population
for year t-1
- ® isan operation min (N).
Later the forecasted value F(t) is defined for the year t as a fuzzy
set as follows:
F(t)=[Max(Ri1,Rz1,...,Ri1) Max(Ri2,Rz, ...,Riz)...Max (Rij, Raj,, Rij)].
8. Defuzzification, i.e., conversion of fuzzy values into numeric
values. In this regard, the following formula is used:

J .
Z/ut (uj ).ucfr.

V()=
Z:;,Ut(uj)

Here, V (t) is the expected population growth for year t, t(u;) —
value of the membership function calculated for the forecast year; uor,
—average value of intervals, J - number of variation intervals (3, 5, 7,
etc.).

The application of the proposed technique in forecasting
demographic indicators (total population, able-bodied population,
economically active population, births, deaths, different age groups)
of the population in Azerbaijan is described. The method is tested
retrospectively, and the number of the population is calculated for the
future after concluding about the feasibility of using this model in the
demographic forecast. The relative error of the proposed method
(based on the retrospective analysis of the general population forecast
for years 2002-2015) is 1.66% (error rate in the demographic
prediction is 7-8%). Compared to the relative errors of the prediction
results of other approaches, this method is used as an alternative
approach to short- and medium-term forecasting. Relevant algorithm
and software tool are developed on the basis of the proposed
technique, and an intelligent demographic forecasting system (IDFS)
is built. The system is implemented in the Delphi 7 programming
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system. The system provides predictive estimates for various
demographic indicators for any year or for coming years. Fig. 2 depicts
the estimated values for years of 2018-2034.

}‘ Forecasting

EBX]

Forecasted total number of population

Years| Male Female

Total

2018 | 4949200 4966600
2019 | 3006400 5013500

9915800
13019900

3063000 3060000

53106200

5152200

13429800

L
| 5198100
1 5244000 | 10531400
| 5280900 | 10632800
B 5335800 | 10734000
] 5381700 | 10835000
5427600 | 10933900
| 5473500 | 11036700
| 3519400 | 11137500
] 5565300 | 11238300
] 5611200 | 11339100
| 3657100 | 11439900
i 5703000 | 11540700

Figure 2. Software window IDFS that shows the estimated
values for years of 2018-2034 respectively
The IDFS functional scheme includes the following blocks (Fig. 3)

[38].

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 received 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.
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Rule 1. If there is a persistent gender bias in the projected
number of births (usually female’s decline, male’s growth), then
the gender structure of the population will be changed and
measures to prevent gender bias should be taken.

The procedure for obtaining a result (decision) according to Rule 1

is as follows:

Let the first forecast year of birth by gender to be t, Q (t) - the
number of females born in the first forecast year, and O(t) - the number
of males born in the first forecast year. In this case, the rule is

Figure 3. IDFS functional scheme

formulated using the following condition operator:

“UWO@W/ 0W>0¢+1)/0@t+1)>0@1+2)/0®..),

then the measures should be taken to prevent gender bias”.

18




This chapter proposes a method for prediction and planning of
decision support in shaping the country's promising employment
policies and achieving the condition aimed at addressing
unemployment in LM based on a comprehensive approach to all the
factors affecting the LM, such as economic, political, social,
demographic, and other factors. In this regard, it is referred to the AHP
and multi-scenario approach [3].

The prospective status of LM as a problem object is decomposed
and all the indicators, factors and specific features that determine the
real situation are explored through the analysis of decomposition
elements. The model of LM, described as a multilevel integrated
system, is illustrated in Figure 4.

As the scheme shows, the hierarchical structure of the expected
situation of LM is divided into several levels, each of which has its
own specific functions and content affecting the course of the situation
differently:

Level 1 determines the overall objective of the study case through
the perspective situation of LM, which naturally refers to the
elimination of unemployment;

Level 2 includes the key (basic) factors that influence the
achievement of the specified goal, i.e. desired status of LM,;

Level 3 includes the subjects operating in LM and affecting its
perspective status;

Level 4 specifies the purpose of the key LM entities.

The hierarchical model allows for the analysis of the LM’s status
on multivariate scenarios and for the selection of the scenario that will
dominate the future scenarios, taking into account the current LM
situation. The dissertation work considers 6 different scenarios in
accordance with the alternative options of perspective status of LM in
Azerbaijan.

Problem statement. Assume that the hierarchical model for
planning the desired status of LM is presented. It is required to develop
a method for assessing the priority of possible scenarios to achieve the
desired status of LM.

Problem solution is implemented in the following stages:
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Stage 1. Determination of the impact of factors on the future status
of LM.

Stage 2. Determination of the impact of the subjects on factors.

Stage 3. Determination of the relative importance of the goals in
relation to the subjects.

Stage 4. Determination of the importance of the subjects (Level 3)
in relation to the impact on factors.

Stage 5. Determination of important LM entities.

Stage 6. Determination of the impact of possible scenarios on the
goals of the subjects.

Stage 7. Determination of the final priorities vector.

Stage 8. Analysis of final priorities vector and its appropriate
interpretation.

This chapter develops a method for evaluating the effectiveness of
LM by referring to a hierarchically structured criteria system and a
fuzzy relational model that characterizes the effectiveness of LM [5].

According to fuzzy relational model of knowledge representation,

if X= {Xi N =1,n} Is a set of alternatives, which are the subject to

estimation and ranging, and K={kj, j=1,_m} is a set of criteria

characterizing these alternatives, the satisfaction degree of alternative
Xi to kj is represented by criterion membership function, i.e.:
i, (%) X xK >[01] 2

The main policy measures taken by the government to combat the
poverty are strengthening the social protection of families with more
material needs, reducing poverty, and determining the social
assistance through developed methods in accordance with the real
needs of citizens. Solution of these issues requires a clear choice of the
subject, the implementation of fair and equal social assistance, as well
as the determination of the family income.

> Mamenoa M.I. IlpumsTMe peuleHuMii Ha OCHOBe 6a3 3HAHHMil C HEUETKOM
PENALUOHHON cTpyKTYypoii. Baky: Dam, 1997, 296 c. (p.47)
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Future of labor market
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Figure 4. Hierarchical structure of labor market planning

Based on the proposed technique, the priority of the options

describing the future state of the labor market in Azerbaijan is
evaluated.
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Family income is characterized by numerous factors and criteria
that determine its level, composition and structure as a modeling
object. In the Poverty Reduction System, a family income estimation
method is proposed, which is based on a fuzzy relational model of
knowledge description that allows to take into account the fuzziness
and boundaries of the criteria to make decisions according to the real
income level of each family [4, 33].

Let’s give a formal problem statement. Let X = {xi, =1 n} - in
this case, as alternative variants are considered the families applying
for reception of the targeting social assistance, in which family income
is characterized by set of in equivalent criteria: K = {Kj, j =1,_m}.

Each criterion Kj, which is included in a set of criteria K, in turn, is
characterized by subset of special criteria, i.e. K; = {kjt,t=1,_T}, and

the elements of these subsets are also inequivalent.

The purpose of the problem is reception of the systematized list of
the individual conclusions on family cumulative income, ranged from
worse to best according to the results of carried out family income
estimation: X : K — X*, where X™is a systematized list of the families
applying for reception of the addressing social assistance.

The method of family income estimation is reduced to performance
of the following steps:

1. By means of aggregation of sub-criteria (parameters) of

underlying level, each criterion of top level, i.e. if ¢ (x) is a
membership function of alternative x; to special criteria kit and wjt,

t=1T factors of relative importance of these sub-criteria then

construction of convolution of these inequivalent special criteria
determines the membership function of alternative xi to generalized
criterion K;j is estimated:

Pk, (Xi):Zth P, (Xi)- 1)
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2. Membership function of alternative xi to generalized criterion K
IS determined:

2 (%)= w0 (). @

Where wj, j=1,m is the corresponding factor of relative
importance of criterionKj j=1m.

3. The alternative having the minimal grade of membership to
generalized criterion K is chosen:

p(x*)=min{p (x ). i=Lnf 3

The chosen alternative is best suited to the family with the lowest
income (highest poverty, the poorest among the alternatives).

The proposed mathematical model collects and considers the expert
knowledge about family composition and income, which allows for
assessment of family income and scientifically sound decision support
to assist them, also helps to clarify the poverty rate, which can be used
to support government interventions to reduce poverty.

Chapter 3 analyzes the HRM issues that require intellectual
support at micro level, i.e., in the organization: recruitment,
attestation, awarding, promotion, etc. The following features, which
characterizes the given issues as poorly structured fuzzy environment
decision making issue, are identified [2, 6, 13]:

» PM issue in the organization is a multi-criterial assessment

issue;

> criteria in these issues and the sub-criteria that characterize them

are both quantitative and qualitative;

» unambiguous determination of criteria is difficult, and their

variation boundaries are highly variable;

» some of the criteria are defined by multiple sub-criteria that

characterize them, i.e. the criteria are hierarchical (figure 5);

» the difference between the relative importance and significance

of the criteria that characterize the object evaluated in PM issues
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requires the consideration of their relative importance and
weight;

» experts should be involved as a data carrier (source) in the
determination of criteria;

» linguistic expressions of our natural language should be
formalized in relation to uncertainty in the evaluation of quality
criteria;

» collective decisions should be made by several experts, and the
decision maker (DM) may differently evaluate the
professionalism of the experts.

K{U
wi w2 w
(2) (2) eee (2)
K, K, K,
WI/WIJ WiIL W.’]/WJJ\'V]P Wml'/ \Wm.’ W
Fu® | ea® | (k@ | @ | [ £2® fop® | |k | h® |- [hems®

Figure 5. Hierarchal structure of selection criteria that characterize
alternatives

Generalized evaluation criterion K& of the evaluation object of

HRM issue that require intellectual support is defined based on m

number of criteria at Level 2: KO=/K;®, j=1,m} , and these criteria
are also characterized by multiple sub-criteria: Kj@={kj® t=1T }.
In this case, each upper-level criterion is based on the aggregation

of the sub-criteria closest to it, and the decision-making issue is
brought to the evaluation of the generalized criteria.
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Decision methods based on a fuzzy relational model, additive and
multiplicative aggregation®, modified TOPSIS’ and AHP® are
proposed, taking into account the hierarchical structure of the criteria
for the solution of HRM issues discussed in this chapter [12, 13, 15].

In HRM issues that require intellectual support (recruitment,
awarding, etc.), the formal formulation and solution of decision
methods based on additive and multiplicative aggregation taking into
account a fuzzy relational model representing the membership of the
alternatives in hierarchically structured criteria and the nature of the
requirements (“optional™ or "mandatory™) of DM are as follows.

Problem statement: Assume that:

1.X = {xi, i :1,n} — set of evaluated alternatives (candidates for
specific vacancies, employers nominated for awards, etc.);

2. K= {KJ. =1 m} — set of criteria characterizing the alternative;

3. K, ={k,,t=1T/ - set of evaluable sub-criteria characterizing

each criteria (may be "optional™ or "mandatory" in accordance with
DM’s requirement);
4. {(pkj‘ (x,)t=1T, j =1,_m} — membership function of alternatives

to sub-criteria fk,, t=1T, j=1m|;
S. {W

i j=1m } — coefficients of criteria’s relative importance and

® Neumann J.V., Morgenstern O. Theory of games and economic behavior. One of
Princeton University presses. Notable Centenary Titles, 2007, 776 p. (pp.24-29).

" Kelemenis A., Ergazakis, K., Askounis D. Support managers' selection using an
extension of fuzzy TOPSIS // Expert Systems with Applications, 2011, vol. 38, no.
3, pp. 2774-2782.

8 Caaru T.JI. Ilpunsarue pemenuii. Meton ananusa uepapxuii. Ilep. ¢ anrn. M.:
Paawno u case, 1993, 320 c. (pp/9-25).
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t=1T,j=1m } — coefficients of sub-criteria’s relative

T
importance and ijt =1
t=1

The goal is to find the best solution and a customized list of
alternatives based on the determination of the membership of each
alternative to the generalized criterion K.

Problem solution. If the sub-criteria characterizing the issue are
desirable, then the solution to the problem is based on the following
stages:

Stage 1. Based on formula (1), membership function of the
alternative to criteria Kj is calculated (Table 1).

Table 1. Membership function of alternative to criteria K;, {j =1,_m}

Alternat| K
ves K1 K
K11 e Ki1L Kml e KmT
x1 | kg, 0a) [ | Ak O0) o a Oa) T oy O)
v U oL () || P (1)
XI (pkll(xl) PRt (Xi)
ok ) [T ke )
Xn (pkll (Xn) i (pka (Xn )

C J 7

Y. P - P
qul(xi), I=1n PKy (i), P=1n

Stage 2. Based on formula (1), membership function of alternative
xi to generalized criterion K is determined (Table 2).
Stage 3. The alternative with the highest value is selected:

plx*)=maxipy (x;)i=Ln} . (4)
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Table 2. Membership function of alternative x; to
generalized criterion K

Alternati K
ves K Ki Kn
X1 (pKl(X]_) §0Kj(X1) (/7Km(X1)"'
?K,, (Xi)
x| ek 06) | ] ek, ()
?K,, (xn)
Xn ok, (%n) oK ; (xn)
J
N
oK (Xi),i=Ln

The chosen alternate is the “best” one out of a large number of
alternatives, and is rated first in the list adjusted for the value of the
membership function of the generalization criterion K.

If sub-criteria characterizing the problem are mandatory, then
solution of the problem is based on the multiplicative aggregation in
the following stages:

Stage 1. Membership function of alternative to criteria Kj is
calculated:

T Wit
ok ; (X )=tl:[1[¢kjt (Xi)] :

Stage 1. Membership function of alternative to generalized criterion
is determined:

ok (%)= _lnj[l[wj (Xi )}NJ’ .
j=

Stage 3. Based on formula (4), the alternative with the highest value
of the membership function to the generalized criteria K is chosen out
of all the alternatives.

This approach allows the alternatives to be "filtered" according to
"mandatory” criteria.
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In the dissertation, a multi-criteria ranking method allowing for
collective decision-making taking into account the competence of the
experts and the hierarchical structure and different importance rates of
the criteria characterizing the alternatives based on TOPSIS
modification and AHP, is developed [17, 20].

The main idea of the TOPSIS method is that the most preferable
alternative should have the shortest distance from the ideal solution
and the longest geometric among all alternatives from the inadmissible
solution. In order to implement this method, one should handle
linguistic variables and their values that express verbal ranking scales
for measuring attributes. Here, the levels are arranged in the order of
ascension of these attributes’ intensity. In this case, the number of
linguistic variables’ values (ranks) is seven. Fig.6 shows a graphical
representation of the transformation of linguistic values into numeric

equivalents.
ot
00 weak slightly weak not very good very good
weak satisfied good
1
0 1 2 3 4 5 6 71 8 9 10  x
Figure 6. Transformation of linguistic values into fuzzy trapezoidal

numbers

Table 3 shows the 7-level values of the linguistic variable and
respective fuzzy trapezoidal numbers.
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Table 3. Linguistic values and their respective fuzzy
trapezoidal numbers

Linguistic values Fuzzy trapezoidal numbers
too weak (0,0,1,2)
weak (1,2,2,3)
slightly weak (2,3,4,5)
satisfactory (4,5,5,6)
not very good (5,6,7,8)
good (7,8,8,9)
very good (8,9,10,10)

Thus, a multi-criteria optimization technique is proposed for
ranking the alternates in the set X x K xZ referring to the TOPSIS
modification and IAM, and assume that the followings are known:

1. X = {xi, i :1_n} —set of admissible alternatives;

2. K={kj, j=1,_m} — set of choice criteria that characterize
alternatives;

w

K, ={kjt,t=1,_s} — set of sub-criteria that characterize each

criterion;

4. E= {el N :1_g} — group of experts;

S Wi, J=1m — coefficients of criteria’s relative importance
)
6.w tzl,_sj ,j=:L_m — coefficients of sub-criteria’s relative

15 )

jt
importance k; = {kjt,

7.V, 1 =19 — experts” competence coefficients.

Assume f(X) - objective function that guarantees the choice of the
best alternatives:
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1) f(x)=max(f(x), f(X,),... f(x,)) and f(x)—[0,1],

where f(x;) is the resultant vector of the evaluation of alternative
X; € X in accordance with integral criterion K, i.e. f(x,) = K(X;).

2) K(x;)=(p(x;),w,Vv) - integral evaluation of alternative x;

according to the set of evaluation criteria, the weight of sub-criteria in
the integral criterion K and the coefficient of the relative importance
of experts’ competence, where

- p(x;) integral evaluation of alternative xi, i =1,n in accordance
with the values of the linguistic variable by the experts’ preference;

- w=(W,,...,w,) weights of sub-criteria in the integral criterion K,
z=1,Z . Z is the total number of sub-criteria;

- v=(v,,...,V,) coefficient of the relative importance of experts’
competence, according to the decision-maker’s preferences.

3) f(xj) >0, provided that p(x;) >0 .
4) g(K(x),w,v) €G, x € X

4)w; >0, j=1m, > w, =1,
=1

5

B)w, >0, t=1s,, > w, =I.

t=1

&) W, >0,2=17.
9
v, >0, 1=1g, Y v, =1
1=1

The goal of problem is to rank the alternatives by choosing the
alternative with the highest value.

The proposed method is performed on the following algorithm:
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Step 1. Based on AHP, by relative importance coefficients of
criteria {Kj, i=1 m} and sub-criteria {kjt, t=1 sj} with which the
latter will enter the calculation of the integral criterion K. In a
formalized form, wﬁ — the weight of the sub-criterion kjt in the
calculation of the integral criterion K :{kj, J =1_m} ie.

Wﬁ =W, -W; is determined by the multiplication Ww;, where

m S
ij =1, and w;, where Zth =1. During subsequent steps, all
j=1 t=1

sub-criteria are united into a single G set, with a view to simplifying
indexes.

G=tk j=Lmt=1s j=k, 2=1Z},

z:sj71+t,j:],_m, tzl,_sj, S, =0.

jt?

Here, Z is the overall number of sub-criteria that characterize

m
alternatives, i.e. Z = Zsj . In this case, W, =Wﬁ .
j=1
Step 2. The level of membership (relation) of alternatives to sub-
criteria is evaluated by linguistic values (see Table 1) and expressed

by trapezoidal numbersR'=(r!)=(al,b,cl,d!). The expert

1z &z Yzt Yz

evaluation of alternatives’ membership to sub-criteria results in the
following matrix: R' = [ri' ]<:> {a.' b.,c,d, } l=1g.

z 1z 1z? ~iz?

Step 3. The matrix
R' =[ri[1=Tgefar, by cidifi=1g  (5)

iz Mz Yz Miz

Is formed, taking into account the experts’ competence coefficient
v,1=1g.

Step 4. This step determines the single aggregated matrix:
R" = [ri;ll ]C> {alvzl by, ey, dy }r I =1.79 = Ry z[riz]<:’ {aiz’ b, cy. diz} (6)
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Step 5. The elements of matrix R, =[r,|< {a,,b,,,c,,d,} are
multiplied by the weights of sub-criteria. This operation builds the
weighed fuzzy matrix:

RY =|r¥]< {a%, b, c¥, d¥ . )

z iz Miz ' Yiz

Step 6. The obtained matrix is normalized:

w w

Ri’z\l :[rizN]<:>|: s W:|:|:rri:,+:|:{ai':'bi’z\l'ci’;l'di’z\l}' (8)

z

Step 7. The positive ideal (optimal) solution (PIS) X™ is determined.
X =0 =0 ) = (maxr Y maxr) o maxr)) . (9)

Step 8. The negative (worst) ideal value (NIS) X~ is calculated.
X~ = [rz’]z (7, e ) =(minr), minr) ..., minr)'). (10)

Step 9. The distance of alternatives from PIS are calculated.

D*(xi)zjz(D;(xi,X*»z . 1)

Here

D; (X, X*) =\/j((as —a))" + (0l —b)" + (e} —¢))* + (@l —d))") (12)

Step 10. The distance of alternatives from NIS are calculated for the
individual values of each sub-criterion

Z

D™ (x) =\/Z(D;<xi,><‘>)2 : (13)
z=1

Here

; (1. X )= S @l ~an)? + 0} ~b)? (el —e)? + @ ~ap)?) (14)

Step 11. The integral indicator (proximity coefficient) is calculated:
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D(x;)=D"(x;) + D™ (x)
D™ (i) (15)
Xi)=———2.
o(Xj) D(X)
The value of the proximity coefficient ¢(x;) allows ranking the

alternatives.

This chapter gives an overview of how to analyze and process
primary information in addressing HRM issues. In this regard, the
followings are implemented [10, 11]:

— mathematical description of criteria;

— determination of the relative importance coefficients of

criteria;

— detailed analysis of the methods for checking for unanimity

and identifying the contradiction in expert evaluations.

Chapter 4 presents the mechanisms for developing the tools and
HRM decision techniques at micro-level, i.e. in the organization. It
highlights the need for the evaluation of employees’ performance to
make decisions regarding their attestation, rewarding, motivation,
promotion and reappointment in the organization.

To support the decisions on the management of the personnel
engaged in scientific and technical activity, as a research object, the
assessment of their labor activity is solved by the following algorithm
[37]:

1) formation of the structural scheme of the evaluation system,
namely, the alternatives: the list of employees, whose activity is
evaluated, the evaluation criteria system, imposed restrictions and
objectives;

2) selection of methods for the acquisition (selection of experts,
expert evaluation, selection of quantitative and qualitative levels of
criteria) and processing (mathematical representation of criteria,
determination of relative importance coefficient of criterion) of initial
information;
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3) selection of a method that enables an integral evaluation of the
results for the criteria out of certain evaluation set. Development of the
algorithms and appropriate software with the reference to formulas (1),
(2), (4).

Based on the proposed technique, the functional scheme of decision
support system for the assessment of the activity of scientific
employees at the Institute Information Technology of ANAS and their
rewarding, promotion and re-deployment based on the evaluation
results is illustrated in Fig. 7 [37].
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Amnalytics
Affiliation of » 4 Enowladge
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to subcritaria
* 3
o+ p| Decizion-
-*~ 1 making
Initial data processing block
Fasults of an ex].:-ert Fesults of the
AssEsiIm antas aa.:mtad smployees’ survey Expert knowledgs
. with the IEE&tl‘:'E . processing
mportance of cnitenia
. i a o
and sub-criteria _.Ia.ﬂl._matL:al I
description of sub-
criteria
w I k

Interface

F

b

Figure 7. Functional scheme of decision support system for the
assessment of the activity of scientific employees
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Knowledge base consists of the rules representing the managerial
decisions in accordance with the affiliation of the employees' activity
to criteria (or sub-criteria) and summarizing criterion. The first part of
the production rules, which are based on expert knowledge and
described as “if ..., then ...”, corresponds to the specific fact based on
the values of the criterion (or summarizing criterion, sub-criteria) that
characterizes the activity for a particular decision. Whereas the
“result” represents the management decision appropriate to the same
fact. The rules for staff rewarding are based on the proposed limits
related to the amount of the award. It should be noted that the amount
of award to be presented to the employees corresponds to the linguistic
values on 4 levels, as "very high, high, medium, low". In this case, the
rules for awarding can be described as follows:

Rule 1. If ¢k (x)<[0.9, 1], then the employee may be awarded a

"very high" award;
Rule 2. If o (x;) €[0.75,0.9), then the employee may be awarded a
"high" award;
Rule 3. If ¢, (x;) €[0,60, 0.75), then the employee may be awarded
a "medium" award;
Rule 4. If (gx, (x)<[0.00,030] and ¢y, (x)>0,75 and x; €S5), then

the transfer of an employee to the training department can
be viewed;

Rule 5. If (g (x)<[0.00030] and g, (x)e[00-05)), then this
employee can be warned about the wage and execution
discipline and etc.

Here, K is the generalizing criterion of labor activity, K; - a
criterion for scientific-theory activity, kss — training the graduate
students and masters, ksi - a sub-criterion for labor discipline, and Ss
represents a department engaged in scientific and theoretical
activities.
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This chapter develops a solution algorithm based on a multi-criteria
ranking method with reference to TOPSIS modification and AHP to
assess and rank the candidates to be employed in large organizations,
and the problem is implemented in the following steps [20, 30]:

1. Formalization of a criteria system and alternatives. It is supposed
to find ¢@(x;) defined in the range of [0.1] of the recruitment

opportunities as the result of the one-digit evaluation of the
alternatives.

2. Formulation of possible final decisions.

Assume that the following decision options related to employment
are formed:

3.

If o(X,) e[0,0.25), the candidate obviously does not conform to

the requirements of the position, i.e. the candidate is turned
down;

If o(x;) e[0.25,0.45), the candidate weakly conforms to the

requirements of the position, therefore, his/her recruitment
poses high risk.

If ¢(Xi)e[0.45,0.65), the candidate partially (to a certain

extent) conforms to the requirements of the position. The
recruitment of the candidate poses low risk, which can be
compensated for by high indicators in other competencies
during work;

If go(xi)e[0.65,0.85), the candidate conforms to the

requirements of the position, while certain indicators can be
easily improved during adaptation;
If o(x) e[0.85, 1), the candidate fully conforms to the

requirements of the position.
Calculation of the coefficients of criteria’s relative importance

based on pairwise comparison, forming the expert group, and
detection of contradictions in expert evaluations.
4. Calculation of the coefficients of the competence of experts.

36



5. Evaluation of the candidates for the level of membership to sub-
criteria based on linguistic variables (for example, 7-level provided in
table 3).

6. Building a generalized matrix of fuzzy trapezoidal numbers
based on the evaluations of experts.

7. Determination of the proximity of the applicants to the ideal
solution based on formulas (5) - (15).

Based on the proposed technique, the evaluation of the applicants
to be recruited to the HRM department is implemented in the
framework of the Grant SOCARET 2013 project. A system of criteria
for the evaluation of 3 applicants and the coefficients based on their
pairwise comparisons are shown in Table 4 [30]. The distances from
each alternative to PIS and NIS are presented in Table 5.

Table 4. Coefficients of relative importance of criteria and sub-criteria, weight of
sub-criteria in K

criteria criteria Sub-criteria Sub-criteria _—
. . Sub-criteria
relative relative .
. . weight
importance importance 2
. . coefficients
coefficients coefficients
K1-Professional ki1-conformity of 0.06
(education, the education to the 0.54
knowledge, 0.11 job requirements
professional skills, ki2- scientific and 0.46 0.05
abilities, etc.) research abilities '
K2 — motivational ka1- sense of 0.47 0.04
0.08 purpose
K22 0.04
: . 0.53
result orientation
Ks— Business ka-diligence 0.2 0.08
ksz-creativity 0.22 0.13
0.4 kss-initiative 0.26 0.10
Kaa- 0.09
self-sufficiency 0.32
K4 — Personal 01 kay-trainability 0.63 0.06
' k42-can-do attitude 0.37 0.04
Ks — Individual- ks1-physical health 0.35 0.11
psychological and 0.31 ks2-psychological 0.20
e 0.65
health resilience
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Table 5. Distances of alternatives from NIS and PIS by values of each
sub-criterion

pub-criterig X* X D(xaX*) | DOeX) | D(xaX*) |DOuX) | DxX)| D(xsX)
K, |(0.259,1,1,3.857) [0145, 08091338570 0016 | 0.10515 | 0.000 | D(xiX) | D(xoX)| D(xaX)
k,  |(0.293,1,1,4.286) [0235.0.116,0.557, 3068 0,08 | 0.58711 | 0.58050 | 0.09388 0 0.10516
Ks (0.266,1,1,3.75) [0133.0.170,0.781.3088) _0.06 | 0.03889 | 0.01643 | 0.19216 | 0.016 | 0.05325
Ks (0.266,1,1,3.75) [0233,0804,0.788,3375) 024 | 0000 | 0.21312 0 0.13669 | 0.25568
K (0.266,1,1,3.75) [0133.0.767.077L.337) 026 | 0016 | 0.20114 0 023721 | 0.19481
Ko |(0.233,1,1,4.286) [01620.105.077L.385)) 048 | 0.0355 | 0.27593 0 0.25365 | 0.11608
ks (0.266,1,1,3.75) [0133.0.748,0.744.337) 000 | 0.21342 | 0.49862 | 0.11609 | 0.147 | 0.03550
ks |(0.296,1,1,3.375) [0250.0877,002233%) 020 | 0.18755 | 0.20292 | 0.24918 | 0.10053 0
Ko |(0.233,1,1,4.286) [0-166.0925,085,387) 0,00 | 0.15085 | 0.02345 | 002 | 0.07283 | 0.02147
Kio | 0.296,1,1,3.375) [0250,0.780.08%,3375) 013 | 0.07642 | 001 | 0.23018 | 0.0335 | 0.22337
Kii | (0.266,1,1,3.75) [0235.0804,0787.33%) 007 | 0221 | 0.000 | 0.00748 | 0.05190 | 0.11904
K | (0.296,1,1,3.375) [0145,0816,0853,3375) 002 | 0.13943 | 0.000 | 0.07684 0 0.23747

Distance of compared alternatives from PIS and NIS, the
coefficient of their proximity to the ideal solution and respective ranks
are presented in Table 6.

Table 6. Distance of compared alternatives from PIS and NIS, the
coefficient of their proximity to the ideal solution and respective ranks

Alternatives | D(xiX+) | D(xiX) | D(xX?+ D(XX)| ¢y (X)) ranks
X1 0.46847 0.44805 0,91652 0.48886 1
X2 0.80634 | 0.41503 1,22137 0,33981 3
X3 0.91326 0.52174 1,43500 0.36358 2

The proposed method can be applied to different areas of multi-
criterial evaluation, selection and ranking, taking into account the
competence ratios of the experts, the hierarchical structure of the
criteria and the coefficients of importance, without limiting the
number of alternatives and criteria and the number of experts involved
in the assessment.

This chapter shows that the dynamics of development of the ICT
sector results in the increasing demand for IT specialists, the frequent
changes, dynamics and instability of the requirements set out in the
process of their recruitment [8]. These have led to the development of
mechanisms for to manage the labor market of IT specialists based on
fuzzy input data [18, 19, 29]. Taking into account all of these, the
methods are developed to support the decision-making process of
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employers (DMs) to manage the hiring process of IT professionals,
taking into account the requirements for meeting the criteria [9, 14,
26].

In terms of the employers' requirements, in accordance with the
formalization of the problem of employment of IT professionals,
X :{xi, i =1,_n} are the alternatives, i.e. applicants for a vacancy

(rather, forming a supply base), K = {kj, ] zl,_m} - a set of criteria (e.g.,
competitors' knowledge, abilities and personal qualities), and
kj= {kjt,tzl,_s} - sub-criteria. DM specifies his/her requirements for
holding a specific position by means of value related to the obligatory
(0), de5|rab|I|ty (D), and unimportance (U) of sub-criteria
{kjt t=1s, j =1, m( representing the "vacancy portrait", that is, he/she
shapes the base of requirements describing the portrait of the IT
specialist sought.

Obijective of the issue is to select the best alternative from the supply

base in accordance with demand base for occupation of a specific
vacancy or make a ranked list of alternatives from best to worst :

X K" — X". Hereby, X is aset of primary alternatives, K — a set
of sub-criteria marked with obligation (O), desirability (D) and
unimportance (U), X"— a ranked list of selected alternatives in
accordance with demand.

Modellng of the Demand Base. Employer’s sub-criteria
{k,t t=1T, j=1 m} for occupation of a specific vacancy are divided

into three groups as obligatory (O), desirable (D) and unimportant (U)
and form relevant sets: {O}, {D}, {U}.

Let’s note that,

{0;N{DiN{U}=0
and
Oluplul=f, t=1s, j=1m |,

i.e. these sets do not have a common element, any element
k;, € K; € K can belong to only one of these sets.
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Following possible situations — scenarios can happen depending on
distribution of sub-criteria {kjt t=1s, j =1_m} among sets {O}, {D},
{U}.

Scenario 1. All sub-criteria defining criteria K; are obligatory:
kit € {O}’ t :E ;

Scenario 2. A part of sub-criteria defining criteria Kjare obligatory,
another part is unimportant: k, e {O}u{U}t=1s;

Scenario 3. All sub-criteria defining criteria K; are desirable:
th € {D}, t ::L_S;

Scenario 4. A part of sub-criteria defining criteria Kj are desirable,
another part is unimportant: k, e {D}u{U}t=1s;

Scenario 5. A part of sub-criteria defining criteria K are obligatory,
another part is desirable: k, e {O}U{D},t=1s;

Scenario 6. A part of sub-criteria defining criteria Kjare obligatory,
another part is desirable and a third part is unimportant:
k, e{0}u{D}u U} t=Ts;

Scenario 7. All sub-criteria defining criteria Kj are unimportant:
kjt e{U},t:JTS.

(Let’s note that, scenario 1 and 3 do not emerge during research and
scenario 6 is the most common scenario.).

Formation of the proposal base. As a result of the determination of
the membership of IT-specialists to be recruited, a supply base is

created, {q)kﬁ (xi),t=1,_T,j=1,_m} is a membership function of
(=1T,j=im)

Assessment of alternatives. The following multi-scenario decision
method is proposed to assess the compatibility of the alternatives to
the recruitments of the employers for announced vacancy in the
process.

alternatives to sub-criteria {k it
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Stage 1. Membership functions are determined for the alternatives
criteria in accordance with the generated scenario.
1. Based on Scenario 1, membership function of the alternative to
criteria Kj is calculated using following equation.
th

Pk (Xi):ﬁ[(”kjt (Xi)] :
t=1

Here ¢, () is the membership function of the job application to
kit indicator, wjt —importance factor of sub-criteria kj.. Let’s note that,

Zslet =1, t=1s condition must be met for criteria indicators.
t=1

Based on Scenario 2: Suppose, g quantity of sub-criteria defining
criteria Kj are evaluated as unimportant and naturally g<s. Then, the
membership function formula of the alternative to criteria Kj (1) is
defined based on s-g quantity of obligatory indicators.

s—g Wit
3 (Xi)=1_[[(ﬂkjt (Xi)] :

Based on Scenario 3: Membership function of the i-th alternative

to K; criteria is calculated using:

S
(pkj(xi)=Zth Pk (x;).
t=1
Based on Scenario 4, membership function of i-th alternative to
criteria Kj is found only based on formula for sub-criteria included in
{D} set (2):

s=g
o (%)= Zth Pk iy (x;).
J J
t=1

Based on Scenario 5, in order to find the membership function of i-
th alternative to criteria K;, first, the difference of membership function
of its obligatory indicators from 0 is checked and if one of them equals
to zero, then ok, (x) =0 is accepted:
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g S
Pk (><i)=1_[[(/7kjt (Xi)}th + D Wit ok, ().
t=1 t=g+1
Here, k, e{M}d=1g — Kj is the obligatory sub-criteria
characterizing criteria Kj, and naturally, in this case, g<s.

During the solution of the problem based on Scenario 6, if S
quantity of sub-criteria Kj is evaluated as unimportant, then it is
possible to find the membership function of the alternative to this
criterion by carrying out the operational sequence relevant with
formula (3) in accordance with s-g quantity of sub-criteria:

g S
Pk; (><i)=l_[[(/>kjt (Xi)]th + Zth'(/’kjt (%),
t=1 t=g+c+1
Here s—(g+c) — is desirability sub-criteria number.

During the solution of the problem based on Scenario 7, during the
definition of membership function of the alternative to K, (i.e. the
value of the job applicant’s chance to get the job), its membership
function to K;is not taken into consideration.

Stage 2. Basing on aggregation of membership functions
{(pkj (%) ] =1,_m} according to the following formula:

Pk (Xi): i_le Py, (Xi)

is defined ¢ (x; ), i=1,n — membership functions of alternatives x;
to generalized criteria K. Here, w; — coefficient of importance of the
m
criteria K; and ) w; =1.
j=1

Stage 3. Obtained results are reviewed based on the rules of 3™
condition, and appropriate decision for each alternative.

px*)=maxfpy (x )i =Ln|.
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The chosen alternate is the “best” alternative and ranked first in the
adjusted list. The multi-scenario approach proposed for the
recruitment of IT professionals also enables the selection of an
employee in accordance with the specific requirements for "vacancy
portrait” set forth by DM in other areas undergoing dynamic changes.

This chapter highlights the HRM decision support issue in VO,
sometimes referred to as networking organizations [31, 32]. The
formation of VO's human resources is determined by the involvement
and recruitment of employees to VO. To solve this problem, a method
for identifying the priority of alternatives is proposed, with the
reference to AHP and multiplicative aggregation, pairwise criteria
comparison and conflict detection criteria. The problem of assessing
each employee's performance in achieving a common outcome in VO
is analyzed, and it is shown that, composed of virtual workers (or
virtual group), VO can be described as a system of fragmented
distributed subsystems. Each of these employees has a personal
purpose, but does not have enough information and resources to solve
a common problem. Depending on the nature of the function
performed by the virtual groups, three types of distribution are
distinguished: 1) virtual groups are performing the same functions -
horizontal distribution; 2) virtual groups are performing the functions
of different characteristics - vertical distribution; 3) virtual groups are
performing the functions of blended characteristic - blended
distribution. The physical fragmentation of the needed information
depends on the criteria that characterize the alternatives (employees)
and the relations with the sub-criteria. Thus, the assessment of
employees' performance in VO consisting of subsystems is solved by
reducing the task to the decision-making task in a distributed
environment °.

Depending on the nature of the function performed by employees,
the following decision-making methods are proposed.

® Abbasov A.M, Mamedova M.G, Jabrayilova Z.G., Alijev E.R. Management
Decision Support System on Distributed Structure // IFAC Proceedings Volumes,
1992, 25(18), pp.239-240.
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1. Workers of VO perform same functions, that is, their activities
are characterized by the same criteria.

Decision-making methods in distributed environments. The
following conditions in horizontal distribution of Virtual Groups are

G
ensured: X = J X,

g=1
where X is a set of alternatives, X;; - alternatives in the g-th fragment
(sub-system) and X;;, N X; =g and K, nK; =K, =K; =K forVv

9.

That is, the alternatives distributed by fragments are characterized
by the same criteria. Criteria have a hierarchical structure and different

weight coefficients, i.e.: K = {Km, m=1M } W1, Wa, ..., wr —are the
relative importance ratios of criteria K_,m=1,M .

K, :{kmt,tzl,_T} and  Wmi, Wmz, ... , wmr are the relative
importance ratios of sub-criteria characterizing the criterion K.

Assume that, in each fragment, the membership function of sub-
criteria is known:

0, (50 20, () 0, (0 =, (g £ =17

Decision making process is performed on the following steps:

1. The membership function of alternatives to the criterion Kn in
each fragment is defined:

.
Pk, (Xig ): lemt P (Xig )
t=

2. The membership function of alternatives to the generalized
criterion K in each fragment is defined:

Pk (Xig ): %quDKm (Xig )
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3. The maximum of alternatives by fragments is selected:
plx*)=maxlp, (x, ) 0 =1.G, i =1N}.

The alternative with the maximum value is the final decision on
horizontally distributed virtual groups, and it is found out of set of
decisions with the maximum values on fragments, i.e.,
X e {x,g .9 :1,G}.

2. Workers of VO perform different functions, that is, their

activities are characterized by different criteria and such distribution
corresponds to the distribution of vertical fragments.

The following conditions are ensured for vertical distribution of

M
virtual groups: K :UKm, where K consists of a set of criteria

m=1
K = {Km, m :L_M} with different importance degree, and M — the
number of fragments (groups). K ={kmt,t:],_T} is a set of sub-

criteria with different importance degree in each fragment, and Wma,
Wm, ..., wmt are the relative importance factors of sub-criteria.

In this case, the following conditions are ensured: K, "K ;=0
and X, N X, =X, =X; =X forvg#.

That is, the same alternatives for vertically distributed VO by
fragments are characterized and evaluated by different criteria.
Assume that membership function of the alternative x; to the sub-
criteria in the m-th fragment is known:

{(Pkm (Xi )' Dy, (Xi )7 ey Dy (Xi )}: {(Dkrm (Xi )’ t= ]-’_T}
Under these conditions, a decision method for VO distributed by
vertical fragments is proposed.

Selected alternative with the maximum value corresponds to the
final decision on the vertical fragments, and this decision may not be
from the best decisions, i.e. from the set of fragments

Prm (X*)z max{(PKm (Xi )v I = ]-,_N}
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3. Workers of VO perform blended functions, that is, in an
environment where the VO is distributed by blended (both
horizontally and vertically) fragments, the decision-making process
can be accomplished by referencing to decision-making methods in a
vertical distribution environment.

Chapter 5 analyzes the status of human resource support in meso-
level, i.e. in the medical sector, and provides a review of the main
indicators of medicine [36]. It highlights the impact of the integration
of information technology into the medical field, the formation of
electronic medicine and the trends created by the Big Data
phenomenon in the medical sector and the supply and demand for the
staff in this sector [22, 23, 25]. It is mentioned that, currently, in
accordance with WHO initiative, to assess the supply and demand for
medical personnel, it is referred to sociological survey methods and
statistical methods. However, the incompleteness of statistical data in
the medical field, ignoring the recent changes in their collection and
processing, do not allow for an adequate picture of the medical
professionals’ market, and the quality aspects of supply and demand
related to competencies can only be evaluated by expert assessments.
In addition to sociological surveys, it is necessary to refer to scientific
approaches and methods, and to develop scientifically sound
management mechanisms to regulate the supply and demand for
medical personnel, in order to provide human resource trainings in
accordance with these requirements. Demand and supply management
is examined from the point of view of medical professionals and
employers, who are separate market participants. The behavioral
strategies of these subjects are analyzed at the level of the medical
institution [24]. At the level of the medical institution, the structure
and volume of demand for medical professionals and the requirements
for their professional and personal competence are specified.
Therefore, the proposed scenarios in [35] and appropriate decision-
making methods are developed in accordance with the multivariate
compatibility of supply and demand in the medical personnel market
[27, 28].
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Problem statement. Assume that there are two sets of fuzzy
situations describing the state of demand \7I and suppIySg in the
medical labor market:

\7i = {< ILlIIJ (Vi)>'< IUCif (Vi)>’< ,Uui}, (V|)>}: {IUVI (y)/Y}
Sq = {< g (Sg )>’< He g (Sg )>< Hug, (Sg )>}= {L'sg (y)/y}-
The set \7, = {,uvi )/ y} i =1k isthe description of fuzzy reference

situations and the set §g = {ﬂsg (y)/y} g :1,_q IS the description of

fuzzy real situations. L={|,-},j=1,_n — a set of personal features,

C={c, ) f =L m —a set of real competences; U ={u } y=1p —a
set of preferences.

For intelligent management of demand and supply in the medical
labor market, it is proposed to reduce the problem of making decision
on matching demand and supply to a problem of fuzzy pattern
recognition. The problem of pattern recognition is based on a fuzzy
situational analysis and determination of the degree of similarity of
fuzzy situations.

Problem solution. Various measures for determining the degree of
similarity between two fuzzy situations including one-step or multi-
step estimation procedures are discussed. In the present work, the
degree of fuzzy equality is used as the measures of estimation of the
degree of proximity of fuzzy real and reference situations 1°:

#(Sq VD)=V (Sg Vi)V Vi, Sg)=&ulus  (¥), iy, (¥))=
(16)

= Teig min(max(1—us (y). 4y, (¥)), max(us (y),1- sy, (¥)))]

10 Menuxor A.H., Bepuureiin JI.C., Koposun C.5I. CUTyalMOHHbIE COBETYIOIIHE
CHCTEMBI C HEYETKOM Jorukoit, M.:Hayka, 1990, 272 c. (p.105).
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The situations §g and \7i are considered fuzzy equal §g z\7I if

y(S~g,\7i)2y/and w €[0,7;1], where y is some threshold of fuzzy
equality of situations.

On completion of the process of recognition of the most appropriate
(by the degree of proximity) pair "employer — medical specialist”
among the sets of real search images of medical specialists (supply)
and the reference search images of request (demand), several possible
scenarios can take place:

Scenario 1. One vacancy (the employer's request) and one
candidate (medical specialist).

In this case, if the degree of fuzzy similarity between two situations
(16) (the reference search image of vacancy and the search image of
the applicant) is not less than the threshold specified by the employer,
the decision on hiring is made.

Scenario 2. In accordance with the measure of similarity between
two fuzzy situations, several candidates (medical specialists)
correspond to the employer’s preferences. The candidates form a
subset of fuzzy situations (alternatives), out of which one must be
chosen as corresponding to the most suitable candidate.

Scenario 2.1. The decision-making task is reduced to the
comparison of similarity between the reference and the real-life
situations by the degree of possession of the criteria characterizing the
candidates for the vacancy. The best alternative (the candidate) is
considered one who has the greatest degree of similarity by matching
the criteria and the level of their possession.

Scenario 2.2. The decision-making task is reduced to a multi-
criteria choice of the best possible solution (alternative) taking into
account the relative importance of the criteria characterizing medical
specialists.

Method for decision making. In this case, the task of decision-
making is implemented in accordance with the following stages:
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Step 1. The coefficients of relative importance of the indicators
shall be defined.

Assume that: @, ] =1,n — coefficients of relative importance of
indicators characterizing the criterion L; ey, f =1, m — the criterion

C; a)y,}/:l,_p — the criterion U.

Step 2. Based on the aggregation of the degrees of possession of
individual indicators (i.e.
H (gg'\7i)1 J :ﬁ, ﬂc(ég’vi)a f :m ﬂu(§g1\7i)17:11_p the SpeCiﬁC
medical specialists determine the degree of fuzzy similarity of fuzzy
real situations with the reference situation by the following step:

a) Based on the “convolution” g4 (gg ,\7i), j= 1,n, the degree of

fuzzy similarity between real and reference situations is determined by
personal characteristics (L):

i (Sg%) = Xow; s (S0

b) Based on the “convolution” g, (§g,\7i), f =1,m — the degree of

fuzzy similarity between real and reference situations is determined in
terms of competences (C):

c) Based on the “convolution” s, (S,,V;), » =1 p — the degree of

fuzzy similarity between real and reference situations is determined
through the prism of the requirements for the vacancy U:

# (8q:Vi )= Z:Ww“u (Sg:Vi).
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d) Based on the obtained results and coefficients of relative
importance L, C and U —w., Wc, wu, the similarity rates of the real
situation with the reference ones are determined:

1 (S Vi) = @ -y (Squ Vi )+ e - e (S Vi ) + s - a4y (S Vi )-
Step 3. Fuzzy real situation with the maximum value is chosen:
(p(§g,\7i)*=max{ (S4.Vi). 9= 177}

The selected fuzzy real situation corresponds to the search pattern
of the applicant, who has the highest fuzzy similarity with the
reference pattern of the vacancy, and is accepted as the best solution.

Scenario 2.3. The list of evaluation criteria is extended, and the
input situations are re-defined (reexamined) and the recognition
procedures are repeated. Block diagram of the decision-making
process for scenario 2 is shown in Figure 8.

Scenario 3. Several employers are identified, who are interested in
hiring one specialist, i.e. “more fuzzy reference image — one fuzzy real
image”.

Scenario 3.1. The proximity rate of the claims of the medical
specialist with the criteria characterizing the conditions of
employment shall be compared, and decision shall be made on the
greatest coincidence of the degree of possession of the criteria.

Method for decision making. The task of decision making is
reduced to the comparison of the similarities between real and standard
situations in terms of the similarity rate of the conditions offered by
employers and the claims of the applicant. The best vacancy has the
highest similarity by the coincidence of the criteria that characterize
the conditions offered by employers, and the applicant’s claims. Thus,
assume that:

#(8q.V;) =max{u(Sy.Vy) 2=1,f, g=1qf
V,elV,, i=1k}, Sqef{Sqg=1aq}, 2<f<k.
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Figure 8. Block diagram of the decision-making process for
scenario 2
51



In this case, the pair with the maximum value of the degree of fuzzy
similarity situations is defined by the following formula:

#(Sq.Npg) = max{,uU (S4.V,), z =1,_f}. Vg e{\72, z =1,_f}.

The fuzzy reference situation is accepted as the best solution, which
is corresponding to the search pattern of the vacancy that has the
highest fuzzy similarity with the applicant’s real pattern.

Scenario 3.2. The task of decisions making shall be reduced to the
multi-objective task of choosing the best solution, taking into account
the relative importance of the criteria that characterize workplaces.

Method for decision making. The task of decisions making shall
be reduced to the multi-objective task of choosing the best solution,
taking into account the relative importance of the indicators
characterizing the preferences of the IT specialist (U), expressed in
terms of his/her requirements for a IT profile vacancy.

If @,y :1,_p the coefficients of the relative importance of the

indicators characterizing the criterion U, then a fuzzy reference
situation that has the greatest degree of fuzzy similarity with the
applicant’s real image is determined based on the following formula:

. P . —

#(Sq.V,) = max{Zwy “ty (89.V,) 2=1, f}
y=1

The selected pair is taken as the best solution.

Scenario 3.2. The task of decisions making shall be reduced to the

multi-objective task of choosing the best solution, taking into account
the relative importance of the criteria that characterize workplaces.

Decision-making methods and algorithms are developed for
each of the proposed scenarios and implemented in an experiment to
address the decision support on the recruitment of medical
professionals.
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Conclusion
Scientific and theoretical aspects of HRM were analyzed, the
tasks of decision support on the hierarchical levels of HRM were
determined; the need for using a fuzzy mathematical apparatus for
their modeling was proved.
A method of forecasting demographic indicators based on the
model of fuzzy time series were proposed for decision support in
the formation of personnel and socio-economic policy of the state;
an intellectual system of demographic forecasting was developed.
A labor market model for decision support in the formation of
long-term employment policy of the country was proposed; and a
methodology for multi-scenario forecasting and scheduling of
labor market using the hierarchy analysis method (HAM) was
developed.
A method for estimating the efficiency of the labor market and its
subsystems based on fuzzy relational model was developed;
taking into account the hierarchical structure of the criteria.
A method for estimating family incomes to identify low-income
families in the poverty reduction system was developed.
Specific features of the HRM tasks of the organization
predetermining its weak structure and multi-criterion nature of the
decision-making tasks were proposed; a conceptual and
generalized model of these problems was proposed.
Methods of decision-making on HRM tasks in organizations
based on additive and multiplicative aggregation were proposed,;
appropriate algorithms and tools were developed for decision
support for the management of scientific and technical personnel.
A methodology for multi-criteria ranking based on HAM and
modification of TOPSIS was proposed; an appropriate algorithm
was developed and implemented in phases for decision support in
the personnel recruitment.
Methods were proposed for initial information processing for
decision support in HRM tasks; a method for mathematical
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10.

11.

12.

13.

14.

15.

description of criteria, a method for determining the relative
importance of criteria, and a method for identifying contradictions
in expert assessments were proposed.

Multi-scenario  decision  methods showing employers'
requirements for a "job portrait" in the recruitment of IT
professionals were developed.

A methodology for personnel recruitment in virtual organizations
based on HAM and multiplicative aggregation was proposed and
implemented.

Methods for decision-making in a distributed environment for the
evaluation of the performance of the personal in virtual
organizations were proposed.

Given the multivariance of supply and demand of medical
personnel, scenarios were proposed, according to which the
methods and algorithms for decision support in the management of
medical personnel were developed basing on the degree of fuzzy
proximity of the fuzzy situation of supply and demand.

A multi-scenario methodology for managing supply and demand
was implemented on the example of recruitment of medical
personnel applying for certain vacancies.

The tools and packages of applied programs for the management
of the human resources of a country by the hierarchy levels were
developed and implemented.
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