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Abstract

The paper describes the necessity of application of intelligent technologies to support decisions of
more objective problems in human resource management. In this paper, we describe the metho-
dology for personnel selection problem for the vacancy with regard to the importance and none-
quivalence of numerous indicators characterizing the alternatives. The specific features of the se-
lection problem are highlighted, immersing the problem into a fuzzy environment. A fuzzy multi-
criterial model of the personnel selection problem is proposed. A technique of order preference
by similarity to ideal solition (TOPSIS), was applied for evaluation and regulation of alternatives.
This technique is based on criteria of qualitative character, which are hierarchically structured by
multiple experts to intellectually support decisions made in personnel selection problem. Using
TOPSIS method and generated criteria system an experiment was conducted for evaluation of the
candidates during solution of hiring problems. The obtained and reviewed results were compared
with results obtained using in reality.
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1. Introduction

In the transition to knowledge-based economy, ensuring effective performance and competitiveness of the or-
ganization (enterprises, companies, firms, etc.) requires increased attention to the personnel, i.e. human factor.
Employees of the organizations are considered as the main strategic resource, ensuring its performance and
achievements of its objectives. According to this concept, the staff becomes one of the main resources of the or-
ganization and the necessary funds must be invested to ensure its proper management and optimal conditions for
its development [1].
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The concept basis of personnel management constitutes an increasing role of the worker’s individuality, his
knowledge of mativational attitudes, and his ability to shape and direct them in accordance with the challenges
facing the organization. Intelligent capital occupies a special position among other assets and requires specific
approaches to the management perspective [2]. Evaluation of intelligent capital of the organization is needed to
determine its effectiveness and growth factors, as well as to make decisions on the advisability of investment in
this resource.

Obijectives of human resource management (HRM) are the basis of personnel policy. The correct solution to
these problems, making objective and transparent decisions on HRM allows the organization to achieve its
global goals [3] [4]. In general, today, an effective HRM becomes the strategy of the company. In this case, the
funds invested in the development of human resources, transform into an investment, not expenditure [5]. The
changes, occurred in the labor market, require major changes in the relationship with employees, in the policy of
their recruitment, retention and motivation. In this regard, human resource management at the professional level
has become a strong modern means used in HR. Fundamentally new attitude towards the personnel as valuable
resource of the organization actualizes the importance of developing new conceptual approaches and technolo-
gies for HRM. Therefore, in recent years, computer technology is increasingly used for the HRM problem solu-
tions.

Thus, to make more objective decisions regarding personnel planning, selection, recruitment, adaptation, fir-
ing, promotion, development, training and motivation of personnel the decision-maker (DM) must evaluate and
take into account the information in each case, that characterizes the applicant, his interests, potential impacts
and results. Essential factor for the quality of personnel management is its assessment using competencies. The
problems solved in the field of HRM are complex and varied. They are united by the fact that the finite number
of evaluated objects is used as the raw data, and these objects are characterized by a set of diverse features, i.e.
these tasks are multicriterial, and many factors should be taken into account, many influences, preferences, in-
terests and consequences, characterizing alternatives should be evaluated [6]-[8].

Volume, quantitative and qualitative nature, complexity and contradictions of the information flow to be
reached to the decision-makers, as well as the need to address the interrelationship of numerous factors, dynamic
situation created difficulties in decision-making on human resource management. To overcome these difficulties,
and consequently, more effective HRM of the organization the application of intelligent decision support tech-
nologies seems appropriate [7]-[9].

The following problems belong to the HRM problems that are most frequently met in practice [4] [10]: selec-
tion of applicant on a vacant position; compliance of workers to requirements of a workplace, a position; forma-
tion of a personnel reserve and planning of vocational advancement, career; selection of people on key positions
in operation of business; awarding, compensation of employees etc.

In this paper, we describe the methodology for personnel selection problem for the vacancy with regard to the
importance and nonequivalence of numerous indicators characterizing the alternatives (candidates applying for
the position).

2. Personnel Selection Problem

Personnel selection often acts the most important role for controlling the human source and quality in HRM [4]
[11] [12]. Effective employee selection is a critical component of a successful organization. Personnel selection
is the process of collecting and evaluating information about individuals and choosing those who match the qua-
lifications needed to perform a predefined job in the best way [13]. This process plays a determining role in
HRM and is crucial to the success of an organization.

References [14] and [15] reviewed the personnel selection studies and found that the several main factors in-
cluding change in organizations, change in work, change in personnel, change in the society, change of laws,
and change in marketing have influenced personnel selection. In literature, there are a number of studies which
use heuristic methods for employee selection. A fuzzy MCDM framework based on the concepts of ideal and
anti-ideal solutions for the most appropriate candidate is presented in [16]. Also, a fuzzy number ranking me-
thod by metric distance for personnel selection problem was proposed in [17] and a personnel selection system
based on fuzzy AHP was developed in [18].

In addition, researchers used fuzzy technique for order preference by similarity to ideal solition (TOPSIS)
based on the veto threshold for ranking job applicants [19]-[22].
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Recently, owing to the advancements in information technology, researchers have developed decision support
systems and expert systems to improve the outcomes of HRM [23] [24].

A model to design an expert system for effective selection and appointment of the job applicants is developed
in [25]. The applications of expert system or decision support systems on personnel selection and recruitment
are increasing [11] [12] [26]. In this paper, the description of fuzzy decision-making support method in the solu-
tion of employment problems is given, and comparison of the results obtained by this method application and
the results obtained by real use of approach are presented hereunder.

Therefore, the goal of personnel selection is applying a valid and effective method to reduce the risks of hir-
ing an unsuitable employee, and increase the opportunities to find an eligible employee who can enhance the
productivity of the organization [4] [27]. In other words, businesses find eligible employees meet the require-
ments of organization and occupation from mass job applicants through effective personnel selection methods.

The technique for the personnel selection proposed by the authors in this paper has the following advantages:
1) allows the use of both qualitative and quantitative data; 2) removes the limit on the number of criteria and the
number of experts; 3) takes into account the hierarchical structure of criteria. The main advantage of the article
is to carry out the step calculation and allowing the comparison of experimental results with real data.

3. Conceptual Model of the Personnel Selection Problem
3.1. The Specific Features of the Personnel Selection Problem

The problem of personnel selection for the position is classified as semi-structured tasks, which is traditionally
reduced to decision-making [7] [9] [19]-[24]. The attitude of the decision-maker and preferences (experience,
knowledge and intuition) of the experts play an important role in the implementation of such tasks. Intelligence
support policy of choice (selection of experts), in this case, is defined by a specific manager—DM, experts in-
volved in the evaluation process of alternatives for set of attributes forming the level of satisfaction of alterna-
tives criteria and preference relations for each of them, and the estimating problem of the applicants for the posi-
tion can be reduced to the adjustment of alternatives in fuzzy initial information.

Before shifting to the methods of candidates’ selection, it is important to formalize requirements for the posi-
tion or workplace of the future employee, based on the development strategy of the organization and characte-
ristics of its corporate culture. For selecting the employee, it is necessary to determine the presence or absence
of a candidate’s competence, which is needed for the effective performance, i.e. a set of knowledge, skills, abili-
ties, social and personal characteristics and behavior of employees, defined with the objectives of the organiza-
tion and set for specific situation. Approach based on competences allows one to link a whole HRM: in recruit-
ment, career planning, assessment of performance and development in the promising coming years [2]. For se-
lecting the candidates, their competence is assessed and compared with the “portrait of an ideal employee”,
conveyed by a set of corporate performance at a given workplace [4] [7] [19]-[24] [28] [29]. Note that the com-
petence of a person is characterized by a number of factors and indicators, and depending on the fields of pro-
fessional activity, profession and profile of the organization, these figures have different relative weights of im-
portance [7] [19]-[22] [30] [31].

Recently, a new trend in the selection of personnel has been observed, which is expressed in individual re-
quirements of the employers for applicants for a certain position, which involves an assessment of the latter one
from the standpoint of obligation, desirability and the lack of demand characterizing the indicators with respect
to the proposed position. Hence, the figure, which is mandatory according to the preference of one employer for
the purposes and needs of another one, may be desirable or even unnecessary [32].

Accordingly, as semistructured, the problem of personnel selection is characterized by the following features:
- multifactorial and multicriteriality;

- criteria and indicators of qualitative and quantitative nature;

- the need to consider the views in the evaluation process;

- hierarchy rate criteria characterizing evaluated object, expressed in the fact that each top-level individual
criterion is based on the aggregation of partial criteria.

These features “immerse” the task of hiring into a fuzzy environment, i.e. into the “medium-Zade”, and cause
decision making on the selection of the most suitable candidate for the position in poorly defined fuzzy situation
[33] [34].

Thus, an evaluation model referring to fuzzy formalism for development of an intellectual system supporting
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decision making person for realization and reflecting expert knowledge must be proposed (desirability, obliga-
tion and unimportance of criteria indicators).

So, the following must be known for solution of evaluation issue in solution of staff management issues re-
quiring intelligent support:

o Setof evaluated alternatives: X ={x,X,,---,X,} :{xi,i :1,n};

e Set of criteria characterizing alternatives: K ={K,,K,,---,K } = {Kj, j=1 m} ;

e Setof evaluable indicators characterizing each criteria: K; = {kjl, Kigro ij} = {k,-pt :1,T} ;

Value range of each evaluable indicator—Y ;

Expert group participating in evaluation (decision making process)— E ;

Relationsin X, K andE sets— P ;

Linguistic expressions reflecting the level of relevance and relation of alternatives to criteria indicators— L .

Relative relations in same-group indicators and criteria sets—W .
Listed components of selection are united in below relative-set model: Ms = (X, K,Y, E, P, L, W).
Solution of evaluation and selection issue based on this model requires development of a relevant method,
which refers to solution methods of multi-criteria issues using fuzzy mathematical formalism for this purpose
[33] [35].

Current article reviews the application issue of TOPSIS method for evaluation and regulation of alternatives

(selected, regulated) evaluated for intellectual support of decisions made in personnel selection issues based on
hierarchically structured criteria of qualitative character by multiple experts.

3.2. TOPSIS Method

For the realization of selection issue, the level of relevance and relation of alternatives to criteria indicators,
based on conversion of linguistic expressions of quality of our natural language to a fuzzy number (triangle or
trapeze) based on proximity to an ideal solution and remoteness from an extremely bad solution traditional are
carried out using TOPSIS method allowing discovery of the best solution and ranging of alternatives. In the re-
viewed case, trapeze fuzzy number has been used.
Definition 1. Trapeze fuzzy number membership function is a fuzzy set depicted as below (Figure 1).
Trapeze fuzzy number is indicated as (nl, n,,n,, n4) quadruple and here n;, n,, n,, n,—are real numbers.
Fuzzification of trapeze fuzzy number is defined as below:

0, X<ng,
X—n
, N <x<n,,
n,—n
u1(x)=141, n, <x<n,, @)
X—n,
, N <x<n,.
n,—n,
0, X>n,.
N\
0 (x)
1
0 .
Ll
m n, ns Ny X

Figure 1. Trapeze fuzzy number.
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If n,=n, in A =(n,n,n,;n,) trapeze fuzzy number, then it convertsintoa N triangle fuzzy number.

While using TOPSIS method, some operations on fuzzy numbers must be paid attention to. Let’s assume that
we are given two trapeze fuzzy numbers @ =(n,,n,,n,,n,) and m=(m,m, m;,m,).

Following extensibility principal must be met for their fuzzy sum, difference and multiplication:

=]

@m=[n +m,n,+m,,n;+myn, +m,],

m-m=[n,-m,,n,—m,n,—m,,n,—m], @
A®m=[nm,n,m,,nm,,n,m,],
A®r =[nr,n,r,ngr,n,rl.

Definition 2. Let’s assume that two 7 =(n,,n,,n;,n,) and m=(m;,m,,m,;,m,) trapeze fuzzy numbers are
given. The distance between them is calculated as following [28] [36].

6.(nm)= () s (rs ) ) (o ®

If m and m are similar (same) fuzzy numbers, then d_(7,M)=0.

In order to apply this method, unit quality measuring scale is accepted [7]-[9], each evaluable criterion indi-
cator is graduated in accordance with 7 level quality evaluation degrees and their trapeze fuzzy number conver-
sion principal is referred to (Figure 2).

Trapeze fuzzy evaluation table of linguistic quality degrees is as following. Based on Table 1, a fuzzy number
can be found for each linguistic expression.

For example, the fuzzy number of “medium good” linguistic expression is defined as (5, 6, 7, 8) out of 10
point rating. Then the fuzzification of “medium good” can be demonstrated as following:

$(x)
Very Medium Medium Ver
poor  poor poor fair good good goo\é
1
>
0 1 2 3 4 5 6 7 8 9 10 X

Figure 2. Conversion of linguistic expression to fuzzy number based on rating.

Table 1. Conversion of linguistic expression to fuzzy number based on rating.

Linguistic expression Fuzzy number
Very poor 0,0,1,2)
Poor 1,2,2,3)
Medium poor (2,3,4,5)
Fair (4,5,5,6)
Medium good (5,6,7,8)
Good (7.8,8,9)

Very good (8,9, 10, 10)
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0, X <5,
X725 5ox<s,
6-5
Predium good (X) =41 6<x<7, (4)
X—_B, 7<x<8,
7-8
1, X>8.

4. TOPSIS Method in Solution of Personnel Selection Problem
4.1. Problem Statement

To provide correctness and objectiveness of decisions made in relation with staff management in the organiza-
tion, decision options in relevance with each problem statement are defined and evaluation objects—alternatives
and characterizing criteria, indicator system defining these criteria is formed, they are evaluated by finding the
relevance degree of alternatives to these indicators and depending on this value, decision option related to them
(alternatives) is selected. Thus, let’s assume that:

1. X= {xi i :1,_n} —is a set of evaluated alternatives and the best alternative must be chosen, for example,
candidates to be hired in the hiring issue;

2. K= {kj, j= 1_m} —is a set of criteria with different weights relevant to criteria (for example criteria cha-
racterizing hired people) and these criteria are also defined based on multiple indicators with different weights;

3. kj = {kjt 't :1_51} —evaluable criteria indicators with different weights;

4. E= {e, A= 1_9} —set of experts evaluating the relevance of alternatives to criteria indicators.

Obijective: evaluation and regulation of alternatives based on linguistic expressions of quality used by the ex-
perts reflecting the relevance of alternatives to criteria indicators with different weights.

4.2. Solution of the Problem

Headings, or heads, are organizational devices that guide the reader through your paper. There are two types:
component heads and text heads.

m
1°** Step. Referring to methods described in [30] [37], importance coefficient W, (ij :1] and importance
j=1

coefficients w,, t=1s. j=1m are defined. Later, by referring to hierarchic analysis method, weight-

j[y 1o e S

weight coefficient of each k, , j=1m, t=1s criteria indicator in generalizing K :{kj, j :1,m} criteria
is defined.

=W W, . (5)
Here:

=5, ,+t, j=1,_m, tzl,Tj, S, =0 and z=12Z. (6)

Z —is the general number of criteria indicators.
2" Step. Relevance level of alternatives to criteria indicators are expressed in accordance with seven quality
levels of our language (very poor, poor, medium poor, fair, medium good, good, very good). Each such expres-

sion is a quality level forming relevance— {¢kz (%, )} of k, evaluable criteria indicator of x, alternative, and

is expressed in relevant trapeze R'=(r.)=(aj,.b}.c},

di'z) with a fuzzy number. For example, if relevance of

x; alternative to any k, criteria is evaluated by expert | as “good”, then, its conversion to a fuzzy number in
trapeze is expressed as “good” r! = (7,8,8,9), and if evaluated as “very good” is expressed as, “veru good”;
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r = =(8,9,10,10).
Linguistic expression of relevance of alternatives to criteria indicators by experts result in R = [ ,ZJ , Mma-
IXZx
trix with ixzxl dimensions.

3" Step. Based on individual evaluation of experts— E = {el,l :E} single-generalized matrix referring to

g number of matrixes defined by trapeze fuzzy numbers expressing relevance of x; alternative to k, crite-
ria is defined, i.e.:

Rl:[rii]’ IZ]E {a'Z’blll’CIZ’d } IZ:IEC>RiZ:[riz]c>{alz'blz7 |z7d|z} (7)
Here:
{mma };
b, :lzg:bilz!
g1= ®)
:licl
iz g =l iz
{maxd,'z,l = }

As a result we obtaina ixz dimensmnal R, =[r,] matrix.
4™ Step. R, =[r,] e {a,.b; d,} fuzzy number matrix is normalized. For this, values with different

dimensions in [0,1] interval are converted into fuzzy numbers using Hsu and Chen method [38]. Based on this
method, d; =maxd,, i=1n isdefined, elements of normalized matrix are defined using following formulas:

N

5™ Step. All elements of normalized R! [ ] {a,z,blj,clz,d } matrix are multiplied by weights of crite-

ria indicators. For this, A®r =[nr,n,r,n,r,n,r] phrase from condition (1) is used. Let’s define fuzzy number
matrix by consideration of weight coefficients of criteria indicators: R, = . ]< {a,z b,,c,.d }

Here:
a_iz =aq; W,
b_ =0y W (10)
Ciz = Clj ' Wz;
d =d -w

iz ij Ve
6" Step. On grounds of existing alternatives, trapeze fuzzy numbers of X *—ideal solution option (1SO) in
i _1_n} is selected based on

iz

accordance with each criteria indicator is calculated. For this, each d {maxd

T _{a b ,c d, } fuzzy number in accordance with k,, z=1,Z criteria indicator of each x; alternative

1z ™z iz

and as a result, following single matrix based on fuzzy number relevant to criteria indicators of ideal solution
option is determined:

X =[d;]=[(, 07,007 ), (05, d3,d3, 0 ) |- (11)
7" Step. On grounds of existing alternatives, trapeze fuzzy numbers of X ~—extremely bad solution (EBS) in
accordance with each criteria indicator is calculated. For this, a, = {mina_iz,i = 1_n} based on T, = (a b,.c,.d; )

1z ™z iz

—fuzzy number in accordance with k,, z =1,Z criteria indicator of each x; alternative is found and follow-
ing single matrix is developed:
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X" =[ag]=[(a;,a;,a;,a;),---,(ag,ag,ag,ag)]. (12)

8" Step. At this stage, fuzzy number matrix reflecting proximity of alternatives to ideal solution option is de-
veloped.

Xi :Fiz :(aiz’biz’clz’ iz

) of each x; alternative is defined based on fuzzy number (2) formula reflecting

proximity of any k; criteria indicator to 1SO as following:
07 (5, = | 5{ (3 -0c) (o) (o) o (8- @)

[D*] ISO proximity matrix with ix j dimensions reflecting obtained results is developed.

9" Step. Fuzzy number reflecting remoteness of alternatives to EBS is found.

07 (X )= o{(a - )+ (o) (o) + (6 - 19

[D‘] EBS remoteness matrix with ix j dimensions reflecting obtained results is developed.

10" Step. Proximity of each alternative of all criteria to 1SO is calculated with following formula:

D" () = 32(: (x. X)) (15)

11" Step. Remoteness of each alternative from EPS in accordance with all criteria is calculated with follow-
ing formula:

D" (%)= [33(0; (% X)) (16)

12™ Step. Based on values of proximity of alternatives to 1SO and their remoteness from EBS, numerical
value of their relevance to ideal solution is calculated and normalized.

D™ (%)
D(x)=D"(x)+D (%), ok (x)= -
‘ D(x)
Regulated order of obtained results from maximum to minimum (or vice versa) is relevant to regulated order
of alternatives from good to bad (or vice versa).

A7)

5. Application of TOPSIS Method for Decision-Making in Personnel
Selection Problem

Referring to fuzzy logic formalism, fuzzy TOPSIS method was used for evaluation and selection of alternatives
in realization of decision making support system in hiring issues of candidates. For realization of the system,
primarily a general criteria system is formed in order to evaluate hired employees to the plant. This system con-
tains criteria and characterizing indicators allowing evaluating candidates hiring to any department or position at
the plant.

Candidate evaluation issue for hiring to HRM department of the plant has been reviewed during conducted
experiment. For this purpose, following criteria and criteria indicators were determined from the general criteria
system with participation of experts for appointment to the position:

K,—science and education criteria and indicators characterizing it:

k,, —relevance of completed education to corresponding job;

k,, —character of investigator.

K, —behavior and appearance criteria and indicators characterizing it:

k,, —balanced;

k,, —well-conducted and polite.

K, —personal psychological criteria and indicators characterizing it:
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k,, —hardworking, industrious;

k,, —creative;

k,;—loyal;

k,, —high intelligence.

K, —functional activity criteria and indicators characterizing it:

k,, —work capability;

k,, —learning capability.

K. —medical criteria and indicators characterizing it:

k., —physical health;

k., —spiritual and psychological health.

Results obtained from evaluation of these indicators—will define the value of chance— K -hiring chance of
the candidate.

Result to be obtained based on fuzzy TOPSIS method- ¢, (x; ), will express the hiring chance of x; candi-
date as a value defined in [0,1] interval. Depending on this value, experts pre-form following hiring decision

options:
1LIf ¢ (x)e[0,0.25), then this candidate decidedly cannot be hired;
2.1f ¢, (x)e[0.25,0.45), hiring of this candidate carries great risk;
3.1f ¢ (x)e[0.45,0.62), hiring of this candidate carries a bit of risk;
4.1f ¢ (x)e[0.62,0.8), this candidate can be hired;

5.1f ¢, (x)e[0.8,1], this candidate is unconditionally hired.

In the next stage, importance coefficients of these criteria and their characterizing indicators relatively to each
other are defined, for this objective paired comparison method is referred to, detection of contradictions in ex-
perts’ evaluation is reviewed [30] [37]. Based on obtained results, weight coefficients of criteria indicators have
been defined in accordance with hierarchic analysis method (Table 2).

Relevance of hiring of 3 candidates to listed criteria indicators has been evaluated in accordance with Table 3
with participation of 4 experts.

Based on Formula (3), single trapeze matrix is developed based on individual evaluation of experts. Results of
single trapeze fuzzy matrix in accordance with k;, and Kk, criteria indicators are provided below (Table 4).

Table 2. Weight coefficient of criteria indicators.

. Importance v Ay Importance coefficients Weight coefficients
il coefficients of criteria e it of criteria indicators of criteria indicators
K, 0.54 0.06
K, 0.11
k,, 0.46 0.05
k,, 0.47 0.04
K, 0.08
k,, 0.53 0.04
K, 0.2 0.08
K, 0.22 0.13
K, 0.4
Ky 0.26 0.10
k,, 0.32 0.09
K, 0.63 0.06
K, 0.1
k,, 0.37 0.04
k., 0.35 0.11
K, 0.31
K, 0.65 0.20
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Table 3. Evaluation of criteria indicators.

Criteria indicators

Ky

K,

21

22

32

33

34

41

42

52

Alternatives

X

x
N

X

x

N

x
N

X

x

N

x
N

X

x

N

x
N

X

x

N

x
N

X

x
I

XX

x
i\

X oxo X

x

Expert 1
good
good
good

very good
medium good
good
good
good
very good
medium good
very good
good
good
very good
good
good
very good
medium good
very good
good
good
good
good
medium good
very good
good
very good
medium good
good
good
very good
medium good
very good
good
good
good

Expert 2
good
very good
good
very good
good
very good
good
very good
good
good
very good
very good
medium good
good
very good
good
medium good
good
very good
very good
good
very good
very good
good
good
good
medium good
good
very good
very good
good
good
very good
very good
good

very good

Expert 3
good
fair
very good
good
very good
very good
fair
very good
good
very good
very good
good
very good
good
very good
very good
good
very good
very good
good
fair
very good
good
very good
good
very good
good
very good
very good
Good
Good
very good
very good
Good
Fair

very good

Expert 4
good
medium good
good
very good
medium good
medium
medium good
good
very good
good
very good
good
good
very good
good
good
very good
medium good
very good
good
medium good
fair
good
good
very good
good
very good
medium good
fair
good
good
good
very good
good
medium good

good
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Table 4. Single trapeze fuzzy matrix in accordance with k, and k, criteria indicators.

Criteria Generalized single

et Alternatives Expert 1 Expert 2 Expert 3 Expert 4 trapeze fuzzy number
X (7,8,8,9) (7,8,8,9) (7,8,8,9) (7,8,8,9) (7,8,8,9)
k, X, (7,8,8,9) (8,9, 10, 10) 4,5,5,6) (5,6,7,8) (4,7,75,10)
X, (7,8,8,9) (7,8,8,9) (8,9, 10, 10) (7.8,8,9) (7.8.3,9,10)
%, (8,9,10,10) (8,9, 10, 10) (7,8,8,9) (8,9, 10, 10) (7,8.8,9.5, 10)
k., X, (5,6,7,8) (7,8,8,9) (8,9, 10, 10) (5,6,7,8) (5,7.3,8,10)
X, (7,8,8,9) (8,9, 10, 10) (8,9, 10, 10) (4,5,5,6) (4,7.58,8.3,10)

Based on (4) formula, single trapeze matrix is formed and all its elements are multiplied by weight coeffi-
cients of criteria in accordance with Formula (5) and resultants are given in Table 5.

ISO and EBS single matrixes are developed on existing grounds of alternatives. ISO proximity matrix [D]
with ix j dimensions reflecting the obtained results is given in Table 6.

EBS remoteness proximity [D’] with ix j dimensions reflecting remoteness of alternatives from EBS is

as following and resultants are given in Table 7.

Numerical value of proximity to 1SO, remoteness from EXP and relevance to ideal solution of each alterna-
tive in accordance with all criteria is calculated resultants are given in Table 8.

Based on obtained results, the best solution option is X, alternative and the value of its hiring chance is
@« (%;)=0.63. In accordance with decision options of the experts: this candidate can be hired. In accordance
with next listing, x, alternative is ¢, (x,)=0.58. And x, alternatives equal to ¢, (x)=0.55 and their
hiring chance value matches the identical decision option: hiring of this candidate can carry a bit of risk.

6. Results

The proposed approach was foreseen for realization of support system applied to decision-making issues in the
employment of applicants within SOCAREF2013* grant project. It should be noted that at the moment SOCAR
department of human resourses management for applicants evaluation in the enployment issues realization bases
on their precise report indexes, expert assessment defined on the bases of quality competition and final results
are determined by point system. In order to ground benefits of the approach proposed in the article the results of
approach application have been compared with the results of point system application herewith.

With this purpose let’s look through alternatives decision formation given in Table 3 that was compiled on
the basis of expert evaluation with references to point system.

For alternatives evaluation on the basis of points system “very good” equals 10 points, “good”—=8 points,
“medium good”—=6 points and “fair"—4 points.

Table 9 given below is being compiled on the basis of statistic results of evaluation by considered three alter-
natives criteria indexes according to Table 3.

According to the statistic results obtained on the basis of point system the correspondence degree of each
alternative to the ideal solution (480 points) is defined. In this case the highest point alternative x, is very good,
nextis x_ andthe lastis x, alternative.

The decision per each alternative is made according to its ideal sulution correspondence estimate:

X, alternative (goK (%)= 0.833)—this candidate is unconditionally hired.
x, alternative (¢, (X,)=0.825)—this candidate is unconditionally hired.

x, alternative (¢, (X, )=0.846) —this candidate is unconditionally hired.

The results obtained according to the proposed method are compared with the results of application of point
system approach in Table 10 herein:

'SOCAREF2013—Development of problem-solving mechanism of human resources efficient management by application of intelligent in-

formation technologies for SOCAR.
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Table 5. Normalized fuzzy number of relevance of alternatives to indicators of criteria.

creiaimicatrs Atematies s o e
X (0.7,0.8, 0.8, 0.9) 0.042, 0.048, 0.048, 0.054
K, X, (0.4,0.7,0.75, 1) 0.06 0.024, 0.042, 0.045, 0.06
X, (0.7,0.83,0.9,1) 0.042, 0.05, 0.054, 0.06
X, (0.7, 0.88, 0.95, 1) 0.035, 0.044, 0.098, 0.05
K, X, (05,0.73,0.8, 1) 0.05 0.025, 0.037, 0.04, 0.05
X, (0.4,0.78,0.83, 1) 0.02, 0.039, 0.042, 0.05
Table 6. ISO proximity matrix [D] .
Criteria indicators D(xX") D(x,X") D(x,X")
K, 0.45 0.51 0.4
K, 0.34 0.49 0.49
K, 057 0.36 0.4
K, 0.67 0.27 0.35
K, 0.48 0.37 0.37
K, 0.56 0.49 0.43
K., 0.37 0.4 0.47
K., 05 0.39 0.37
K, 0.37 0.39 0.29
K,y 0.49 0.49 0.39
k., 0.39 0.47 0.27
k., 0.4 0.6 0.33
Table 7. EBS remoteness proximity [D"].
Criteria indicators D(xX") D(x,X") D(xX")
K, 0.55 0.56 0.68
k, 0.7 0.6 0.6
K, 0.52 0.68 0.66
K, 0.53 0.65 0.71
K, 0.52 0.51 0.6
Kk, 0.52 0.53 0.67
Kk, 0.63 0.66 0.62
K, 0.59 0.67 0.62
K, 0.51 0.59 0.64
K, 0.6 0.6 0.67
K, 0.59 0.52 051
k 0.74 0.51 0.64

of
g
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Table 8. Normalized relevance to ideal solution of each alternative.

X* X X 4 X" o (%)
D(xX") 5.59 7.02 12.61 0.55
D(x,X") 5.23 7.08 12.31 0.58
D(xX") 456 7.76 12.32 0.63

Table 9. Final results according to point system of alternatives.

Alternatives  Verygood Good Mediumgood Fair  Sum Correspondence of alternatives to ideal solution

X 17 24 5 2 400 0.833
X, 18 21 6 3 396 0.825
X, 19 22 6 1 406 0.846

Table 10. Comparision of the results.

Alternatives FDMSM Results of point system
X Hiring of this candidate can carry a bit of risk. This candidate is unconditionally hired.
X, Hiring of this candidate can carry a bit of risk. This candidate is unconditionally hired.
X, This candidate can be hired. This candidate is unconditionally hired.

As it is seen the results of point system application in the solution of applicant employment problem differs
from the results of proposed FDMSM application and this method supports the employment of “unconditionally
hired” employee rather than “risk-carrying” as appointed by point system.

7. Conclusions

Traditional methods of multi-criteria assessment and ordering cannot effectively solve the problem of the group

(collective) decision making under imprecise and linguistic information. Basing on the proposed model and me-

thod, the key features of more objective and transparent management decisions of the personnel are as follows:

e The number of criteria and criteria indicators characterizing the issue are not restricted,;

* The quality of criteria indicators characterizing the issue, the importance and advantage of criteria and crite-
ria indicators in relation to each other are taken into account, and the conflict is determined;

e Subjectivity of decision-maker in the decision-making process are reduced, more objective and transparent
decisions are made.

The proposed method for multi-criteria assessment and ranking can be applied for solving the problems of
Personnel Management, as well as for other problems arising from the human activity.

However, the criteria, assessment indicators characterizing assessed objects should be formed previously and
their importance coefficients should be determined using appropriate methods. Quite difficult and time-con-
suming procedure for implementing the above steps is a weak point of the proposed approach.

One of the advantages of this approach is possibility of taking into consideration the competence of the par-
ticipating experts in appropriate subject domain. Thus, Decision-Maker do not always consider these experts’
competency equal in appropriate subject and their competence is considered only within decision-making pro-
cess. That’s why we are planning to consider this parameter also in our future researches.
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