Original Research Article: (2019), kKEUREKA: Physics and Engineering»
full paper Number 4

THE PRINCIPLES OF DEVELOPING A MANAGEMENT
DECISION SUPPORT SYSTEM FOR SCIENTIFIC
EMPLOYEES

Zarifa Jabrayilova
Institute of Information Technology
National Academy of Sciences of Azerbaijan
9 B. Vahabzada str., Baku, Azerbaijan, AZ1141
djabrailova_z@mail.ru

Abstract

Employees engaged in mental work have become the most valuable assets of any organization in the 21st century. The sat-
isfaction of those involved in mental work requires the provision of objectivity and transparency in their decision-making. This, in
turn, entails the development of scientifically motivated decision making mechanisms and scientific-methodological approaches to
evaluate their performance based on innovative technologies.

The main goal of this article is in development of the scientific and methodological framework for the establishment of a
decision support system to manage the employees engaged in mental work and operating in uncertainty. In this regard, initially, the
question of evaluating the activities of scientific workers is examined, its characteristic features are determined, and the fuzzy re-
lation model is proposed as a multi-criterion issue formed in uncertainty. Taking into consideration the hierarchical structure of the
criteria that allows evaluating the activities of scientific workers, a phased solution method based on an additive aggregation method
is proposed. In accordance with the methodology, a functional scheme of the decision support system to manage the scientific per-
sonnel is developed. The working principle of each block and the interaction of the blocks are described. The rules for the employees’
management decisions are shown by referring to the knowledge production model.

Based on the proposed methodological approach, the implementation phases of the decision support system for the manage-
ment of the scientific workers of the Institute of Information Technology of ANAS are described. To evaluate the employees’ perfor-
mance, the tools to collect initial information, evaluate the system of criteria, define their importance coefficients and mathematical
descriptions are provided. Some results of the system software are presented. The opportunities of the system based on the proposed
methodology to support enterprise mangers to make scientifically justified decisions are provided.
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1. Introduction

Objectives of human resource management (HRM) are the basis of personnel policy.
The correct solution to these problems, making objective and transparency decisions on HRM
allows the organization to achieve its global goals [1, 2]. In general, today the human resource
management becomes the strategy of the company or firm. In this case, the funds invested
in the development of human resources, transform into an investment, not expenditure [1].
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 organiza-
tion actualizes the importance of developing new conceptual approaches and technologies for
HRM [2, 3]. Therefore, in recent years, computer technology is increasingly used for the HRM
problem solutions.

The success of the twenty-first century, the age of information society and knowledge-based
economy, refer to the increasing productivity of mental activity and the employees engaged in
mental activity. The valuable asset of any commercial or non-profit organization is its mental work
forces and their productivity. The productivity of the employees engaged in the mental activity is
determined by the following six factors [4, 5]:

1. A clear answer to the question: What is “the essence of the production task?”, i. e. how the
“result” of the activity of the relevant organization (firm, enterprise, field)is defined?
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2. Responsibility for the productivity depends of each employee himself/herself, that is,
they are their own managers.

3. Uninterrupted innovative activity should be an integral part of the mental activity and
must be included in the production task of any employee engaged in mental activity.

4. Employees engaged in mental activity always have to learn from and teach one another.

5. Productivity of employees engaged in mental activity is not measured quantitatively or
quantitatively, i.e., its quality covers a broader scope and is defined by many parameters.

6. Finally, to increase the productivity of employees involved in mental activity, they need
to be reviewed as “capital” rather than “expense” and should be treated accordingly. In this re-
gard, employees should be encouraged to work in that organization and should regard it as the
best option.

These factors represent the multi-dimensional, multi-criteria, and quantitative and qualita-
tive character of the employees involved in mental activity. Depending on the fields of the organi-
zation, the productivity of its employees engaged in mental activity is characterized by different
parameters. Increase in productivity primarily requires appropriate selection of these parameters
and precise assessment of activity. Assessment of mental activity with the consideration of these
aspects and requirements entails the objectiveness and transparency of the decisions made for the
solution of the issues such as employees’ satisfaction, promotion, rewarding, stimulation, deploy-
ment and redeployment, etc. All this requires the development of more innovative approaches to
the evaluation of the activity of the employees involved in mental activity, and the development of
decision mechanisms that meet the requirements set forth.

Thus, the aim of this article is in development of an intelligent decision support system for
the management of the employees dealing with mental labor. To achieve this aim, the following
issues are stated:

—to model a labor activity assessment of the employees dealing with mental labor;

— to develop a labor activity assessment technique;

— to implement an intelligent decision support system for the management of the employees
referring to the results of labor activity assessment.

2. Modeling of researchers’ activity assessment

Scientific employees, in particular, researchers who are professionally engaged in scien-
tific and scientific-technical activities, are regarded as the resources of special importance in the
industrialization of the country, the intellectual revival of the nation, and in the interstate compet-
itiveness in economic, political and technological fields, and in enhancing the innovation capabil-
ities of the state. Establishment and strengthening of the knowledge society and knowledge-based
economy, ensuring its sustainable, dynamic and competitive development, and the realization of
the prioritized role of science are determined by the scientific achievements [6].

Thus, the study of the problems related to the management of the employees engaged in
scientific activity, the identification of the features characterizing their activities, and the objec-
tiveness and transparency of the employees’ management decisions require the development of
the mechanisms for activity assessment. Objective and truthful assessment of the productivity of
mental activity, which provides the professional progress of scientific employees and achieving
their goals in accordance with prospective strategy, constitutes the basis for the personnel policy
in this segment [5, 7, 8].

As it is mentioned, when evaluating the researchers’ performance, the direct assessment
subject is activity, and its quantitative assessment becomes problematic.

The activity of scientific employees differs according to scientific areas (fundamental, ap-
plied and experimental research, etc.) and types (humanities, nature, medicine, social and technical
sciences). This difference is particularly represented in the analysis of the objective and subjective
conditions of scientific and technical activity and complicates the assessment of the performance
of scientific employees.

As it is mentioned, the most important feature characterizing the activity of scientific em-
ployee is the fact that their achievements are difficult and sometimes impossible to be measured
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with certain quantities. Thus, sometimes, the results of activity are not revealed at once, but after
some time, and even much later [4].

Therefore, the parameters selected to evaluate the activity of employees should ensure de-
mocracy, transparency and objectivity of the assessment system, and provide the same and fair atti-
tude to all employees enabling the managerial decisions based on the evaluation results [9, 10].

The diversity of the activity of employees is determined by the use of quantitative and
qualitative criteria in the assessment, by their usual hierarchic character and their relevance.
Analysis and evaluation of the activity based on such criteria requires certain time. The changes
and external influences during this period do not allow for exact depiction of the problem. The
issue is realized in uncertain circumstances and becomes the problem of decision-making in a
fuzzy environment [11-17].

Thus, the evaluation of the activity of scientific employees requires referring to the fuzzy
apparatus taking into account the hierarchical and fuzzy nature of the criteria, and the linguis-
tic uncertainties regarding the formalization of the expert knowledge. Such an expression of the
problem ensures the problem to be solved by being reduced to the problem of fuzzy multicriteria
optimization and ranking. Here, the optimization is not a matter of mathematical optimization, but
a selection of the alternative options [13, 14].

Fuzzy multicriteria optimization techniques are based on the aggregation of an affilia-
tion function by referring to the fuzzy relation model. According to _the fuzzy relation model,
X= {xl, Xyyeeny xn} = {xi, i= 1,n} and K = {ki, ky,..., km}= {kj, j= 1,m} s a set of the alternatives,
out of which the best one should be selected, whereas is a set of criteria characteristic to the al-
ternatives (K is a summarizing criterion), then the correspondence of these alternatives with the
criteria can be presented by a two-dimensional matrix. The element of this matrix is determined by
the affiliation function, which represents the extent of correspondence of the alternative x, with the
criterion k: ¢kj (%) XxXK— [0,1]. Here, ¢kj (x,) represents the extent of correspondence of the
alternative x, with the criterion kj [15].

3. The technique for the assessment of researchers’ activity based on the fuzzy relation model

The key stages of the solution of the problem of activity assessment of scientific employees
are as follows:

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;

3) selection of a method that enables an integral evaluation of the results for the criteria out
of certain evaluation set.

Stage 1 identifies the followings:

HX= {xi, i= 1,n} is a set of alternatives, more precisely, the employees engaged in scien-
tific-theoretical, scientific-practical, practical and educational activities in a research institution;

)K= {K j»J=1m is a set of criteria with different weight characteristic to the alterna-
tives (K-summarizing criterion);

3) each criterion K i j=1m is determined based on the different weighted sub-criteria that
can be evaluated, i. e., K, = {kﬁ, t= 1,T}.

Stage 2. A single quality measurement scale (SQMS) approach can be attributed to an ex-
pert evaluation of the mathematical description of the sub-criteria characterizing the activity. This
approach:

a. selects SQMS representing the transition of linguistic values (for example, 3-level — “good”,
“normal”, “weak”), which corresponds to the intensity level (3, 5, 7, 9 levels are available) of the
quality indicator of our natural language and is defined within the interval [0,1], to the fuzzy numeral;

b. approves sub-criteria as linguistic variables, and divides them into intensity levels in ac-
cordance with SQMS, and adopts appropriate linguistic values and fuzzy numbers per level.
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To determine importance coefficients of the criteria, 10-score system uses the expert evalu-
ation method or a pairwise comparison criterion [18].

This stage defines the following: L L

1) affiliation function of alternatives to the assessible alternatives {kﬁ, t=1T, j= 1,m}:

{q)kﬂ (xz), (I)ka (xi)7 . q)kjr (xz)} = {q)kﬂ (xi)’ t=1T, j= L_m}, M

2) importance coefficient of the criteria, i. e.

{w1,w2,...,wm}={wj,j=1,_m} @)

and importance coefficient of the sub-criteria included in the same group:
{wﬂ,wﬂ,...,ij}={wﬁ,t=1,T,j=1,m} 3)

and the condition

T

Zwﬁ =1

t=1

is provided to the sub-criteria that characterizes the same criterion.

The goal is in obtaining a ranked list of employees based on the affiliation of the scientif-
ic employee to the summarizing criterion X, i. ., the determination of ¢, (x;)—[0,1]. That is:
X: K—=X*, where X" is the adjusted list of employees.

Stage 3. The method proposed for the evaluation of activity of scientific employees requires
an assessment of the alternatives, taking into account the hierarchical structure of the criteria and
their diverse importance. In this regard, the additive aggregation method is referred and the prob-
lem is solved in the following sequence [19, 20]:

1. According to (1) and (3), the affiliation function of the alternative x, to Kj is defined as:

O, (%)= 2wy 0, (x,): @)

2. According to {¢Kj (x,),] =1,m} and (2), the affiliation function of all alternatives x,,
{i = 1,n} to the summarizing criterion K 1s defined:

O ()= ;w 0 (%) )

3. The alternative, the affiliation function to the summarizing criterion K of which gains the
maximum value: ¢(x*)= max{(])K (x,),i= 1,n}.

Selected alternative is the “best” alternative out of » number of alternatives, and ranked the
first in the list of alternatives ranking for the value of their affiliation function to the summarizing
criterion K.

4. Functional blocks of researchers’ performance assessment system

As noted above, the precise assessment of activity of employees ensures the objectivi-
ty and transparency of their management decisions [10]. Based on the proposed technique, the
functional scheme of decision support system for the assessment of the activity of scientific
employees and their rewarding, promotion and re-deployment based on the evaluation results is
illustrated in Fig. 1.

Interface ensures the communication between the system and the user. A user can select the
following operating modes in the system via the interface:
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— submitting the initial information on activity assessment;

— evaluating the activity, obtaining results;

— submitting the rules that shape the knowledge base for appropriate decision support;
— making appropriate management decisions for each employee.

Database < 14 Evaluation of activity
Importance
coefficients of Evaluation results
criteria and
sub-criteria b Knowled
R Iatz; n(;)w edge
- nalytics ase
Affiliation of . 4
employees” activity Decisions made
to subcriteria * 4+
Decision-
y .
making
Initial data processing block
Results of an expert Results of the
assessment employees’ survey Expert knowledge
associated with the processing
relative importance of] -
1o Mathematical 4+
criteria and o
b-criteri description of
sub-criteria sub-criteria
3 |

Interface

Fig. 1. Functional scheme of decision support system for the assessment of the activity of
scientific employees

Initial information processing defines the importance coefficient of criteria and sub-criteria,
and generates their mathematical formulation based on the correspondence of employees’ activity
to sub-criteria.

The mathematical representation of sub-criteria in this block is illustrated in Table 1 in ac-
cordance with the proposed technique. Here, using the 3-level of SQMS, a sequence of mathemati-
cal description of the sub-criteria “Participation in the implementation of research” of the criterion
“Scientific-theoretical activity”, which characterizes the activity of scientific employees.

Table 1
Mathematical description of the sub-criteria “Participation in the implementation of research” characterizing

the criteria “Scientific-theoretical activity”

Linguistic variable — granulation of the sub-criteria Fuzzy subset
«Participation in the implementation of research» characterizing Linguistic value within the Fuzzy number
the criteria «Scientific-theoretical activity interval [0,1]
a) takes an active part in scientific research; good [0,9+1] 0.98
b) takes a part in scientific research; normal [0,66+0,89] 0.70
¢) takes part in scientific research partially. weak [0,40+0,65] 0.40

The database (DB) includes the essential data required for the assessment of employees’
activity: the affiliation functions of each employee’s activity to sub-criteria, the importance coeffi-
cients of criteria and sub-criteria, the final estimations of employees’ activity (including the results
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of the periodic assessments), and the decisions related to rewarding, promotion or re-deployment
of each employee.

Evaluation of activity implements a mechanism for evaluating employees’ activity based on
the proposed technique.

The sequence of the evaluation process in this block is described in the following tables in
accordance with the proposed technique.

Table 2 builds a two-dimensional fuzzy relation matrix, which represents the degree of
correspondence of each worker to the sub-criteria.

Table 2
The membership function of employees’ activity to sub-criteria
K
Alternatives K, K,
k, k, k, k.,
X, 0y, (%) 0y, (%) 0y, (%)) 0, (%)
'x[ q)ku (xi) oo q)kL (xl) N q)km (xf) c ¢ka (xl)
X, 0y, (x,) 0y, (x,) 0, (x,) o, (%)

The next step is to calculate the affiliation function of the employees’ activity to the subcri-
teria in DB based on formula (4) by using the relative importance coefficient of (Table 3).

Table 3
The membership function of alternatives to the generalized criterion K
K
Alternatives
K] I(! Km

X, O, (x1) ¢1<, (x1) Ok, (x1)
X, O, (xl) O, (xz) Ok, (xz)
X o, (x,) O, (%) O, (x,)

Referring to the results obtained and the relative importance coefficients of the criteria in
DB, the final value of the employees’ activity is found based on formula (5), and then the results
are forwarded to DB. . .

An employee providing the condition ¢, (x ): max{q)K (xl ), i= 1,n} (n is the number of
employees) is the most progressive employee of the institute according to the value of his/her per-
formance corresponding to the criterion x*, and a list of employees ranked in a decreasing order is
obtained similarly.

Data analytics (logical outcome) detects the facts ensuring the results obtained from the
evaluation method (including the previous periodical evaluations), and providing the employees’
management decisions referring to other data stored in DB.

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 criteri-
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on. 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 summa-
rizing 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 ¢(x;)€[0.9, 1], then the employee may be awarded a “very high” award;

Rule 2. If ¢(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 ¢(x;)€[0.50,0.60), then the employee may be awarded a “low” award;

Rule 5. If ¢(x;)€[0.30,0.50), then the employee is not awarded;

Rule 6. If ¢(x;) € :0.00,0.30), then the employee must be reviewed.

To support decisions on Staff re-positioning, a profile of the department, where the employee
is employed, i. e., the department dealing with scientific research, a department dealing with sci-
entific-practical activities, a serving department (library, multi-media, consulting service, etc.) or
education department, should be determined when the regulatory framework of rules base is formed.

Research department of the institute is conditionally denoted by Ss, the department deal-
ing with scientific-practical activities — by Sp, the serving department — by Sx, and the education
department — by St. In this case, the following rules may be used to support the re-positioning of
employees:

Rule 1. If ¢, (x;)€[0.00, 0,30] and ¢, (x,)20,5 and x, €S, then the re-positioning of
this employee to the scientific-practical department can be reviewed;

Rule 2. If (¢ (x;) 6[0.00, O,SO] and ¢, (x,)2 0,75 and x; € § ), then the re-positioning
of this employee to the education department can be reviewed, and so forth.

Here, ¢ (x;) is the affiliation function of the employee to the scientific-theoretical activity
criteria, ¢ (x;) — to the scientific-practical activity criteria, and ¢, (x;)2 0,75 — to the peda-
gogical activity criteria. :

The formation and perfection of the knowledge base of the system based on the relevant
rules is resolved within the framework of the relevant organizational norms, human resource man-
agement standards, and under the supervision of the Trade Union in accordance with the protection
of the rights and reputations of the employees in the research institution [21, 22].

5. Stages of implementing a decision support system for the management of scientific employees

Based on the methodological approach, a system for the evaluation of the scientific workers’
performance working at the Institute of Information Technology of ANAS is developed.

In this regard:

1) a criteria system consisting of 6 criteria characterizing performance of employees is
formed:

K={K, m=16},

where K — generalized criteria of labor activity; K, — scientific-theoretical activity; K, — scientific-
practical activity; K, — practical activity; K, — supporting activity; K, — discipline; K, — criterion for
increasing professional competence.

Each criterion included into the set of criteria is characterized by a large number of sub-crite-
ria. For example, the sub-criteria characterizing the criterion of scientific-theoretical activity (K)) are:

— participation in scientific research (k)

— reporting at the institute’s workshops (k,,);

— publishing scientific articles (k,,);

— supervising doctoral and PhD students (k,,);

— working with masters (k,,);
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— writing books, brochures, monograph (taking into account scientific and labor capacity) (,,);

— reporting at conferences, symposiums and scientific meetings (taking into account levels) (k,.,);

— scientific expertise (writing references to scientific papers) (ko).

Thus, criteria for evaluating the performance of scientific employees are defined as the fol-
lowing subsets:

K, ={kyy kg ),
K, ={kyy ko, kys
Ky ={kyy kg },
K, =1k kyyyekss 1,
Ky ={ks ks, },

Ky ={ kg hoyrork ).

2) To define the relative importance coefficients of criteria and sub-criteria a 10-grade
expert evaluation method is applied. In this regard, 7 tables are developed and submitted to the
experts. One of these tables is designed to evaluate the six main criteria that characterize labor
activity and the remaining six tables to evaluate the sub-criteria that characterize these criteria.

3) Three-level SQMS is applied for the mathematical description of the sub-criteria that char-
acterize labor activity. The approach described in [20] is applied to determine the final fuzzy value
based on the individual values defined by the members of an expert group consisting of 5 experts.

Table 4 presents a sequence of mathematical descriptions of the sub-criteria “Participation
in the implementation of scientific research (SR)” of the criteria “scientific-theoretical activity”
characterizing the labor activity of scientific workers.

Table 4
Mathematical descriptions of sub-criteria “Participation in the implementation of scientific research (SR)”
characterizing the criteria “Scientific-theoretical activity”

Linguistic variable — gradation of sub-criteria «Participation in the RN Fuzzy
A . . L. . . Linguistic e, e .
implementation of scientific research (SR)» characterizing variable sub-criteriain  Fuzzy number
the criteria «scientific-theoretical activity» interval [0,1]
a) Actively participates in the implementation of SR; good [0,9+1] 0.98
b) Participates in the implementation of SR; normal [0,66+0,89] 0.70
c) Partly participates in the implementation of SR. poor [0,40+0,65] 0.40

4) To collect initial information about the employees’ performance, the “Employee Survey
Questionnaire” is drawn up. The survey questionnaire describes the employee’s first name, last
name, department, activity criterion, and the sub-criteria that characterize these criteria, and the
gradation of each of them.

Each employee fills in a questionnaire by specifying the gradation of the sub-criteria he/
she considers appropriate for his/her activity. Thus, he/she indirectly participates in the labor ac-
tivity assessment process and solves the problem of “who evaluates an employee?”” which is one
of the most important methodological problems in the development of the evaluation system. This
approach is called self~assessment and allows each employee to express honest and essential in-
formation about his/her labor activity. Another advantage of self-assessment is that it allows each
employee to analyze himself/herself which encourages him/her to use own abilities and skills more
efficiently. The information source provided to the “Employee Survey Questionnaire” approved by
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the head of the Institute and the head of the department is the primary information source for the
evaluation system to be developed.

5) Relevant software and a computer system for the evaluation of scientific workers’ perfor-
mance are developed.

The information is submitted to the database of the system on the following forms:

1) list of departments of the institute;

2) list of employees by departments;

3) list of criteria characterizing the labor activity;

4) list of sub-criteria characterizing the labor activity;

5) list of gradations of sub-criteria and fuzzy values of each gradation in the interval [0,1];

6) list of experts;

7) 10-grade expert estimates to determine the importance coefficients of criteria;

8) 10-grade expert estimates to determine the importance coefficients of sub-criteria;

9) survey questionnaire data;

10) relative importance coefficients of criteria;

11) relative importance coefficients of sub-criteria.

Based on the submitted initial data, the value of each employee’s labor activity is deter-
mined, and this information is stored in the database.

At the next stage, a list of employees ranked based on the values of their labor activity is
developed. It should be noted that the ranked list is possible to be developed on the institute (Fig. 2),
on separate departments (Fig. 3) and also on criteria (and sub-criteria).

DB review enables the review and update of departments, data based on surveys based on
surveys, chapters, employees, criteria, sub-criteria, grades, experts, expert estimates of criteria,
expert estimates of sub-criteria, and review and update of data based on Survey Questionnaire.

The data can be submitted to the database based on the questionnaire by selecting the “Em-
ployee’s Performance Evaluation” mode, and the input data can be modified and deleted.

Regulated list of employees of the institute Information Texnology of ANAS
by their value of performance inficator
Name of employees on the institute Value of indicator =
Quliyev Irshad Yusif oglu 0.567
| [[Aliver Alovsat Qaraca oqlu 0.557
Masuma Huseyn kizi 0.556
Aqayer Bikas Sayil oglu 0.555
| [Nagiyev Zaur Faiq oglu 0.554
Aliyey Islam Lyudvig oqlu 0.545
Rotkin Denis Vladimirori 0.505
Jabrailova Zarifa Qasim kizi 0.503
Rahimov Elshan Vasif oglu 0.490
| | |Quliyeva Irada Mirzaqulu gizi 0.438
Qasimova Kifayat Mammad kizi 0.483
| [ [Hasanova Leyla Afiq kizi 0474
wrimare Rama Tafin aivi n 4 L
il Ea
cur

Fig. 2. Value of performance indicator of employees on the Institute (regulated list)

The survey data of each employee can be viewed based on the form.

The following three different calculation operations are performed in the system calculation
block, and the obtained results are stored in the database:

— Referring to the results of 10-grade evaluation of the criteria of 17 experts stored in DB,
their relative importance coefficients are calculated, and the results are stored in DB;

— Referring to the results of 10-grade evaluation of the sub-criteria of 17 experts stored in
DB, their relative importance coefficients are calculated, and the results are stored in DVB;

— Based on the information on the employee’s labor activity submitted to the DB based on
the survey questionnaire, “Calculation of the value of the labor activity” operation is performed in
the calculation block, and the results are stored in DB.
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Regulated list of employees on the departments
by their value of performance indicator
[ dparmenns
Name of employees on the Value of | indicator
Mammadova Masuma Huseyn kizi 0.556
Jabragilova Zarifa Q asim kizi 0.503
Manafli Minara | smayil kizi 0.281
Zarita Yusif kizi 0.240
| |Gozalova Rana Yasar kizi 0172
Noviuzova Gunsel Ahmad kizi 0.092
departmentl |prvrion:|':|'|u(7 | 1ast department| print | exit |
Entry
Fig. 3. Value of performance indicator of employees on departments (regulated list)
At this stage, the sequence of the data processing and the final evaluation of the labor activ-
ity of employees are executed on the following algorithm.
The fuzzy values corresponding to the gradations of the sub-criteria specified in accordance
with the “Employee Survey Questionnaire” are selected from the certain table and represented in a new
table in the 2-dimensional fuzzy relation matrix in front of the name of the corresponding employee.
The value mentioned refers to the extent to which the relevant employee corresponds to that
sub-criteria (Table 5).
Table 5
Membership function of the employees’ performance to the sub-criteria
. Notation
No. List of employees o K, K,
ku klz k18 k6l k67
1 Abbasova M. Z. X, o, (x) 9, (%)) oy, (x)) oy, (%)) . oy, ()
2 Bayramov N. L. X, oy, (x,) 0, () 0y, () oy, (%) o, (2)
N.  AliyevaL. H. X, 0y, (x,) 0, (x,) 0y, (x,) by, (2,) 9, (x,)
The next step is to calculate the membership function of the employee’s performance based
on the formula (4) by using the relative importance coefficients of the sub-criteria in DB (Table 6).
Table 6
Membership function of the employee’s performance to the criteria
No. List of employees Nol::tlson
y K, K, K, K, K, K,
1 Abbasova M. Z. X, O, (2)) g, () g, () g, () g, () g, ()
2 Bayramov N. L. X, Ok, () O, (x,) Ok, () PR EY) O, (%) b, (x)
N. Aliyeva L. H. x, Og (x,) Oy, (2,) Ok, (x,) O, (x,) Ox (%) O, (%)
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Based on the results obtained and the relative importance coefficients of the criteria in DB,
the final value of the employees’ labor activity is found based on the formula (5), and the results are
uploaded to on the DB. . o

The employee ensuring the condition ¢, (x )= max{q) X (xi), i= 1,n} (n is the number of
employees) in accordance with the alternative x* is the most advanced employee at the institute, and
in this way, the list of employees’ performance ranking is obtained.

6. Results and Discussion

Solution of the development of the decision support system for the management of scientif-
ic employees and the evaluation of their labor activity decisions was implemented in three stag-
es. At the first stage, the scientific-theoretical basis of the system to be developed was created.
It was shown that the work of employees engaged in scientific activity is determined by a great
number of criteria. These criteria are often qualitative, indefinite and fuzzy. This feature requires
referring to the expert knowledge and to the linguistic expressions of our natural language as the
measurement metrics for the evaluation of labor activity. Thus, the issue is characterized by a
multi-criterion assessment problem formed in a fuzzy environment, and a fuzzy relation model
is proposed for its solution. The criterion that characterizes the work of employees involved in
scientific activities are hierarchic and their importance (both criteria and their sub criteria) are
diverse. Thus, taking into account this, additive aggregation-based evaluation technique was
proposed. The definition of the relative importance coefficients of input data, that is criteria
(and their sub-criteria), and mathematical description methods of criteria are proposed. Proposed
methodological approach:

— evaluates the labor activity of employees engaged in scientific activity univocally taking
into account all indicators characterizing their activity and importance of these indicators;

— ensures objective and transparent management decisions and employees’ satisfaction by
fairly evaluating their labor activity.

At the second stage, the evaluation based on the proposed technique and referring to the
evaluation results, the principles of projecting the management decision support system are per-
formed. Functioning principles of the system, the working principles of its blocks and their inter-
action are shown. The system capabilities are as follows:

— univocally evaluates and ranks the outcome of each employee’s labor activity for each
sub-criterion, criterion and generalization criterion (labor activity value);

— identifies the most advanced (or passive) employee by each department (laboratory,
group, etc.);

— identifies the most advanced (or passive) department (laboratory, group, etc.) by the insti-
tute (research center, organization etc.);

— identifies the most advanced (or passive) employee at the institute.

Referring to the assessment results, processing of employees’ management decisions took
place in the system knowledge base. Processing of employees’ management decisions based on the
knowledge production model was described in the examples of the issues regarding the awarding,
re-recruitment and judgment of employees. And relevant rules constituting the knowledge base
were developed.

At the third stage, the implementation phases of the decision support system for the man-
agement of scientific employees were given. This experiment was presented as an example of the
evaluation system of the scientific employees’ activity of the Institute of Information Technology
of ANAS. In this regard, followings were implemented:

— a system of criteria characterizing the labor activity of employees was formed;

— relative importance coefficients of criteria and sub-criteria were determined,

— a mathematical description of sub-criteria characterizing the labor activity was presented;

— self-assessment method was used to obtain initial information about the employees’
activity;

— a relevant software product was developed based on the proposed evaluation technique.
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As aresult of implementing the periodic assessment (for example, semi-annual), the system
can designate the dynamics of each employee for a particular criterion (or overall activity dynam-
ics). This is, of course, very valuable information in managing employees.

The scientific and functional principles of the decision support system can also be used
for other issues of human resource management (e. g. recruitment) that require intellectual
support.

Thus, proposed scientific-methodological approach can be used not only to evaluate the
scientific employees, but also to improve the management decisions and the evaluation of perfor-
mance of other employees. These employees may work for government and commercial organiza-
tions, enterprises and offices. The use of such a system may assist the decision makers, managers,
and other specialists in relevant fields dealing with employees” management.

The proposed approach requires deep and systematic study of the human resources, and
the consideration of all criteria and sub-criteria characterizing their labor activity. On the other
hand, inclusion or exclusion of any criterion (or sub-criterion) causes substantial changes in the
implementation phase of the system. It may change the importance of others and cause for making
amendments in the survey questionnaire for initial data collection. All this entails making proper
changes to the software product, as well. One of the challenges of the system difficult is related
to building a knowledge base, the acquisition of knowledge of analysts, and establishing deci-
sion-making rules.

7. Conclusion

Scientifically justified decisions regarding the management of scientific employees is cru-
cial. Improvement of this process necessitates the introduction of intelligent technology. In this
article, the scientific-theoretical and functional principles of developing an intelligent decision
support system for the management of scientific employees were developed. To achieve this re-
sult, the followings were implemented:

— characteristics of the assessment of activity of scientific employees was defined, and
fuzzy relation model as a multi-criteria ranking problem formed in an uncertain environment
was proposed;

— problem solution technique based on the additive aggregation method was developed, tak-
ing into account the hierarchical structure of criteria and diversity of their importance;

— architectural principles and functional structure of the decision support system for em-
ployees” management were developed by referring to the evaluation results;

—results of the specific product generated in a certain environment by referring to the pro-
posed scientific and functional principles were described. The decision support system for employ-
ees’ management was implemented in stages.
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