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INFORMATION-ANALYTICAL SYSTEM FOR EVALUATING
THE SCIENTIFIC PERFORMANCE OF STRUCTURAL UNITS OF
UNIVERSITIES AND RESEARCH INSTITUTES BASED ON THE
APPROACH OF CONSTRUCTING COMPLEX INTEGRAL EVALUATION

Abstract: The article discusses the creation of an information-analytical system for
evaluating the scientific performance of structural units of universities and research institutes
based on the approach of constructing complex integral evaluation. A model of information
technology for evaluating the results of scientific activity is proposed, consisting of four
modules: an information collection module, an information storage module, an analytical
module, and a module for user interaction and data visualization. The modular structure of
the technology will allow expanding and modifying the capabilities of each of the modules
independently of the others, as well as increasing the stability and flexibility of the technology.
The implementation of this system is performed using microservices technology. A conceptual
model of the information system and a structural model of the functioning of the information
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collection module, as well as a structural model of the information system database, are
proposed.

It is shown that most of the well-known indices for evaluating the performance of subjects
of scientific activity, for example, h-index, g-index, e-index, 1-10 index, etc., do not fully take
into account information about citation. Therefore, the method for calculating the evaluation
of scientific research activities of scientists was proposed, which does not lose information
about any citation of the author and publication. This method determines the scalar evaluation
of the results of scientific activity, and it is based on determining a few coefficients. The
coefficients define one scientist’s citation in the publications of other scientists. As a result,
assessment is obtained by solving a system of linear algebraic equations that are constructed
based on calculated coefficients. Most of the known evaluation approaches have their own
calculation features and disadvantages, which are associated with the loss of some information.
Therefore, it is not recommended to give preference to one of them. For the purposes of a
comprehensive assessment of the productivity of research activities of scientists, the authors
proposed a method of vector evaluation of the results and the construction of the integral
assessment. This method is based on the construction of vectors and scalar estimates for each
scientist in a multidimensional metric space. The dimensionality of the space is determined
by the number of calculated scalar estimates. The method is also based on the construction
of an ideal point, which consists of scalar estimates that are the best in terms of achieving
maximum performance. The assessment of each subject of scientific activity is calculated as
the metric distance from the ideal point to the vector of scalar estimates of this subject of
scientific activity.

Keywords: information-analytical systems, microservices, ratings of scientists, rating of
scientific departments, integrated performance assessment, site parser.

Introduction

The dynamic development of each state’s information-educational scientific system is the
main factor that contributes to the rise of its prestige, as well as economic development and
the appearance of new technologies in various spheres of human activity. The main goal that
the researchers have been dealing with is the creation of mechanisms for effectively managing
educational and scientific systems. This can be realized by attracting private organizations,
financial support from government authorities at various levels, and expanding international
cooperation within certain scientific and educational projects (Horizon 2020, Erasmus +).
Therefore, the main task for private companies which are interested in the development of high
technologies, and the task for foreign partners is the creation of effective criteria for evaluating
the performance of research activities of scientists, higher educational institutions, as well as
structural divisions of these educational institutions: departments, faculties, institutes.

Evaluation of the productiveness of scientific research activity allows checking the
compliance of the research progress with the goals specified at the planning stage and, if
necessary, adjusting the progress of those studies.

One of the components of rating scientific research work is the evaluation of the main
results of this work: scientific publications. The results of these publications in other scientific
studies can be used as a criterion for the significance of the publication. That is why the
assessment of results of scientific research work can be implemented by finding different
bibliographic indexes of citing publications.

The assessment of scientific research work can be based on the personal assessments of the
scientists working on it. Generally accepted criteria for evaluating the results of the scientific
research work of scientists are the indexes of citing publications published by these scientists.
These characteristics are usually scalar values. This approach to the construction of such
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quantities has a few advantages, but at the same time, there are disadvantages. These failures
include the loss of part of incoming dates and the existence of such borderline cases when the
parameter does not change its value at the rising of a few citing and publications. That is why
it is relevant to create new or modificative present methods of rating of results of scientific
research activity of scientists who do not have these shortcomings. For instance, the scientist
made a publication that later became fundamental in a certain line of research, and ended his
career. If di > n’ then traditional bibliometric indexes will be equal to n’, then the result of the
research work of this scientist is not very saucerful and important, but such the assessment
is not adequate. Therefore, new methods must avoid these cases when the scientific research
work is carried out, and the evaluation of the scientific-research work results does not change.

Overview of the industry

The task of assessment of the performance of scientific-research work is traditional under
the task of managing educational and scientific-research institutions. The work [1] proposes a
project-vector approach to the management of higher education institutions.

The functioning of higher educational institutions is considered as a set of projects, each
of which is represented by a vector in the space of scientific, educational, and administrative
activities. To determine the coordinates of these vectors, it is necessary to evaluate the results
of the corresponding type of activity. The paper [2] describes an approach to assessing the
quality of functioning of a higher education institution by constructing a parametric model.
This model requires tracking changes in the results of various activities, including scientific, as
well as forecasting for the next period. The paper [3] describes an approach to managing an
educational institution based on predicting the transition between states, which is represented
by a Markov chain. Determining the probability of transitions requires a comprehensive
assessment of the results of the research and teaching activities of the institution and
forecasting its values for the next period. The paper [4] considers the indicators necessary
for a comprehensive assessment of the performance of higher educational institutions and
provides an analysis of these indicators. The work [5] provides an overview of the features of
methods for evaluating the results of activities, in particular scientific ones, of higher education
institutions of the Republic of Kazakhstan.

The performance of scientific-research activities of scientists or scientific subjects can
be assessed based on citation rates of publications published by these subjects of scientific
activity. In work [6], a review of scientometric bases and methods for obtaining the main
citation indicators was made. The most common bibliometric indicator, now, is the Hirsch
index. The principle of its construction is described in the paper [7]. The Hirsch index is
calculated as follows: a scientist receives an index h if the scientist has published at least h
articles, each of which is cited at least h times. It is proposed to use the so-called g-index.
This index is the largest number g that corresponds to the number of articles cited at least
g2 times. In paper [8], the fundamental shortcomings of h- and g-indices are indicated, which
consist in the loss of information about the citation of the most popular publications of the
author, and the use of the e-index is proposed to eliminate these shortcomings. In the paper
[9], several modifications of the h-index calculation are proposed, including those considering
self-quoting.

The task of assessment of the results of searching for information has a number of common
characteristics with the task of evaluating the results of scientific-research activities of
scientists. These common characteristics are that between pages on the Internet, there is
a connection through hyperlinks, and between scientific publications - through citation. For
the task of evaluating the results of information search on the Internet, the so-called PR
index is used, which is described in paper [10]. The work [11] describes the application of the
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Monte Carlo method to speed up the calculation of the PR index. The paper [12] considers a
modification of the Monte Carlo method for finding the PR index in a dynamic network whose
structure is constantly changing.

When constructing methods in this study, the approach of finding proximity between
multidimensional vectors is used. The work [13] describes formulas for finding metric distances
in various ways, as well as a method for indexing vectors based on K-nearest neighbors.

The aim of the study is to construct methods for assessing the productivity of research
activities of scientists based on the analysis of citations of publications that are published by
scientists.

To ensure the effective functioning of organizations of the educational sector in modern
conditions, it is necessary, first, to improve a system of managing these organizations. These
improvements relate to using modern management methodologies to implement all types of
activities: scientific, educational, organizational, etc.

Most scientists believe that the higher education system must be self-managing and self-
regulating. Self-managing of the higher education system is to minimize all types of centralized
administrative influence of the state on the activities of universities, the development of
competitive bases in the field of higher education, that is, the transition to selective priority
funding of the university, depending on the rating.

Well-known methods for assessing the performance of subjects of scientific activity have
several disadvantages. In particular, the convolution method requires the correct selection of
weight coefficients, which can be a difficult task. After all, each subject of scientific activity a
priori understands the areas in which there are positive results and will insist on taking these
areas into account in the convolution with the maximum coefficient. That is, to choose such
an assessment system, it is necessary to reach a consensus of all subjects of scientific activity
on the choice of weight coefficients. The ideal point method requires constant refinement of
the ideal point and the use of expert assessment, which is associated with the manifestation
of the subjective factor in a comprehensive assessment.

Relevant is the development of a new comprehensive method for assessing the performance
of subjects of scientific activity, which can serve as an effective tool for managing higher
education institutions and their structural divisions: departments, faculties, and institutes.
An important feature of this method should be the possibility of automation for use in the
management systems of higher education institutions.

Well-known performance evaluation methods of subjects of scientific-research activity
require constant intervention in calculating the subjective factor, agreeing on expert opinions,
and changing the system of coefficients when changing assessment priorities, which is difficult
to automate. The advantage of the study is the development of a method for assessing the
performance of subjects of scientific activity, which is easily automated, does not require the
involvement of experts, the selection of weight coefficients, the ideal point and the solution
of additional tasks when constructing a comprehensive assessment.

Let’s consider methods for assessing the performance of subjects of scientific activity as
organizations. There are several global methods for evaluating the performance of higher
education institutions. The most popular among them are the World University Rankings,
described in the paper [14]. This rating is generated by Quacquarelli Symonds (also known as
QS rating). However, the QS methodology may well be applied within the same country. QS
rating provides a diverse assessment of the results of various activities of higher education
institutions. Most of the indicators considered when calculating the rating are objective and
can be obtained from open sources. Some of the indicators are subjective the reputation index.
To obtain indicators, it is necessary to conduct a survey of a sufficient number of qualified
experts, which is a difficult task.
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Another ranking is the Academic Ranking of World Universities or Shanghai Ranking, which
is described in [15], and published by Shanghai Jiao Tong University. The Shanghai ranking
focuses primarily on the results of scientific activities of higher education institutions. The
Shanghai ranking only includes institutions of higher education whose graduates are Nobel or
Fields Prize winners. There are a limited number of such educational institutions, which makes
it impossible to use the Shanghai ranking methodology for a comprehensive assessment of
all higher educational institutions. However, the method can be effectively used to evaluate
research institutions.

The aspect of representation of higher education institutions in the WEB space is evaluated
using the Ranking WEB of Universities methodology [16]. Each technique takes into account the
calculation of the rating indicators that are characteristic only for it. For example, when compiling
the QS rating, the academic reputation of higher education institutions and the reputation of
university graduates among employers are considered. The indicators considered when determining
the respective rating and their relative importance are shown in Tables 1 and 2.

Ranking Web or Webometrics has the widest coverage of universities. The goal is to
construct a ranking for all universities in the world, and not just for hundreds or thousands of
the most developed. The rating has been compiled by the Cybermetrics Lab (Spanish National
Research Council, CSIC) since 2004 twice a year. The ranking is based on the web presence
and influence of the university [4]. The ranking does not just evaluate the university website,
its design or user-friendliness, but also the number of visits or unique visitors. Web metrics are
considered as a proxy for assessing the global performance of the university and their impact.
The Webometrics assessment methodology is constantly evolving and improving. This rating
differs significantly from other ratings focused on the assessment of bibliometric indicators
and giving preference to the scientific component of the university’s activities. Webometrics
focuses on the economic value of technology transfer to industry, community involvement
(social, cultural,and environmental components of the university),and even its political impact.

Table 1. QS rating indicators

Type of Activity Indicators Relative Weight, %
Academic community |- academic reputation 40
- H index
- faculty quotation
- academic staff with scientific degrees
Employers - employer reputation 20
- presence of employers on campus
- employment rate of graduates
- results of graduates
Learning - the number of scientific and pedagogical workers 30
relative to the number of students
- student exchange
International activities |the percentage of tutors from other countries 10

Webometrics believes that link analysis for quality evaluation allows for a wide coverage
of university activities than citation analysis or expert surveys. This rating motivates scientists
and universities to increase and improve their presence on the Internet. This contributes to
the dissemination of knowledge and a more objective assessment of the results of activities
through their public discussion. Webometrics uses an a priori model to find the overall score.
This methodology considers the power law distribution of the data. All indicators are divided
into two groups: activity/presence and visibility/impact. Each of these groups is equivalent
and, as a result, gives half of the overall assessment of the university.
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Table 2. Indicators on the Shanghai rating

Type of Activity Indicators Relative Weight, %

Quality of instruction - graduates of the institution who received Nobel and 10
Fields Prizes

Quality of faculty - graduates of the institution who received Nobel and 20
Fields Prizes
- citing publications of faculty members 20

Result of researching - Scientific publications, which are published in 20
Nature and scientific journals indexed in Science
- Citation Index-Expanded and Social Science Citation 20
Index

Effectiveness - Learning outcomes per unit of students 10

The insignificant representation of the university of the Republic of Kazakhstan in
international rankings shows the need to develop its own methods for evaluating the university,
which would be based on the same indicators. Such methods encourage the university to
develop and improve the relevant indicators.

The paper [17] shows that the above methodologies have in common the determination of
the performance results of subjects of scientific activity and, in particular, higher educational
institutions based on several groups of indicators. Notably, each of reviewed ratings considers
such groups of indicators as:

e the number of scientific publications of employees of higher educational institutions

indexed in scientometric databases (Scopus, Nature, Science, etc.);

e citation indicators (SCIE - Science Citation Index-Expanded, SSCI-Social Science Citation

Index, etc.);

e the qualitative composition of employees of higher educational institutions, in particular

the number of professors, and prize winners, attracted foreign tutors and scientists.

This paper [18] describes a combined forecasting methods that take into account selective
comparisons with a sample, that is, a fixed position of the time series. In contrast to the
method described in this work [19], this method is less sensitive to the choice of parameters,
but it needs to be adapted to the mechanism that generates a time series of potentials for
the development of scientific areas. The paper [20] proposes adaptive combined forecasting
models for time series, considering the results of identifying similarities in the retrospection
of these time series. In this paper [21], a method for constructing unclear expert assessments
is considered, which can be used to predict the potential for the development of scientific
areas. However, a separate challenge in this method is the selection of experts. The paper [22]
proposes a method for identifying areas of scientific research by scientists based on a cluster
analysis of scientific publications, which is a preparatory stage for the task.

Also, to evaluate the efficiency of scientific-research activity can apply of forecasting
methods of performance indicators. The paper [18] describes combined forecasting method
considering the selective comparisons with a sample that is a fixed position of the time series.
In contrast to the method described in this paper [19], this method is less sensitive to the
choice of parameters, but it needs to be adapted to the mechanism that generates a time
series of potentials for the development of scientific areas. The paper [20] proposes adaptive
combined forecasting models for time series are proposed, taking into account the results of
identifying similarities in the retrospection of these time series. In this paper [21], a method
for constructing unclear expert assessments is considered, which can be used to predict the
potential for the development of scientific areas. However, a separate challenge in this method
is the selection of experts. The paper [22] proposes a method for identifying areas of scientific
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research by scientists based on cluster analysis of scientific publications, which is a preparatory
stage for the problem of predicting the development of the potential of scientific areas.

The main disadvantage of traditional methods for assessing the performance of subjects
of scientific activity and, in particular, institutions of higher education is the burden of a large
number of questionnaires, formulas, rating lists,and etc. In particular, [1] it is indicated that the
traditional methods of evaluating higher education institutions are a separate cumbersome
activity. In addition, the methods discussed above are primarily aimed at evaluating the
results of scientific activity, but it is no less important to take into account the complex other
characteristics of the activities of higher educational institutions: educational, organizational,
international, and the like. It is important that these characteristics can be assessed on the
basis of data that is objective and, where possible, can be obtained from open sources. This
will automate the evaluation of higher education institutions and reduce the need to involve
experts.

The purpose of this studyis to develop an efficient and flexible method for the comprehensive
assessment of the performance of higher education institutions.

To achieve the goal, the following tasks have been formulated:

- to develop a method for a comprehensive assessment of the performance of higher
education institutions based on the calculation of the volume of m-simplexes, using selected
indicators that reflect the main aspects of the activities of higher education institutions.

- to study the developed method for sensitivity to changes in the overall assessments of
the categories of indicators and the evolution of integrated assessment.

Basic material

Let K,K,,...K be categories that reflect various aspects of the activities of subjects of
scientific activity S, in particular, institutions of higher education. Each category of indicators
determines the defined criterion for evaluating results of the activities of the subjects of
scientific activity. L

Let us denote by P, P, ..., P, - the indicators belonging to the Ki, i=0,m, where (m+1)
is the number of categories, and k; - the number of indicators belonging to the category K..

The stages of building a comprehensive assessment of the performance of subjects if
scientific activity. L

1. Identifying indicators P, P, ..., P, , belonging to the corresponding category Ki, i=0,m.
This information is determined from open sources that are represented on the Internet.

2. Finding the productivity of the subject of scientific activity S for the period of time
TZ[tO, tl), where t, is the initial moment of time, t, is the final moment of time. To do this, we
will find the numerical values of the subject’s indicators for the corresponding period.

Denoted by IT; (S) - the numerical value of the indicator I1, of the subject S for the period T.

Indicators IT; (S) can be both absolute and relative. Which of the indicators, in particular the
number of faculty awards, should be normalized in accordance with the number of all full-time
teachers of an institution of higher education. Some of the indicators should be normalised
according to the number of students in higher educational institutions. In general, it is a
separate research problem and is not considered in this paper.

3. Construction of performance estimates of the subject S according to the criteria Kj,
over a period of time T=[t,, t,). Denote ix by Q (S) - performance evaluation of the subject’s
scientific activity S, according to the criteria Ki, 1=0,m, for a period of time T. The value of
the assessments of the results of the activity of the subject S according to the criteria K, are
calculated in different ways, depending on the method that is taken as the basis. For instance,
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in the method of weighted estimation, weighting factors are considered ®,,®,, ...,ooki , such
that ®, R, j=0,k;, R - the set of real numbers.

Coefficients wj, =0, k reflect the importance of the indicator Pj in assessmg the

performance of subjects of scientific activity for which the condition is fulfilled Zm
assessment of performance of subject of scientific activity is founded by formula [2 3]

=>1}(9). ()

where Q/ (S) - The assessment of performance of subject of scientific activity S, founded by
criteria Ki, i=0,m, for a period of time T=[t , t ).

In the ideal point method based on indicators I1; (S). j=0,k, construct a point
F'(S)eR" y (ki+1) - measurable space, the number of dimensions of which is determined by
the number of indicators, 1 = O m

It will be an ideal point

F' = (I3, 107, ..., IT, )

(ki+1)- measurable space for which for any subject S from the totality of all assessed
subjects and an arbitrary period of time T, the following condition is satisfied:

I, > 117 (S), b=0,k,

To evaluate the performance of the subjects of scientific activity S, it is necessary to find the
distance between the point FT and the ideal point F: The degree of proximity between two
points is determined based on some metric distance:

Q! (8)=p(F' (5).F)

where p(FT (S),F*) - Euclidean distance, Minkowski distance, etc.

4. Calculation of a comprehensive assessment of the performance of subjects of scientific
activity S for the period T=[t, t,). In the method of weighted assessment and the ideal point, a
comprehensive assessment of the performance of subjects of scientific activity S is determined

by the formula:
=2.wiQ/(8)
i=0

where QT (S) - a comprehensive assessment of the results of the activity of the subject S
for the period T=[t, t,),

wi, 1=0,m - cofficients of the importance of the category Ki, ZW =1.

The difficulty in applying the methods of weighted estlmatlon and the ideal point lies
in the need to involve experts to determine the coefficients wj, wi j=0,k;, i =0, m, as well
as choosing an ideal point and choosing a formula for finding the distance. In this study, a
method is constructed that does not have these shortcomings and does not depend on the
subjective opinion of the persons conducting the assessment.

5. Analysis and use of performance estimates.

To assess the performance of subjects of scientific activity, the assessment for each category

can be considered as a point in the (m+1) - measurable space. Consider the points Vi, 1=0,m,
which are vertices of some m-simplex.




DOI: 10.37943/XTPK5061 9 5
© A. Biloshchytskyi, A. Kuchansky, S. Biloshchytska,
Y. Andrashko, S. Toxanov, A. Faizullin

m-simplex with vertices at points v, e R™" is some m-measurable polytope that is the
convex hull of its m+1 vertices. That is, the m-simplex is the set of points A™ € R™", for which

the condition is satisfied:
[ZQ =1] A(6,20,i=0,m)y,
i=0
where 0, - some real numbers, 0, eR.

Namely A° (0-cumnnekc) - this is a point in R, A! (1- simplex) - this is a segment in R?,
A? (2- simplex) - this is a triangle in R3, A® (3- simplex) - this is a tetrahedron in R*, A* (4-
simplex) - this is pentachloro in R® and etc.

Each m-simplex can be assigned a numerical characteristic that determines the capacity of
the part of the space that is limited by this m-simplex. This characteristic will be called the
generalized volume of the m-simplex and denoted by V(A™). For example, the generalized
volume of a 0-simplex is zero, V(A™) = 0, the generalized volume of the 1-simplex is equal

to the length of the segment [vo,vi], V<AI)=»\/V§ +V12. The generalized volume of the
2-simplex is the area of the triangle with vertices at the points v, v, v, y R?, which can be
found by Heron’s formula.

To find the generalized volume of an m-simplex for an arbitrary number of points m, one
can use the Cayley-Menger formula. Details about the Kelly-Menger formula are described in
paper [24].

Consider the value of performance estimates of the subjects of scientific activity at the
moment of time T. in each category Ki, i=0,m is assigned a point in (m+1) - measurable
space v, according to the rule:

A" = {OOVO +0v,+...+0_v_

(Q5(8).0.0....,0)
(0.Q/(8).0....,0)

9

Vo

Vi

v, =(0,0,....0,Q},.(9))

where QiT (S) - assessment of the performance of the subjects of scientific activity S, found
by the criterion Ki, i=0,m, for a period of time T=[t , t ).

According to the method of constructing the points, it is obvious that the system of vectors
that start at the origin and end at vi, € orthogonal and linearly independent. Such a system
will define a Euclidean space.

If the category in which the performance assessment of the subjects of scientific activity is
set is one, then as a result we will have a 0-simplex in the form of a point on the coordinate
axis (Fig. 1). If there are two categories, then a 1-simplex is constructed as a segment between
two points; the 1-simplex is shown in Fig. 2. If there are three categories, then a 2-simplex
is constructed (Fig. 3); if there are four categories, then a 3-simplex (Fig. 4); if there are five,
then a 4-simplex (Fig. 5); the volumes of these m-simplices: for 1-simplex - this will be the
length of the segment, for 2-simplex - the area of the triangle, for 3-simplex - the volume of
the tetrahedron, for > 3 - some hypervolume [23].

® © >
Vo X

Figure 1. Image A’ or 0-simplex (point b R)
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AY

\ i
Vo

X

Vi

Figure 2. Image A' or 1-simplex (point b R?)

Y

V)

Vo

A
Figure 3. Image A? or 2-simplex (triangle R?)

Construct an m-simplex with vertices at the points vi, 1=0,m and find its generalized
volume using the Cayley-Menger formula. And let

0 1 1 1 - 1

1 0 dél d(2)2 T d(z)m
P — 1 d120 0 d122 e dlzm

1 d§0 d; 0 e dim

1 42, 42, d2 0

mO ml m2
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z
Figure 4. Image A® or 3-simplex (tetrahedron R*)

n V2

Figure 5. Image A* or 4-simplex (pentachlor in R’) then
the generalized volume of the m-simplex is:

. .- ~ 2 2 2 . .
where dij - distance between vj, i,j=0,m, djj =v; + V], |‘P| - matrix determinant V.

Comprehensive assessment Q' (S) activity of the subject S for a period of time T can find
by the formula:

where V(Am) - the generalized volume of the m-simplex.

We study the dynamics of changes in the comprehensive assessment of the performance of
the subjects of scientific activity. To do this, we find the derivative of the generalized volume
of the m-simplex with respect to time:
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o d‘P
dT
0 0
0 0 d01d2)1 dozdgz T d d'
d_‘P 9. 0 dlodio 0 d12d12 T dlmd'
dT 0 dZOd;O d21d’21 0 T dzmd' ,
0 dmOd;nO dmld:nl dmZd;HZ T 0

R A A dQ/ (S T

where dijZ%,V; :(0303"'3()’ Q(;,T( ),O,...,O], dQl (S), i:O,m,
JVi +Vi dT

are known and characterize the rate of change in performance estimates of the subjects of

scientific activity of the corresponding category K.

dV(Am)
dT

then over time, a comprehensive assessment Q" (S) grows, and the larger the value of the
derivative, the faster the growth occurs. This means that the performance of the subject of
scientific activity S has a positive development trend.

dV(Am)
dT

then the complex estimate declines Q' (S), and the smaller the value of the derivative, the
faster the decrease. In this case, the productivity of the subjects of scientific activity S requires
adjustment, since it is determined by the negative development trend.

T W is inherently definite, hence non-degenerate, i.e., which means that the inverse matrix
in the formula exists.

The matrix ¥ ¥ is inherently definite, hence non-degenerate, i.e. || # 0, which means that
the inverse matrix ¥ ' in the formula exists.

Let us estimate the sensitivity of the method of complex evaluation of the performance of
subjects of scientificactivity based on the calculation of the volumes of m-simplexes to a change
in the performance estimates of the subject S according to the criterion Ki — Q (S), i=0,m.
To do this, consider the change of the estimate Q/ (S) category K. by some infinitesimal
amount >0:

If >0,

If <0,

Q' (S)=Q(S)+¢=,
where Q/ (S) modified estimates by magnitude £>0.
Evaluation Q; (S) corresponds to the point

v, =(0.0,...,0.Q/ (8).0.....,0).

Let us find the distance between the points v, and v, ,and consider the point v, taking into
account the change in the estimate Q! (S) by the formula [23]:
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4, =7+, = (@ () +(Q (5))"
3, =\(QU(S)) +(Q(S)) +2-QI(S)-e+ ¢

As long as € :0(8), Z-QiT (S)-8=O(8), namely 2-QiT(S)°8+82 =O(8) we can
replace and denote the left side of the equality through the infinitesimal € > 0, then:

&, =\(Q(S)) +(QI(9)) +%,

where dij - distance, taking into account changes in performance estimates of the subject

of scientific activity S.
Accordingly, the modulus of the difference of the squared distances dij and d

712 2

() + Q) +o-((Q ) +(e] )=

Let us find the determinant of the matrix ¥, taking into account the change in the estimates
of the performance of the subject of scientific activity S. Denote the matrix \V:

i define as:

0 1 1 - 1 - 1
L0 d(z)l a’gi dém
1 d, 0 - alzi e d2

12 712 2
1 diO dil 0 e b

2 2 12
1 dmO dml dmi 0
where |‘T’| — matrix determinant V..
Let’s find the layout of this determinant over the elements of the i-th row:

1 1 1 1
0 2, - dl o d2
d’, 0 - d .. d
Pl=(=1) . . . N
¥]=(-1) iy iy diiy d_,
’ 2 P g2
d(”l)o d(i+1)1 d(i+1)i d(i+1)m
dilo dill din 0
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0 1 1 1
1 d d, don
1 O d121 dlzm
_1 i+l "'12 2. ~ 2 . +
( ) 0 d(i—l)l d(\ifl)i d(i*l)m
2 32 2
d(i+1)1 d(i+l)1 (i+1)m
1 drznl arzm O
0 1 1 1
1 dgl d(z)l d(z)mfl
1 0 d; iy
(=) @ N ' 2' ' ”z. . 2 | +
( ) i(m-1) 14 d(H)1 d(H)i d(ifl)(mfl)
2 712 2
d(i+1)l d(i+l)1 (i+1)(m-1)
1 d2, dy o drzn(mfl)
0 1 1 1
1 d(z)l aél démfl
1 O alzl d12m—1
I _1 i+m+l Y2 . ~
(1) " d(zifl)l d(zifl)i d(zi*”(\mfl)
d(2i+l)1 d(2i+1)i d(21+1)(m—1)
1 d2, alzlli dil(m*')

The determinant in each of the terms of the resulting sum is expanded in the i-th column:
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0 d;,
d’, 0
l=(=1) [ (=) |diy Ay
d(21+1)0 d(2i+1)1
dyy  dy
1 1
0 d;,
i+m 2
+(—1) -d(zm_l)i- d(zi—l)o d(i—l)l
d(2i+1)0 d(2i+1)1
2
d(zm—l)O d(m—l)l
1 1
0 d;,
+...+ (—I)Hm+1 &fm o d(zi—l)O d(zi—l)l
d(2i+l)0 d(2i+1)1
d(zm—l)O d(zm—l)l
I 0 d&
&0
+(_1)1+1 alz() (_1)1 ) d(zi—l)o d(zi—1)1
d(2i+1)0 d(2i+l)l
e,
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1 1 1 1 1
0 d<2)1 d(z)(i—l) d(2)(1+1) dém
i+m 2 2 2
+(_1) : (zm—l)i‘ d(i—l)o d(i—l)l 0 d(zi—l)(iﬂ) d(H)m +
2
d(2i+1)0 d(21+1)1 d(i“)(l*l) 0 d(21+1)m
2 2 2 2 2
d(mfl)O d(m71)1 o d(m—l)(i—l) d(m—l)(i+1) o d(mfl)m i
1 1 1 1 1
0 d(z)l dé(i—l) dé(m) dém
i+m+l 2 2 2
+...4(-1) -dfm--d(iq)o d(H)1 0 d(zi—l)(i+1) d(H)m 4
2
d(2i+1)0 d(21+1)1 d(i+1)(i*1) 0 d(21+l)m
2 2 2 2 2
d(m—l)O d(m—l)l d(m%)(ifl) d(mfl)(iﬂ) d(mfl)m ]
1 0 dél d(z)(i—l) d<2)(i+1) dlz(m—l)
1 d120 0 dlz(i—l) dlz(m) dlz(mfl)
—1)a (<) A, d 0 2 d?
+...+(=1) o (CD) N o Yy e Aoy 0 G|t
2
d(21+1)0 d(2i+1)1 d(i+1)(i—1) 0 d(2i+1)(m—1)
2 2 2 2 2
i I dy d. dm(H) dm(iH) dm(mfl)
0 1 1 1 1 1]
1 0 d(2)1 d(z)(ifl) d(z)(iﬂ) dé(nkl)
i+m+l Y 2 2 2
+...+(—1) -d2 -1 d(i—l)O d(i—l)l 0 d(zi_l)(m) d(i—l)(m—l)
2
1 d(21+1)o d(2i+1)1 d(i“)(i*l) 0 d(2i+1)(m—1)
2 2 2 2
1 d(m—l)O d(m—1)1 d(m—l)(i—l) d(m—l)(i+1) 0 )

_ Similarly, we expand the determinant |‘T’| and find the difference of the determinants
|LP| “P‘ To do this, we group similar terms, and take into account equality (2), then:
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i 1 1 1 1 1
d120 0 d12(1—1) d12(i+1) d12m
— i il |92 2 2
[P %]=(=1)" -] 0+(=1)" -&-[dipe iy 0 dl di
2
d(21+1)o d(21+1)1 d(i“)(i—l) 0 d(2i+l)m
i drznO drznl drzn(i—l) rzn(i+1) 0
1 1 1 1 1]
0 dgl d(z)(i—l) d(z)(m) dém
itm+l 2 2 2
+. .o + (_1) . 8 . d(i—l)O d(i—l)l O d(zi—l)(i+l) d(i—])m + .
2
d(21+1)o d(21+1)1 d(i”)(i*') 0 d(zm)m
2 2 2 2 2
d(mfl)O d(mfl)l d(m—l)(i—l) d(m—l)(iH) d(mfl)m ]
0 1 1 1 1
1 dy dlz(i—l) dnz(m) dlz(mfl)
1o : :
i+m+ i+l 2 2
+2- (_1) 1 di,- (_1) K d(i—l)o 0 d(zifl)(i+1) d(i—l)(m—l)
2
d(2i+1)0 d(i“)(i—l) 0 d(2i+1)(m—1)
1 : : : :
2 2 2 2
i 1 dmO dm(i—l) dm(i+1) dm(m—l)
0 1 1 1 1 1
1 0 dgl dg(i—l) dé(m) d<2)(m—1)
i+m+l 2 2 2
Tt (_1) 1 |1 d(ifl)o d(i*1)1 0 d(zi_l)(i_H) d(\ifl)(\m—l)
2
1 d(2i+1)0 d(21+1)1 d(i”)(i*l) 0 d(2i+l)(mfl)
2 2 2 2
1 d(m—l)o d(m—l)l d(m—l)(i—l) {(m—1)(i+1) 0 ]
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0 1 1 1 1 1
1 d120 0 d12(1—1) d12(1+1) dlz(m—l)
| . . . .
frmel il _ d2 d2 0 2 d?
(=) B (1)U Yo Gy e i (-t |+
2
d(2i+1)0 d(21+1)1 o d(i“)(i—l) 0 " d(2i+1)(m—1)
1 : : ’ : : ' :
2 2 2 2 2
i 1 dmO dml dm(i—l) dm(i+1) dm(m—l)
0 1 11 1 1 1 1]
1 0 dgl o d(z)(i—l) d(z)(m) d(z)(mfl)
i+m+l 2 2 2
+...+ (—1) -e-1 d(i—l)O d(i—l)l cee 0 d(zi_l)(m) ce d(i—l)(m—l)
2
d(21+1)0 d(21+1)1 o d(i“)(i—l) 0 o d(2i+1)(m—l)
2 2 2 2
I odiye iy Aoy Dmonion 0 |

Considering that all determinants do not contain dij ,i.e. they are constant. Therefore, in our
case, all terms in square brackets are O(g) quantities. Since the number of terms in brackets is
finite, the sum is also an O(g) quantity. Namely, the difference “P‘|‘P| contains 2m+3 terms,
of which m+2 are O(g) values, and m+1 are O(g2) values. Accordingly, the entire sum is the
quantity O(g). This means that small changes in the assessments of individual categories
correspond to proportional changes in the complex assessment.

Consider numerical methods for calculating the generalized volume of an m-simplex. To
calculate the determinant D:|‘P| numerically, you can choose the Gauss method with the
choice of the main element, since zeros are placed on the diagonal of the matrix. Since the
matrix is symmetric and inherently defined, one can use the Cholesky LDL decomposition for
m>1 to calculate the determinant D. In this case, it will be necessary to spend 2 times less
calculations than in the case of applying the Gauss method (Gauss).

If
8oo 601 8om
A
61m 62m 6mm

then the determinant of the matrix ¥ will be calculated by the formulas:
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1 2 R —
Li=—|8-> LL, | i<i,i,j=0,m
Ly k=1

where (Lij )i io ~ @ lower triangular matrix with positive elements on the diagonal,

Sij - matrix coefficients V.

If the estimates of the performance of the subject of scientific activity related to different

categories are equal, then to find the volume of the m-simplex V(Am) , you can use the
formula described in [23, 25]:

. az(m 1) m-—1 m-1 2 5 -1
V(A ): — ) |: ZZ 1dem_'__Z:dlm Z _mj|’ (3)

m-—1
2 (( i=0 j=i+l i=0

where a - are the values of exponents that are equal to each other or the distance from the
vertices of the m-simplex to the origin, dij are the distances between the vertices v, and v, of
the m-simplex.

The development of Architecture and software selection for information system development

The information system for evaluating scientific work of scientists, universities and scientific
institutions was developed based on this method.

The functional-modular approach to the design of information technologies is generally
accepted and has shown its effectiveness in practice. A model of information technology for
evaluating the results of scientific activity is proposed and consists of four modules:

- information collection module;

- information storage module;

- analytical module;

- module for user interaction and data visualization.

The modular structure of the technology will allow expanding and modifying the capabilities
of each of the modules regardless of the others, as well as increasing the stability and flexibility
of the technology.

The structural model of the functioning of the information collection module (Figure 6) is
responsible for receiving input data and their primary processing. Two sources for obtaining
information are considered: manual user input and automatic collection of open information.



1 06 Scientific Journal of Astana IT University
ISSN (P): 2707-9031 ISSN (E): 2707-904X
VOLUME 11, SEPTEMBER 2022

server user

| !

———»  setting the request format
authorization l
l analysis of bibliographic
setting the object to import ~——— references and publication IDs

l uploading a publication
analysis of the scientist's ID

API for importing information
about scientific publications

l creating an entry or editing it
a adding or editing a scientist
b2 profile ¢
a2
T3 l search for publication Author
- Profiles in the system
5@ search for other publications of
£3 the scientist in the system l'
o
2
o l report <!

working with the database

Figure 6. Structural model of the functioning of the information collection module

Open information is information obtained from open sources.

Open-source information is a source that the majority of citizens can access without any
restrictions by legislative or other norms. Particularly, it can be printed and electronic media,
television, radio, etc. In addition, open primary information includes information that is not
intended for wide distribution («grey literature» — materials of various conferences, reference
books, lists of addresses of enterprises). Scientometric databases are the best open sources of
information which is necessary for evaluating the results of scientific work.

The scientometric database is a bibliographic and abstract database with tools for tracking
the citation of articles published in scientific publications. The most important properties of
information that are necessary for the correct functioning of the technology are reliability and
completeness. Assessing the reliability of information is a difficult task. One of the principles
is that information is considered reliable until a contradiction is revealed. Another principle
states that any information that has not been verified cannot be reliable.

Contradictory information is information about the state of an object or phenomenon at a
certain point in time, obtained from different sources that differ significantly. Verification is the
process of confirming its authenticity. The main verification method is to obtain information
from a reliable source.

Structured information is information about a certain object or phenomenon presented as
a set of pairs (feature, value).

Structuring is the process of converting unstructured information into structured information.
Open information is mostly available in an unstructured form. For storage and subsequent
processing, information must be structured. Structured and reliable information is transmitted
to the storage module.

The main task of the storage module is to store the information received by the information
collection module. It also provides data sampling according to the requests of the analytical
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module. The data collection module contains a database that is located locally relative to
other modules.

The analytical module solves the main tasks of information technology for evaluating the
results of scientific activity: determining the assessments of scientific activity and forecasting
the prospects for the development of scientific and pedagogical workers, institutions of higher
education and their structural units, as well as establishing the directions of scientific activity.
If we consider the structural subdivision of the university as a set of individual subjects of
scientific activity, then the assessment of its scientific activity can be obtained as a vector or
scalar convolution of estimates of the results of scientific activity of its employees.

The key concept in the implementation of the system for evaluating the productivity
of scientific activity was to ensure maximum openness and accessibility for the academic
community. Another important regulation was the use of only reliable, verified sources of
information that do not include subjective assessments, but only fixed on the results of the
real work of the subjects of scientific activity. To ensure these regulations, a system architecture
was created in which the system interacts with users via the Internet.

The conceptual model of the information system for evaluating the productivity of scientific
activity (Fig. 7) includes an information collection module, an information processing module,
a database, and a web server. The target audience of users of the system are responsible
individuals of the Ministry of Education and Science of the Republic of Kazakhstan, the
management staff of institutions of higher education and individual scientists.

The architecture of the information system should be represented by blocks that include
separate microservices for the implementation of such tasks:

-a complex for collecting, processing, storing information about the productivity of subjects
of scientific activity;

- methods of formation of subject scientific spaces;

- methods of evaluating the productivity of subjects of scientific activity;

- methods of formation of organizational and functional structure of subjects of scientific
activity.

The functional model of the information system for assessing the productivity of the subjects
of scientific activity of the Republic of Kazakhstan consists of five main modules:

1. A manager that is intended to perform tasks and interact between other services of the
system.

2. An information collection service that ensures the receipt of data from open sources and
their preliminary study.

3. A data storage service that includes a database and methods of working with data.

4. Data analysis service, which includes methods for the formation of subject scientific
spaces, methods for evaluating the performance of subjects of scientific activity; generating
reports.

5.Visualization service, provides interaction with users through the WEB interface.

The info-communication system for evaluating the productivity of scientific activity is a
combination of:

- web applications that search, store and process significant amounts of information on the
publication activity of scientists from the Internet;

-methods of information processing (clustering methods for dividing scientists with relevant
scientific directions, methods for constructing scalar and vector estimates of the results of
research activities, methods for predicting the potential of directions, etc.);

-sources of information (information about quoting scientists from scientometric databases);

- consumers of information (institutions of higher education, research institutes, private
companies, authorities responsible for scientific policy).
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The peculiarity of the implementation of services is that each of them is executed on a
separate virtual server, and the interaction between the services is implemented using the
corresponding APIls. The exchange of information and requests between the services takes
place via local networks, as well as via the Internet. Data transmission is carried out over the
https protocol, by sending POST requests in the appropriate format.

Open data about scientists and their scientific publications are mostly available in
unstructured or weakly structured forms. In order to store and use them, it is necessary to
perform structuring and primary processing. Further, after structuring, the information is
placed in the database.

The system can work both on one server and be divided into several different ones to
optimize the load. If the system components are located on different servers, it is necessary
to provide communication between them using a local network or the global Internet. Each
component has its own API for exchanging tasks between services and the results of their
execution, regardless of their physical location.

The visualization module provides user interaction. Its architecture is typical for modern web
applications: it consists of several applications created in Python using the Django framework,
which functions on the Nginx web server. Eventually, in response to his request, the user
receives an HTML document from the server. Bootstrap, jQuery and Highcharts frameworks are
used to stylize the display of elements.

The virtual environment is used to isolate packages on the server and avoid version conflicts.
The Supervisord program monitors the functioning of the modules. It is automatically restarted
in case of an emergency termination of any of the processes.

scientists B .
scientific publications

manager

@{I}

MES OF THE REPUBLIC OF
KAZAKHSTAN

, OXES — -
I oo [r B -_— |
— o -— '
' information collection
server I
| web server
[]
| o I
l information processing e
software server * ’

Figure 7. Conceptual model of the information system

Allinformationisstoredinarelational database.This database hasaphysicalimplementation
in the Postgres DBMS, but the database is managed by interacting with ORM Django.

ORM is a programming technology that connects databases with the concepts of object-
oriented programming languages, creating a «virtual object database».

This approach makes it possible to abstract from the physical implementation of the
database and easily transfer it to another server.

The main models in the database are:

1. User (contains information such as username, password, email address of the user and
his rights);
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2. Scientist (contains information about the employee: surname, first name, patronymic in
Russian and English, academic title and academic degree, information about the place of work
by linking with the corresponding models, implements links with the user’s publications and
assessments of his scientific activity);

3. Publication (contains information about the publication: title, source, link to the file,
communication with the authors and other publications for citation);

4. Citation (implementation of the link between publications, also contains additional
information about the source from which information about the citation was obtained,
bibliographic reference, etc.);

5. Higher education institution (information about universities: name, type, contact
information, information about structural divisions, and also implements communication with
users to identify responsible persons (administrators);

6. Structural unit (department or institute, implements cascade communication between
universities and a researcher);

7. Evaluation of the results of scientific activity (the evaluation contains scientometric
indicators found for the corresponding object and the date of their location).

The peculiarity of the database is that each time an assessment of the results of scientific
activity is found, these results are stored in the database. In the system, the user sees the score
value that was found last.

At the same time, if more than a certain period of time has passed after finding the values
of the estimates (for example, 1 day), a request is formed to update them and can also view
the history of finding the estimates.

A significant part of the functions that require a large amount of calculations and access
to the database is placed in the calculation module. In particular, such functions include:
calculating estimates of research results, searching the database and adding new information
about citations and publications, determining research directions and sending emails. The
Celery server is used to manage background computing tasks. Two task queues with different
priorities are implemented on the server. Using two queues allows you to reduce delays in
responding to user requests. Moreover, to reduce the computational load on the server, the
management of the calculation results is used. For example, if less than a day has passed
since the calculation of the results of the user’s research activity, the last result found will be
returned to the user and no new calculations will be performed.

This module consists of spiders for scraping information from the international scientometric
databases Scopus and Google Scholar, as well as the EBSCO website and the websites of
scientific periodicals of the Republic of Kazakhstan. The spiders are written using the Scrapy
framework and function on the Scrapyd virtual server. The module’s capabilities can be
easily expanded by writing new spiders. Standard Scrapyd capabilities are used to manage
information collection tasks. To save the results, the system’s APl is used to add new objects.

Let us consider in detail the principles of organization and interaction of the constituent
systems of the subjective information environment on the example of the developed system.
Only registered users (created by the system administrator) have access to the system, login
or email can be used to log in (if the user entered the email address in the profile settings).

One of the components of the evaluation of the activities of universities around the world
is the determination of a generalized indicator of the quality and results of scientific research
of an individual scientist, department, faculty and university in general. In the modern world
of information technology, a lot of publications that are available in the web space, allows
you to assess the scientific level of research. For the developed system, the following open
sources were identified for collecting information about the scientific and research activities
of scientists, universities and research institutes, namely:
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- international scientometric databases: Scopus and Web of Science;

- Database of Committee for Quality Assurance in the Sphere of Education and Science of
the Ministry of Education and Science of the Republic of Kazakhstan;

- National Educational Database of the Ministry of Education and Science of the Republic
of Kazakhstan;

- database of the National Center for State Scientific and Technical Expertise.

Modules for collecting information about scientists’ publications in Google Scholar, Scopus
and Publons have been developed in the information system for evaluating the scientific
activities of universities, research institutions and their departments.

By development of the information system (Figure 8), the Python programming language,
the Laravel framework were used, as well as for the frontend - the HTML markup language,
the Javascript programming language, the framework for jQuery Javascript, the CSS framework
MaterializeCSS, the Twig template engine.

« CWUCTEMA OLIEHKW
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Figure 8. The welcome page of the information portal

The Laravel framework is designed for the development and the use of the MVCarchitectural
model (Model - View - Controller) (Figure 9).

The main advantages of MVC are code reuse and task separation. The «Model» module
based on a database (DBMS) implements an information model of the data that are located on
the portal. The functions of the user interface are performed by the «View» module, and this
module also provides the user with the database in the mode of viewing and displaying data.

The process of interaction of the above modules is executed by the Controller module, and
also forms the final data structure for the user.
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Figure 9. MVC architectural model

Authorization is registered in the file authcontroller.php . The postLogin function has been
developed, which is responsible for logging in. If the login and password are entered correctly,
the login occurs, and if the password or login does not match, an error message appears.

Based on the proposed architectural model, the architecture of the information system
database is developed and classes and properties for the implementation of this model are
defined.

The developed portal uses MySQL 8.0.23 as a DBMS, and the database that is stored in it
contains 10 tables. Figure 10 shows a structural model of the data relationship scheme of
tables by means of which during the selection of certain information, a rating of a university
and a scientist is formed by means of queries using the python language.

scientist
univer —a id INTEGER
i INTEGER name VARCHAR
univername | VARCHAR google_scholar VARCHAR
SCOpuUs VARCHAR
L B
orcid
d INTEGER science VARCHAR
L facul[y name | VARCHAR degree VARCHAR
? univer id INTEGER title VARCHAR
email VARCHAR
departament post VARCHAR
W department_id INTEGER
departament_name | VARCHAR univer id INTEGER
faculty_id INTEGER
article

id INTEGER

article VARCHAR

url VARCHAR

#| scientist_id INTEGER

Figure 10. Structural model of the information system database

A module for automated collection of scientific publications of scientists of Kazakhstan
from the database of journals included in the list of the Committee for Quality Assurance in
Education and Science of the Ministry of Education and Science of the Republic of Kazakhstan
was developed.

The program for collecting and systematizing information - the parser is written in Python,
the “requests” library is used for queries (Figure 11), the SQLAlchemy library is used to work
with the database.
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Figure 11. requests library

In the first stage, data is parsed from the official websites of universities, information about
faculties, departments, departments and scientists of the current university is accumulated.
At the second stage, data is parsed from the EBSCO research database, information about
scientists’ publications is accumulated in scientometric databases (Scopus, Web of Science).
The received data is written to the database using SQLAlchemy (Figure 12).

0}

Figure 12. Writing to the database via a parser
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Intotal,more than 15,000 articles from 44 journals were added to the database to determine
the citation rating and popularity of Kazakhstani authors (Figure 13-14).
The obtained results allow us to apply the above methodology to evaluate the research

work of universities.

26012 Distributed of Classifier C https://doi.org/10.5220/0006884101710179
26013 Automatic Document Summarization based on Statistical Information. https://doi.org/10.5220/0006888400710076
26014 New Approach for Mability inOp Defined Networks. https://doi.org/10.5220/0006847800250033
26015 C Framework for Grid Data https://doi.org/10.1109/CITS.2018.8440177
26016 Energy-Based Centroid Identification and Cluster Propagation with Noise Detection. https://doi.org/10.1007/978-3-319-98443-8 48

Agents Interaction and Queueing System Model of Real Time Control of Students Service Center Load Ba 1
Research of Optimal Structure for Autonomous Earthmaving and Construction Machines' Communication Sy
A Study on the Wi-Fi Radio Signal Attenuation in Various Construction Materials (Obstacles),

A Chain Topology for Efficient Monitoring of Food Grain Storage using Smart Sensors,

Energy Efficient Price Based Power Allocation in a Small Cell Network by Using a Stackelberg Game.

https://doi.org/10.1007/978-3-319-98443-8_32
https://doi.org/10,1109/ICUFN.2018.8436649
https://doi.org/10.1109/ICUFN.2018.8436785
https://doi.org/10.5220/0006850602550264

https://doi.org/10.1109/BlackSeaCom.2018.8433625

26022 Development of a Robot for Boiler Tube Inspection. hitps://doi.org/10.5220/0006930205440551
26023 f a Network-based Firefighting Robot. hitps://doi.org/10.5220/0006928305350543
26024 Energy-efficient self-backhauling in heterogeneous wireless networks: A game-theoretic approach. hitps://doi.org/10.1016/j.phycom.2018.05.002

Neuro-Spike Communications With Multiple Synapses Under Inter-Neuron Interference.

https://doi.org/10.1109/ACCESS.2018.2854878

26026 Review of Chirped Fiber Bragg Grating (CFBG) Fiber-Optic Sensors and Their Applications. https://doi.org/10.3390/518072147
26027 Approximate Probabilistic Neural Networks with Gated Threshold Logic http://anxiv.org/abs/1808.00733
26028 A simple analysis of flying capacitor converter. http://arxiv.org/abs/1808.02758
26029 Binary Weighted Memristive Analog Deep Neural Network for Near-Sensor Edge Processing. hitp://anxiv.rg/abs/1808.00737
26030 Menristor-based Synaptic Sampling Machines. hitp://aniv.org/abs/1808.00679

26031
26032
26033

Automatic Extraction of Synonymous Collocation Pairs from a Text Corpus.
Dynamic Leaming for Distributed Power Control in Underlaid Cognitive Radio Networks.
Reliability analysis and functional design using Bayesian networks generated automatically by an *Id

13

https://doi.org/10.15439/2018F186
https://doi.org/10.1109/IWCMC.2018.8450358
https://doi.org/10.1016/).ress.2018.07.020

26034 Diffusion sensitivity enhancement filter for raw DWis. https://doi.org/10.1049/iet-cvi.2018.5213
26035 Learning automaton-based self-protection algorithm for wireless sensor networks. https://doi.org/10.1049/iet-net.2018.0005
26036 FPGA Dynamic and Partial ASurvey of Methods, and hitp://doi.acm.org/10.1145/3193827
26037 Learning in Memristive Neural Network Architectures using Analog Backpropagation Circuits. hitp://anxiv.org/abs/1808.10631

26038 Adopting and managing open data: Stakeholder perspectives, challenges and policy recommendations. https://doi.org/10.1108/AJIM-11-2017-0250
26039 Concurrently controlled grammars. https://doi.org/10.14736/kyb-2018-4-0748
26040 Fast and backward stable of eig and of matrix https://de 10.1090/mcom/3338

26041 Analytical Method for Determination of Internal Forces of Mechanisms and Manipulators. https://doi.org/10.3390/robotics7030053

Impact of Integrated Circuit Packaging on Synaptic Dynamics of Memristive Devices.

Memristive LSTM network hardware architecture for time-series predictive modeling problem.

Speaker Recognition for Robotic Control via an loT Device.

Application of Classification Algorithm Based on SVM for Determining the Effectiveness of Treatment "
Design and Modeling of  Lightweight and Low Power Consumption Full-Scale Biped Robot.

hitp://arxiv.org/abs/ 180910434
http://anxiv.org/abs/1809.03119
https://doi.org/10.23919/WAC.2018.8430295
https://doi.org/10.1016/j.procs.2018.04.034
hittps://doi.org/10,1142/50219843618500226

Figure 13. Database of scientific publications in world publications

[ artide wl
380 Numerical study of supersonic turbulent free shear layer mixing and combustion php.
381 Asymptotic convergence of the solution of the initial velue problem for singularly perturbed higher- " index.php
382 Heat and mass transfer processes at high-temperature media during combustion of low-grade pulverized 1  https://ijmph.kaznu.kz/index.php/kaznu/article/view/247
383 The nanodimension crystallite formation in steel surface after pulsed plasma flow action p php. 28
384 f the plasma-dust layer in high-frequency discharge with an additional w hitp php.
385 Investigation of radio emission from cosmic rays ot an altitude 3340 m asl. php
385 Informational and entropic criteria of self-similarity of fractals and chaotic signals p php. 251
387 Research with purpose of defining the lift and drag forces acting on hydro turbine blade with changi » 0 ph.
388 Numerical aspects of the adaptive computational grid in solving the problems of electrical prospecti » i php.
389 Immersion principle for a variation calculus problem with boundary conditions .php;
390 Complex Dynamics and Statistics in Hamiltonian 1-Dimensional Latices php.
391 Critical exponents of Fujita type for certain time-fractionsl diffusion equations p php
392 Ona result of operators hittps://ijmph.kaznu.kz/index.php/kaznu/article/view/263
393 Simulation of thermal flows by lattice Boltzmann method on the CUDA computational platform php.
304 € study of if effect on harmful gases expansion in thi h w hitp index.php.
395 Influence of slit sizes on the interaction structure of supersonic turbulent air flow with a multi-c » .php/
39 Evaluation of wind power potential in shelek corridor (Kazakhstan) using weibull distribution functi w hitp php.
397 Infiuence of background gas and extenal magnetic field on the localization of particles in twe dime w php.
398 Application of electron-beam technology to reduce anthropogenic load of thermal power plants php.
399 Mosshauer research in zoloceramic materials P php/ 236
400 Soliton solutions of a generalized equation with p ity » 0 php.
401 Solvability of a two-point boundary value problem with phase and integral constraints php
402 Numerical simulation of clouds formation based on the power of explosion estimated by the sizes of t » .php, 7
403 Formation of ZnSe nanoclusters in the layers of silicon dioxide by high-fluence ion implantation and » .php.
404 Optical properties of dense coulomb plasmas tp: php.
405 Efficiency comparison of photovoltaic and photovoltaic-thermal solar panels https://ijmph.kaznu.kz/index.php/kaznu/article/view/220
406 Strong form factor of delta (1232) php. 1
407 The three quark-current of delta-isobar tp: ph. icle/vi
408 Dispersion of waves in layered grapl php le/view!
409 The nonlocal nonlinear Schrédinger and Maxwell - Bloch equation php.
410 Investigation of technologies of processing of big data i php.
411 Use of machine leaming for early pre-clinical diagnostics of heart diseases -php.
412 Mathematical modelling of radiation defect formation processes in the materials iradiated with prot  http: php! 227
413 On numerical simulations of the 1d wave equation with a distributional coefficient and source term php.
414 Compuiter modelling of distributions processes on vacancy nanoclusters depth in the hesvy targets i " php.
415 Optical properties of a-As25e3 thin films .php/ 230
416 of parallel computing or 9 convection in backward-facing 1 .php. 1
417 Combustion processes in fumace chambers of Kazakhstan TPPs using high-ash coal tps://ij php
418 The study of the heat power effectiveness of a parabolic solar concentrator .php)

Figure 14. Database of scientific publications in Kazakhstan

This developed system is organized in the form of a web application, so all the program
code of the system and the database are on the server, the client part is a website that initiates
requests to the server and displays the results of its work (because the «thin client» scheme
is used).

Such a scheme has two key advantages:
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- low requirements for the client’s hardware and the ability to access the system using a
wide range of devices - PCs, tablets, smartphones;

- significantly simplified the deployment of the system for users and its subsequent update.
All changes to the program code occur on the server, so the client part of the system (the site)
always works with the newest, up-to-date version of the system.

During the development of the portal, the principles of web design of the user interface
were observed, such as:

- study of users to create a website Ul design;

- compliance with the visual hierarchy, that is, placing each element in a certain way to
simplify understanding;

- providing feedback and protecting the user from accidental actions;

- using the F-pattern.

Login to User accounts is carried out using a login and password from the database.

The postReg function is responsible for user registration, Google captcha is used during
registration. After entering the data and clicking the registration button, an email for account
activation arrives at the specified email address.

The request to change the password is processed by the ‘getpasswordchar’ function, if the
mail entered in the field matches the mail in the database, then an email with instructions on
password recovery is sent to this mail.

The password change itself is handled by the following functions: ‘get Password Change’,
‘post Password Change’.

This system is developed on the principles of modularity, single entry of information and
differentiation of rights and responsibilities.

Based on the integral method of evaluating the results of scientists’ activities, the university
rating was calculated (Figure 15).

u Kuiacbkun HagioHaneHun yHigepeuTeT iMeni Tapaca Leauenka
n HauwioHansHmit TEXHINHMK yHIBEPCUTET YKpainM cKuiscbmit nonitexuivm...
a HauloHanesun yrieepcuter "Nbaieckua nonitexsixka”
Xapkiacbkni HauioHanbHuK yHisepcuTeT imeni B.H.Kapasina
CyMCHKMIA ASPMABHUIA yHIBepCHTET
HaulosansHmuh TexHivHMn yHigepeuTeT "Xapkiscskun nonitexHivHmm iHc...
HauiosansHuK yHisepcuTeT Siopecypcie | NpHpoOAOKOPHCTYBaHHA YKpPaiH...
XapKiscbkui HaWioHANbHMIA YHIBEPCUTET pafioeNeKTPOoHIKM
HauloHansHui aglauinHuwi yHisepeurer

YMropoachkKui HauioHanbHWM yHisepcuTeT

Figure 15. University ranking page

Conclusions and prospects for further studies

The article discusses the creation of the information-analytical system for evaluating the
scientific performance of structural units of universities and research institutes based on the
approach of constructing complex integral evaluation. A model of information technology
for evaluating the results of scientific activity is proposed, consisting of four modules: an
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information collection module; an information storage module; an analytical module; a module
for user interaction and data visualization. The modular structure of the technology will allow
expanding and modifying the capabilities of each of the modules independently of the others,
as well as increasing the stability and flexibility of the technology. The implementation of this
system is performed using microservices technology. A conceptual model of the information
system and a structural model of the functioning of the information collection module, as well
as a structural model of the information system database, are proposed.

The application of this method makes it possible to find the generalized volume of the
m-simplex in O(m2) arithmetic operations, while the Cholesky method has a computational
complexity of O(m3). With m=1000, the complexity of calculating the generalized volume of
the m-simplex is 109 arithmetic operations, which are processed by modern computers in less
than a second. The clock speed of modern processors is more than 1 GHz, which corresponds to
109 arithmetic operations that are performed by the processor per second. Since the number
of categories m for calculating a comprehensive assessment of the performance of a subject
of scientific activity, as a rule, does not exceed 10, the computational problem of finding the
generalized volume of the m-simplex can be considered simple [23].

Most of the well-known indices for assessing the performance of scientific subjects, for
example, h-index, g-index, e-index, 1-10 index, etc., do not fully take into account citation
information. Therefore, a method was proposed for calculating the evaluation of the research
activity of scientists, which does not lose information about any citation of the author and about
any publication. This method determines a scalar assessment of the results of scientific activity
and is based on the determination of a number of coefficients. The coefficients determine the
citation of one scientist in the publications of other scientists. As a result, estimates are found
by solving a system of linear algebraic equations, which are built on the basis of the calculated
coefficients.

There are a number of well-known indices for scalar evaluation of the performance of
subjects of scientific activity. These indices generally give an answer to the question: how
many citations of a particular author by other scientists took place over a fixed period. This
allows you to determine the effectiveness of the activity of this author. However, most of the
known evaluation approaches have their own calculation features and disadvantages, which
are associated with the loss of part of the information. Therefore, it is not recommended
to give preference to one of them. For the purposes of a comprehensive assessment of the
productivity of research activities of scientists, a method of vector evaluation of the results
and the construction of the so-called integral assessment was proposed. This method is based
on the construction of vectors and scalar estimates for each scientist in a multidimensional
metric space. The dimensionality of the space is determined by the number of calculated scalar
estimates. Also, the method is based on the construction of an ideal point, which consists of
scalar estimates, the best in terms of achieving maximum performance. The assessment of
each subject of scientific activity is calculated as a metric distance from the ideal point to the
vector of scalar estimates of this subject of scientific activity.

A method is presented for the comprehensive evaluation of the performance of the subject
of scientific activity in the subject scientific space, including institutions of higher education,
based on the calculation of the volume of the m-simplex using the Kylie-Menger formula. This
method is a self-sufficient tool for a comprehensive assessment of the performance of the
subject of scientific activity, because:

- in contrast to the ideal point method, the developed method does not need to select a
point, the coordinates of which are the productivity of the subject of scientific activity, the best
in terms of achieving maximum efficiency according to some criteria. If the coordinates of the
point are chosen to be very small, then as a result of the estimation, a point with coordinates
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greater than that of the ideal point may appear. And this will contradict the definition of an ideal
point. And if the coordinates of the ideal point are determined too large, then the distances
between the points, which are estimates of the performance of the subject of scientific activity,
will differ by an insignificant amount, which makes comparison difficult.

- in contrast to the method of weighted coefficients, it does not require the selection of
these weight coefficients. The authors of Webometrics criticize other ratings for using the
method of weighted coefficients [26]. Often there are situations when certain indicators are
different from zero for only a few universities. This situation causes a distortion of the results
of the final assessment of the university. It also opens up opportunities for speculation and
tweaking of results. This problem is especially relevant for countries that do not yet have a
strong academic tradition. It is shown that proportional changes in the complex assessment
correspond to small changes in the estimates of individual categories. Amethod for establishing
a trend in the development of the performance of the subject of scientific activity is given,
by calculating the derivative of a comprehensive assessment with respect to time. Positive
values of the time derivative correspond to positive development trends, and negative values
correspond to negative ones.
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