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Abstract — The study reflects current issues of the intellectual
property management in the socio-economic systems, which are
represented by a number of research organizations. It is proved
that ensuring the competitiveness of socio-economic systems in
the digital environment is possible only if the conditions for their
development are met. It is clarified that the development vector
of intellectual property management systems is set by changing
environmental factors. As a result, the need to model the
development of the intellectual property management system in
accordance with the changes in the conditions of external and
internal interaction is revealed. The analysis of the existing
development models of the social and economic systems is carried
out and the restrictions for their application in modeling of the
development of the intellectual property management system are
revealed. The authors put forward the following examples of
these limitations: the lack of sufficient information concerning
the impact of digitalization of economic relations on the
development of management systems and a unified system of
criteria that allow to characterize the processes of development of
the intellectual property management system. In order to
overcome the identified shortcomings, it is proposed to model the
development of the intellectual property management system
based on a fuzzy set assessment of the changing parameters. An
algorithm for modeling the development of the intellectual
property management system in accordance with the conditions
of the digital transformation of the economy is proposed. This
algorithm includes: forming criteria for evaluating changes in the
parameters of the developing system and determining their
probabilistic forecast evaluation, introducing linguistic variables
with a term set of values and their membership functions,
conducting classification and analytical procedures. The
simulation of the control system development research
organization was obtained the fuzzy evaluation of the extent of
achievement of development objectives and provides the
corresponding linguistic description of the level of development
of the system. The results of the study are the basis for the
development of certain management decisions that contribute to
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the timely development of the intellectual property management
system under the influence of digitalization of all spheres of
economic activity.
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. INTRODUCTION

Intellectual property management (IP), as an economic
activity, is an inevitable condition for the formation and
effective functioning of the knowledge economy [1]. At the
same time, the organization of management based on a system
approach allows for the interconnection and interaction of all
levels of management and elements of the socio-economic
system in which the object of management is IP.

Currently, an important condition for maintaining the level
of competitiveness of socio-economic systems is to ensure
their development under the influence of environmental
factors. The characteristic features of the management systems
development are highlighted by Yu. P. Anisimov [2] and come
down to the integration of scientific knowledge, increasing the
level of standardization and automation of management
processes, ensuring their dynamism. However, a significant
characteristic of the modern external environment is its
transformation under the influence of factors of the digital
economy, which creates a new level of electronic network
relations among economic entities. In turn, it is assumed that
the development of the digital environment will help to realize
the innovative potential of entities of science, education,
business, and industry.

The provisions of the national project "Digital economy of
the Russian Federation” have been developed in order to
implement the digital interaction among economic entities in
various fields, including IP. Accordingly, at the present time,
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the entities of the research area related to the development,
legal protection, use and implementation of the IP objects
must objectively assess the possibilities for the development
of the system management of IP in the new economic
conditions [3].

As a result, the relevance of the chosen research topic is
due to the availability of the managerial need to develop
adaptation measures that contribute to the development of the
IP management system in the context of the digital
transformation of the domestic economy.

Il. METHODS AND MATERIALS

Consideration of the models of socio-economic systems
development proposed in the specialized literature allowed for
their comparative assessment.

The classical economic theory uses the concepts of two-
factor and multi-factor models for the development of socio-
economic systems. Consideration of their essential
characteristics and differences is given by A.V. Tatarova in
[4]. The author justifies the optimal options for using models
in the modern economic conditions and, taking into account
some limitations of their application, offers the necessary
conditions for the development of the management system to
consider in the integrated information model. The model
describes in detail the influence of macroeconomic factors on
the sensitivity of the national economy, which necessitates the
use of high-order differential equations. This fact requires
providing for the development of a model for the development
of the IP management system for personnel with appropriate
qualifications. In addition, the use of this model to justify the
development of the IP management system is limited by
highly specialized features of the management object
described in [5].

An alternative to the considered model is the information-
logical model, which is described in [6]. According to the
developer, this model can be used to manage the development
of socio-economic systems. The development of the
information-logical model is based on the use of the following
elements: information flows and objects; functional modules
that include analytical functions; information systems,
methods and the information-processing mechanism. The
model reflects the development of the information and
communication subsystem at a sufficient level. However,
according to the authors, the methodological tools of this
model has a significant drawback. It consists in insufficient
elaboration of inclusion in the model of issues of development
of the organizational and structural component of the material,

technical and personnel support required for the IP
management system of the motivational stimulation
subsystem.

The interesting ideas for modeling the development of
socio-economic systems were proposed by the author's team
under the leadership of Gromov A.l. [7]. They consist in
developing a model of the socio-economic system that
corresponds to the factors of development of the external
environment. As one of the tasks of developing the model, we
consider the factor identification of the features of the control
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object and the choice of the modeling methodology, in this
case, simulation modeling.

Scenario modeling of the behavior of the socio-economic
systems is generally recognized and quite common among
economic scientists. Currently, when simulating socio-
economic management systems, an empirical algorithm for
estimating the probability of development of the internal and
external environment of the system is widely used [8, 9].
However, it does not take into account differences in the
spectral characteristics of the management objects, which can
significantly affect the development vector of the socio-
economic system.

The model presented in [10] is characterized by a stratified
description of the system elements with an interpretation of
their cause-effect dependencies. At the same time, according
to the author, the preferred principle of modeling the
developing socio-economic systems is the principle of
stratification: certain solutions arise at the micro level , and
evolutionary processes occur at the macro level.

In  mathematical models, the most commonly used
methods are factor modeling, simulation and statistical
modeling methods, network interaction methods, subject-
oriented methods [11]. A significant limitation of the use of
these methods for modeling the development of the IP
management system is the lack of the necessary amount of
experimental data on the formation, operation and
development of these systems in the context of the digital
transformation of economic relations. At the same time, the
impossibility of wusing some traditional methods of
mathematical modeling is substantiated in [10].

During the examination of the IP management issues
[1, 2], the authors found that there is currently no single
system of criteria that characterizes the development of the IP
management system in the research field and enables to model
this process. As a result, the process of modeling the
development of the IP management system can be carried out
on the basis of selecting informative parameters in accordance
with the approaches used in the existing methods of analysis
of various management systems:

o the formation of a set of interrelated indicators based

on the analysis of the dependencies between them;

o the formation of a set of indicators based on the expert
judgment;

e the formation of a set of indicators based on the
analysis of the tree of goals and objectives of the
system development.

Thus, in order to overcome the above shortcomings and
taking into account the specifics of assessing the development
of the IP management system in research organizations,
highlighted in [12], the authors developed a model that
implements the possibility of fuzzy logical assessment of the
development of the IP management system. The choice of a
methodological tool based on the theory of fuzzy sets is
related to the available source information, which does not
directly determine the value of analytical dependencies
characterizing the level of development of the IP management
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system. The use of fuzzy multiple estimation in the process of
modeling the development of the IP management system will
allow for a quantitative analysis of the qualitative
transformations associated with the development of the
system.

The algorithm of the mathematical model for the
development of the IP management system is shown in Fig. 1.

The requirements of the national project “Digital Economy”
Digital Environment Factors
The documents for the IP management system (IPMS)

INPUT

Formation of criteria for evaluating changes in the IPMS parameters
The Delphi method toolkit

F

Finding a probabilistic predictive assessment of changes in the
IPMS parameters

U/

Expert Group Definition
Questionnaire Development

Statistical processing of
the expert information

—Z=N

=<2 J

Determination of the correlation dependence of the assessment
according to the expert opinion

/@ﬁ

4 L J L 4 L
/ Establishment of the IPMS development levels

Fuzzy logic apparatus
Defining the linguistic variables as fuzzy subsets of the interval
0;1)
J
<
Building a five-level classifier of the extent of achievement of the
development goal

U/ =

Determining the classification values of criteria for changing the
IPMS parameters

Building the criteria membership functions and determining the
level of their membership to a fuzzy subset (0;1)

The fuzzy-set assessment of the extent of achievement of the
development goal and the linguistic description of the level of
development of the IPMS

OUTPUT

Fig. 1.  An algorithm for modeling the development of the IP management
system

The conceptual basis of this algorithm is the use by experts
of linguistic variables characterized by a certain term-set of
values, and membership functions of these variables to some
fuzzy subset. The trapezoidal view of the membership
function is used in the model, the upper base of it corresponds
to the analyst's confidence of the correctness of the
classification, and the lower base specifies certain values of
the fuzzy subset from the interval (0, 1) [13, 14].

The linguistic variables used in the model characterize the
level of development of the IP management system (),
determined by the degree of achievement of the development
goals (C) with the indicator (c), and the parameters of the
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system during its development (P), the change of which
affects the extent of achievement of the goals.

The implementation of the developed model algorithm was
carried out on the basis of justification of criteria that,
according to the authors, significantly characterize the
qualitative signs of changes of the parameters of the system
during its development and demonstrate:

o the compliance of the system's functional capabilities
and structural parameters to IP management tasks in
the digital economy;

o the sufficiency of information support for solving IP
management tasks in an external digital environment;

e the compliance of material and technical support with
the requirements of digitization of interaction of the
subjects in the field of IP;

o the changing the level of communication links in order
to solve internal and external tasks of IP management
and compliance with the degree of qualification of the
management [15].

Thus, in justifying the criteria, the requirements for their
compliance with the goals and objectives of the development
of the IP management system in the digital economy were
met. The criteria that characterize the parameters of the
developing IP management system represent an assessment of
their change in the following form:

1. The functional parameter, the changes relate to the
optimization of the functional subsystem in accordance with the
tasks of digital transformation of the economy. The change
evaluation criterion (P1) reflects the overall level and sufficiency of
connections for forming the internal digital space and performing
functions of external interaction with the digital environment.

2. The structural parameter, the changes relate to the
optimization of the organizational management structure in
accordance with the development objectives. The change
assessment criterion (P2) reflects the level of standardized
requirements for the IP management, taking into account the
development of new functions, and the adequacy of the
functional relationship.

3. The information parameter, the changes relate to
reducing the level of information uncertainty and increasing
the level of information security. The change assessment
criterion (P3) reflects the extent of readiness of information
support to solve management tasks in the context of the
external digital relationships.

4. The communication parameter, the changes relate to
ensuring the necessary level of sufficiency of external and
internal communication links to solve IP management tasks.
The change evaluation criterion (P4) reflects the level of
responsiveness of the management information and the level
of feedback.

5. The material and technical parameter, the changes
relate to ensuring the use of digital technologies and applying
the capabilities of the digital economy in the field of IP
management. The change evaluation criterion (P5) reflects the
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level of automation and the technological effectiveness of
management work that corresponds to the conditions of
transition to the digital relationships.

6. The motivational parameter, the changes relate to
maintaining the level of interest of scientific, technical and
managerial personnel in improving the effectiveness of the IP
management system. The change evaluation criterion (P6)
reflects the level of allowances for the extent of personal
development and high performance.

7. The personnel parameter, the changes relate to
improving the skill level of management personnel,
corresponding to the functions and tasks of the management
system development in the digital transformation of the
economy. The change assessment criterion (P7) reflects the
level of qualification and digital literacy of the staff.

I1l. RESULTS

The results of the implementation of the algorithm
presented in figure 1 were obtained by the authors in the
course of modeling the development of the IP management
system according to the conditions to the development of the
digital economy.

The object of research in this paper is the IP management
system of a research Institute that has multi-disciplinary
scientific schools, has a developed infrastructure, and has a
production and experimental base. The information basis of
the study was the documents regulating the activities of IP
management, statistical reporting forms, as well as the results
of interviewing scientific and technical workers and
employees of the managerial apparatus.

The use of this information in the course of modeling the
development of an IP management system will ensure the
identification and disclosure of its essential properties that are
manifested in the development process and reflect its
difference from any other management system.

In accordance with the described modeling algorithm, the
parameters of the management system were identified, and a
significant change of the parameters elements determines one
or another degree of achievement of development goals. The
possible values of the management system parameters were
obtained based on the processing of expert questionnaire data.
The experts were the most competent scientific and technical
personnel, and managerial staff operating in the field of IP
management. The Delphi method was defined as a
methodological tool for processing expert opinions.

The expediency of using this method is based on the opinion
of scientists-economists, presented in [14] and containing a
justification for the effectiveness of its application in the
absence of reliable information about the behavior of the object
of research under the influence of external factors.

In the process of practical implementation of the Delphi
method, a probabilistic forecast estimate of changes of the
system parameters was given, provided that its potential was
used, and the correlation dependence of this estimate on the
significance of the experts ' opinion was established. The
obtained results are presented in table I.
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In this model, the authors made an assumption about the
equivalence (ri) of criteria that characterize the degree of
achievement of the development goals of the management
system through changing parameters, which corresponds to

the expression;

1

>P

I"I=

1)

where Pj is the criterion for e§/aluating the change in the I-

parameter.
TABLE I. THE VALUES OF THE CONTROL SYSTEM PARAMETERS
The system parameters criteria and their values
Pl PZ P3 P4 P5 PG P7
0,324 0,612 0,342 0,140 0,175 0,115 0,426

For the purpose of practical use of the model, the
gradations of the linguistic variables Y, C, P were adopted, as

shown in table II:

TABLE II.

LINGUISTIC VARIABLE VALUES

Level of
management system
development

Degree of
achievement of
development goals

Control system
parameters

fuzzy subset
Y1 — extremely C1 — extremely ki — low level of the P;
unfavorable insignificant criterion

development

Y, — adverse
development

C, — insignificant

k. — level of the P;
criterion is below
average

Y3 — relatively stable
development

C; — average

ks — average level of the
P; criterion

Y, — sustainable
development

C4 — significant

ks — level of the P;
criterion is above

average
Ys — marginal Cs — marginal ks — high level of P;
development criteria

Due to the justification that the level of development of the
management system depends on the indicator of the degree of
achievement of the goal, it is necessary to transform the set C
into a fuzzy subset. This procedure was carried out using a
standard five-level classifier, in which the range of values of
the indicator of the degree of achievement of the goal is set
with an internal step of 0.10 and a boundary step of 0.15 and
subject to the conditions 0<c<1. The results of the
conversion are shown in table I1I.

The results of table Il contain the classification levels of the

variable C, j =15, which will be the basis for a linguistic

description of the degree of achievement of the goal, and accordingly
the level of development of the IP management system.

Further, in accordance with the algorithmic actions of
constructing a mathematical model, it is necessary to
determine the classification values of the criteria for changing
the parameters of the system during its development. For this
purpose, we use trapezoidal numbers of the form (a, b, c, d)

303




ATLANTIS
PRESS

that characterize the criteria membership functions to some
fuzzy subset of k;, j =1,5.

Advances in Economics, Business and Management Research, volume 148

As a result of constructing the membership function, it
became possible to determine the membership level of the

values of P;, (i = ﬁ) a fuzzy subset of k;j, (j = 1_5) which

TABLE Ill.  CLASSIFICATION OF THE DEGREE OF ACHIEVEMENT OF is presented in table V.
DEVELOPMENT GOALS
Variable Interval values Membership function —
Cy 0<c<0,15 1
= w, =10x(0,25-c) -
C
? w,=1-p, |
C, 0,25<¢<0,35 1
C u, =10x(0,45-¢) = —
C
: Hs = 1 - “’4 —
Cs 0,45 < ¢ <0,55 1 B
Cs n, =10x (0,65 -c) x
Cq no=1op, R 1
Cs 0.65<c<075 1 Fig. 3.  The membership function p Cr ) .
Ce p, =10x(0,85-¢)
Cs HS =1- Hz TABLE IV. THE CLASSIFICATION OF THE MEMBERSHIP LEVEL OF VALUES
Cs 0,85<c<1 1 The performance |  ki(Pi) ka(Pi) ks(Pi) kq(Pi) ks(Pi)
Py 0 0 0,767 0,233 0
) o P, 0 0 0 0,9 0,1
The experts estimated the classification level of any Ps 0 0 1 0 0
parameter of the system according to the following principle: P4 1 0 0 0 0
the subjective opinion regarding the differentiation of Ps 0 1 0 0 0
parameters of the subsequent classification levels was ie 8 (1) 005 005 8
expressed in the use of a numerical series (a, b, ¢, d) (c, d, ...). z . .
_ e L >P 1 2 2,267 1,633 01
Based on the obtained classification of criteria values, the !

authors constructed membership functions p, (77,) using the

Matlab Toolbox Fuzzy Logic tool package. The results of
constructing membership functions for the criteria for
evaluating changes in the functional and structural parameters
of the system are shown in Fig. 2 and 3, respectively.
Similarly, membership functions were constructed for the
other five criteria characterizing changes of the management
system parameters during its development.

o LI

Fig. 2. The membership function p (7).

Thus, all the preparatory algorithmic actions have been
performed, which will allow us to determine the degree of
achievement of the system development goals in the context of
digitalization of the economy as an indicator of the level of
development of the IP management system. The double
convolution formula is used for this [16]:

5 7

c=) ¢, Kk, @)
=1 =1

where cj is the average value of the indicator of the degree of
achievement of goals, determined by the principle of

equidistant nodal points of the membership functions in
accordance with the expression:

¢, =0,9-0,2x(j-1), j=15; 3)

ri is the level of the criteria significance for evaluating the
parameter changes;

kij is the result of the classifying system parameters by
fuzzy subsets corresponding to the expression:

Ky =n, (1) i=17. j=15 @)
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These analytical expressions determine the weights of
fuzzy subsets of k in assessing the extent of achievement of
goals and in assessing the level of development of the system.

As a result of the calculations, we get a quantitative
assessment of the degree of achievement of the development
goals of the IP management system, represented by the
expression;

1 (1x0,9+0,7x2+0,5%x2,267 +
C=—X

7 \0,3x1,633+0,1x0,1

=0,562 (5)

The resulting fuzzy assessment is classified according to
the linguistic description of the degree of achievement of the
goal presented in table I1I.

As a result of the simulation of the development of the IP
management system in the digital economy, it was determined
that the value of the degree of achievement of the goal
corresponds to the average rank, so that the IP management
system has a relatively stable development. Accordingly, to
make managerial decisions to ensure the development of the
IP management system, it is necessary to provide the level of
development of parameters specified in the model that
characterize changes of the system according to changes in the
external conditions of its functioning.

IV. CONCLUSION

In order to effectively form the knowledge economy and
increase the level of competitiveness of domestic
developments, the relevance of ensuring the timely
development of the IP management system under the influence
of the digital transformation of all spheres of economic
activity was revealed. As a result, the authors justified the
feasibility of developing the model for the development of the
IP management system.

As a result of the research, the algorithm for mathematical
modeling of the development of the IP management system
was developed. The procedure of the algorithmic actions
contains a toolbox that allows to simulate the relatively stable
development of the IP management system in the absence of
sufficient information about the functioning of socio-
economic systems under the influence of the digital
environment.

As a result of the simulation, it was concluded that
managerial decision-making for the development of system IP
management is necessary to ensure the development level of
parameters describing the system change according to the
change of the external conditions of its functioning.
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