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ABSTRACT:
The purpose of the paper is to study the
issues of management of multi-module,
multi-agent system for creating high-tech
products. With the help of the method of
analysis, it is established that automation
of production processes provoked the
strengthening of the role of the matrix
type of control as one of the most
efficient thanks to the flexibility in
stimulating the competition, optimizing
costs.
Keywords: Matrix type of management,
multi-modular multi-agent system, risk

RESUMEN:
El propósito del documento es estudiar los
problemas de gestión de sistemas de
múltiples módulos y múltiples agentes
para crear productos de alta tecnología.
Con la ayuda del método de análisis, se
establece que la automatización de los
procesos de producción provocó el
fortalecimiento del papel del tipo de
matriz de control como uno de los más
eficientes gracias a la flexibilidad para
estimular la competencia, optimizando los
costos. 
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management, innovative potential,
scientific and technical operation.

gestión, sistema multi-modular multi-
agente, gestión de riesgos, potencial
innovador, operación científica y técnica.

1. Introduction
The “cold war” between the USSR and the USA that took place in the
second half of the 20th century actually initiated a revision of the
scientific and technical policy of a number of large countries towards the
intensification of scientific and technical activities and the accelerated
introduction of developments in areas related to the defense industry.
Although competition between countries in industry was observed before,
it was the “cold war” that gave a significant impetus to the understanding
that the speed of invention and implementation comes in first place on
the issue of innovative developments (Bilynsky et al., 2017). As a
consequence, this thesis has repeatedly confirmed its relevance.
Moreover, the development of information technologies in terms of
automating individual technical functions and data transmission in the
process of implementing new ideas creates more and more new demand
for accelerating the processes of creating and introducing an innovative
product, and the time period is no longer determined by decades, but by
years or even months, "Production tends to be more adaptive to
evolutionary and revolutionary development leaps, to create innovative
products faster than technology becomes obsolete and loses relevance
and, to observe rational rates of renewal of fixed production assets”
(Krivyakin, 2012).
In connection with the above-mentioned facts, the solution of problems
associated with the maximum concentration of scientific and technical
thought, its accelerated processing into a design conceptual apparatus
and further implementation in the form of finished products is of
particular relevance (Formalev et al., 2018a; Kakhramanov et al., 2017;
Formalev and Kolesnik, 2016; Formalev and Kolesnik, 2017a; Formalev
et al., 2018b; Bulychev et al., 2018a; Rabinskiy and Kuznetsova, 2018;
Formalev and Kuznetsova, 2018; Lurie et al., 2015; Formalev and
Kolesnik, 2017b; Rabinskiy and Tushavina, 2018; Lurie et al., 2017a;
Babaytsev et al., 2017; Formalev et al., 2018c; Prokofiev et al., 2016;
Formalev et al., 2017a; Formalev et al., 2017b; Formalev et al., 2016a;
Formalev et al., 2016b; Lurie et al., 2017b; Okonechnikov et al., 2016;
Krasovskii et al., 2018; Lomakin et al., 2017; Gidaspov et al., 2017;
Bulychev et al., 2018b).
In the knowledge-intensive industry, there is virtually no time left for
repeated revisions, fittings and product modifications, which take a
considerable amount of time and increase the risk that the initiative will
be taken by competitors. It is for this reason that in the sector of creation
and introduction of innovations, the initiative is intercepted by small
organizations that are able to flexibly approach the solution of the tasks
and respond promptly to changing conditions. This approach is effective



in case of small projects, but it is difficult to implement large-scale
objectives, covering dozens and hundreds of large organizations.
For this reason, the heavy engineering industry is currently mostly
oriented towards the divisional (including linear or linear-functional)
management structure, which, despite its sluggishness, has clear,
thoroughly studied mechanisms that allow planning activities for a
relatively long period of time and assess risks with an acceptable level of
confidence interval (Kryvonos et al., 2017). At the same time, “an
analysis of positions of modern scholars in the study of organizational
management structures shows that divisional management structures
and matrix structures are inherent to large integrated structures for
introducing innovations and adjusting to market changes” (Gadzhimetov
and Schukin, 2017). Therefore, despite the fact that management
understands the need for the development of innovations, the divisional
type remains the basis for management, and the matrix approach is a
kind of structure above (Plaskova et al., 2017).
Nonetheless, the problem is in the fact that there are competitors to the
usual way of operating machine-building “monsters”, which are innovative
companies of a new type, focused on getting commercialized results as
soon as possible. And in order to compete effectively with them, it is
necessary to change the structure of old companies.

2. Methodology
In recent years, matrix type of management is accepted by more and
more enterprises around the world. A significant number of fundamental
and applied articles are devoted to this type of management. Despite its
innovativeness and apparent attractiveness for the purpose of
accelerating innovation processes in industrial enterprises, there are a
number of features or limitations that do not allow this approach to be
applied in large capital and material intensive industries. The main
feature is the absence of effective mechanisms for managing systems
consisting of multidimensional multi-element matrices, as a result of
which attempts to create such systems inevitably lead to a linear-
functional model, since in this case it is necessary to use a non-linear
matrix concept that “is not based on the idea of building a management
process originally defined by lines of the matrix, and on the idea of
universal application of business processes that make it possible to
implement many projects with product innovations. In this case, the
management process is performed in two areas: functional innovations
and unified processes”.
However, it is necessary to take into account that, in addition to the
general saving effect, matrix systems have the advantage of a synergistic
effect caused by brainstorming about independent elements temporarily
united to solve specific tasks. Indeed, classical established structures
with a mechanism of moderate renewal of personnel are much less
effective in terms of generating new ideas and their implementation,
since they are interested in maintaining existing economic and social ties,



are reluctant to change them, and often are also reluctant to create new
ones. For this reason, the mechanism of personnel rotation is used
around the world, which cannot be used with a sufficient degree of
efficiency in knowledge-intensive organizations, where the individual
forms the environment, and not vice versa.
On this background, the widespread introduction of matrix-type
management in science-intensive organizations is only a matter of time
when it will be possible to formulate risk management and control
mechanisms, which include “difficulties in ensuring a balance of power
between managers of vertical and horizontal levels, disruption of
communications between permanent and temporary participants work,
the complexity of reporting and monitoring the work and interaction of a
large number of projects in the company, the threat of dual subordination
for employees and very high demands for their skills and competence ".
At the same time, the problem of risks is crucial due to the fact that their
control in such systems can only be performed in semi-automatic or
automatic mode, since otherwise the management has to hire a large
staff of controllers with appropriate qualifications, which will significantly
worsen the expected economic effect and also reduce the indicator time
effectiveness of product development and implementation.

3. Results and discussion
Developed with the participation of the authors of this article, the risk
management approach “The concept of risk management for the
knowledge-intensive organization 'Pyramid 4K'” allowed the company to
“localize the most significant risks” of an organization, clearly
demonstrating the stability of an economic entity to negative impacts by
managing the system from the functions of four basic components
(Figure 1), focused on the classical linear-functional management system
of the organization, however, when performing certain transformations
can be used in multi-modular structure (Zaripov et al., 2017).
It should be mentioned that the base and height of the pyramid are not
constants and depend on both internal and external factors, and if the
level of sustainability is determined mainly by the internal characteristics
of the organization, the production potential is dictated by the market,
i.e. consumer demands. And the effective management has to find a
balance between costs of maintaining sustainability and the ability to
offer modern competitive products by managing 4K functions.

Figure 1
"Pyramid 4K" factors of organization stability



With regard of a multi-modular structure, this pyramid should be
transformed into a prism (Figure 2), within which a third degree of
freedom of the production system is added, due to the number of
complex production units, which greatly complicates the process of
managing the entire system, but allows to integrate into linear and
functional mechanisms, giving us the assumption of a number of
scientists about the presence of symbiosis between divisional and matrix
control systems (Gadzhimetov and Schukin, 2017).On the other hand, in
the context of a modern high-tech enterprise, the divisional component of
such a system should be minimal and ideally tend to zero in order to
make it more flexible.
In addition, it should be mentioned that the presented construction is
“ideal” when all the elements-modules are completely identical, which
allows the use of standard management methods without significant
pressure on the management. In practice, it is almost always possible to
see instead of a prism a certain complex figure (Figure 3), whose stability
and production potential are non-linear, as a result of which it is much



more difficult to manage and it can be a subject to a greater number of
uncertainties, with the result that each element should be governed by
different principles and regulations from the ones used in divisional
mechanism. Furthermore, in modern conditions for the management of
such a system, it is expedient to develop and use automated intelligent
systems as minimum necessary components of the overall management
structure.

Figure 2
Prism of stability for multi-modular structure
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Figure 3
Realistic stability figure of multi-module structure



Therefore, the complexity of forming and making system decisions on the
part of the control unit with respect to the multi-module structure is
clearly demonstrated, since the generated 2* n degrees of freedom
(where n is the number of elements of the system), are currently
demand to create a large administrative apparatus.
Nonetheless, the system will become even more complicated if a
significant number of “agents” are present in the module of each
production unit (Figure 4), i.e. conditionally independent entities carrying
out initiative independent activities within the framework of a common
production “web”.
It should be mentioned that each agent is a separate structural unit,
which may include both an individual and a small group of individuals
with a hierarchical structure of subordination, but essentially an
intellectual unit, i.e. Head of a group with 2-3 assistants. Moreover, it
should be noted that agents only nominally belong to one production
unit, which can be a cluster, an enterprise, an institute, etc., i.e. site
providing infrastructure for work. But in fact, agents can work on several
projects, and the less their share of participation in a particular project,
the smaller it the stability platform they form at the base of the
“pyramid” of this module, which allows to evaluate their integral impact
on the stability of the “prism”, and, as a result, monitor the level of risk
posed by this agent.

Figure 4
The diagram of the production unit consisting of k-agents



The presented graphic materials make it possible to visually assess the
complexity of making a mechanism for the effective management of a
multi-module system with a large number of agents in each module. At
the same time, they make it possible to form a system of two
dependency equations, the solution of which would allow finding the
answer regarding the effective control mechanism of a complex multi-
modular multi-agent system:

Taking into account the fact that there is a large number of degrees of



freedom of such a multi-matrix, when solving the reduced system of
equations, it can be assumed that complex multifactor dependencies are
obtained which, under the existing conditions of insufficient automation
of the intellectual process, will not allow the project management to
make correct decisions promptly. In this regard, it is suggested to split
the management process into two subsystems:

1. Subsystem of external restrictions;
2. Subsystem of internal self-management and self-control.
The first subsystem, directly related to the project management, should
be concentrated on the formation of a common project framework along
the maximum edges of the "prism", which will allow maintaining the
stability and production potential at the required level. Within the
framework of this subsystem, it is expedient to establish a list of
indicators of modules and agents that can be traced both at the stage of
attracting agents and in the process of project implementation.
The second subsystem is designed to accomplish internal control of
production processes by agents themselves on the principle of block-
chain technology on two main indicators: quality and the time of receipt
of products from the previous agent. It should be mentioned that it is the
block-chain technology that is able to control a large number of business
processes that are going on in parallel and, if necessary, to identify
problems in a timely manner, sending the appropriate signal to the
management structure. Such an approach will make it possible to form
an effective competitive mechanism for managing the risks of creating
and introducing innovative products of heavy engineering.
However, it must be kept in mind that the proposed approach is
analytical. In practice, we should take into account the kind of the
enterprise, i.e. its main focus on the result: scientific activities, the
introduction of new developments, the launch of a product on the
market, etc. And one of the objectives of the subsequent work in this
direction will be the formalization and mathematical description of the 4K
functions.

4. Conclusions
Within the context of this work, the main modern types of industrial
enterprise management were considered, and their advantages and
disadvantages were described. The inexpediency of using the division
type of management, as conservative and insufficiently flexible for the
purpose of creating a high-tech product and promptly bringing it to the
market, was proved. Moreover, shortcomings were identified in the
application of the matrix type of management to large high-tech
enterprises and ways to reduce them were identified. Based on the
analysis, a method was developed for graphical monitoring and risk
management of complex research and production systems operating on a
matrix basis. Considering the complexity of management of such systems
and the lack of perfection of management mechanisms, the matrix



principle has not yet been widely used in large research and production
enterprises and projects, partially because of the high risks of negative
factors for an agent or matrix module that are insignificant to linear
functional control mechanisms.
At the same time, currently the matrix mechanism is one of the most
promising. And the designing risk management mechanisms for such
systems is one of the priority objectives both at the industry level and at
the government level, since it will radically improve the efficiency of
functioning of high-tech industries and significantly improve their
competitiveness and scientific and technical potential.
In subsequent works on this theme, it is planned to develop a set of
theoretical mathematical models identified in this article, to accomplish
statistical collection of information on real high-tech projects in order to
conduct correlation studies, and to form a set of applied mathematical
models that will allow quantifying the sustainability risks of multi-modular
multi-agent systems, and as a result, perform strategic planning activities
within some industries and the economy as a whole.
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