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TENSOR APPROACH TO DESIGN AND STUDY OF COMPLEX
SYSTEMS

AunHoTauus: [[puMeHeHre napamieNbHbIX BBIYACIUTEIBHBIX CUCTEM SIBIIACTCS
CTPATETUUYECKUM  HAIPABJICHUEM Pa3BUTHUS  BBIYUCIUTEIBHOW TEXHUKU. ITO
00CTOSITEILCTBO ~ BBI3BAHO  HE  TOJBKO  MPUHIUMIHUAIBHBIM  OTPaHUYEHUEM
MaKCUMaJIbHO BO3MOKHOTO OBICTPOJIEUCTBHS OOBIUHBIX MOCEN0BATENBHBIX DBM, HO
U TEM, YTO PACTET KOJMYECTBO BBIYMCIMTEIBHBIX 3a7ay, JJI1 PEUICHUS KOTOPBIX
BO3MOKHOCTEH CYIIECTBYIOUIUX CPEACTB BBIYUCIUTEIBHOW TEXHHKH OKA3bIBACTCA
HEIOCTAaTOYHO. TEH30pHOM IOAXOJ K MCCIEAOBAHUIO MOJEJEH, MOCTPOCHHBIX B
TepmuHax ceted IleTpu, macT BO3MOXKHOCTH Aekomiio3uiiun CII-mMoneneit cioxkHbIX
CHUCTEM U CHHTE3a HOBBIX CTPYKTYP.

Karo4deBble cjioBa: TEH30pHBIA TOAXO0A, ceTth lleTpu, ciokHas cucrema,

mapayiCJIbHbIC BBIYUCIINTCIIBHBIC CUCTEMBI, IIPOCKTUPOBAHUC.

Abstract: The use of parallel computing systems is a strategic direction in the
development of computer technology. This circumstance is caused not only by the
fundamental limitation of the maximum possible speed of conventional serial
computers, but also by the fact that the number of computational tasks is growing, for
which the capabilities of existing computer technology are not enough. The tensor
approach to the study of models built in terms of Petri nets will make it possible to

decompose SP models of complex systems and synthesize new structures.
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Among the many models focused on solving various problems of modeling,
analysis and synthesis of processes of various nature (including computational
processes and control processes), the so-called Petri nets receive great attention.
Researchers are attracted by such advantages of Petri nets as the ability to represent
the dynamics of the functioning of processes, reflect the properties of non-
determinism, asynchrony and parallelism of processes, simplicity of syntax and
visibility of the model.

To study the modeling ability (more precisely, the functionality) of Petri nets
and compare the capabilities of Petri nets with the capabilities of other objects known
in the theory of automata (Turing machines, finite automata, etc.), Petri nets are
interpreted [3].

The analysis of a specific Petri net is understood as a set of methods,
algorithms and techniques used to study its static (structural) and dynamic
(behavioral) properties. During the analysis, the presence of some of its positive
properties or anomalies characterizing the undesirable effects of behavior is
established [1]. The interpretation of certain properties as positive or negative
depends on the semantics of the process modeled by the Petri net.

The use of parallel computing systems is a strategic direction in the
development of computer technology. This circumstance is caused not only by the
fundamental limitation of the maximum possible speed of conventional serial
computers, but also by the fact that the number of computational tasks is growing, for
which the capabilities of existing computer technology are not enough. Sequential
systems do not allow building promising real-time processing systems and it is
necessary to attract additional capacities in the form of parallel computing structures
[2]. Therefore, complex systems are becoming the main object of study of modern
science.

By a complex computing system, we mean such a computing system, the law



of operation of which allows decomposition into separate components. The structure
of a complex computing system is understood as the organization of a system from
individual elements, for which the method of interconnection with the environment is
indicated, as well as the distribution of functions performed by the system. The
features of such systems are parallelism, non-determinism, the presence of interacting
processes, a combination of synchronous and asynchronous control, etc.

The contradictions that arise between the complexity of modern systems being
created and traditional approaches to their design determine one of the main tasks of
systems theory - the development of effective structures for complex systems.

Modern methods used in the analysis and synthesis of structures of complex
systems are based on methods of decomposition, coordination, aggregation, structural
approach, an approach based on complexity theory, etc. To successfully solve the
problem of analysis and synthesis of increasingly complex systems, further
development and improvement is required. mathematical methods of their research. It
Is necessary to develop methods and algorithms that make it possible to conduct a
directed search for the optimal characteristics of the system and to control changes in
these characteristics during the design process. All of the above has led to the
development of a systematic approach to the design of complex systems, i.e.
integrated consideration and representation in the system of both objects and design
operations at various stages of the design process [3; 4].

Positive properties of the system approach for designing structures of
computing systems:

1. A structural approach to the design and construction of alternative options
based on a generalized model allows the designer to obtain the entire set of possible
options from which the optimal structures are selected.

2. Due to the increasing complexity of the designed structures of computing
systems, decomposition and aggregation methods provide ample opportunities, which
allow the analysis and synthesis of models in parts

3. The possibility of studying subsystems of complex computing systems,

presented in varying degrees of detail, which makes it possible to reduce the



dimension of the general model of computing systems and conduct research using
PCs that are widely available to users.

4. Ease of getting alternatives.

The approach to designing complex computing systems based on tensor
methods has all these properties. For more efficient use of this approach, description
tools are needed that can reflect the parallel development of processes [5; 6]. Petri
nets, which describe the structure and interaction of parallel processes, can become
such a tool.

The subsequent analysis of Petri nets allows you to obtain the most important
information about the structure of the simulated system and its dynamic behavior, and
then use this data to evaluate the simulated system and develop proposals for its
improvement. The tensor approach to the study of models built in terms of Petri nets
(SP-models) gives us the possibility of decomposition of SP-models of complex
systems and the synthesis of new structures.

Using the possibilities of structural analysis of complex systems, and in
particular SP-models, allows you to set a system of evaluation scales on a set of
constructed models and analyze the properties of the constructed models. It is
required, on the basis of predetermined requirements, to formulate a set of rules that
will limit the set of SP models, and as a result of the analysis, it will be possible to

select only those structures that meet these requirements.
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