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RESEARCH OF DIKW AND 5C ARCHITECTURAL MODELS FOR CREATION OF
CYBER-PHYSICAL PRODUCTION SYSTEMS WITHIN THE CONCEPT OF
INDUSTRY 4.0

The development of cyber-physical production systems is a complex scientific and technical task, therefore the developer needs to
determine the requirements, tasks for the system being developed and choose an architectural model for its implementation. In turn,
the choice of an architectural model assumes a balance for the set of requirements of persons interested in its development. In a
typical case, the development of a specific cyber-physical industrial systems needs to be adapted to the means of implementation, to
the realities of its future use, maintenance and evolution. Subject matter of this study are architectural models for building complex
cyber-physical production systems. Goal of this article is a study of architectural models DIKW and 5C, according to the results of
the decomposition of which, in the future, it will be possible to carry out a mathematical description of elementary problems of each
level and their physical or simulation modeling. To achieve this goal, it is necessary to solve the following tasks: analyze the DIKW
model; analyze the architectural model 5C; compare the DIKW model and the 5C architectural model, using its structural
decomposition into levels, information and command channels with feedback within each structure. The research carried out is based
on the methods of decomposition and formalized representation of systems. Conclusions: Based on the results of the decomposition
at each structural level of the DIKW and 5C models, a decomposition structure was developed, which shows the main differences and
general similarities of the models. It was revealed that the 5C model, as a common software shell that combines integrated sensors and
actuators, is more suitable for solving problems of developing a cyber-physical production system, and the DIKW interpretation
model is more suitable for solving problems of modifying existing systems at enterprises, and the choice of the model itself the
development of a cyber-physical production system depends on the requirements of the customer, existing equipment, the level of its

automation and the level of project financing.
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architecture.

Introduction

With the emergence of new requirements for the
production of high-tech products, in the widespread use of
digital, network and intelligent technologies, the constant
development of integrated production innovations, a
necessary condition became the introduction of
information technology, which is the main engine for a
new industrial revolution.

In particular, the new generation of uninhabited,
intelligent production, includes major and profound
changes in the philosophy of modern industry, based on
the concept of Industry 4.0, proposed by Germany [1-2].
In turn, the United States launched the Advanced
Manufacturing Partnership project [3], the United
Kingdom put forward the UK Industry 2050 strategy [4].
In addition, France introduced the New Industrial France
program [5], Japan proposed the Society 5.0 program [6],
and Korea began production under the Innovation 3.0
program [7].

Basically, in these projects, the development of
intellectual production is seen as a key tool for creating
competitive means of industrial development of large
countries around the world. The "Made in China 2025"
plan, formerly known as "China Manufacturing 2025" [8],
specifically —emphasizes the intellectualization of
production, based on the in-depth integration of next-
generation information technology into industry.

Based on these requirements, within the concept of
Industry 4.0, the technology of creation of digital twins
(Digital Twins) of technological processes, within the
limits of Smart Manufacturing is offered. As a result of
the collaboration of theoretical research, a new approach
to the realization of production was created, as a synthesis

of cybernetic and physical components - "Cyber-physical
production systems" (SPPS).

The growing complexity of production systems
requires appropriate management architectures that
provide flexible adaptation during their operation.

According to the analysis of problems in the
development of complex SPPS [9-12] it is determined that
their creation depends primarily on their architectural
model, type and type of equipment, parameters of
production processes at all stages of the life cycle, which
directly affect the structure of information flows, their
visualization in the cybernetic component and the
implementation of feedback. In essence, the new term,
SPPS is an architectural paradigm in  which
comprehensive sounding technology is a fundamental part
[13].

Problem statement and research purpose

Modern production (enterprise) is a technological
system consisting of interconnected horizontally and
vertically subsystems. The basis of each complex
technological system (TS), in our case, the company, are
the production processes that are performed in the relevant
departments. The TS of the production unit consists of a
set of typical main and auxiliary technological processes
and devices controlled by automated control systems
(ACS), which include systems designed to control
continuous production, automated production lines,
complex lines of units and machines, machines with
numerical program management [13].

The amount of information that must be received and
promptly processed to form effective management
influences in modern management systems has grown so
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much that it far exceeds the capabilities of one person.
Therefore, the management of complex objects is
entrusted to a team of people, the quantitative growth of
which still does not provide the required quality of object
management. There is a critical point when intensive
coordination of information within the management
system itself is required to coordinate and coordinate
individual management influences, to inform some people
about the decisions made by other people. Therefore, the
main tool for solving modern problems of management of
material objects is ACS, in which the main role and
creativity of man are combined with the widespread use of
modern mathematical methods and automation tools [13].
Currently, a clearly defined 5-layer automation
architecture has been formed (fig. 1). Over the past three
decades, the evolution of information technology has
transformed the world we live in, generating new business
models and influencing the industry in such a way that
global consumers change their way of consuming [14].
According to observations, companies that do not invest in
efficiency, in fact, pose a threat to their survival. Without

Fig. 1. Classical construction of production process control (DIKW
model)

At present, there is no single approach to the
development of SPPS and for each company it is an
individual task. Considering the existing modern
approaches to the production of electronic devices, we can
see that they are mainly streaming, flexible and discrete.
This is due to the fact that most global brands do not have
their own production of components, and order their
production in contract electronics companies (Jable, etc.)
as a result of which production lines have a short life
cycle, and readjustment and reprogramming of each unit
takes a lot a lot of time, compared to the lifetime of this
line [15].

One of the pioneers in this field is Festo, which
offers new approaches to automation of control processes
based on the use of SPPS and IoT technologies. This
approach is based on the concept of a single cloud
structure "Festo Cloud”, to which, using an industrial
gateway loT, connect mechatronic devices, which for the
implementation of the process control process can be

efficiency, the company cannot guarantee the level of
quality, accuracy and demand required for the current
market. In this regard, the structure of Industry 4.0
dictates new directions for creating efficient and smart
production [14].

Due to the development of network technologies, 5
layers may not be needed in the future.  These
technologies allow to connect into a single corporate
network numerous and remote computer, which are used
to control and analyze material, energy and financial flows
in the production of products, as well as TP management,
which facilitated the transition to SPPS. In these systems
with the help of very complex software the whole
complex of tasks on management of activity of the
enterprise, including tasks of the account, planning,
management of TP, etc. is jointly solved.

Thus, the main action of SPPS, in contrast to the
classic ACS representation, is that the sensors transmit
data directly to the cloud. Services (such as production
planning) automatically subscribe to the necessary data in
real time - a vision of cyber physical systems (fig. 2).

Control commands

:

Fig. 2. SPPS-based process control

g

combined into "Automation Platforms"”, with a single
information support.

When complicating or simplifying the technological
process of manufacturing products in the production line
are added to the actuator and mechatronic module, which
controls it, and is an integral part of the overall
"Automation Platform". This solution allows to reduce the
time of reconfiguration of the production line for the
production of new products, as well as to implement the
connection of individual equipment or shops
without interfering with the control system of
the machine [15]. SPPS provides tools to overcome
complexity and flexibility, but integrating component data
with  existing management  systems  remains
a challenge.

The disadvantages of the classical construction of the
process of production process management (model
DIKW) and the main advantages of the implementation of
cyber-physical systems are given in tablel.
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Table 1. Comparative analysis of the construction production processes control

Disadvantages of DKIW

Advantages of SPPS

Explanation

lack of adaptability

advanced information functions at the level of ACS TP

ability to adapt to changes in the external
environment

weak dynamism,
flexibility

high survivability and reliability of the system in case of
failure of its individual elements

ability to respond sensitively to changes in
demand, technology, etc.

weak adequacy

adequate diagnostics of technological equipment and tools
at the level of ACS TP

constant compliance of the organizational
structure with the parameters of the
managed system

specialization

timely submission to operational personnel of reliable
information on the course of the technological process,
the state of equipment and technological controls

restriction and specification of the scope of
activities of each management unit

rigid optimality

implementation of particularly complex control and
regulation algorithms

establishing rational links between levels
and levels of government

poor efficiency

ensuring effective automated control of technological
processes in normal, transient and pre-emergency modes
of operation, production of products of a given quality
and quantity

prevention of irreversible changes in the
managed system during decision-making

weak reliability

providing staff with retrospective information in full for
analysis, optimization and planning of equipment
operation, as well as its repair in real time

guarantee of reliability of information
transfer

low efficiency

simplification of technological equipment management by
reducing the number of equipment at the level of ACSTP

compliance of maintenance costs with the
organization's capabilities

lack of simplicity

optimal communication (interface) "man-machine"

ease for staff to adapt to this form of
management

According to the results of the analysis, it can be
determined that the advantages of SPPS are the
implementation of an automated cycle of creating a new
product from pre-design research to production of a serial
sample, while providing work at all stages - from research
to production - based on without material transfer of
information between the components of the systems of
this cycle using local area networks.

Thus, to create a system that works with knowledge
and is able to some extent replace the expert or
help him in decision-making in production management, it

is necessary to seek to lay in the architecture
of the system the ability to implement these
functions.

The development of architectural models should also
use the accumulated experience of successful
developments, especially experience embedded in
architectural styles, each of which is a sample of common
standard solutions, and integrates significant solutions
based on the principles of rationality. Significant decisions
and forms of their integration must be rationally presented
and justified and not only declared, but also have a
justification "Why they were preferred among the
alternatives" [16].

The development of SPPS is a complex scientific
and technical task, so the developer needs to determine the
requirements, tasks for the developed system and choose
the architectural model of its implementation. In turn, the
choice of architectural model involves maintaining a
balance for the set of requirements of persons interested in
its development. Typically, the development of a
particular SPPS requires adaptation to the realities of the
funds and funds allocated for development, and to the
realities of its future use, taking into account its
maintenance and evolution [16].

Presentation of the main research material.

The main decisions on the above requirements and
adaptation, which includes the construction of a balanced
set of requirements, are made when building the SPPS
architecture. There is architecture in different volumes:
software, hardware, information support; organizational
support, enterprises. Thus, the following is an overview of
the architectural representations of SPPS, taking into
account its representation in the context of "enterprise”.

Analyzing publications: [14, 17], which consider
ANSI ISA 95, 5C and 8C models; [18], where the model
8C is proposed on the basis of the model 5C and [19],
which is dedicated to the development of the integration
model CPPS-I0E-5C - it can be seen that they are
descriptive, which does not allow to compare a model
when choosing an architecture for developed by SPPS.

Therefore, in the framework of this study, a
comparative analysis of the DIKW model with the
architectural model 5C will be conducted, based on the
results of their decomposition at each structural level.

The DIKW model (also known as the DIKW
pyramid, the DIKW hierarchy, the data pyramid, the
knowledge hierarchy) is a hierarchical model for
representing the flow of data through information,
knowledge, and wisdom. The name of the DIKW model is
an abbreviation of the first letters "Data, Information,
Knowledge, Wisdom" which description is given in fig. 3.

Data is a set of discrete facts about events obtained
as input from processes. The data mainly consists of
symbols or signs representing stimuli or signals that are
not useful for processing;

Information is processed data. This is due to the
provision of context by the data or through data questions.
This usually requires the collection of various data sources
and the provision of some value or correspondence to a set
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of facts. The information tries to answer the question
"Who? Which? When? Where?";

Knowledge is a more derived form of data. It
consists of concepts, experiences, ideas, values and
judgments of people with a clear reference to information.
This usually requires information analysis and assists in
decision making. Knowledge tries to answer the question
"How?";

Wisdom - gives a final understanding of the data. It
describes the application of knowledge and provides
contextual awareness to form a strong sound judgment.
Using wisdom allows an organization to manage its
strategy and growth in a competitive marketplace.
Wisdom tries to answer the question "Why?".

With the advent of Industry 4.0 concepts and the
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Fig. 3. Classic representation of the DIKW model

Regulation of

Interface production
process via
sensors&actuators

concept of Smart Manufacturing, the DIKW model
received the following iteration of hierarchical levels,
which is presented in fig. 4 and is formed on the principle
of "bottom to top".

At the first field level is the interaction with the
production process using sensors and actuators; at the
control level is the regulation and control of actuators
using programmable logic controllers (PLC); the level of
the technological line (production level) (actually the level
of the production process) performs the function of
control and monitoring of the technological process of
production; operations level is designed for production
planning, quality management, etc. ; enterprise level
planning provides order management, processing, general
production planning, etc.

A Enterprise planning level

Order management&
processing, enterprise
production planning

Production planning,
quality management

Monitoring, contiol&
supemswn product Production level
line

Sensors&Actuatots Field level

Fig. 4. Interpretation of the DIKW model in terms of its application in

Smart Manufacturing

In 2015, [19] proposed an architectural model 5C,
presented, which according to the authors consists of the
following levels of "Smart Connection", "Data-to-

Data-to-Information

Conversion

Smart Connection

Fig. 5. Architectural model 5C

Information Conversion”, "Cyber", "Cognition" and
"Configuration”. A general view of the CPPS 5C
architecture is presented in fig. 5.

- Self-configure for resilience
-Self-adjust for variation
- Self-optimize for disturbance

- Integrated simulation and synthesis
- Remote visualization for human
- Collaborative diagnostics and making

- Twin model for components and

machines

- Time machine for variation

identification and memory

-Clustering for similarity in data

mining

- Smart analytics for:
component machine health;
multi-dimensional data
correlation.

- Degradation and

performance prediction.

- Tether-free

communication.
- Sensor network.
- Plug&Play.
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At the first level of "Smart Connection" machines
and their components are used to obtain accurate and
reliable data in the first step of SPPS management for
Smart Manufacturing.

Smart connection — the level of data acquisition
using sensors used to collect various parameters of the
technological process of production of products in real
time. 1loT technologies used for data transmission and
control according to selected protocols in accordance with
the specification of the selected equipment.

Data-to-information conversion — is designed to
convert the received data into information. This level is
considered from the point of view of the fact that some
devices can implement functions of forecasting and
monitoring of equipment wear — which introduces the
concept of "intelligence" quality.

Cyber — a level that is given the role of the main
information center, which collects an array of
information from the equipment to the industrial network.
According to the received data, productivity of one
equipment is compared and ranked among all identical
types of the equipment which are in an industrial
network.

Cognition — designed to provide analytical
information directly to operators for production decisions.
This level allows remote and joint diagnosis and decision
making in the production environment;

Configuration — returns feedback from the "Cyber"
level to the "Smart Connection", i.e. performs dispatch
control, which allows you to make equipment
with self-configuration, self-tuning and self-optimization.

For comparative analysis of architectural models 5C
and interpretive model DIKW, in terms of its application
in Smart Manufacturing, it is proposed to decompose it:

- by levels;

- by the areas of information flows about the state
and management teams;

- by the number of feedbacks - types and kinds of
network protocols used to create channels for transmitting
information between levels.

Based on the above parameters of the decomposition
of the model 5C developed [14] (fig. 5) and the
interpretation model DIKW (fig. 4), for the convenience
of information perception developed a decomposition
structure, which is presented in fig. 6.

As can be seen from the above structure (fig. 6), both
models at the first level Smart Connection and Field level
consist of sensors and actuators that interact with the 0
level — the technological object of control, here is
information about the state of the object from the lower
level transmitted to the upper level.

The information received from the sensors is
transmitted to the Control level, which contains the
Programmable Logic Controller (PLC), where the
regulation and control of actuators.

In contrast to the DIKW model, the 5C model
proposes a solution to place at the Data-to-Information
Conversion level two parallel Configurations, which act
as feedback from the Cyber level to the Smart Connection
level [14], which allows to make equipment with
self-configuration, self-tuning and self-optimization. As a

result of this combination, the decomposition structure of
the 5C model becomes one level smaller.

Considering the 5C model, we can see that the Cyber
layer acts as the main information center, which collects
an array of information from the equipment and the data
checks its performance and ranking among the same type
that are in the network.

Then the information comes to level 4 - Cognition,
which combines a single set (modules) of software
Human-machine interface (HMI) and Graphical User
Interface (GUI), which are designed to provide analytical
information directly to operators or software robots.
Similarly, this level allows remote and joint
diagnosis and decision making in the production
environment.

In contrast to level 4 Cognition in model C5, the
functions listed in model DIKW are represented
from level 3 Supervisory Control And Data
Acquisition (SCADA) through level Manufacturing
Execution System (MES) to level 5 Enterprise Resource
Planning (ERP).

At the MES and ERP levels, the content of
information is transmitted by means of syntax or purely
formal, structural properties of language, thus the type of
message uniquely determines its content. SPPS has a
semiotic structure, i.e. the full-fledged linguistic nature of
information connections. In this case, the uniqueness of
the transmission is violated and in the process of signal
processing by the successor is a fundamentally new
technology — the interpretation of the received message.
This means that the reaction of the system or receiving
element will be far from unambiguous, it depends on the
content, which to some extent is inherent in the signal.
Such systems must have not only a much larger
information reserve, but also the ability to distinguish
meaningful  elements.  Therefore, in order to
achieve the information integral SPPS that is being
developed, to determine the structure at an
early stage, which will further allow to recognize
and identify information links and their
characteristics.

In most cases, at levels 3-5 of the DIKW model,
software products from different developers are used to
implement their functions, which limits their adaptability
to the problem to be solved, and also contains only a
general set of solutions that are suitable for a particular
field of production.

After all, the most difficult to balance non-functional
requirements are those responsible for its quality and/or
the quality of the development process. In the search for
balance should take into account the fact that: the
end user is interested in intuitive and predictable
behavior when interacting with it, in such quality
characteristics as "convenience", "intelligibility" and
"ability to learn"; the system administrator is interested
in intuitive tools for his work, including tools
that help in monitoring the state of SPPS and its
behavior; the marketer is interested in winning
functions in the market of related systems and
the price; the buyer is interested in the price, stability of
work and the plan of delivery and commissioning;
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the developer is interested in clear and consistent
requirements for the system, as well as in the possibility of
using a simple approach to design [20]; the project
manager is interested in the predictability of the
deployment of works and their results, in the tracing
of the project, action plan, productive means, available
resources, primarily financial resources; the person
responsible for maintenance is interested in the
clarity of the system and the solutions invested in its
development, as well as in the documentation and ease of
modification.

Conclusions

It is worth noting that the solution proposed by Festo
is currently the idea of production of the future (a
prototype plant in Scharnhausen) [15]. There are still
many questions about creating a methodological,
mathematical, functional and algorithmic framework that
will describe the interaction of control processes within
the system, optimize the choice and number of
mechatronic devices, distribute tasks and connections of
the cybernetic component, simplify the mechanism of
adding and connecting new mechatronic devices to
minimize the number of changes to information flows
(command and control flows) in existing systems.
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JTOCIIIKEHHA APXITEKTYPHUX MOJEJIEN DIKW TA 5C )11 CTBOPEHHS
KIBEP®I3UYHUX BUPOBHUUYUX CUCTEM B PAMKAX KOHIIEITIIT
INDUSTRY 4.0

Po3poOka kibepdi3nyHOi BHPOOHMYOI CHCTEMH € CKIATHOI HayKOBO-TEXHIYHOK 3a/1auei0, TOMY PO3pPOOHHUKY MOTPiOHO
BHU3HAYUTH BUMOTH, 3aBAaHHS, 110 MPEI'IBISIOTHCS A0 PO3POOIIIOBAHOI CUCTEMH 1 00paTH apXiTeKTypHY MOJENb 11 peatizaiii.
VY cBoro uepry BuOip apXiTeKTypHOI MOJIeNi epeadavyae JOTpUMaHHs OallaHCy ISl CYKYITHOCTI BUMOT OCi0, 3aliKaBIeHHX B 1i
po3po0ii. Y THOBOMY BHIAJKy po3poOKa KOHKPETHOT Kibepdi3nuHOi BUPOOHMUOI CHCTEMHU MOTpedye aaanTaiii 10 3aco0iB
peamizamii, 10 peaniii MaiOyTHBOro T BHKOPUCTAHHS, CYIpoBiay i esosromii. IIpeaMeToM maHOrO JOCITIKCHHS €
apXiTeKTypHI Mojeni MOOyAOBH CKJIagHUX KiOep(di3MYHUX BHUPOOHMYMX cucTeM. MeTOW [JaHOi CTaTTi € JOCIiKEeHHS
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apxiTekrypuux mozeneit DIKW Tta 5C, 3a pe3ysibTaraMu IpOBEACHHS iX JIEKOMITO3HIIIi Ha KOXKHOMY CTPYKTYPHOMY PiBHI JUIst
[OJAJbUIOrO MPOBEJEHHS MAaTEMaTUYHOIO OIUCY €JIEMEHTapHUX 3aBJaHb KOXKHOIO piBHA 1 iX ¢izuuHOro abo imirauiiHoro
MoJentoBaHHs. JIJis MOCATHEHHs TOCTaBJICHOI METH HEOoOXiJHE BHPILICHHS HACTYIHHX 3aBAaHb: MPOBECTH aHAJi3 MOJEIi
DIKW; nposectu aHaii3 apxiTekrypHoi Mozeini 5C; nopisaatu Mozaens DIKW i apxitektypHy Monens 5C, 3a JOIOMOIO0 X
CTPYKTYPHOI JEKOMIIO3UIIil 3a piBHAMH, iHPOPMALIHHUMHU I KOMaHIHUMH KaHajlaMHd 31 3BOPOTHIMH 3B'S3KaMH BCEPEIUHI
KOXXHOI cTpykTypH. IlpoBeneHi mociifkeHHS 0a3ylOThCS Ha METOMIB JIEKOMIIO3MMLII Ta (OPMaii30BaHOTO IPECTABICHHS
cucteM. BUCHOBKH: 3a pe3yibTaTaMU MPOBEACHHS JIEKOMITO3MIIII HA KOXKHOMY CTPYKTypHOMY piBHI Mogeneit DIKW i 5C
Oyna po3poOieHa AEKOMIO3ULIHHA CTPYKTypa, Ha sKiif IOKa3aHi OCHOBHI BIJMIHHOCTI i1 3arajpHi HOAIOHOCTI Mojenei.
Busisieno, mo mozens 5C, sk €quHa porpamMHa 000JIOHKa, sika 00'€/IHy€e B cOO1 IHTErpoOBaHi JaTYMKK i BUKOHABYI MPHCTPOT,
Oiblle MiXOMUTH IS BUPIIICHHS 3aBJaHHS po3poOku kiGep-(iznuHoi BUPOOHUUOI cCHCTEMH, a IHTepHpeTaliliHa MOJelb
DIKW OGinblie miaxoauTh Jis pillieHb 3aaad MoauQikaiii iCHyrouUMX CHCTEM Ha MiANPHEMCTBAax, a caM BuOIp Mozeni
po3poOku kibepdizuyHOT BHUPOOHMYOI CHUCTEMH 3aJISKUTh BiJ] BUMOI 3aMOBHHKA, ICHYIOUOTO OOJIaJHaHHS, PiBHSA HOro
aBTOMaTH3allii 1 piBHS (iHAHCYBaHHS MPOEKTY.

Knrouosi cioa: Industry 4.0; Smart Manufacturing; Digital Twins; xiGep-(i3uuHi IPOMUCIOBI CUCTEMHU; MOJEIb
DIKW; apxiTekrypa 5C.

UCCJIEJJOBAHUE APXUTEKTYPHBIX MOJEJEM DIKW U 5C JIJISI CO3JAHUSI
KUBEPOU3INYECKUX MTPOU3BOJACTBEHHbBIX CUCTEM B PAMKAX
KOHIEIIIUHU INDUSTRY 4.0

Pa3paborka kubepdusndeckoil MPOU3BOJICTBEHHON CHUCTEMBI SBISIETCS CIOXHOW HAyYHO-TEXHHYECKOHW 3ajadcii, ModToMy
pa3paboT4nKy HYKHO ONpEACIUTh TpeOOBaHUSA, 3a/Jayd, NpPEAbABIIEMble K pa3padaThiBaMOW CHCTEMBI H BBIOpATh
apXUTEKTYypHYI0 MOJEIb €€ pealu3aluu. B cBoro ouepenp BBIOOp apXUTEKTYpHOH MOAENU IpearnosaraeT coOJIoJeHue
OanmaHca Ui COBOKYIHOCTH TpeOOBAaHHWIl JIMII, 3aWHTEPECOBAHHBIX B €€ pa3paboTke. B TumuyHOM ciiyyae pa3paboTka
KOHKPETHOH Knbepdu3ndeckoil MpOM3BOICTBEHHOW CHCTEMBI HYXKIACTCsl B afalTallii K CPEICTBAM PEANM3AIMHU, K PeaUsIM
OyIyIiero ee UCIIONB30BaHUS, CONPOBOXKAEHNS 1 dBoonuy. IIpeaMeToM MaHHOTO HMCCIIETOBAHUS SBIAIOTCS aPXUTEKTYPHBIC
MOJICITH TTOCTPOCHHS CIIOKHBIX KHOep()U3HIHUX IPOU3BOJICTBEHHBIX cHcTeM. LleIbIo TaHHOMN CTaThH SBISETCS UCCIICIOBAHUC
apxutekTypHeix Mogeneit DIKW u 5C, mo pesymbraraM JeKOMIO3HIIMHM KOTOPHIX, B JAlbHEHIIEM, CTaHET BO3MOXKHBIM
MPOBEJICHHE MAaTEeMaTHYECKOrO ONMMCAHHUs 3JIEMEHTApHBIX 3a/1ad Ka)XIOTO YPOBHS M MX (PM3MYECKOrO WM MMHUTALHOHHOTO
MopenupoBaHus. [ JOCTIDKEHHs OCTaBIEHHOH IeNIH He0OX0UMO pellleHre CIeAyOMIX 3a4a4: TIPOBECTH aHATIN3 MOJIEIH
DIKW; npoectu ananu3 apxutekrypHoit Mogenu 5C; cpaBHuTh Mojenb DIKW u apxutextypryto Mmozens 5C, ¢ moMoLIbo ee
CTPYKTYPHOH JIEKOMITO3UIINH MO YPOBHAM, HH(GOPMAIIMOHHEIX M KOMAaHIHBIX KaHAJIOB C OOPAaTHBIMH CBSA3SIMH BHYTPH KaXJOMH
CTPYKTYypbl. IIpoBeACHHBIC HCCIIENOBaHUS 0a3UPYIOTCS HA METOJAaX JCKOMIIO3HIMU M (H)OPMAJIH30BAaHHOTO MNPEICTABICHUS
cucTeM. BBIBOIBI: 110 pe3ynbTaTaM MpOBEICHHS AEKOMITO3UINH Ha KaXIOM CTPYKTypHOM ypoBHE Moneineit DIKW u 5C Obina
pa3paboTaHa [ICKOMIO3HILHOHHAS CTPYKTYpa, Ha KOTOPOH MOKa3aHbl OCHOBHBIC OTIMYMS M OOLIME CXOJCTBA MOJCIICH.
BrisBneno, uro mMonens 5C, kak oOmas porpaMMHast 000JI09Ka, KOTopas 00beANHSACT B ceOe HWHTETpUPOBAHHBIEC JaTYNKH H
UCTIOJHUTENbHBIE YCTPOHCTBA, OONbINe MOAXOAUT ULl pEeLIeHUs 3afad pa3paboTku KuOephHU3nuecKod MPOU3BOACTBEHHOM
CHCTEMBI, a MHTephperannoHHas Mozmens DIKW Gombire MOZXomuT IS pelleHHs 3a1ad MOAW(HKAINH CYIIECTBYIONIIHX
CHCTEM Ha MPENpHATHAX, a caM BBIOOp MOJEIH Pa3paboTKH KuOep(hU3HIecKo NPOU3BOACTBEHHON CHUCTEMBI 3aBHCUT OT
TpeOOBaHHUH 3aKa34HKa, CYMIECTBYIONIEr0 000PYIOBAaHMS, YPOBHS €T0 aBTOMAaTH3AI[IN H YPOBHS (PHHAHCHPOBAHUS TIPOCKTA.

KimoueBrble caoa: Industry 4.0; Smart Manufacturing; Digital Twins; kubepdusudeckie IpoH3BOCTBECHHbIC CHCTEMBI;
moxens DIKW; apxurektypa 5C.
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