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Abstract—The paper discusses the current, tactical and strate-
gic aspects of increasing the industrial control level and uses
batch manufacturing enterprise JSC «Savushkin product» as
an example. Proposed ontological approach to the design of
such kind of enterprises is based on the hierarchical system of
formal ontologies built from a certain standard. In particular,
we discuss the principles of formalization of standards on which
the enterprise activity is based using the ISA-88 standard as an
example.
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I. INTRODUCTION
A. Objective and Relevance

This article considers tactical and strategic aspects of
improving industrial control on the example of batch manufac-
turing enterprise JSC «Savushkin product». These studies are
relevant due to the fact that without state-of-the-art automation
and without its rapid improvement, modern enterprises can not
be highly competitive.

The purpose of this article is to build an ontological model
of batch manufacturing enterprise to improve industrial
control quality of such enterprises and their ability to adapt
to a constantly changing environment.

B. Requirements for Industrial Control Instrumentation of the
Modern Enterprise

Automation tools of modern enterprises must quickly adapt
to any changes in production itself — to expansion or reduc-
tion of product output, changes in the product nomenclature,
changes in the equipment used, changes in the production
structure, changing relationships with suppliers and customers,
changes to the regulatory legal acts (including standards),
which the company must comply with, to various emergencies.
Adapting industrial control to all types of businesses changes
and to changes in its interaction with the outside environment
requires change to the business model first. These changes
must fully reflect the current status of its activity.
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Automation tools of the modern enterprise must be flexible
enough not only for rapid adaptation to the reconfiguration
of the production lines, but also for prompt changes and
continuous improvement of said automation tools. It is essen-
tial not only to decrease the laboriousness of improving the
industrial control level, but also to maintain a high rate of
improvement. Well-thought-out process of transition from one
level of automation to the next, during which both old and new
version are used, is necessary, as well.

Current industrial control system operation and its contin-
uous improvement process requires a coordinated and efficient
cooperation between employees. The basis of such interaction
is a well-structured, fairly complete business model, which
can be updated on-the-fly. It should reflect all aspects of the
current structure and activity of the enterprise, as well as
approved and discussed plans for its development. Such kind of
integrated model is called enterprise knowledge, which should
be managed (produced, stored, updated, distributed, etc.) [38],
[18].

Improvement of the industrial control level assumes a
significant increase in the number of automatic or automated
tasks. This, in turn, calls for automated solutions to intellectual
problems, i.e. the use of artificial intelligence technologies.
Intellectual problems to be solved in the enterprise include:

e analysis of manufacturing situation (including emergen-
cies);

decision-making at different levels;

planning behavior in difficult circumstances;

creating and maintaining documentation;

training new and current employees;

etc.

In order to ensure the widespread use of artificial intel-
ligence technology in factory automation, all the corporate
knowledge of the enterprise must be represented using a formal
knowledge representation language. At the same time, this
language should be useful not only for the intelligent computer
systems, but also for employees. This means that the formal
language of enterprise knowledge representation must be clear,
concise and understandable not only for intelligent computer



systems, but also for employees.

C. Problems that Need to be Addressed

e Existing industrial control instrumentation is expensive,
difficult to learn and adapt to the specific manufacturing
process. Typically, such tools, on the one hand, can only
be applied to a limited class of problems, but, on the other
hand, developers strive to make these tools as universal as
possible, extending them with domain-specific solutions.
This leads to the bulkiness and complexity of such
systems;

e As a consequence of this approach to extending function-
ality, existing industrial control instrumentation has low
flexibility (limited ability to make changes to it), resulting
in a significant overhead in the adaptation of such tools
to the new requirements. As a rule, changes in these tools
require (often a third-party) developer intervention, which
leads to significant costs in both time and money. Due
to these problems, not every enterprise can achieve and
maintain a high level of automation, even if there are
appropriate solutions available in the market;

e The absence of common unified models and tools for
building industrial control systems leads to a lot of
duplicate solutions, both within industry as a whole,
and within company in particular. This situation often
arises when some special systems that solve particular
problems within an enterprise, are incompatible with each
other, which leads to additional implementation costs of
coordination mechanisms (e.g., data format conversion);

e The absence of such models prevents further enhance-
ments to the industrial control automation instrumenta-
tion, in particular in the field of automation of decision-
making in emergency situations and event prediction;

e Industrial control systems are highly dependent on their
developers. This leads to adoption and maintenance prob-
lems when developer staff changes;

e Lack of formal models of various standards governing
industrial control and other enterprise activities leads
to possible difficulties in the interpretation of certain
regulations, in personnel training, and in business opera-
tion. Finding necessary information in a large volume of
documentation can be difficult. Besides, this fact makes
it difficult to perform compliance testing of the company
and its divisions.

D. Analysis of Existing Approaches to the Aforementioned
Problems

Currently, there are a number of approaches oriented at
improving industrial control systems and their flexibility for
various types of enterprises. We will now discuss some of
them, in particular those that influenced the development of
the approach proposed in this paper.

1) Enterprise Knowledge Management Models: Enterprise
knowledge management is a systematic process of identifica-
tion, use and transfer of information and knowledge, which are
created, updated and used by people. During this process, com-
pany constantly generates, stores and uses knowledge in order
to obtain competitive advantages, thus forming the intellectual
capital of the enterprise [29]. In today’s economy, difficult
to replicate knowledge, represented in any form, should be
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considered as an important asset, since it is the source of
competitive advantage. Thus, the focus is not the creation of
knowledge, but their use and their flow within the company
[19].

Enterprise knowledge management is currently imple-
mented in the form of knowledge management systems. Meth-
ods and technologies of their construction are discussed in
[37].

Main challenges in the enterprise intellectual capital man-
agement are due to the fact that at present there are no
generally accepted models of its structure [34].

Current theories of the intellectual capital management
concern particular spheres of management activity and do not
structure knowledge in a way that allow for their effective use
and transformation. [29].

The most recent trend in the formalization of enterprise
knowledge accumulation and management processes is to
construct their models using the ontological approach.

2) Enterprise Ontological Models: Ontological models, as
the basic approach to designing various systems, is widely
used nowadays [17]. In particular, researchers identify a special
subject domain called "Enterprise ontologies" [38]. Proposed
approaches amount to constructing a number of ontologies
that describe the activities of an enterprise or its subdivisions.
When necessary, various kinds of knowledge can be included
in these ontologies to describe various aspects of the company
activities.

Applying an ontological approach to structuring knowledge
allows the enterprise to use this knowledge more effectively. It
significantly decreases the complexity of updating the knowl-
edge to adapt them to solving new problems, accelerates and
simplifies the process of training new staff [20].

A number of studies examined the use of the ontological
approach to solving domain-specific problems of some enter-
prise [25].

However, existing approaches share a number of common
disadvantages:

e lack of a unified, universal representation of various
classes of enterprise knowledge;

e lack of a unified approach to separation and development
of ontologies, which, along with the previous point, often
leads to the impossibility of integration and reuse of
ontologies developed within an enterprise or even within
different subdivisions of the company;

e lack of a unified approach to the construction of ontology
hierarchy limits the possibility of constructing a complex
interconnected system of ontologies, that is able to de-
scribe the enterprise with the necessary amount of detail.

3) Multi-agent Enterprise Models: Currently, multi-agent
model is widely used in the design of industrial control systems
of various levels. This approach is convenient and widely used
because of its similarity to the real processes taking place in
the enterprise. Indeed, in the classic multi-agent system for
the agent refers to a subject, usally active and capable of
interacting with the environment [13], [35]. Being united in
groups, such agents are able to solve problems much more



complex than could be solved by one agent. The advantages
of multiagent approach include the ability to build distributed
multi-tier systems on its base.

The most obvious interpretation of this kind of model, as
applied to a particular enterprise, is to consider its employees
as the agents, each of which is able to solve a certain class
of problems and has to internally coordinate their actions in
order to achieve a common goal. The hierarchy of structural
units of a specific enterprise can determine hierarchy levels
of agents belonging to relevant departments or shops. Further-
more, methods of organization and management, designed for
multiagent systems can be used in the model of an enterprise
built in such a way.

In particular, the [S] has introduced higher-level agents
(meta-agents). Their task is to gather information from lower-
level agents and coordinate them. Similar ideas are expressed
in [14]. In the papers [11], [2], options for automatic selection
of the optimum mechanism for the coordination of agents to
achieve a common goal are presented. It also offers social and
psychological models of coordination of agents activities, for
example, based on some general «laws» [15].

Aside from the obvious aforementioned points, there are
other areas of the application of multi-agent approach to
building enterprise model or some of its parts. In particular,
[Baker, 1998] provides an overview of similar solutions in the
industrial control. In the [Leitao, 2013] paper the approach
to optimize the operation of specific equipment through the
integration of various optimization algorithms based on agent
systems is shown. A more general overview of the agent-
oriented approach in the enterprise is given in [10].

Currently, however, the principles of hierarchical multi-
agent systems in which some agents may be included in other
agents, which in turn, may also be components of other higher-
level agents, are insufficiently investigated. This fact greatly
complicates building of a common multi-level hierarchy of
agents to describe the enterprise with various levels of detail,
from an enterprise-wide model to the equipment and personnel
of a specific shop or subdivision.

Another disadvantage of the multi-agent model is the lack
of uniformity in the construction of formal models of agents
and the orchestration of their interaction that prevents the use
of similar solutions at different levels and gives rise to the
additional overhead.

4) Situational Control Models: The term "situational con-
trol" first appeared in the works of D.A. Pospelov [30]. Then
this line developed by him and his students and followers,
which is reflected in [26], [31]. The basic idea of situational
control is that there is no universal approach to management,
in different problem situations it is necessary to take into
account various factors influencing their decision-making strat-
egy, thereby achieving effective decision-making.

Currently, this area of science is experiencing a kind of
rebirth associated with the relevance of the proposed approach
it in the management of various processes in enterprises,
both directly in the management of manufacturing processes,
and in resolving arising emergency situations. In particular,
[28] discusses the possibility of using situational control in
the energy sector. A number of papers discuss usage of
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the ontological approach in the implementation of situational
control[33], [36].

Therefore, models and methods of situational control can
be used in the construction of the ontological model of the
enterprise to increase the efficiency of solutions intended for
specific manufacturing situations, including emergencies.

5) Business Process Re-engineering Models: Business pro-
cess re-engineering is the fundamental rethinking and radical
redesign of business processes of enterprises to rapidly im-
prove key indicators of their current activities: cost, quality,
services and rates [4].

Re-engineering process is based on two basic concepts:
"future corporate identity" and "business model". The future
corporate identity is a simplified image of the original, reflect-
ing its main features, and omitting the minor details.

Business model is a presentation of the main business pro-
cesses of the company in their interaction with the company’s
business environment. Business models allow to identify the
characteristics of the basic processes of the business unit and
the need for re-engineering [16].

Thus, the object of re-engineering is not an organization,
but the processes occurring in these companies.

To increase the efficiency of re-engineering, it is necessary
to:

e allow the construction of formal models that describe
the' company with different levels of detail, including
a description of all the processes taking place in the
enterprise;

e ensure unification, integration and hierarchical organiza-
tion of these models.

The main disadvantage of all of the above models is that
none of them are sufficiently complete and comprehensive.
Enterprise model should be an amalgamation of all of the
aforementioned models to adequately represent all of the
aspects of real enterprises.

E. Underlying Principles of the Proposed Approach

At the heart of our proposed approach to problem solution
based on the following principles mentioned above:

e The company is viewed as a distributed, intelligent
socio-technical system, which is based on well-structured
enterprise-wide knowledge base.

e All of the above models (knowledge management, onto-
logical, multi-agent, business process re-engineering) are
integrated within the enterprise knowledge base.

e The enterprise is viewed as a hierarchical multi-agent sys-
tem. Agents of such an enterprise include employees and
software agents. Hierarchical organization of multi-agent
system means that agents can be non-atomic (represent
a group of interacting agents). Such structures can be
infinitely nested.

e A complex of informational and physical tools, which
ensures functioning of the company is made available as
the integrated distributed intelligent system. We call it the
enterprise intelligent system. Primary users of this system
are company employees;



e Enterprise ontology model design boils down to the
design of the ontology-based model of an enterprise intel-
ligent system. This ontology-based model of the enterprise
is both the object and the result of its design.

e We propose to use the OSTIS technology [21], [22]
to implement enterprise-wide intelligent systems. This
means:

e Various kinds of knowledge are represented using
unified, universal representation language — SC-code;

*e Developing a system boils down to developing its
model in SC-code language (sc-model), which is then
interpreted by one of the interpretation platforms.

*e The knowledge base is a hierarchical structure that
allows to store knowledge with various levels of detail. It
is especially so with a hierarchy of subject domains and
the corresponding ontologies. [24].

e Tools for collaborative knowledge base and knowledge
processing machine design are included in the technology.
*e Knowledge processing model is based on multi-agent
approach, which allows to build parallel asynchronous
knowledge processing machines.It also allows to integrate
various specific models of knowledge processing in a
single system.

ee All agents interact solely through the shared sc-
memory, which stores SC-code structures. This approach
ensures flexibility of the system and makes it possible to
solve various problems in a parallel fashion [39].

ee Agent programs are developed using an internal, inher-
ently parallel language — SCP (Semantic Code Program-
ming). It uses SC-code for representation of its texts. This
ensures platform independence of agent programs.

F. Tasks to be Resolved for Proposed Approach Implementa-
tion

e Develop a unified structure of the integrated knowledge
base of the enterprise intelligent system, represented in
the form of a hierarchical system of subject domains and
the corresponding ontologies. Subject domains, that are
covered by the enterprise-specific standards, are a crucial
part of it.

e Develop a knowledge processing machine model [39] of
enterprise intelligent system.

e Develop user interface model [27] of enterprise intelligent
system.

e Develop an information service model for different cate-
gories of users of enterprise intelligent system.

e Develop a model of enterprise intelligent system knowl-
edge base engineering and re-engineering support tools.

At this stage, the work focuses on developing an ontology-
based model of knowledge base, in particular, of those subject
domains, that are covered by the fundamental standards. This
is due to the fact, that the formal representation of those
standards is the basis for coordination of all the key aspects
of the company activity. Besides, it allows to build an all-
encompassing ontological model of an enterprise and of its
individual components.

To prove their relevance, we will now take a look at the
current state and the history of the industrial control system
development of a specific enterprise.
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II. HISTORY AND CURRENT INDUSTRIAL CONTROL STATE
AT JSC «SAVUSHKIN PRODUCT»

In the late *90s, the company faced a need to seriously up-
grade itself to become a leader not only inside domestic market
but also in Russia. Because of lack of finances and weak state
of existing solutions, usage of third-party automation software
systems was rejected but decision about own development was
made. The goal was to develop a multipurpose framework as
base for not only industrial control, but also for accounting,
warehouse, etc. A small group of developers thus started to
work on a SCADA system, which was later named EasyServer.
The first EasyServer-based project performed temperature con-
trol of tanks inside the apparatus shop.

After the successful project launch we have confirmed the
efficiency of the decisions we made. Some new projects were
implemented afterwards — CIP station, milk acceptance shop,
dried milk shop. These projects were successfully developed
in spite of some difficulties. As a result, the SCADA-system
EasyServer became the main development tool.

The automation level is constantly growing with the system
development. Data acquisition from different sensors (volume,
pressure) was developed first. Technological operation and
devices control were implemented next. In the future, the batch
production level is to be added.

CODESYS from 3S-Smart Software Solutions for WAGO
controllers is also used as development tool . It is a free tool,
can be used for the development using engineering languages
for programmable logic controller (IEC 61131-3) — IL, LD,
FBD, SFC, ST. Automation engineers use this approach to
develop quite simple autonomous projects (milk accepting
stations) without using help of programmers. Implemented
projects are integrated into the system using open MODBUS
TCP communication protocol.

Communication between individual projects (own, as well
as third-party) also needs to be addressed to ensure effective
operation of the shop. But there is no universal approach
— some projects use MODBUS TCP, others use additional
controller, like a communication gateway. Besides, physical
connections for signals exchange are sometimes used. All
this further complicates the system. Using in-house design for
projects and the whole system has these advantages:

e Fast project development speed. All functionality accumu-
lated during the development becomes part of the system.
Now typical project gets done literally by one automation
engineer over several hours. This allowed to implement
over 200 projects to date.

e The relative cheapness of the in-house developed Easy-
Server SCADA. Despite the costs of maintaining of
the skilled development team, it proved to be much
cheaper than a third-party solution. For example, typi-
cal Siemens based project (CPU 315-2 PN/DP, software
STEP 7 and WinCC Basic, SCADA WinCC) costs nearly
9000€, while solutions from Wago and EasyServer (ex-
cluding development costs, PAC PFC200) cost less than
2500€(prices are as of November 2016).

e A comprehensive functionality of the EasyServer system.
System features are comparable to commercial counter-
parts (Simatic Step 7 + Simatic WinCC), despite limited



resources. It is achieved by a very tight integration with
the actual production.

Disadvantages of the current industrial control state imple-
mentation:

e Data presentation is implemented as a relatively simple
reports. At the launch of the first projects the reports
have been implemented as separate applications written in
Delphi. Table data from the project server were exported
to MS Excel via BDE. Later, in 2008, a FastReport
Server report generator was purchased. During its usage
developers were experiencing problems with insufficient
system functionality and the end of support by the de-
veloper. At the moment, decision to organize the data
processing (and reporting as well) at a higher level was
made, and the control system level now only keeps basic
projects reports. The question of the upper level platform
(enterprise level in general — ERP) for reporting task
solutions is therefore open.

e Since priority was given to (and is now given to) the
development (and modification) speed, there is a relatively
low level of the system-wide documentation, which is true
for individual projects, as well. Therefore solutions, which
becomes part of the designed system documentation, are
required. For example, during the development of the
documentation for the project "Hutorki" (2007) resulting
MS Word file had a size of about 40 pages, containing
picture inserts of various charts, descriptions of opera-
tions, etc. The functional automation chart and the layout
description of cabinets were made in MS Visio. The
IO modules description have been made in an in-house
WagoEditor program which is able to export its outuput
to MS Excel. The development of the first documentation
version took a few days of one developer’s time. The
project is being upgraded every year, at the same time
the process of making changes to the current version
of the documentation takes about the same time as the
development of the new one. Updating the documentation
every time requires redrawing the circuits, developing
communications within the projects, etc. The variety of
data sources and formats, as well as their need for
manual coordination makes matters worse. Thus, now the
description of the functional automation chart, electric
parts and design specifications are made in the Eplan
CAD. Description of the technological process also made
in Eplan CAD, but it is kept separately in the form of Lua
scripting language script. Description of certain devices
(frequency converters, valves) is stored in PDF format,
and comes from the manufacturers.

e Limited time for testing and debugging. Current market
state and extreme modern design methods are constantly
accelerating pace of startup projects, resulting in no
debugging time. The newly developed functionality has to
work literally yesterday. Therefore, there is a great need
for diagnostic and self-test modules for the projects.

e There is a growing enterprise automation coverage. Now
it is not only individual shops, but also the whole en-
terprise. Therefore, the control system has to operate not
on the level of "operator" — "human machine interface"
— "separated technical process”, but on the "production
logistics manager" — "Intelligent web interface” — "the
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whole plant" level.

e Modern production conditions dictate strict rules for
continuous reduction of the human involvement, so the
introduction of robots (industry robotization) is an es-
sential part of the development. Integrating robots and
control systems into the enterprise-wide system as-is is
very expensive, both from human and from financial
standpoint. Thus, there is the need for solutions that can
be integrated in a familiar way. They will allow to imple-
ment new manufacturing processes robotization projects,
which indicate movement towards what is essentially a
human-less industry.

For the successful integration into the world-wide market,
it is desirable today, and certainly required in the future, to
lead the organization of production in the "Savushkin Product"
company in line with international standards (in particular,
with the ISA-88 standard). However, standards can be a
deterrent — they are bulky, relatively slow to develop, there are
problems with their interpretation. Direct implementation at-
tempt may require unreasonably high costs. Therefore, to bring
the enterprise processes in line with international standards, it
is necessary to use a more flexible production management, as
well to more flexibly account for the standards’ evolution.

III. STANDARDS GOVERNING THE COMPANY ACTIVITIES,
AND THEIR FORMALIZATION

A. General approach to standards formalization

Ontological approach to designing an enterprise is based
on the standards formalization. Every standard is considered
an ontology of a corresponding subject domain, which serves
as a base to automated solution of a number of tasks, some
of which include information services for employees, formal
assessment of conformance to the standard, etc.

One of the most important problems when incorporating
standard into an enterprise is a possibility of having multiple
interpretations of some parts of a standard. Such interpretation
has to be constantly adjusted to match the intent of the
original document. Besides, there are some peculiarities of
implementing standard into any given enterprise. Since every
standart evolves constantly, it has to be updated accordingly.
This causes changes to the enterprise structure and activity
management to ensure standard compliance.

One way to solve such problems is by constructing its
formal semantic model, which could be equally interpreted
by a computer system and a human alike. Formal semantic
model representation of a standard is not a standard itself — it
is a subjective interpretation of a standard by a developer of a
given model. At the same time, formal semantics-based repre-
sentation of a standard provides a constructive ground for its
mutual approval. Such representation also ensures clarity and
unambiguity of its interpretation. Formal semantics-based rep-
resentation of a standard ensures a substantial simplification of
making changes to such representation, as well. These changes
may be necessary due to the clarifying of its interpretation or
due to the evolution of the standard itself. Given simplification
is due to the fact, that in semantics-based representation of any
kind of knowledge, including standards, signs of all entities
and their relations are represented only once. This means, that
changes to them are localized within knowledge base, unlike in



the natural-language texts, where such relations are not explicit
and therefore are hard to establish and maintain.

Formal semantics-based representation of a standard allows
to supplement it with various kinds of didactic information
(examples, explanations, analogies) to improve employees’
comprehension of a standard, without changing the structure
of said representation.

Constructing a formal model of a standard amounts to
constructing an integrated formal ontology, which specifies
the corresponding subject domain. It is necessary to translate
structure and contents of a source document to a hierarchy
of subject domains and corresponding ontologies. Isolating
subject domains allows to localize solutions for tasks and
problems within a small subset of a knowledge base. In other
words, search for a solution of a task (problem) from a certain
subject domain is limited to this subject domain.

Ontological approach to constructing a formal model of a
standard allows to build an intelligent help system for this
standard by implementing intelligent knowledge processing
agents. Such system can provide a wide range of information
services to its users, including ability to answer a variety of
questions, answers for which may not be explicitly expressed
in the text of a standard or are hard to find in such a text.
Examples of such questions include:

What is entity X?

What is X needed for?

Which entities are necessary for X?
How entities X and Y are connected?
What caused event X?

What will happen if X?

etc.

X, Y may be the names of a certain objects, situations,
events, etc.

We will now formalize a specific standard using this
approach.

B. ISA-88 formalization

Among multitude of standards governing manufacturing
activities of enterprises, there is ISA-88 standard [7], which
best covers the specifics of a batch manufacturing enterprises,
such as JSC «Savushkin product».

The main virtue of ISA-88 is the decomposition of a batch
manufacturing subject domain into a set of independent subject
domains of recipes, equipment and control [12]. Such decom-
position allows company specialists to solve their problems
within a strictly defined subject domain, abstracting away
from the rest. This fact fundamentally ensures flexibility of
batch manufacturing and serves as a basis for constructing an
ontology-based model of an enterprise.

ISA-88 consists of four parts, but the first one is par-
ticularly valuable for constructing formal ontology, since it
provides terminology and a consistent set of concepts and
models used in batch control. From now on, we will focus
on Part 1 of ISA-88.

ISA-88 Part 1 document structure includes 6 sections
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1) Scope of the standard

2) Normative References

3) Definitions

4) Batch Processes and Equipment

5) Batch Control Concepts

6) Batch Control Activities and Functions.

Document structure translates to a hierarchy of subject
domains and corresponding ontologies as described. ISA-88
as whole corresponds to a Subject domain of batch manu-
facturing enterprises. First two sections specify a document
and do not concern the description of a subject domain of
batch manufacturing enterprises and, therefore, do not map
to any part of the hierarchy of subject domains and on-
tologies. Section 3 corresponds to a terminological ontology
and a logical ontology [24] of Subject domain of batch
manufacturing enterprises. Subsection 4.1 corresponds to the
Subject domain of process models of batch manufacturing
enterprises. Remaining subsections of this section correspond
to Subject domain of physical models of batch manufacturing
enterprises. Section 5 corresponds to Subject domain of pro-
cedural control models of batch manufacturing enterprises.
Section 6 corresponds to Subject domain of batch control
activities.

Hierarchy of basic subject domains can be formally repre-
sented using SCn language [6] as follows:

Subject domain of batch manufacturing enterprises
=> partial subject domain*:

e Subject domain of physical models of batch manufactur-
ing enterprises

e Subject domain of process models of batch manufactur-
ing enterprises

e Subject domain of procedural control models of batch
manufacturing enterprises

o Subject domain of batch control activities

Here are the structural specifications [24] of partial subject
domains, represented using SCn language.

Subject domain of physical models of batch manufacturing
enterprises
> maximal class of research objects’:
equipment entity
> non-maximal class of research objects’:

process cell

unit

equipment module
control module
enterprise

site

area

equipment relation

S researched relation’:
contains*

Subject domain of process models of batch manufacturing
enterprises
> maximal class of research objects’:
process element
> non-maximal class of research objects’:



.

JSC Savushkin product

enterprise

Figure 1. JSC «Savushkin product»

® process stage
® process operation
® process action

> researched relation’:
process element link*

Subject domain of procedural control models of batch
manufacturing enterprises
3> maximal class of research objects’:
procedural element
3 non-maximal class of research objects’:

e process cell procedure

unit procedure

operation

phase

recipe procedural element
equipment procedural element
recipe process cell procedure
recipe unit procedure

recipe operation

recipe phase

equipment process cell procedure
unit procedure

equipment operation
equipment phase

S researched relation’:
execution order*

We will now discuss examples of enterprise physical model
description of JSC «Savushkin product» based on the termi-
nology introduced in Subject domain of physical models of
batch manufacturing enterprises.

IV. PHYSICAL MODEL OF JSC «SAVUSHKIN PRODUCT»

One can specify an enterprise in various aspects, some
of which (processes, procedures, equipment and control) are
governed by ISA-88 standard. As was mentioned in the
previous section, these aspects correspond to hierarchically
organized subject domains. To illustrate this, we will provide
a fragment of JSC «Savushkin product» specification within
a Subject domain of physical models of batch manufacturing
enterprises. This specification has seven levels: enterprise, site,
area, process cell, unit, equipment module, control module. We
will start from the enterprise level.

A. Enterprise level

Enterprise is a largest manufacturing unit, which usually
means company as a whole. In our case, we have JSC
«Savushkin product» at the enterprise level. Formal represen-
tation of this fact is provided in Fig. 1. From now on we will
use SCg language [6] for formal representation
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. JsC
_Enterprise “Savushkin
product”

Site

Brest1 Brest 2 Stolin Pinsk

Figure 2. Areas of JSC «Savushkin product»

enterprise

S5C Savushkin product

contains™

Brest 1

¥

EBrest 2

-
Stolin

Finsk

site

Figure 3. Formal representation of a connection between top two levels of
a physical model

B. Area level

Enterprise consists of one or more areas. Area boundaries
are usually determined based on geographical approach. Areas
of JSC «Savushkin product» are shown in 2. Formal represen-
tation of this information is shown in Fig. 3. «Brest 2» area
will now be considered (it is emphasized in Fig. 2).

C. Site level

Area contains one or more sites. As per ISA-88, not every
part of an area will be a part of a site. Only those directly
related to batch manufacturing process will be considered as
a part of a site.

Sites of «Brest 2» area are shown in Fig. 4. Formal
representation of a given part of enterprise structure is shown in
Fig. 5. «Soft cheese and cottage cheese shop» site (emphasized
in Fig. 4) will be discussed from this point onwards.

Establishing boundaries of the highest-level entities are
beyond the scope of an ISA-88 standard, since there are many



Site
Brest 2
Soft cheese .
Area Finished
and cottage
—y products shop
cheese shop
Figure 4. Sites of a «Brest 2» area
enterprise
Brest 2
contains*
Soft cheese and cottage cheese shop
Finished products shop
area
Figure 5. Formal representation of a connection between second and third

levels of a physical model

factors that determine them, such as corporate politics or
business requirements. And batch manufacturing needs may
not be the most important factor [12]. Those entities are
discussed in more depth in the ISA-95 standard.

D. Process cell level

Site contains all the equipment necessary to produce a
batch. The term «train» is sometimes used to describe the
site’s equipment needed to produce a batch. Process cell can
contain more than one train, and the order of the equipment
in it is called a path. Process cell takes raw materials or work-
in-progress substances and makes them into a product or into
a different work-in-progress substance.

Soft cheese and cottage cheese shop of a «Brest 2» area
contains two process cells — one for making cottage cheese and
one for shaping and packing of the product (see Fig. 6). Fig.
7 shows the formal representation of this part of the enterprise
structure. We will now focus on a process cell, which produces
cottage cheese «Khutorok» (emphasized in Fig. 6)

E. Units, equipment modules and control modules

Lowest three levels of a physical model are discussed
together, since, according to ISA-88, process cell can directly
contain units, equipment modules, as well as control modules,
which is shown in Fig. 8. In a similar fashion, unit can contain
equipment modules, as well as control modules.

Units are the basic parts of batch manufacturing. Batch
manufacturing process actually happens inside units. Units
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perform major processing activities, which in some way add
value to the final or the work-in-progress product — mixing,
chemical reactions, etc. They are usually, but not necessarily,
based around some container.

Equipment module is a group of equipment that can
carry out a finite number of specific batch manufacturing
functions. ISA-88 standard assumes that equipment module
can implement decision-based logic. Monitoring pressure or
level of liquid, maintaining certain temperature conditions can
be used as examples.

Control module is a basic element of a physical model. It
represents a connected set of sensors, valves, etc., which can
be interpreted as a single entity. It is worth noting that control
module does not have to be physically implemented. It can be
an instruction or a group of instructions of a programmable
microcontroller, or even a device driver.



The process cell we are looking at has 32 coagulators
(units), two input trains, eight output trains, eight whey pump-
ing trains and 16 boilers (equipment modules), as we can see in
Fig. 9. Formal representation of the lowest levels of a physical
model is shown in Fig. 10. Control module list is omitted for
the sake of brevity. Some of them will be mentioned in the
upcoming example.

F. Practical application of a physical model

Practical applications of a physical model include, in partic-
ular, formalization of the enterprise technical documentation,
such as functional charts. Fundamental simplicity of mutual
translation between a technological chart and its semantics-
based representation makes it possible to ask questions about
its parts, initiate commands to change physical equipment
state, monitor equipment status over time. This functionality
is provided by a collective of receptor and effector agents
operating on the semantics-based representation of a documen-
tation, stored in shared semantic memory. This allows to «liven
up» enterprise technical documentation and to make it multi-

purpose.

For an example of a practical application we will consider
a part of a previously mentioned process cell, which contains
two coagulators (units) and a boiler (equipment module). It
additionally has a number of sensors, pumps and valves, which
are, according to ISA-88, considered control modules, because
they are basic devices and implement atomic functions.

Fig. 11 shows a part of enterprise functional chart, which
depicts equipment that is used during the cottage cheese
heating phase. This chart is implemented using [23] stan-
dard. Chart shows two coagulators (Ne14 and Ne15) with two
temperature sensors each (TE141, TE142, TE151, TE152),
circulation tank and a heat exchanger. Temperature sensors
monitor water temperature in coagulator shells." Arrows show
water circulation through coagulator heating system (coagu-
lator Nel4, circulation tank, heat exchanger and coagulator
Ne15). Circulation tank has two level sensors — LS41 and
LS42, that monitor water level to prevent water overflow or
depletion. If water level in the circulation tank drops below
LS41 level, the V41 valve is opened. V41 is closed, when
water reaches LS42 level. V40 valve manages steam supply to
the heat exchanger. This regulates water temperature, which
is controlled by the TE4 temperature sensor. Pump N4 pushes
water through coagulator heating system. Valves 14V1 and
15V1 manage hot water supply to the shells of coagulators
Nel4 and Nels.

We will now discuss a process of transforming a technolog-
ical chart into its semantics-based representation. Each specific
equipment item, such as sensor, pump, pipe or coagulator cor-
responds to a node in a semantic network. Specific equipment
piece is an instance of a certain equipment class. This fact
is denoted by a link between nodes, that represent them, as
shown in Fig. 12.

Pipes are the special equipment, which interconnects other
manufacturing equipment. If, during the manufacturing pro-
cess, processed substance goes from one piece of equipment
to another through a pipe, then there will be two binary links.
First one connects a pipe and a source piece of equipment
and belongs to a source equipment* relation. The second one
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connects a pipe and a target piece of equipment and belongs
to a target equipment* relation, as shown in Fig. 13.

Pipes can be connected to sensors. However, such connec-
tions do not involve a substance movement. They are identified
by a connection* link between pipe and sensor instances (see
Fig. 14).

Functional chart (see Fig. 11) also depicts constructional
parts, such as temperature sensors, as a separate entities. To
connect a piece of equipment to its constructional part we
use part-of* relation link, which connects corresponding nodes
(See Fig. 15).

Such description would be sufficient for a standalone shop.
But for a batch manufacturing enterprise with multiple shops,
such as JSC «Savushkin product», there is a need to unify
its semantics-based representation using a common ontology.
Among other reasons, this is needed to simplify shop manage-
ment and interaction. Ontology of physical models of batch
manufacturing enterprises, constructed as a result of ISA-88
formalization, can serve as such ontology. Within ontology-
based model of the enterprise, it is situated above an ontology
of a specific industry, but below batch manufacturing ontology.
Hierarchical organization of ontologies ensures independence
between manufacturing recipes and a specific equipment, that
implements it. Their link will be established at a higher level
of abstraction, which is analogous to a Bridge design pattern
used in object-oriented design [3].

To establish a link between the first description and a
physical model terms, one needs to match specific pieces
of equipment to the appropriate levels of a physical model
mentioned before. Merging those descriptions enables better
understanding of how are control modules and equipment
modules linked. This link is the key to ensure generalization
and reuse in batch control [8].

For example, to specify the fact, that a certain piece of
equipment (say, a valve) is a control module, one needs
to include the corresponding semantic network node in the
equipment module set, as shown in Fig. 16.

Other physical levels are assigned to an equipment in
a similar fashion. After performing these transformations,
we end up with a fragment of a semantic network, which
corresponds to the aforementioned technological chart. It is
shown in Fig. 18.

Such representation allows to ask various questions about
this chart. We will now take a look at two examples.

e «Give an example of equipment module with a heat
exchanger». This question is answered by an sc-agent
Jor finding constructions, isomporphic to given pattern.
Its single argument is an sc-node, which denotes a search
pattern shown in Fig. 17. Natural-language interpretaion
of this search query can be constructed as follows: «Find
all such structures, that belong to an equipment module
set and that contain one or more elements of a heat
exchanger set». Answer to this question is shown in
Fig.19 as a fragment of a semantic network.

e «Which kinds of equipment are used to heat a cottage
cheese mass?» This question is answered by an sc-agent
for finding subclasses of given class within a given
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Figure 10. Formal representation of the lowest levels of the physical model

structure. Its accepts two arguments. First one is a node,
representing a structure, within which to perform a search.
Second one is a node of a class, subclasses of which
are to be found. Argument values in this case are: (1)
structure in Fig. 18 and (2) equipment node. Answer to
this question is a set of classes coagulator, temperature
sensor, valve, volume sensor, pipe, circulation tank, heat
exchanger, pump. This agent is widely applicable and can
answer any question of «Which X is used in Y?» kind.
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Figure 11. Functional chart implemented using GOST 21.404-85

-0

valve V40

Figure 12. Example instance of the equipment class

V. CONCLUSION

This paper demonstrates basic principles of ontology-
based design of batch manufacturing enterprises, using JSC
«Savushkin product» as an example.

Key points of this paper:

e Enterprise is viewed as a knowledge-driven intelligent
multi-agent system. Knowledge are stored in a memory,
shared between all of the agents. Such shared memory is
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called corporate memory of an enterprise. Agents of an
intelligent enterprise include both programmatic agents,
that work with corporate memory, as well as employees,
who work and interact through this memory;

e ontology-based design of an enterprise is based on strictly
specified, consistent system of a formal ontologies. Each
ontology describes principles behind certain aspects of
operation management of a certain types of enterprises.
Each formal ontology corresponds one-to-one to a subject
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(1]

(2]

[3]

(4]

(3]

(6]

(7]

domain, which formally includes models (specifications)
of various enterprises. These specifications describe these
enterprises in an aspect, with which the ontology of that
subject domain is concerned. Integrated ontology-based
model of an enterprise being designed consists of a
number of models, which describe the same enterprise
but correspond to different ontologies;

operation management principles, aimed at improving
and adapting the enterprise to the changing conditions,
have to be strictly specified as an enterprise improvement
ontologies for a certain specified class of enterprises.
Such ontologies are further subdivided into several partial
ontologies, that describe various aspects of improving the
structure or operation of the enterprise;

the primary quality criterion of the produced system of
Jformal ontologies for a certain specified class of enter-
prises is an ability to partition an enterprise improvement
ontology for this class in such a way, that improvement
of a various aspects of an enterprise could be carried out
in parallel and relatively independently from one another.
This criterion characterizes flexibility of enterprises, built
using this system of formal ontologies;

the system of formal ontologies of batch manufacturing
enterprises is built upon a formalization of the ISA-88
standard, which is represented using the following system
of ontologies:

s Ontologies of physical models of batch manufactur-
ing enterprises,

s Ontologies of process models of batch manufacturing
enterprises,

e Ontologies of procedural control models of batch
manufacturing enterprises;

e Ontologies of batch control activities.

ISA-88 is a remarkably high-quality standard, that facil-
itates the design of highly flexible batch manufacturing
enterprises;

Formalization of standards simplifies the process of mak-
ing an enterprise conformant to the standards. It also
facilitates the auditing process to ensure its conformance.
Formalization of standards allows for a significant im-
provement of the information service level of an enter-
prise. It also facilitates employee education on the subject
of a standard.
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OHTOJIOrMYeCcKOe TTPOEKTUPOBAHIE [TPEIITPUSI TN
PEIENITYPHOTO ITPOM3BO/ICTBA

Tonenkos B.B., Pycenxkwmit K.B., [llyukesua J1.B.,
Haewinenko 1.T., 3axapos B.B., Usamenko B.IL.,
Koponuuk /I.H, Tabepko B.B., Usantox /1.C.

JlaHHasi cTaThs MOCBAIIEHA PACCMOTPEHUIO TEKYIIUX,
TAKTUIECKUX U CTPATETMYECKUX ACIIeKTOB IIOBBIIICHUS
YPOBHSI aBTOMATU3AIUN MPEJNPUITANR Ha TPUMEpPEe M-
npustust perenrypaoro npoussojctBa OAO «Capymkun
NpoayKT». IIpeiaraeTcss OHTOJOrMIECKUH MOIX0/ K IPO-
E€KTUPOBAHUIO TAKOTO POJia TMPEIIPUATHI, COCTOSIINI B
[MOCTPOEHNN Ha OCHOBE TEKCTOB CTAHJAPTOB HMEpapXude-
CKOI CHCTEMBI IIPEIMETHBIX 00J1aCTell U COOTBETCTBYIOIIUX
uM GOpMabHBIX OHTOJIOTHHA. B ero pamMkax mpearnpusiTie
pPACCMATPUBAETCST KAK PACIPE/ICTICHHAs], MHTEJLIEKTYa b
Hasl, uepapxudeckasi, MHOTOAreHTHas CUCTeMa, B KOTOPOi
B KadecTBe areHTOB MOTYT BBICTYIATH MPOIrPAMMBI 00-
paboOTKU 3HAHWI, TEXHUYECKHE YCTPOWCTBA W TEPCOHAJI.
B wacTHOCTH, 06GCYKIAIOTCS TPUHIUNLL (POPMATU3AINN
CTAHJAPTOB, HAa KOTOPBIX OCHOBaHA JEATEJHBHOCTH MPE-
npusTUs, Ha npuMmepe crapgapra ISA-88, kacarorierocs
NPEIPUATANR PEIENTYPHOrO MPOU3BOJICTBA, KAKOBBIM $IB-
ssiercst OAQO «CaBymIKuH MPOTyKT».

Cpe/icTBa aBTOMATHU3AINN COBPEMEHHOTO MIPEIIPUSITUS



JOJI?KHBI OIIEPATUBHO U C MUHUMAaJIbHBIMU 3aTpaTaMU Bpe-
MEHHU COTPY/THUKOB aJAIITUPOBATHCS K JIIOOBIM U3MEHEHU-
M CaMOTI'O IIPOU3BOJICTBA — K PACIIMPEHHUIO UJIN COKpaIle-
HUIO 0O0BEMOB IIPOU3BO/ICTBA, U3MEHEHUSIM HOMEHKJIATY DI
[IPOM3BOJICTBA, U3MEHEHUIO UCIIOJIB3YEMOr0 00OPY/I0BAHMUS,
M3MEHEHUIO ODIIeil CTPYKTYPhI IPOU3BOICTBA, N3MEHEHUIO
B3aUMOJIEICTBHUS C IIOCTABIIUKAME U IIOTPEOUTEIAMHU, K
M3MEHEHHNIO HOPMATHBHO-IIPABOBBIX aKTOB (BKJIIOYAsl CTaH-
JIAPTBI), KOTOPBIM IPENPHUITHE JOJXKHO COOTBETCTBOBATD,
K PAa3JINYHOIO POJIa HENPEIBUIEHHBIM OOCTOATEIHCTBAM.

CpecTBa aBTOMATU3AIME COBPEMEHHOTO IIPEIITPUASITHS
JOJIKHBI OBITH THOKUMHI HE TOJIBKO JIJIsi ONEPATHBHOM
aJanTanui K PeKOHMUI'ypaIluu IPOU3BOACTBA, HO U IS
OIIePaTUBHOI'O BHECEHUd U3MEHEHUU B CaMH CPEJICTBA aB-
TOMATH3aIlAN B HAIIPABJICHAN UX MOCTOAHHOI'O COBEPIIEH-
crBoBaHust. OTMETHM, UTO 371eCh CYIIECTBEHHBIM SIBJISETCS
HE TOJIbKO CHUXKEHHE TPYJAOEMKOCTH IIOBBIIIEHUsS YPOBHS
aBTOMATH3aIMN, HO M IOJJIepKKa BBICOKUX TEMIIOB IIO-
BBIIIIEHUS YPOBHS aBTOMATHU3allMU, a TaKxKe YeTKO IIPOy-
MaHHBII IIepEXO/IHBIN IIPOoIlecC OT OJHOTO YPOBHA aBTOMa-
TA3aIANA K CJIEAYIOMEMY, B XOJle KOTOPOr'0 OJHOBPEMEHHO
HUCIIOJIb3YETCs U YCTApEeBLINY BapuaHT U HOBBIIL.

IloBbImenne ypoBHS AaBTOMATHU3AIUU PEIIPUITUA
IIPEJIITOJIAraeT CYIIECTBEHHOE PACIITUPEHUE YHCJIa aBTOMa-
TUYECKU WJIM aBTOMATU3MPOBAHO PEIIAEMbIX 3aJ1a4, & 3TO,
B CBOIO O4Yepeib, NPUBOJAUT K aBTOMATHU3AIUU DPEIIECHUS
WHTEJIJIEKTYAJIbHBIX 33/a49, T.€. K HUCIIOJB30BAHUIO TEXHO-
JIOTHU# UCKYCCTBEHHOT'O MHTEJLIEKTA.

s Toro, 9ToOBI 00ECEeYnTh MIMPOKOE MTPUMEHEHUE
TEXHOJIOTUHl MCKYCCTBEHHOI'O WHTEJJIEKTa B aBTOMATU3a-
WU [IPEJIIPUATHUS, BCe KOPIIOPATUBHBIE 3HAHUS IIPEIITPH-
SATUS JOJKHBI OBITH 3allUCAaHBl Ha (DOPMAJTBLHOM s3bI-
Ke TpejcTaBiennsa 3nannii. [Ipm 3TOM yKa3aHHBIN A3BIK
JIOJIZKEH OBITH yJI00EH He TOJIBKO JIJIsl WCIIOJIb30BAHUS B
UHTEJIEKTYaJIbHBIX KOMIIBIOTEPHBIX CHUCTeMaX, HO U JIJIS
HCIIOJIb30BAHUS BCEMU COTPY/IHUKAMHA IIPEIITPUATHS.

st MOCTPOEHUsT OHTOJIOTMYECKON MOJETN IIPEIITPHUsi-
THS HEOOXOIUMO PEIUTh CJIETYIOITHe TPOOJIEMBbI:

e CyimecTByIomue €peJicCTBA aBTOMATU3AINK JIESITEIh-
HOCTU TPEIIPUSTHAST  UMEIOT BBICOKYIO CTOUMOCTD,
TPYJAHBI B OCBOEHUN U aJAIITAIINN K KOHKPETHOMY IIPO-
u3BOJICTBY. Pa3paboTuuKu CTPEeMATCS CIEeIaTh TAKOro
po/ia CpeicTBa KAK MOXKHO Oojiee byHKIIMOHATBHBIMIY,
HapaIuBast UX YACTHBIMU PEITeHUsIMU, 9TO IIPUBOJIUT
K CJIOYKHOCTH U I'POMO3JIKOCTH TAKUX CHUCTEM.

e Kaxk ciencrBue momoOHOTO MOIX0Ma K HAPAITUBAHUIO
dyHKIMOHANA, CYIIECTBYIONINE CPEJICTBA aBTOMATHU-
3aliy JIeSITeJIbHOCTA TPEJIIPUSITAST UMEIOT HU3KHIA
ypPOBeHb I'MOKOCTH (BO3MOYKHOCTH BHECEHUS U3MEHE-
HUiT), 9TO IPHUBOJUT K CYNIECTBEHHBIM HAKJIAHBIM
pacxojaM IpU AJalTallud TAKUX CPEJCTB K HOBBIM
TPeOOBAHUAM.

e OrcyrcrBue o0mMUX yHUMDUIMPOBAHHBIX MOJEJCH u
CPEJICTB ITOCTPOEHUsI CUCTEM ABTOMATU3AIIUN JeATE b
HOCTU TIPENPUSITHA TPUBOIUT K OOJIBIIIOMY KOJIAIE-
CTBY ayO/UpOBAHUI AHAJOTUYIHBIX PEIeHuil Kak B
paMKax pa3JIMYHBIX IPEINPUSITHI, TAK U B pPaMKax
PAa3HBIX TOAPA3IEICHUI OHOTO IPEIIPUATHUS.
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e OTcyTrcTBHE TAKOTO pONAa MOjeeil IMpPensTCTBYeT
JaJbHENIIIeMy TOBBIIIEHUIO YPOBHS aBTOMaTHU3AIUN
[IPEIIPUSITHS, B YaCTHOCTH, B OOJIACTH aBTOMATHU3A-
UM [PUHATHAS PelIeHUNl B HEIITAaTHBIX CUTYalUAX,
MIPOTHO3UPOBAHUSI TAJTBHENIIIETO PA3BUTHS COOBITHUIA.

e Bricokmit ypoBeHb 3aBUCUMOCTH CHCTEMBI ABTOMATH-
3aIui MPEIPUITHS OT PAa3paAOOTINKOB MPUBOJIAT K
pobJieMaM BHEJIPEHUSI U COIPOBOXKJIEHUsI TAKOW CH-
CTEMBI IIPU CMeHe pa3paboTIuka.

e OrcyrcrBue (hopMasIbHBIX MOJEJIel Pa3/JInIHbIX CTAH-
JapTOB, PErVIAaMEHTUPYIONIUX JIeSTeIbHOCTb IIPEIIIPU-
ATAHA, IPUBOJUT K BO3MOXKHBIM TPY/IHOCTSM B TpaK-
TOBKE TeX WU WHBIX TOJOXKEHUN CTaHmapTa U 00y-
YEeHUU TEPCOHAJA. DTO TAKXKE 3ATPYIHSET IIPOIECC
IIPOBEPKU IIPEANPUATUA UJINA €r0 I0JApa3/ejeHuil Ha
COOTBETCTBHE HEOOXOUMBIM CTaHIapTaM

B nacrositiiee Bpemst CyIeCTBYeT DsiJi IIOJIXOI0B, OPH-
€HTUPOBAHHBIX Ha IIOBBIIIEHUE YPOBHS aBTOMATHU3AIAHN U
rUOKOCTU TpeanpusaTuii. llepeducynmM Te WX HHAX, 9TO
HanboJjiee CHJILHO HOBJIMSIM HA PA3BUTHUE IIPE/JIATAEMOI0
TIOJIX0/TA:

o Mosemn yupaBiieHus 3HAHUAMY [TPEIPUITANR

e OHTOJIOrMYECKHEe MOJE/H [TPEeJIIPUSITHIA

e MuoroarenTHbIE MOJIEIN TIPEIIPUATHI

e Mosen CUTYaIoOHHOrO yIIPABJICHUS

o Mojein penH>KUHUPUHTA OUBHEC-TTPOTIECCOB TIPEIIIPH-
ATUN

OCHOBHOI HEIOCTATOK BCEX MPUBEIECHHBIX BBIIIE MOJIE-
JIeH BaK/II0YaeTCs B TOM, 9TO HU OJHA M3 HUX HE 00/1a1aeT
JIOCTATOYHON TIOJTHOTOM, U JijIs HanboJiee aJeKBATHOTO CO-
OTBETCTBUS PEAJHbHOMY HPEJIPUATHIO €70 MOJIEJIb JI0JI2KHA,
OBITH PE3yAbTATOM WHTEI'PAITMU BCEX ITUX MOJIEJICH.

IIpenraraeMplit TOAXOM, K PEITEHUIO YKA3aHHBIX IIPO-
6J1eM OCHOBaH Ha CJIELYIONINX OCHOBHBIX ITPUHIIAIIAX:

o [Ipennpustre paccMaTpuBaeTcs KaK pPaCIpeIesIeH-
Hasl, HHTEJJIEKTyaJbHas COIMOTEXHUYECKasl CUCTEMA,
B OCHOBE KOTOPOIl JIEXKUT XOPOIIO CTPYKTYPUPOBAH-
Has 00Ias 6a3a 3HAHUN TPEIMPUITA.

e B pamkax 6a3b! 3HAHU TP TIPUATHS HHTETPUPYIOTCSI
BCE BBINIEYKA3aHHbIE MOJE U (yIPABICHUS 3HAHMSI-
MU, OHTOJIOTUTYECKON, MHOTOATr€HTHON, PEMHKTHUPUH-
ra GU3HEC POIECCOB).

e [Ipennpusitue paccMaTpuBaeTCs KaK HepapXuIecKast
MHOTOAreHTHAsl CHCTeMa, B KOTODOIl areHTaMu sB-
JIAIOTCS KaK IMIPOrPaMMHO PeaJIM30BAHHBIE AareHTHI,
TaK U COTPYAHUKM TpeaunpusTus. VlepapXxuaHocTsb 3a-
KJIIOYAETC B CYIIECTBOBAHUU HEATOMAPHBIX areHTOB
(KOJIJIEKTHBOB), BKIIIOUAIONINX KAK ATOMAPHBIE, TaK U
HEATOMAPHBIE areHTHI.

e Bech xomImmekc cpeiacTB, 00ECTIEINBAIONINX IEATETb-
HOCTB IPEIPUATUsI, OPOPMJISIETCS B BHJIE PACIIPEIe-
JIGHHOH MHTEJIJICKTYaJbHOI KOPIIOPATUBHOM CUCTEMbL
MIPE/IIPUSITHSA.

e [IpoekTupoBaHMEe OHTOJIOTUYECKON MOJIEN IIPEJIIPH-
SATUS CBOJIUTCS K MPOEKTHUPOBAHUIO OHTOJIOIHYIECKOM
MOJICJIM €TI0 HMHTEJJIEKTYaJbHOU KOPIIOPATUBHON CH-
crembl. OHTOJIOTMYECKAsT MOJEJb IPEIIPUSITHS SIB-
JITeTCS OJHOBPEMEHHO U OOBEKTOM, U PE3YIBTATOM
MIPOEKTUPOBAHUSI.



e JIyis1 peasmmzanum KOPIOPATUBHON CUCTEMBI TIPEJIIPHUSI-
THS Ipejjiaraercs ucnoJib3oarb Texnosoruo OSTIS

[21],[22].

YTo6bI peasn30BaTh MPEJIOKEHHBIN TOIX01, HEOOXO-
JIIMO PEIUTh CJIeLYIONNe 33 a9u:

e Paspaborars yHHUIMPOBAHHYIO CTPYKTYPY OOIIEit
(uHTETpUpOBaHHO}) Ga3bl 3HAHUI WHTEJIEKTYATBHOI
KOPIIOPATUBHOM CUCTEMBI IIPEIIIPUSITHSI B BUJIE UEPAP-
XUIECKON CHCTEMBI TIPEIMETHDBIX 00IacTeil 1 COOTBET-
CTBYIOIIMX UM OHTOJIOTHIA.

e Paspaborars MOmesb MauHbl 00paboTku 3Hanuii [39]
UHTEJ/UIEKTYaJbHON KOPHOPATUBHON CUCTEMBI IIpe/I-
[IPUSITHS.

e PaspaGorars Mojenn uHTepdeiicos [27] mHTENIEKTY-
AJIBHOW KOPIIOPATUBHON CUCTEMBI NPEIIPUITAS JIJIs
PA3HBIX KATErOPHil MOJb30BaTEeH.

e Pazpaborarb MOzesh cpeacTB nHGOPMAIIMOHHOTO 00-
CJIy?KMBaHUs PA3HbIX KATErOpWil MOJIb30BaTeseil MH-
TEJJIEKTYAJIbHON KOPIIOPATUBHONW CHCTEMBI IIPEJITPHU-
SITHS.

e Pazpaborarh MOJETb CPEICTB MOJIEPKKH WHKUHU-
PUHTa W PEUHXKWHUPUHTA 6a3bl 3HAHUN WHTEJJIEKTY-
AJIBHON KOPIIOPATUBHON CUCTEMBI IIPE/IIIPUSITHSA.

Ha nannom sTarre paboThbl OCHOBHOE BHUMAHUE YIEJIECHO
PEIIeHuIO 33/1a91u Pa3pabOTKU OHTOJIOTUYIECKONW MO/JIeIH
6a3bl 3HAHWIT, B 9aCTHOCTU -— IMOCTPOEHUIO HAOOpa TIpes-
METHBIX 00JIACTel, ONMUCHIBAIOIINX COJEPKAHIE OCHOBHBIX
CTAHIAPTOB.

OCHOBO#I OHTOJIOTUYECKOTO IIOJIX0/Ia K IIPOEKTHPOBAa-
HUIO IIPEJIIPUSITHS sIBJIsieTcst (DopMasIn3alins CTaH/1apTOB:
Kaxknaplit cragmapT paccMaTrpuBaeTcsl KaK OHTOJIOIHS CO-
OTBETCTBYIOIIEN eMy IIPeIMETHON 00JIACTH.

IIpu BHempeHnn cTaHmapTa MOTYT BO3HUKATH MPODJIE-
MBI, CBf3aHHbIE C HEOJHO3HAYHONH TPaKTOBKOIl HEKOTODPBIX
TIOJIO2KEHUI CTaHIAPTa U OCOOCHHOCTSIMU TTPUMEHEUHUS
CcTaHIapTa Ha KOHKpeTHOM mnpeanpustnu. OgHUM U3 IIy-
Teil PEeIeHns TAKOTO POJia IPODJIEM sIBJIETCS IIOCTPOEHUE
ero hopMaJIbHON CEMAaHTUIECKON MOJEH, KOTOpas MOIJa
OBl OIMHAKOBO MHTEPIPETUPOBATHCH KAK KOMIIBIOTEDHOMN
cucTeMoil, Tak u desoBeKoM. DopMaIbHOE CEMAHTHIECKOEe
[IpeJICTaBJIEHNE CTaHAAPTa CO3/IaeT KOHCTPYKTUBHYIO T10Y-
By /I €r0 COIJIACOBAHWs, & TaKyKe i ODecledeHust
YETKOCTH U OJIHO3HAYHOCTHU €0 TPAKTOBKH U 00ECIIEYNBAET
VIIPOIIEHNE BHECEHNSI M3MEHEHN, BBI3BAHHBIX KaK yTOYHE-
HHEM TPAKTOBKH, TaK W IBOJIIOIAEN CaMOro CTaH]IapTa.

TTocTpoenne dpopManbHOM MOIEIN CTAHIAPTA CBOIUTCS
K ITIOCTPOEHUIO NHTETPUPOBAHHOM (hOPMATHLHON OHTOJIOTUN,
creruUuIupPYoNEeil COOTBETCTBYIONIYIO MPEIMETHYIO 00-
JgacThb. g 9TOro HEOOXOAMMO OTOOPA3UTH CTPYKTYpPY U
coJlepXKaHue MCXOJHOIO TEeKCTa JIOKYMEHTa CTaHIapTa Ha
MEPAPXUIO MIPEIMETHBIX 00/IaCTell U COOTBETCTBYIOIIUX UM
OHTOJIOTHIA.

Vcnonb3oBanne OHTOIOIUYECKOTO IIOJX0/a K [IOCTPOe-
HUIO (POPMAJIBHON MOJIEIN CTAHIAPTA MTO3BOJISIET IOCTPO-
UTh UHTEJJIEKTYaAJBbHYIO CIIPABOYHYIO CUCTEMY, IIPEIO0CTaAB-
JIAIONIYI0 HIMPOKUN CIEKTP MHMOPMAIMOHHBIX YCJIYT OT-
HOCUTE/JILHO MPUMEHEHUs CTaHJapTa. TaKas CHUCTEeMa, CIIO-
coOHA OTBEYATH HA IMUPOKUIl CIIEKTDP BOIIPOCOB BUJIA «UTO
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TaKoe...?», «JJjis 9ero HeOOXOAUM...7», «KaK CBSI3aHDL...7»,
«9TO €CNn...T» U Jpyrue.

B mammoit pabore dopmamsanus cTaHIAPTOB PACCMAT-
pUBaeTcs Ha MpUMepe MPEIIPUITUST PEIENITYPHOrO TPOU3-
BosictBa OAO «CaBymkua npoaykrs. Ilockosabky creru-
duKa penenTypHOro Mpou3BOACTBO HAMOOJIee TIOJTHO OXBa~
ThiBaeTcst crangaproM ISA-88, To mMeHHO OH W BBIOpaH
B KadecTBe 00bekTa dopmanuzarmu. Cieyer OTMETUTD
BBICOKOE KadecTBO craHjgapTa ISA-88, mossouisiiomee mpo-
€KTUPOBATH IMPEJIPUATHS PEIENTYPHOTO MTPOU3BOJCTBA,
00J1a/1a101ITe BBICOKOH CTENEHBIO T'HOKOCTH.

ConepzkaHue TMepBOil 9acTH CTaHIapTa, 0OTOOParXKaeTcst
Ha cJIeayronye IrpeaMeTHbIe O6J'IaCTI/I B paMKaX MHTEJIJICK-
TyaﬂbHOfI KOpHOpaTI/IBHOﬁ CUCTEMBI IPEeAIPUATIA:

e [Ipenmernass 06/IACTH NPEAIPUITHI PEIEIITYPHOTO
[IPOU3BO/ICTBA

e [Ipenmvernass objacTh PU3NIECKUX MOJEJeH perern-
TYPHBIX IIPOU3BOJICTB

e IIpenmernas 06JaCTb IPOIECCHBIX MOjesell perern-
TYPHBIX IPOU3BOJICTB

e Ilpenvernas obsacTb MOJEsEN IPOIELYPHOIO YIIPaB-
JIEHHS 000PYAOBAHIEM DEIEITYPHBIX TPOU3BOJICTB

e IIpenmernas 001aCTb JEATEIBHOCTH 110 yIIPABICHHUIO
PEIENnTyPHBIM [TPOU3BOJICTBOM

31ech TakXKe CJIeyeT OTMETUTh, ITO KaXKIOi M3 ITUX
IPEJIMETHBIX 0bJsracTeil OyIeT COOTBETCTBOBATH OHTOJIOTUS
COBEPINIEHCTBOBAHUS TPEJIIPUATHS B COOTBETCTBYIOIIEM
ACIHEKTE €T0 CTPYKTYPHI U AeATeIbHOCTA, B KOTOPO CTPOTO
OIIMCAHbI IPUHIUIILI OPraHU3aINN JIeATeJIbHOCTH, HallpaB-
JIEHHOIl Ha COBEPIIEHCTBOBAHUE W AJANTAIIAIO IIPEJIPH-
ATUS K HU3MEHSIONUMCS yCJIOBUAM. Takas OpraHm3arius
CHCTEMBI IPEIMETHBIX obJiacTeil u POPMAIBHBIX OHTOJIO-
ruit 06ecrevnBaeT MapasieIbHOE U B JOCTATOYHOMN CTEIIeHN
HE3aBHUCHUMOE COBEPIIEHCTBOBAHUE PA3JINYHBIX AaCIIEKTOB
MIPEJIIPUATHUA, YTO 03BOJIAeT TOBOPUTDH O BBICOKOI cTele-
HU TUOKOCTH TPEIPUATHUN, CTPOSIIIIXCS HA €€ OCHOBE.

JlanHast craTbs yjessieT BHUMaHUe (bU3NIECKON MOJIe-
s upennpusitug OAO «Casymkua npomykTs. Crerudn-
Kalys IPeJUpUAThs B PAMKaX 9TOH IIpeIMeTHON obsracTu
UMeeT CeMb YPOBHEN: IMPEeIIpUsiTHe, IMPOU3BOJICTBO, IIPO-
U3BOJICTBEHHBII y4acCTOK, d4deiika IIpollecca, allapar, ar-
perar, O6JI0K yrpasJieHusi. IIpeaupusitue — camasi KpyIHast
[IPOM3BO/ICTBEHHAS €INHUIA, COOTBETCTBYOIIAs KOMIAHUN
B II€JIOM. DJIEMEHTBI OCTAJIBHBIX YPOBHEl BKJIAIBIBAIOTCS B
Hee 110 MepapxudyecKoMy IpHUHIUIY. B craTbe mociempoBa-
TEJIbHO PACCMATPUBAETCS 110 OJHOMY SJIEMEHTY € KaXKJIOr0
ypoBHst Mojiesin 710 ypoBHs anmnaparoB: OAO «Casymkun
npoaykTs — I[IpousBosictBo «Bpect 2» — Ilex MATKUX ChI-
POB u TBOpoOTa — A4eiika MPOU3BOICTBA TBOPOKHOI MACCHI.
Tpr HIKHUX YPOBHS MOJENH Pa3OUPAIOTCS Ha MPUMEPE
dparMenTa sYEfKH IIPOIECCa, UJLIIOCTPUPYIOIEN TakKe
HCITO/Ib30BaHue (DU3UIECKON MOJEn Tpu (HOPMAaTU3AIUN
TEXHUYECKON HOKyMeHTanuu npeanpusTus. Jlms kaxmaoro
U3 TPUBOJUMBIX (DPArMEHTOB CTPYKTYPBI IPEIIPUSITUS
MIPUBOJUTCS COOTBETCTBYIONUI (DPArMEHT CEMaHTUIEeCKON
ceru. CeMaHTHYECKOE MTPEJICTABICHIE TTO3BOJISIET 38/[aBATD
K JIOKyMEHTAIIUA Pa3HOOOPa3HbIE BOIPOCHI, obecriednBast
TeM caMmbiM 3 deKTuBHOE NHMOPMAIIMOHHOE 0OC/TyKUBa~
HU€ COTPYJIHHUKOB IIPEIIPUATHUSI.





