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TEMPORAL EVENT-DRIVEN SCHEDULED ACTIONS (TESA) ONTOLOGY FOR
CYBER PHYSICAL SYSTEMS WITH PRIORITY MECHANISM

The article discusses the development and evaluation of lightweight ontologies with scheduling and conflict-resolution
mechanisms for modeling tightly coupled, complex systems in cyber-physical systems, such as Digital Twins. The goal is to
develop an OWL-Time extension with scheduling, event-driven actions, and conflict resolution, and to confirm its efficiency
by four measurable criteria: Halstead effort reduction versus the ISO-standard PSL; near-linear reasoning latency for 5—
50 conflict groups; no reasoner halts; and consistency with foundational ontologies such as BFO, SUMO, UFO, and
DOLCE. The tasks to be solved are: to collect requirements for the new ontology; to describe core elements of the ontolo-
gy-modeled system ensuring compatibility with foundational ontologies, to develop a priority mechanism for resolving con-
flicting actions, to describe and evaluate the new ontology with particular focus on limiting halts caused by conflicting ac-
tions during ontology reasoner execution. The methods used are: test system design for experimental validation, formaliza-
tion of the system for modeling using the proposed and existing ontologies, software engineering techniques for running
experiments and collecting performance data; Halstead effort metrics for measuring cognitive and developmental effort.
The following results were obtained: the proposed TESA ontology achieves a 70% reduction in the Halstead effort metric
compared to the ISO-standard PSL in the considered test scenarios, indicating a significant decrease in cognitive and de-
velopmental effort; TESA prevents the reasoner from encountering halts during reasoning operations; under high-density
conflict scenarios, TESA exhibits superior temporal stability with sub-second reasoning latency, while traditional method-
ologies undergo exponential performance degradation; the ontology demonstrates a lightweight architecture and practical
compatibility with foundational ontologies;, TESA's modular structure and reduced semantic overhead enable streamlined
adoption and integration. Conclusions. The scientific novelty of the results obtained is as follows: in contrast to the exist-
ing scheduling ontologies, a lightweight ontology for event scheduling and conflict prevention has been developed that
strikes a balance between detailed semantics and ease of integration with foundational ontologies; the modular structure
enables specialized domain adaptations while maintaining compatibility with higher-level foundational ontologies; the pri-
ority-based conflict resolution mechanism prevents reasoner halts and maintains stable performance under high-conflict
scenarios, the ontology architecture reduces cognitive overhead while preserving robust scheduling logic capabilities.
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complexity of the examined systems can complicate the
development process in the early phases due to the ever-
increasing amount of data that should be processed and
organized to formulate clear requirements and to clearly
describe the investigated cases. To simplify the design

1. Introduction
1.1. Motivation

Owing to the rapid development of information

technologies, cyber-physical systems are evolving rap-
idly. In recent years, typical programmed systems have
transitioned from simple models to complex intelligent
software capable of analyzing large amounts of data and
making decisions. One of the most popular and effective
technologies for virtualizing real objects is the Digital
Twin technology [1-2]. Digital twins offer advanced
features due to the connection between physical and
virtual environments, which allows the faster tracking of
any changes and their reaction. The modeled system
should be analyzed in depth to enable such complex
abilities, including the collection of various usage sce-
narios, edge cases, and failure-handling situations. Real
systems in the modern world consist of multiple sepa-
rate parts that are connected to each other and can have
different types of relations. Further, such systems are
referred to as “complex tightly-coupled systems”. Such

of the digital twin of a complex tightly coupled system
[3], developing an ontology of the system is a common
practice [4]. The further use of the considered system
ontology simplifies the implementation due to easier
tracking of relationships between elements, modeling of
their communication, analysis of their data, prediction
of the results of actions, and decision-making. One of
the most critical tasks in designing an ontology for a
complex tightly-coupled system is to consider the cases
when relations can change, when the result of perform-
ing an action depends on the time when it was done, as
well as event scheduling and the handling of numerous
events. Digital twins, automated workflows, and sensor-
driven processes produce persistent and frequently time-
critical data streams in current industrial ecosystems.
Controlling corrective actions, such as shutting down a
machine when a sensor indicates overheating, relies not
only on the device hardware but also on a higher con-
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ceptual layer. Omitting time-based constructs in an on-
tology can lead to partially automated solutions that rely
on manual input and external scripts, ultimately increas-
ing complexity and limiting scalability.

The advancement of Industry 4.0 and the wide-
spread implementation of smart factories highlight the
strong need for integrating semantic precision with real-
time adaptability. In this situation, creating and validat-
ing a high-level ontology that maintains robust high-
level semantic structures, incorporates time-related di-
mensions, and supports event-condition-action logic is
critical. Moreover, for further integration with existing
systems, it is necessary to consider popular mechanisms
for defining the ontology structure and elements, such
as RDF and OWL [5].

1.2. State of the art

The development and analysis of ontologies for
cyber-physical systems, including Digital Twins, have
been demonstrated in numerous scientific papers. Kara-
bulut et al. [6] presented one of the latest research pro-
jects in the investigated area. This study presents a sys-
tematic literature review of the ontologies in Digital
Twins and highlights the variety of solutions created.
Notably, many of the developed ontologies are “do-
main-specific” or consider only specific tasks or pro-
cesses. Despite the importance of backward compatibil-
ity between ontologies, the analysis of more than 80
ontologies shows that more than half of the considered
articles did not match their proposed ontology with a
top-level ontology. Such issues with matching ontolo-
gies of different levels create re-usability problems and
hinder their further integration into existing or newly
developed digital twins.

A top-level ontology should be used when design-
ing the digital twin for the complex tightly coupled sys-
tem to prevent the described re-usability issues [7]. Er-
molayev et al. [8] investigated the question of time on-
tologies and described the trends and approaches used to
model time-based systems. This paper includes several
high-level ontologies that can be used for the cyber-
physical system. Let us examine the foundational ontol-
ogies for the considered type of systems, considering
time-dependent cases.

OWL-Time [9] is a widely recognized and widely
adopted model for representing temporal information
within the Semantic Web. It focuses on describing core
temporal elements, i.e., instants, intervals, and dura-
tions, by leveraging standard XML Schema datatypes
for dates and times. This approach fits seamlessly with-
in the RDF and OWL technology framework, enabling
developers to harness a single, efficient vocabulary to
cover all aspects of time representation. The close inte-
gration with XSD types facilitates comparisons and in-

dexing, enhancing compatibility across various semantic
technologies. OWL-Time has become the go-to module
for domain ontologies that require labeling facts with
specific instants and intervals because it serves as a key
descriptive framework for time. Many researchers and
practitioners who work with overarching ontologies,
such as SUMO, BFO, or DOLCE [10], frequently in-
corporate or reference OWL-Time to position events or
processes on a timeline. By defining instants as zero-
duration points and representing intervals with clearly
defined (and sometimes open-ended) boundaries, OWL-
Time offers a reliable way to specify when an event
starts or finishes and how long it endures. The ontology
also has optional structures for breaking down date and
time, accommodating months, days, hours, and similar
subdivisions when more detail is needed. Although
OWL-Time excels at detailing when events occur, it
does not include built-in constructs for procedural or
operational logic. In situations that require event-
condition-action rules, conflict resolution, or sophisti-
cated scheduling, implementations often depend on
OWL-Time’s external rule engines or custom exten-
sions. Common methods involve drafting rules in lan-
guages such as SWRL or embedding logic [11] within
custom code to interpret data that references OWL-
Time. Such rules can correlate intervals and instants to
specific triggers, such as “execute an action if the sensor
reading exceeds a threshold at time T.” However, these
rules are developed outside the OWL-Time framework.
Therefore, OWL-Time remains fundamentally descrip-
tive, allowing for consistent temporal annotation while
entrusting higher-level scheduling or real-time proce-
dures to additional modules or external logic engines.
DOLCE (Descriptive Ontology for Linguistic and
Cognitive Engineering) [12] emphasizes cognitive and
conceptual distinctions. The ontology separates endur-
ance (objects that exist wholly at each moment in time)
from perdurants (events or processes that unfold in
time). This approach makes DOLCE well suited for
high-level semantic modeling and has allowed research-
ers to build digital twins that capture physical or organi-
zational systems’ structural and functional facets. How-
ever, the application of DOLCE to scenarios of tightly
coupled systems that require immediate synchronization
between digital twins and real-world data is complicat-
ed. DOLCE’s default method for handling time often
relies on temporal slices, a technique that adds complex-
ity when processing frequent or large-scale updates is
required. While it supports temporal considerations, the
emphasis remains on static conceptual clarity, and fur-
ther modules or rule-based scripts are typically required
to cover the dynamic behaviors of complex systems.
BFO (Basic Formal Ontology) [13] is commonly
found in biomedical and life science contexts. The on-
tology is grounded in a philosophical division between
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continuants (entities persisting through time) and occur-
rents (processes happening over time). Although BFO
provides a systematic framework for describing biologi-
cal and industrial processes, its native handling of time-
centric relations is not direct. BFO generally involves
labeling an entity as either a process or a participant in a
process, rather than offering a native method to encode
rules or triggers within the ontology. While BFO’s rigor
appeals to those designing digital twins for complex
systems, it often needs specialized extensions or exter-
nal logic to manage rapid reconfigurations and schedul-
ing tasks in closely knit manufacturing processes. The
ontology core model handles time as part of the occur-
rent dimension, but it does not inherently address time
ranges for fine-grained rule enforcement in real-time.

The SUMO (Suggested Upper Merged Ontology)
[14-15] has been proposed as a large-scale ontology that
encompasses physical, abstract, social, and psychologi-
cal concepts. The ontology typically includes basic rep-
resentations for time, causes, and processes through
statements such as before and after, along with various
types of relationships, such as subProcessOf. This cov-
erage offers the potential for building robust digital
twins, especially in domains that benefit from a unified
view of physical devices, organizational structures, and
knowledge artifacts. However, the ability of SUMO to
handle complex or tightly coupled production systems
in real time often relies on external logic encodings. As
a result, developers frequently need to write elaborate
custom scripts or reasoner extensions to build digital
twins that must adapt to continuous data streams.

The UFO (Unified Foundational Ontology) [16]
stands out for its emphasis on roles, social contexts, and
event modeling. The ontology supports the notion of
events (UFO-B) and the interplay of actors or agents
(UFO-C), making it appealing to complex enterprise
systems. Developers have leveraged UFO to create digi-
tal twins that combine organizational elements, machine
states, and event-driven transitions. However, while
UFQO’s event concept provides a way to represent pro-
cesses, it does not inherently offer direct methods for
scheduling or rule-based triggers if time must be han-
dled as a primary driver for changes. Similar to other
foundational ontologies, time ranges, scheduling logic,
or conflict resolution for rule-based transitions usually
require custom extensions or external engines, rather
than operating natively within the UFO model.

The ability to represent structural and functional
components of digital twins is a marked strength across
DOLCE, BFO, SUMO, and UFO, and each one can
describe aspects of a system’s entities and process-
es [17-18]. Their applicability to complex tightly cou-
pled or dynamically changing environments is some-
what constrained by the lack of integrated constructs
that handle time-ranged relations or direct rule enforce-

ment for event triggers. This issue becomes particularly
pronounced in production scenarios where multiple real-
time updates, immediate scheduling, or conflict resolu-
tion are required. Despite their conceptual depth, these
foundational ontologies often require significant addi-
tional modules to implement sophisticated time-based
rules, highlighting a gap in the development of more
comprehensive, time-centric semantic frameworks.

Examining scheduling ontologies to determine
how effectively they can address the identified chal-
lenges and whether they can be integrated with founda-
tional ontologies without introducing significant com-
plications is an obvious and logical step. Existing
scheduling ontologies, such as the Process Specification
Language (PSL) [19], the Generic Task Ontology
(GTO) [20], and iCalendar standard [21], provide essen-
tial frameworks for expressing temporal structures,
tasks, and events. The Process Specification Language
is an ISO-standard ontology notable for its formalism.
The structure of PSL effectively delineates the complex-
ities of manufacturing and business processes in sub-
stantial detail, making it particularly suitable for intri-
cate scheduling scenarios. While these ontologies and
standards offer considerable value, each comes with
limitations that make practical implementation challeng-
ing, especially when integrating with foundational or
domain-specific ontologies. For example, the Process
Specification Language, though robust and detailed, can
become overly complex for simpler scheduling scenari-
0s. Aligning it with broader knowledge systems also
requires a substantial time and effort investment.

The Generic Task Ontology, meanwhile, provides
a flexible structure for defining tasks and subtasks,
which supports modular activity breakdowns. However,
effectively applying it in real-world environments usual-
ly means adding extra layers or extensions to capture
scheduling nuances, which reduces its out-of-the-box
usefulness.

iCalendar stands out for its accessibility and wide
adoption, offering a straightforward format for manag-
ing and exchanging event data. Its strength lies in its
simplicity and compatibility across platforms. However,
this simplicity becomes a drawback when more ad-
vanced scheduling features, such as task interdependen-
cies and constraints, are required, as the standard lacks
the semantic depth to handle such complexity.

Taken together, these tools demonstrate both the
progress and obstacles in formalizing scheduling pro-
cesses. PSL can overwhelm with its expressive power,
iCalendar may fall short in semantic richness, and the
Generic Task Ontology often needs tailoring for practi-
cal use. These challenges point to a clear need for a
more streamlined yet semantically meaningful solution
that bridges the gap between expressive capability and
ease of integration. The ideal approach would preserve
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essential semantic structure while remaining lightweight
enough to integrate smoothly into foundational ontolo-
gies, avoiding the burdens of excessive complexity.

The current state of the art highlights the gap in
ontology-based modeling for high-frequency, real-time,
and time-dependent cyber-physical applications. It is
important to develop a new top-level lightweight ontol-
ogy that is reusable, incorporates time-based constructs,
and simplifies the design of Digital Twins for complex,
tightly coupled systems. It is important for such ontolo-
gies to be compatible with OWL-Time, which is the de-
facto standard for describing time values. Moreover,
using the base concepts of the examined upper-level
ontologies can simplify development and increase com-
patibility among them.

1.3. Objectives and tasks

This study aims to develop a high-level ontology
that incorporates time-based constructs and event han-
dling into knowledge representation and demonstrate
that it measurably outperforms existing approaches on a
complex tightly coupled test system. The goal is consid-
ered achieved if the following criteria are met:

1) the Halstead effort of describing the test sched-
uling scenarios is reduced by at least 50% compared
with the ISO-standard PSL;

2) the mean reasoning latency stays below one
second and grows no worse than linearly for 5 to 50
simultaneous conflict groups;

3) no reasoner halts occur in any of the conflict
scenarios executed;

4) The ontology, combined with the foundational
ontologies BFO, SUMO, UFO, and DOLCE, remains
logically consistent under the Pellet and HermiT rea-
soners.

The specific objectives are as follows:

1) Collect base requirements for the new ontology,
including the supported constructs and logic.

2) Develop a new ontology capable of dynamic
adaptation through time-based constructs.

3) Describe a complex, tightly coupled system to
be used for testing.

4) Examine how the new ontology can be used for
modeling and how its constructs manage updates over
specified time ranges using the described test system.

5) Define test scenarios that will be evaluated to
compare the ontologies’ performance and capabilities.

6) Conduct an analysis of the new ontology and
the four foundational ontologies using the developed
complex system.

7) Examine the results of the analysis and interpret
the findings in terms of the efficiency and applicability
of the ontology.

The test system will include at least five semantic
levels of components and at least 20 interrelations, en-

suring that the relations span multiple levels. The pa-
rameters of each entity will be governed by time-based
logic that reflects the scheduled events or real-time trig-
gers. To develop and formalize the ontologies the Re-
source Description Framework (RDF) will be applied.
The Python programming language will then be used to
programmatically implement the modeled systems, al-
lowing for both systematic testing and the demonstra-
tion of rule execution within the newly proposed and
comparative foundational ontologies.

This paper has the following structure:

Section 2 describes the requirements for the new
ontology and its detailed description.

Section 3 describes the complex, tightly coupled
system to be used for testing and its implementation
with the created ontology, as well as the test scenarios
and analysis of the new ontology.

Section 4 discusses the findings, ontology limita-
tions, and potential applications in real-world scenarios.

Section 5 summarizes the key contributions and
outlines potential directions for future research.

2. Development of a new ontology

2.1. Requirements of the new ontology

First, to develop the new ontology, a list of clear
requirements must be collected. Foremost, this ontology
must be high-level so that it can be reused for building
lower-level or more domain-specific ontologies. A high-
level design ensures that its fundamental constructs are
not overly tied to any single industry, allowing design-
ers to easily adapt them for a range of systems. Howev-
er, ensuring broad reusability also implies that the on-
tology must have native constructs that enable the defi-
nition and management of various user-defined entities.
Such a structure will allow system architects to intro-
duce new classes, relationships, and their attributes
while designing specialized digital models.

The core feature of the ontology is native support
for time-based logic. In practice, this means that the
ontology must accommodate the dynamic creation and
management of entity attributes and inter-entity rela-
tionships that change in accordance with a schedule or
an event trigger. Instead of merely describing time, the
ontology must natively accommodate scheduling trig-
gers and dynamic actions, allowing entities or their rela-
tionships to change according to recurring intervals or
real-time thresholds. Extending OWL-Time with such
operational logic helps address real-world scenarios,
such as daily maintenance tasks or sensor-driven re-
sponses.

The ontology must also resolve the issue of con-
tradictory directives that can arise when multiple trig-
gers overlap. For instance, a production line might be
required to run continuously under one rule but forced
to stop under another. The ontology must assign a nu-
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meric or ordinal priority to each rule to prevent the en-
tire reasoner from halting due to inconsistencies, clarify-
ing which trigger takes precedence. This ensures the
system continues to function even under partial con-
straint collisions by automatically overriding lower-
priority directives.

Moreover, the ontology design should be compact
and modular. It needs only a few targeted constructs,
such as classes, to represent triggers, periodic intervals,
and a conflict-resolution mechanism. Such an approach
allows existing high-level ontologies, such as BFO,
UFO, or SUMO, that already rely on OWL-Time to
adopt these scheduling capabilities with minimal chang-
es. System integrators would continue to describe basic
intervals using OWL-Time while selectively adding
new constructs for daily or monthly recurrences and rule
priority.

Attention to alignment with standard semantic
frameworks, such as RDF and OWL, is essential to en-
sure that reasoners and editors can handle the new clas-
ses without discarding existing annotations. The ontolo-
gy should also scale well for environments containing
many entities or rules. By addressing the following re-
quirements: reusability, extensibility, interoperability,
and conflict management, the ontology can bridge the
gap between static time modeling and real operational
needs in diverse, fast-changing production settings.

2.2. Temporal Event-driven Scheduled Actions
(TESA) ontology

The core structures of the base ontologies should
be defined and described. In this section, we explain
how triggers, conditions, priorities, and extended inter-
vals fit into a higher-level framework compatible with
standard OWL-Time definitions. The goal of this study
is to retain the well-established notions of time instants
and intervals found in OWL-Time and then to embed
additional concepts for rule-based scheduling and con-
flict management. By clarifying the role of each com-
ponent within the wider OWL model, we ensure that the
new features of the ontology are easy to integrate into
existing foundational ontologies [22-24]. Furthermore,
the constructs are defined in a way that makes the de-
velopment of a cyber-physical system easier due to the
set-based description, and they do not rely on specific
features of any foundational ontology.

Let the system under study have n types of entities
E (concepts) that describe its objects:

E={E,E,,..E,}. (1)

Each entity E; is characterized by a name, which

serves as a unique identifier for the type, and a set of
attributes A(E;) that describe it:

E; = (name, A(E;)) 2
Since the name acts as a unique identifier for the
concept, in cases where a specific entity is considered, it

is more practical to refer to it by its name Ejame rather
than using an arbitrary index, E;. Entities in both OWL
ontologies and programmed systems correspond to
“classes”. As the ontology will primarily be used for
cyber-physical systems such as Digital Twins, it is ad-
visable to include additional attributes, created at and
updated at, to facilitate change tracking and enable
more efficient monitoring of entity behavior over time.
A distinct entity should be introduced to represent the
system Eenv's global environment. The inclusion of
such an entity significantly simplifies the construction
of global interconnections among entities and the calcu-
lation of global system characteristics. Instances of a

particular entity type will be denoted accordingly Oi P
Accordingly, the system comprises a complete set
of attributes A, which can be applied to describe any
entity from the given entity set E:
A={ALA,,. A}, 3)
AE)={A, Ay, Ay LLAE) CA. ©)
Each attribute is defined by a name, serving as its
identifier, and a unit of measurement U(A;) :

A; = (name, U(A;)). %)

Specifying the unit of measurement for an attribute
is crucial for simplifying heterogeneous data processing
from various sources. Therefore, a unified set of meas-
urement units U is employed for system description as
follows:

U={U,,U,,..,U,}. (6)

Measurement units can only be assigned using a
unique textual name. In specific cases where complex
types (e.g., enumerations) must be defined, an element
U may contain additional fields. Units can be classified
as the types of values in the cyber system and OWL
ontologies. Notably, the set of attributes thus forms the
set of modalities for the model of the system. For exam-
ple, the set of attributes defines the modalities of the
Muxel model used for Digital Twin data representation
[25].

Let us proceed with the constructs for the values.
At a given point in time t,, an attribute A; with a spe-

cific name assigned to an object OE‘ takes on a particu-

lar value Vyume Ap- For example, at a certain moment,

the temperature in a refrigerator might register a value
of 30 °C: V,

temp =30 . Consequently, for a given object,

an attribute value is represented as a tuple consisting of
timestamp, attribute name, absolute value, and metadata
fields:

V=(07,t

k »'n>

Name(A), value, metadata). 7

Metadata can encompass various values depending
on the system characteristics and complexity of the on-
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tology. The recommended metadata fields for a value
include the following:

- created_at — timestamp of record creation;

- updated at — timestamp of the last update;

- rule id — reference to the rule used for value
computation;

- source_data_row — original data or a reference to
it.

The creation and update timestamps facilitate bet-
ter tracking of system behavior, whereas references to
computation rules and original data help trace the de-
rived values.

Within the system, entities establish relationships,
where each relationship type belongs to the set of rela-
tionship types R:

R={R,R,,...R;}. ®)

Relationships are defined by a unique textual name that
serves as their identifier. The list of relationship types
depends on the system or base ontology. The most
common types of relationships can be classified as fol-
lows.

Hierarchical Relationships (Structural Relation-
ships) are used to describe connections that express the
structure or hierarchy between entities:

- belongs-to— Indicates that one entity is an inter-
nal part of another. Example: "Engine belongs to Car"
(The engine is an internal part of the car).

- subclass-of — Defines a subclass relationship with
a superclass. Example: "Car subclass-of Vehicle" (A car
is a vehicle subclass).

- instance-of — Specifies that a particular entity is
an instance of a given class. Example: "Honda Civic
instance-of Car" (Honda Civic is an instance of a car).

Associative Relationships (Relational Relation-
ships) are used to describe associations between entities
without establishing a hierarchy:

- has — Indicates the possession of a property or
component. Example: "Car has Engine" (A car has an
engine).

- uses — Specifies that one entity utilizes another.
Example: "Car uses Fuel" (A car uses fuel).

- depends-on — Denotes dependency between enti-
ties. Example: "Car depends-on Engine" (A car depends
on an engine).

Logical Relationships are used to define connec-
tions based on the following logical conditions:

- equivalence — Specifies that two entities are
equivalent. Example: "X is equivalent to Y" (X is
equivalent to Y).

- implication — Indicates that one entity logically
implies another. Example: "If X, then Y" (If X occurs,
then Y follows).

- contradiction — Specifies that two entities cannot
coexist. Example: "X contradicts Y" (X contradicts Y).

Role-Based Relationships are used to define con-
nections between entities based on their roles or func-
tions in a given context:

- role-of — Indicates that an entity plays a specific

role in relation to another entity. Example: "John role-of
Manager" (John plays the role of a manager).

- responsible-for — Specifies responsibility for a
particular action or event. Example: "Manager responsi-
ble-for Project" (The manager is responsible for the
project).

Temporal Relationships are used to describe
changes or events over time. They are based on the rela-
tionships between distinct intervals defined in the Alge-
braic System of Aggregates (ASA) to provide accuracy
and flexibility in the description of events [26]. Unlike
Allen’s interval-based theory [27] employed in OWL’s
time ontology [9], ASA defines 14 relationships that
include: Coincides With; Is Before; Is After; Meets; Is
Met By; Overlaps; Is Overlapped By; During; Contains;
Starts; Is Started By; Finishes; Is Finished By, and Be-
tween. For example:

- Is Before specifies that one event occurs before
another. Example: "Event A before Event B" (Event A
occurs before Event B).

- Is After specifies that one event occurs after the
other. Example: "Event A after Event B" (Event A oc-
curs after Event B).

- During indicates that an event occurs within the
timeframe of another event. Example: "Event A during
Event B" (Event A happens during Event B).

- Between means that one or several events occur
between two specified time-points (the relationship Be-
tween can be applied to any number of discrete inter-
vals, each of which corresponds to a time period of a
certain event). Example: "Event A and Event B between
moment X and moment Y" (Event A and Event B hap-
pen between moment X and moment Y).

Spatial Relationships describe the connections be-
tween entities. These relationships comply with the
W3C recommendations [28] and include four catego-
ries: topological, mereological, directional, and dis-
tance-related. Topological relationships are as follows:
Disconnected From, Part Of, Proper Part Of, Equal To,
Overlaps With, Discrete From, Partially Overlaps With,
Externally Connected To, Non-Tangential Part Of, Tan-
gential Proper Part Of, Non-Tangential Proper Part Of.
They correspond to the topological relations defined in
the Region Connection Calculus [29]. Mereological
relationships are defined as part-whole. Directional rela-
tionships are as follows: Left, Right, Up, Down, North,
South, East, West, North-East, North-West, South-East,
South-West. Distance-related relationships are as fol-
lows: Near, Far, Within a Radius Of, By Distance Of.
Some examples of spatial relationships are as follows:

- near — Indicates that two entities are located close
to each other. Example: "Point A near Point B" (Point A
is near Point B).

- in — Specifies that one entity is contained within
another. Example: "Object A in Container B" (Object A
is inside Container B).

These classifications provide a structured frame-
work for defining relationships within a system and fa-
cilitating efficient modeling and analysis of complex
entity interactions.
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A set of relationships Rel between entities is estab-
lished in the process of researching the ontology of a
tightly coupled system. Each relationship is defined as a
triple consisting of the following elements: sub-
ject, predicate, object:

Rely ={(E;,Ry,E)|E,E;€ER€R}, (9

where an entity E;serves as the object of the rela-
tionship, the predicate R, represents the type of rela-
tionship, and the subject E; defines the initiating entity.

Notably, some relationships may only be added for spe-
cific instances of entities; therefore, both objects and
subjects of relationships can be system objects (instanc-

es of the entities) OE‘ . Such relationship triples are

widely used in OWL and RDF, which are the most
common standards for ontology description.

Despite the extensive capabilities of defining rela-
tionships, covering all necessary scenarios and specific
conditions is not always possible. Therefore, for causal
dependencies with complex conditions, introducing a
set of Rules is reasonable. These rules can define rela-
tionships involving more than two entities or objects.
For instance, if object A of entity E| has a temperature
value T, and component B of entity E, has a tempera-
ture value T, then the temperature of component C of
entity E3; can be determined as T + T - 10. Such rules
are developed using predicates.

Let the system contain a set of objects O:

0={0,,0,,..,0,}, (10)
a set of predicates P:
P={P.P,,...,P}, (11
and a set of consequences Q are as follows:
Q:{Qlan,u-an}' (12)
A rule is then defined as follows:
Vie{l,2,..,n},Vje{l,2,...k},
13)

m
PJ(Ol)) AQI (Orcs )

1=1
This can be interpreted as: "If, for each i-th object,
the corresponding j-th predicate holds true, then the
object Oy acquires the 1-th consequences." According-
ly, for each rule, a subset of objects is specified, where
all predicates must hold for a particular object to acquire
the defined consequences. Predicates P can be described
using the attribute values of an object belonging to a

specific entity:

P = (E;,Name(A), V), A; € A(E)). (14)

It is also necessary to consider temporal con-
straints. Thus, introducing a verification mechanism that
ensures that a predicate holds within a given time range

[tmin;tmax]
Additionally, the definition and impact of the set
of consequences within the complex, tightly coupled

system must be examined. In general, each consequence
determines how an object’s attribute values will change.

An attribute change can be defined as a constant value
assignment (e.g., updating an object’s status). Alterna-
tively, attribute updates may be computed using mathe-
matical formulas, such as determining an object’s tem-
perature as the arithmetic mean of the other objects'
temperatures.

To describe a consequence, the following func-
tions are used:

- VAj (O;) — a function that retrieves or sets the

value of attribute A; for object O;;
- £(Vy, (0)),V,, (O, ),...,VAj (0;)) — a function

that computes a value based on attribute A4: of object O;
from a given set of objects.

Thus, a consequence is formally represented as a
tuple consisting of:

- O, - an entity or object for which the attribute
value is modified.

- Name(A
dated.

- f,, - the attribute’s future value.

Q = (Oyes, Name(A ), fAres ) Ars €A(Or) (15)

Such rules are usually described via Web Rule
Language (SWRL) extension, which is compatible with
most reasoners. Since the model is developed for digital
twin applications, time-based attribute modifications
must be considered. Therefore, it is appropriate to intro-
duce a function that determines the time f,; . at which

)- a name of the attribute being up-

res

ime
the consequence is applied:
Q = (Ores > Name(AreS )’ fA > ftime )’ Ares € A(OTGS)' (16)

This approach enables accurate simulation, track-
ing, and prediction of object behavior within the digital
twin system by incorporating temporal logic.

Since the ontological model is being developed for
digital twins, defining distinct entities dedicated to
event-driven processing for data acquisition and pro-
cessing is advisable.

The "Data Source" entity represents data sources
and their locations. These data sources may include sen-
sors, external services, and other input mechanisms.

The "Raw Data" entity is responsible for storing
and describing the original data obtained from a source.
Preserving these data in their initial form, along with the
timestamp of acquisition, a reference to the source, and
relevant metadata, is crucial to ensure accurate pro-
cessing and correct transformation of heterogeneous
data.

Furthermore, to implement an event-driven ap-
proach for the digital twin's operation, it is reasonable to
introduce the "Event" entity. This entity describes the
time and conditions under which data were acquired or
modified for a specific object. The creation of such an
entity’s objects will trigger subscribed event handlers
for further processing.

The structure and attributes of the "Event" entity
depend on the developers’ implementation choices and
the selected message line framework. To ensure the
correct sequencing of event processing, it is recom-
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mended that messages be ordered chronologically based
on their creation timestamps.

The core constructs of the new ontology should be
defined and explained to proceed. The first and most
important construct is the TimeTrigger, which repre-
sents a rule or directive that should take effect when one
or more time-related conditions are satisfied. In many
practical settings (e.g., daily maintenance intervals),
system administrators want to declare “If it is this day,
then perform the specified action.” The TimeTrigger
class has the following attributes: the timing aspect —
generally a Timelnterval or an instant from OWL-Time
— the logic needed to decide when the trigger fires, and
the event or action that should be done — in most cases,
it will be a reference to an instance of the Action class.
The construct also includes a time range that indicates
its validity, a description, and metadata. Event condi-
tions that include more than a time range can be de-
scribed with SWRL rules, as they natively provide nu-
merous value comparison variants.

The next construct is the Action, which codifies
the system behavior that should occur once the condi-
tion is true. A separate set of Actions can be defined as
follows:

Act = {Act|,Act,,...,Act },Act € O. (17

Actions may be as simple as “log the event,”
“boost throughput,” or “shut down the line”. Thus, an
action can represent a state change of an instance (ob-
ject) or a simple function to be executed by the pro-
grammed system layer. This construct contains several
attributes: name, global priority indicator (prior), exe-
cute indicator (exec), time range indicating its validity
(lifetime), and various metadata, including a descrip-
tion, that can be used during execution.

Act, = (name, prior, exec, lifetime, metadata) (18)

By natively representing these actions in the ontol-
ogy, system architects can specify them without using
external bridging scripts; the semantic model directly
describes the relationships between triggers, conditions,
and actions. Although having triggers, conditions, and
actions are essential for scheduling and ECA logic, con-
flicting directives are often encountered in real-world
implementations. Here, the PriorityRelator construct
comes in. When multiple triggers are applied simultane-
ously, the ontology can compare the numeric or ordinal
priority values attached to each trigger, avoiding global
inconsistencies that would normally halt a reasoner. A
higher-priority rule effectively overrides lower-priority
ones, allowing the system to continue operating even in
the presence of contradictory statements. A Priori-
tyRelator instance contains a link to the action Act, a
priority value, metadata, and a lifetime period to support
the ability to assign different priority values for different
time intervals:

Pr, = (Act,, value, lifetime, metadata).

19)

A new construct called ConflictedActions is intro-
duced to mark that several actions conflict when applied
simultaneously..

C={C,,C,,...C,,},C CAct, (20)

C|>2.

An instance of this construct contains a descrip-
tion, a time range that indicates its validity, and other
necessary metadata. A ConflictedActions individual
defines a conflict group C S Act, |C| > 2, whose mem-
bers cannot be executed simultaneously. The activity of
an action at time moment t is defined by the Boolean
predicate as follows:

active(Act, t) = exec(Act) A (t € lifetime(Act)), (21)

where the value exec(Act) = true is set exclusively
by a fired TimeTrigger rule during the reasoning phase.
Thus, an action can be active only within its validity
interval and only after its trigger has been fired.

The arbitration function selects the single active
action to be executed for every conflict group:

choose(C,t) = arg max {prior(Act) | Act € C}, (22)

where each considered action is active, i.e., ac-
tive(Act, t) = true. A deterministic tie-breaking rule is
applied if several active actions share the maximal pri-
ority value: the action with the lexicographically small-
est IRI (or, alternatively, the earliest created at
timestamp) is selected. This guarantees that choose(C, t)
is a total, single-valued, and deterministic function;
thus, the arbitration result is reproducible for any state
of the knowledge base.

The key property of this semantics is that the rea-
soning process is split into two phases. In the first
phase, the reasoner monotonically applies the SWRL
rules and marks only the candidate actions by setting
exec(Act) := true. Conflicting directives are represented
as assertions grouped by ConflictedActions individuals,
rather than as logically contradictory axioms. Thus, the
knowledge base remains consistent in OWL 2 DL, and
the reasoner cannot encounter unsatisfiability-related
halts by construction. In the second phase, the arbitra-
tion function is evaluated outside the description-logic
entailment using either an SQWRL aggregation query
or the host programming language. The selection opera-
tion’s computational cost is linear and depends on the
number of conflict groups and the number of conflicting
actions within each group.

Taken together, these constructs — TimeTrigger,
Action, PriorityRelator, and ConflictedActions — allow
the TESA Ontology to deliver time-based rules within
an otherwise descriptive OWL-Time environment.

Table 1
Special constructs of the TESA ontology
Construct Description
TimeTrigger Identifies the time period when

action Action should be triggered

Action Identifies the action that should be

executed
PriorityRelator Identifies the priority of the action
ConflictedActions | Identifies the list of conflicted ac-
tions

They provide a concise, reusable vocabulary for
embedding conflict-free scheduling and real-time trig-
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gers, allowing the handling of recurring tasks, sensor-
driven actions, and overlapping directives in a single,
integrated framework. To illustrate TESA's position
within its ontological context in the cyber-physical sys-
tem, Fig. 1 presents the relationships between TESA
constructs and external ontologies, as well as their con-
nection to the target application.

.
OWL-Time System Domain
«W3C standard R ’eszvj::L'a . «external
! e iar J » P
ontology» - guag ontology»
/ \
imports imports imports
(timing aspect) (conditions) (entity model)
...... . «Ontology Module»

references

Action
«System
behaviors

TimeTrigger
«time-based rule»

identifies priority of

( \

PriorityRelator
«priority ordering»

\. J

resolves conflict in

S
ConflictedActions
«conflict registry»

~ 7

executes
(highest priority action)

Cyber-physical
system
application

Fig. 1. Relations schema of the TESA Ontology Module
and its external dependencies

The TESA ontology module is shown as a bound-
ed unit that imports temporal primitives from OWL-
Time, condition logic from SWRL, and entity defini-
tions from the System Domain ontology. The diagram
shows how TimeTrigger, Action, PriorityRelator, and
ConflictedActions interact to turn the scheduled action
events into a single instruction passed to the target sys-
tem.

3. Analysis of the ontology

The next steps in the research involve testing and
analyzing the proposed ontology. First, a detailed de-
scription of the test system must be provided. The sys-
tem should be modeled and implemented using the new
ontology. Subsequently, the test cases should be defined
and examined. Finally, the analysis of the results should
be presented.

3.1. Testing system

Let us begin by describing a complex, tightly cou-
pled system to be tested. The system must include at

least five semantic levels of components and at least 20
interrelations to ensure that these relationships span
multiple levels.

A car manufacturing facility embodies a complex,
tightly coupled system that is ideal for ontology testing
and is characterized by a high number of hierarchical
levels and inter-level relationships. At the apex of this
structure, the Corporate Center oversees the overarching
strategy and resource allocation, while the subordinate
Divisions delineate specific directives concerning man-
ufacturing, quality assurance, and logistics. Below the
Divisional tier, individual Plants are tasked with manag-
ing local operations and aligning production objectives
across multiple plants. Each Plant is home to several
Production Lines, where various car models or compo-
nents are assembled according to stringent schedules.
Within a Production Line, Stations are organized to
group related activities such as welding, painting, and
quality inspections. These Stations may be further di-
vided into Sub-Stations that focus on more specialized
processes, such as laser welding or primer application.

Machinery units, including presses and robotic
welders, represent the fundamental production equip-
ment allocated to sub-stations at a more granular level.
These units can be segmented into sophisticated robotic
arms or specialized mechanical modules that perform
repetitive tasks. Microcontrollers are employed to man-
age real-time operating systems that facilitate communi-
cation, error detection, and operational optimization.
These Microcontrollers interface with a diverse range of
Sensors, including temperature gauges, vibration detec-
tors, and optical scanners, providing continuous feed-
back for process refinement.

The extensive interrelationships across these hier-
archical levels result in a tightly integrated manufactur-
ing environment. The Corporate Center periodically
assesses performance indicators from Divisions and
may intervene directly with Production Lines when stra-
tegic deadlines or model launches necessitate changes in
priorities. Divisions coordinate with Plant and Machin-
ery suppliers to establish production targets and define
maintenance schedules. Plants leverage real-time data
from Sensors, which are aggregated by Microcontrol-
lers, to optimize throughput across Production Lines.
Stations frequently share specialized Machinery and
rely on various Sub-Stations for component supply or
post-production finishing tasks, with certain lines, such
as painting, establishing direct interfaces with Divisions
tasked with final quality assessments.

Sub-Stations engage in signal exchange to main-
tain safety compliance, such as suspending upstream
processes when Sensors at a downstream Station detect
a blockage. Subsequently, the control logic embedded
within Microcontrollers prompts robotic arms to modify
their operational parameters, such as speed or torque,
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based on prevailing conditions. Each relationship within
this complex system typically incorporates both time-
based and event-driven components. For example, the
Corporate Center's quarterly revisions to budgetary allo-
cations impact Divisions, which in turn initiate monthly
maintenance cycles at each Plant, or Production Lines
that respond to sensor alerts by halting certain Stations
in real time. This intricate network of relationships fa-
cilitates a rapid feedback loop, ensuring that decisions
made at the Corporate Center can effectively influence
and resonate through the Sensors, thereby providing an
optimal environment for examining how ontologies
manage cross-level interactions.

3.2. Testing system time-rule based ontology
model

The next step in the research is to model the test-
ing system with a new time-rule-based ontology. First,
we define the elements of the base ontology sets. To
simplify the understanding of the elements' logic, each
element will be assigned a unique identifier.

The conceptual types and Entities of the system
(Set E): CarFactory, Division, Plant, ProductionLine,
Station, SubStation, Machinery, Microcontroller, Sen-
sor, MaintenanceTeam.

List of Objects that are concrete instances of a giv-
en entity (Set O):

- CarFactory: FactoryA,

- Division: DivProd,

- Plant: PlantAlpha,

- ProductionLine: LineAl,

- Station: StationWelding,

- SubStation: SubStationLaserWeld,

- Machinery: MachineryRobotWeld,

- Microcontroller: MCtrlWeld,

- Sensor: TempSensorSubWeld,

- MaintenanceTeam: Team4NightShift.

For instance, "Station:StationWelding" is an actual
welding station in a factory. An example of the modeled
system in the OWL and RDF notations is presented in
Fig. 2:

!-- Classes -->

t="#ProductionLine" />
t="#Station" />

t="#StationAssignment" />

- Object property -->

<owl:0ObjectProper

t="#hasStation">
"#ProductionLine” />
esource="#StationAssignment" />

<rdfs:domain rd
<rdfs:range rdf:
</owl:ObjectProperty>

<owl:ObjectProperty f:about="#usesStation">

<rdfs:domain "#StationAssignment” />
<rdfs:range rdf urce="#Station" />
</owl:ObjectProperty>
- Individuals -->
<owl:NamedIndividual rdf:about="#Linel">

#ProductionLine” />
signment2@22" />

<rdf:type rdf
<hasStation rd
<hasStation rdf:res
</owl:NamedIndividual>

<owl:NamedIndividual rdf:
<rdf:type r e

</owl:NamedIndividual>

<owl:NamedIndividual rdf:abo
<rdf:type r s =

esource="

</owl:NamedIndividual>

<owl:NamedIndividual r
<rdf:type rdf
<usesStation

Assignment2022">
tionAssignment” />
"#StationlWelding" />
tesa:validDuringInterval rdf:resource="#Interval2e22" />
</owl:NamedIndividual>

<owl:NamedIndividual rdf:about="#Assignment2023">
<rdf:type rdf ionAssignment" />
<usesStation "#StationAutolield” />
<tesa:validDuringInterval rdf:resource="#Interval2Q23" />
</owl:NamedIndividual>

Fig. 2. Example of the TESA relations in RDF/ XML
notation

The list of Attributes, constructs that describe
properties (characteristics) that an entity can possess
(Set A): operationalState, temperature, throughputRate,
scheduleStatus, location, capacity, powerUsage,
maintenancelnterval.

The list of Units of Measure (Set U): Celsius, Per-
centage, PiecesPerHour, Kilowatts, Seconds, Hours.
Units are reference measures for numerical attributes
(e.g., temperature in Celsius, power usage in Kilowatts).

The time range is omitted in the description of the
next elements to avoid overloading the text and to en-
hance readability. List of Entity Relations (Set R) with
examples:

- hasDivision (CarFactory — Division),

- hasPlant (Division — Plant),

- hasProductionLine (Plant — ProductionLine),

- hasStation (ProductionLine — Station),

- hasSubStation (Station — SubStation),

- hasMachinery (SubStation — Machinery),

- hasSensor (Microcontroller — Sensor),

- dependsOn (Station — Station),

- sharesEquipmentWith,

- reportsTo (Plant — Division),

- directsOperation,

- receivesMaintenanceOrder.

The list of Predicates (Set P), that express condi-
tions or logical statements about entities and their at-
tributes (e.g., whether a temperature reading goes above
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a threshold):

- tempExceedsThreshold(TempSensor, Threshold),

- isScheduled(MaintenanceTeam),

- hasSufficientPower(Machinery, PowerLevel),

-linelsOverloaded(ProductionLine, Throughpu-
tRate),

- stationIsBlocked(Station).

The list of Consequences (Set Q), that expresses
the results:

- stopLine(ProductionLine),

- reduceThroughput(ProductionLine, Rate),

- triggerMaintenance(Machinery, Team),

- overrideSchedule(Station),

- sendAlertToDivision(Division, Message).

Finally, the most important — Rules set, that com-
bines predicates (P) with consequences (Q) to specify
what should happen (e.g., stopping a line, sending an
alert) when certain conditions are met. They can also
include time triggers or priorities as part of the logic.

- If tempExceedsThreshold(TempSensorSubWeld,
100) then stopLine(LineAl).

- If linelsOverloaded(LineA1, 200 PiecesPerHour)
then reduceThroughput(LineA1l, 180 PiecesPerHour).

- If maintenancelnterval(MachineryRobotWeld)
expires then triggerMaintenance(MachineryRobotWeld,
Team4NightShift)

- If stationIsBlocked(StationPainting) then over-
rideSchedule(StationPainting) with priority = 100.

To better investigate the new TESA ontology, we
provide some examples with relations and rules with
time ranges. For example, in 2022, the operational
schema of the car manufacturing facility establishes the
relation “ProductionLine LineAl hasStation Station-
Welding,” indicating that LineAl is designated to the
StationWelding for executing welding tasks. Starting in
2023, this relation is revised to “ProductionLine LineAl
hasStation StationAutoWeld,” denoting the transition to
an enhanced automated welding station.

Additionally, a temporal regulatory framework in
place for 2022 stipulates that if the welding station rec-
ords a temperature exceeding 100°C, the production
line’s throughput is restricted to a maximum of 200
units per hour. In contrast, from 2023 onwards, the same
threshold introduces an elevated capacity of 220 units
per hour, thereby enhancing machine efficacy. To im-
plement these rules with the TESA ontology, the set of
conditions and consequences must be defined (see Fig.
3).

<owl:Class rdf:about="http://example.org/factory#OverheatRulePayload” />

://example.org/factory#hasOverheatPayload -->

<owl:ObjectPropert: hasOverheatPayload">

<rdfs:domain r example.org/tesa#Action" />

tRulePayload" />

t OverheatPayload2022">
OverheatRulePayload” />

<capacityLimit
<tempThreshold rd
</owl:NamedIndividual>

- http://example.org/factory#OverheatPayload2023 -->

<owl:NamedIndividual

verheatPayload2023" />

Fig. 3. Example of the TESA rules in RDF/XML
notation

Additionally, it is possible to create a dynamic
payload for the rules by specifying the effect and how
long it remains valid using the tesa:validDuringlnterval
property of the specific Action. This approach allows
declaring how long an action (such as a reduced
throughput) stays in effect within a time:Interval and
then relying on SWRL rules to evaluate the triggered
conditions, check the time constraints, and apply the
desired consequence accordingly. As we can see, adding
the rules are flexible due to the simple presentation of
the constructs. The test scenarios were selected to cover
the main sources of complexity identified in the re-
quirements: recurring scheduling changes and high-
density conflicting directives. Scenario sizes (from 5 to
50 conflict groups and up to 500 total actions, with ran-
domly assigned priorities) were chosen to stress-test the
arbitration mechanism.

3.3. TESA analysis experiments

TESA analysis involves multiple dimensions to
ensure that the ontology meets practical scheduling and
conflict-resolution requirements. The methodology cen-
ters on empirical experiments (tests) using the modeled
car manufacturing system, supplemented by interopera-
bility and simplicity qualitative checks.

One aspect of the study examines how easily
TESA-based triggers can be created or updated for re-
curring tasks, such as daily or monthly maintenance,
and how many additional ontology constructs each
change requires. Another component assesses how
TESA manages conflicting directives by observing its
PriorityRelator and ConflictedActions features in sce-
narios where triggers overlap. This component investi-
gates whether these capabilities help prevent reasoner-
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level halts or indefinite loops, and whether the system
can remain operational under high load across different
numbers of conflicts. Finally, the analysis determines
whether TESA remains compatible with upper-level
ontologies, such as BFO, UFO, or SUMO, without re-
quiring major rewrites of time references, and contrasts
TESA’s scheduling approach with other ontologies to
highlight any differences in model overhead, event-
condition-action logic, and integrated priority-based
conflict handling.

4. Results and Discussion
4.1. Ontology complexity evaluation

The initial investigation focused on how quickly
and simply new triggers could be introduced or existing
ones modified for daily, monthly, or arbitrary recurring
tasks. Fig. 4 shows an example of creating a scheduled
recurring task within the TESA ontology, expressed in
the Terse RDF Triple Language (Turtle) [30].

:DailyWeldingCheckTrigger a :TimeTrigger ;
thasTimeInterval :DailyMorningInterval ;
ttriggersAction :WeldingCheckAction ;
thasPriority 5 ;

:validFrom "2026-01-01T00:00:00"rxsd:dateTime ;
:validuntil "2026-12-31T23:59:59"~Axsd:dateTime ;
rdfs:label "Daily Welding Station Check" ;
rdfs:comment "Performs daily inspection at 8 AM" .

Fig. 4. Example of the TESA scheduling in Turtle
notation

The Halstead Complexity Metrics [31] were used
to evaluate the complexity level of the TESA ontology.
Halstead metrics quantify program complexity based on
the number of distinct operators and operands. There-
fore, for ontologies, the following values and formulas
are applied:

- number of distinct predicates (operators) (n;);

- number of distinct individuals and literals (oper-
ands) (n2);

- total occurrences of predicates (N1);

- total occurrences of individuals and literals (N»);

- vocabulary (n): n=n; +n,;

- length (N): N=N,; +N,;

- calculated volume (V): V =Nxlog,(n);

- difficulty (D): D=(n;/2)x (N, /n,);

-effort (E): E=VxD.

A lower effort value indicates a less complex on-
tology, as measured by the selected metric. To evaluate
the ontology, the effort values were calculated for
TESA and the Process Specification Language (PSL)
according to the ISO standard for the following two
tasks: adding three daily triggers with different time
specifications (S1) and adding two monthly triggers

with recurrence patterns (S2).

For each new trigger in TESA, the following ele-
ments were required:

- a TimeTrigger individual with references to the
relevant interval.

- one or more Action instances or references if
they did not already exist.

- a reference to PriorityRelator if conflict resolu-
tion was needed.

- zero to one minimal SWRL expansions if the rule
logic was domain-specific (e.g., “If sensor reading is
above threshold and/or time is 2 PM, run ActionXYZ").

The empirical results (Table 2) from the Halstead
complexity assessment reveal a stark contrast in archi-
tectural efficiency between TESA and the ISO-standard
PSL. In Scenario 1 (S1), which involves the integration
of three daily triggers, TESA demonstrated a signifi-
cantly reduced cognitive footprint, requiring an effort
(E) of 5808 compared to PSL’s 18886 — effectively a
70% reduction in developmental strain. This trend per-
sists into Scenario 2 (S2), where the effort required for
monthly recurrence patterns dropped to 2016 for TESA,
whereas PSL remained nearly four times as demanding
at 7103.

Table 2
Halstead Complexity Metrics Comparison for TESA
and PSL
Metric TESA PSL TESA PSL
(S1) (8D (52) (52)
n; 8 12 8 12
n 12 21 8 15
N, 36 72 18 38
N2 48 84 24 45
n 20 33 16 27
N 84 156 42 83
\Y 363 786.9 168 394.7
D 16 24 12 18
E 5808.7 | 18 886.2 2016 7103.8

These discrepancies are largely driven by TESA’s
optimized use of unique operators and operands, which
suggests that the framework's internal logic is more
streamlined for task scheduling than traditional, more
verbose ontological standards. From these metrics,
TESA offers a superior balance between expressive
power and structural simplicity. By requiring fewer in-
dividual instances — such as TimeTrigger and specific
Action references — the framework successfully lowers
the barrier for modifying or expanding autonomous sys-
tems.

4.2. Conflict resolution performance
The next phase of the TESA ontology evaluation is
an investigation into the efficacy of its conflict resolu-
tion mechanisms when confronted with overlapping
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triggers. Fig. 5 shows an example of conflicted action
creation in the TESA ontology.

<1-- http://example.org/factory#BoostProductionLine -->

<owl:NamedIndividual rdf:about="#BoostProductionLine">
<rdf:type rdf:resource="http://example.org/tesa#Action” />
<change rdf:resource="#Line1l" />

<tesa:priorityValue
rdf:datatype="http://waw.w3.0rg/2001/XMLSchemat#decimal”>
. B

</tesa:priorityValue>

<tesa:executeIndicator
rdf:datatype="http://waw.w3.org/2001/XMLSchemattboolean">
false

</tesa:executeIndicator>
</owl:NamedIndividual>

<1-- http://example.org/factory#StopProductionLine -->

<owl:NamedIndividual rdf:about="#StopProductionLine">
<rdf:type rdf:resource="http://example.org/tesa#tAction” />

<change rdf:resource="#Line1" />

<tesa:priorityValue
rdf:datatype="http://www.w3.0rg/2001/XMLSchemastdecimal™>
100

</tesa:priorityValue>

<tesa:executeIndicator
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#tboolean">
false

</tesa:executeIndicator>

</owl:NamedIndividual>

<1-- http://example.org/factory#ConflictedProductionLineActions -->

<owl:NamedIndividual rdf:about="#ConflictedProductionLineActions">
<rdf:type
rdf:resource="http://example.org/tesa#ConflictedActions"

/>

<tesa:hasAction rdf:resource="#BoostProductionLine" />

<tesa:hasAction rdf:resource="#StopProductionLine” />
</owl:NamedIndividual>

Fig. 5. Example of the TESA conflicted actions in
RDF/XML notation

The TESA ontology provides the PriorityRelator
and ConflictedActions to analyze and identify the appli-
cable actions. The following steps should be performed
to run only top-priority actions: first, run the reasoner
with all logical rules, and then have the actions’ execu-
tor select the one with the highest priority. The selection
process can be implemented in different ways depend-
ing on the system's technical stack. The most popular
options are to execute the SQWRL [32] query that can
contain aggregations or perform filtering using the pro-
gramming language. Figure 6 shows an example of
SQWRL query for top-priority action selection in the
TESA ontology.

Notably, the highest-priority action selection
should run only after all candidates have been consid-
ered by the rules. Most reasoners, such as Pellet [33]
and HermiT [34], guarantee this, but additional options
can be added to the Action instances. It is also crucial to
check that all actions have the execute indicator value
set to false before the reasoner run to avoid any incon-
sistencies between the runs.

:ConflictedActions(?conflict) »
thasAction(?conflict, ?action) »
rexecuteIndicator(?action, true)
thasPriority(?action, ?priority) ~
sqwrl:makeBag(?priority, ?b) ~
sqwrl:groupBy(?b, ?conflict) ~
sqwrl:max(?maxp, ?b) ~
swrlb:equal(?priority, ?maxp)

-> sqwrl:select(?conflict, ?action, ?maxp)

Fig. 6. Example of the SQWRL query for top-priority
actions selection

Conflict resolution testing was conducted to inves-
tigate the topic in detail. The testing setup involved the
described car factory system with various TESA trig-
gers referencing the same station or production line.
Each trigger carried a different action and priority, pos-
ing a collision scenario (e.g., “Boost production” vs.
“Stop line”). A series of collision scenarios was intro-
duced, beginning with fewer than 5 conflicted actions
(small scenario) and increasing to over 50 actions (heav-
ier scenario). Each scenario featured randomly assigned
priorities on triggers targeting the same resource, lead-
ing to overlapping or contradictory directives. The fol-
lowing aspects were monitored during the testing: any
indefinite loops or halts, and whether manual interven-
tion was needed. The test results show that no indefinite
loops or reasoner halts arose, demonstrating that
TESA’s conflict resolution logic remains robust even
under many collisions.

The subsequent phase of the evaluation assessed
the efficacy of the TESA conflict resolution mechanism.
A series of experiments with varying configurations was
executed on a local workstation running Windows 11
with an Intel i5-12450H processor and 16 GB of RAM.
The software environment comprised Java 2025-10-21
LTS and Python 3.13, leveraging the Pellet reasoner
(version 2.3.1) via the owlready2 (version 0.47) library.
The ontology files, conflict scenario generator, and
benchmark scripts are provided in the publicly available
repository (see the Data Availability section).

In the initial experimental suite, a fixed number of
ten Actions was implemented for each ConflictedAc-
tions, while the number of ConflictedActions varied
from 5 to 50. The second experimental suite featured a
variable number of Actions, ranging from 2 to 50, for
each ConflictedActions, while keeping the number of
ConflictedActions constant at 10.

Table 3
Mean reasoning latency for TESA with ten actions per
conflict, ms

Conflicted | Total Actions Mean Standard
Actions latency deviation
5 50 765.5 42.7
10 100 776.9 28.7
15 150 795.1 343
25 250 838.5 37.1
50 500 927.2 50.8

Each unique configuration was subjected to 50 it-
erations to ensure statistical significance and minimize
the impact of transient system noise. Furthermore, 10
initial "warm-up" runs were performed before the rec-
orded trials to mitigate the effects of just-in-time compi-
lation and resource caching, yielding more consistent
and reliable performance data. The experimental results
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presented in Tables 3 and 4 elucidate the scalability and
temporal efficiency of the TESA reasoning mechanism
as the structural complexity increases. In the first test
suite, increasing the number of ConflictedActions from
5 to 50, corresponding to an increase from 50 to 500
total actions, was associated with a mean latency in-
crease from 765.5 to 927.2 ms. This indicates sublinear
growth in processing time with respect to the number of
distinct conflict instances.

Table 4
Mean reasoning latency for TESA with 10 conflicts, ms
Actions per Total Mean Standard
ConflictedActions Actions latency | deviation

2 20 741.1 38.4

5 50 753.6 34.7

10 100 777.4 38.9

15 150 812.6 43.8

20 200 819.3 35.1

30 300 851.4 38.7

50 500 943.1 62.4

The second suite similarly demonstrated that aug-
menting the internal density of actions within a constant
number of conflicts (from 2 to 50 actions per conflict)
resulted in a latency range spanning from 741.1 ms to
943.1 ms. The observed standard deviations across both
suites, averaging 28.7-62.4 ms, highlight the stability of
the Pellet reasoner within the TESA framework, even as
the system faces increased computational demands.

Given the importance of evaluating the TESA’s
conflict-resolution mechanism, the time to reach a con-
clusion (latency) was measured and compared with the
standard OWL+SWRL approach, in which conflicts are
automatically resolved by calculating Minimal Unsatis-
fiability-Preserving  Subsets (MUPS). Computing
MUPS is a complex task and may vary across systems;
thus, a simplified approach based on a one-time deletion
of the conflicting axioms was adopted. Using such an
approach allows the comparison of the conflict-
resolution latency of TESA with that of other approach-
es.

Table 5
Mean reasoning latency for TESA and OWL+SWRL
approaches, ms

Conflicted Total | TESA mean | OWL+SWRL
Actions Actions latency mean latency
5 10 751.1 53.2
10 20 756.4 175.5
20 40 766.5 731.7
30 60 770.9 23154
40 80 788.2 6 325.6
50 100 807.7 13 680.2

The empirical analysis of the TESA conflict reso-
Iution mechanism (Table 5) demonstrates robust per-
formance stability, particularly when compared with the

standard OWL + SWRL approach. In the primary ex-
perimental suites (Tables 3 and 4), reasoning latency
exhibited growth even as the system was scaled to 500
total actions. This stability highlights TESA's efficiency
in managing high-density conflict sets. However, the
most significant findings emerge from the comparative
analysis in Table 5. While the OWL + SWRL approach
initially shows lower latency for very small datasets
(53.2ms for 5 conflicts), it suffers from exponential
performance degradation as complexity increases, sky-
rocketing to over 13680 ms for 50 conflicts. In contrast,
TESA maintains a near-linear performance curve,
reaching only 807.7 ms under the same conditions.

The primary conclusion from these findings is that
TESA effectively alleviates the computational bottle-
neck in traditional MUPS-based conflict resolution. In
contrast to standard OWL + SWRL techniques, which
are often impractical in large-scale autonomous systems
due to complex axiom-deletion processes and conse-
quent latency spikes, TESA is a reliable and scalable
alternative. The experimental results substantiate that
the streamlined logical framework of TESA enables it to
sustain a stable operational cadence, rendering it signifi-
cantly more suitable for real-time settings where con-
sistent response times are essential.

4.3. Compatibility with foundational ontologies

The final part of the analysis was determining
whether TESA remains compatible with high-level on-
tologies, such as BFO, UFO, or SUMO, without requir-
ing a major rewrite of core references to time. As an
optional module built upon OWL-Time, TESA is de-
signed to operate without interfering with the upper-
level ontological commitments of BFO, UFO, or
SUMO. TESA references standard OWL-Time classes
for intervals and instants rather than redefining temporal
primitives, extending them by introducing constructs for
triggers, actions, and conflict resolution. This approach
preserves existing domain-specific or foundational axi-
oms, allowing integrators to incorporate the scheduling
and prioritization mechanisms of TESA without modi-
fying core temporal semantics. All TESA usage exam-
ples with foundational ontologies are available in the
public repository, in the alignments folder.

Within a BFO-based domain, TESA operates by
referencing or importing the standard "time region"
classes defined by BFO, upon which it superimposes its
scheduling logic (Fig. 7). Similarly, UFO-based systems
can associate TESA triggers with the “moments” or
“events” recognized by the UFO framework. For ontol-
ogies grounded in SUMO, TESA’s interval references
remain non-intrusive, ensuring that upper-level axioms
remain intact. This deliberate separation of concerns
contributes to TESA’s relatively low integration over-
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head, particularly when recurring temporal constructs,
such as daily or monthly triggers or conflict-resolution
mechanisms, are implemented. This design is especially
advantageous for systems that prioritize direct support
(ECA) semantics and concurrency management based
on priority levels.

<owl:Class rdf:about="#ProductionLine">
<rdfs:subClassof
rdf:resource="http://purl.obolibrary.org/obo/bfo.owl#Entity” />
<rdfs:label>Production Line</rdfs:label>
</owl:Class>

<owl:NamedIndividual rdf:about="#LineAl">
<rdf:type rdf:resource="#ProductionLine” />
<rdfs:label>Production Line Al</rdfs:label>
</owl:NamedIndividual>

<owl:NamedIndividual rdf:about="#ActionCheckLineAl">
<rdfitype rdf:resource="http://example.org/tesa#Action" />
<rdfs:label>Daily Check Action for Al</rdfs:label>
<tesa:priorityvalue
rdf:datatype="http://www.w3.org/2001/XMLSchema#decimal">
1
</tesa:priorityValue>
<tesa:executeIndicator
rdf:datatype="http://www.w3.org/2001/XMLSchema#boolean">
false
</tesa:executeIndicator>
</owl:NamedIndividual>

<owl:NamedIndividual rdf:about="#LineAlDailyCheck">
<rdf:type rdf:resource="http://example.org/tesa#TimeTrigger" />
<tesa:hasAction rdf:resource="#ActionCheckLineA1" />
<tesa:validDuringInterval rdf:resource="#Interval2e23" />
<time:hour
rdf:datatype="http://www.w3.org/2001/XMLSchema#tdecimal”>
2

</time:hour>
</owl:NamedIndividual>

Fig. 7. Example of the TESA usage with BFO in
RDF/XML notation

TESA’s minimal extensions to OWL-Time enable
developers to incorporate triggers, actions, and conflict-
resolution mechanisms into otherwise purely descriptive
temporal models with significantly lower overhead than
many existing alternatives.

For example, while the Process Specification Lan-
guage (PSL) provides detailed constructs for process
and temporal modeling in manufacturing contexts, it
does not include TESA’s native numeric priority han-
dling and typically requires external scripting to manage
concurrency or event-condition-action (ECA) triggers.

Similarly, Generic Task Ontology (GTO) supports
representations of scheduling intervals and abstract
tasks, but it lacks native support for ECA logic and con-
flict resolution, often necessitating custom extensions to
address complex concurrency scenarios.

In addition, iCalendar-based models are well-
suited for managing recurring events but do not offer
ontology-level mechanisms for conflict resolution and
generally require additional development effort to align
with upper-level ontologies. In contrast, TESA address-
es these limitations directly by introducing TimeTrigger
and Action as core constructs for representing condi-
tions and their consequences, along with PriorityRelator
for managing conflicts. This integrated design allows
TESA to support priority-based reasoning and ECA
semantics without requiring invasive modifications to
existing temporal or process-oriented definitions.

4.4. Limitations and threats to validity

The presented evaluation has several limitations
that should be considered when interpreting the results.
First, the Halstead effort metric is an indirect proxy for
ontology usability: it quantifies the number of distinct
and total operators (predicates) and operands (individu-
als and literals) that a developer must manipulate. How-
ever, it does not directly measure comprehension time,
error rate, or long-term maintainability. The metric was
applied with the same counting convention as the TESA
and PSL descriptions of the same scenarios, so the com-
parison remains internally fair; nevertheless, comple-
mentary structural ontology metrics and user-based
studies are planned for future work.

Second, the evaluation is based on a single, repre-
sentative, test system (a car manufacturing facility) and
on synthetic conflict scenarios with randomly assigned
priorities. Additional experiments are required to gener-
alize the results to other domains. Third, the baseline
conflict-resolution procedure approximates the MUPS
computation by a one-time deletion of conflicting axi-
oms; this is an optimistic (lower-bound) estimate of the
baseline cost, and therefore, the advantage of TESA is
not overstated in the comparison.

Finally, the compatibility with BFO, UFO, SUMO,
and DOLCE was verified practically by importing the
corresponding modules together with TESA and con-
firming that the combined ontology remains consistent
under the Pellet and HermiT reasoners for the described
test system, rather than by a formal proof of alignment.

In summary, the experimental findings indicate
that TESA is proficient in accommodating frequent
scheduling adjustments. They can be daily, monthly, or
otherwise, requiring only minimal enhancements to the
existing ontology. The efficiency of the integrated prior-
ity-based conflict resolution mechanism is proven, even
when faced with numerous overlapping triggers. TESA
demonstrates a reduced need for implementation re-
sources and facilitates straightforward integration with
well-established foundational ontologies when com-
pared to other scheduling frameworks. Moreover, it
allows for the management of concurrency with negli-
gible computational overhead. This combination of di-
minished modeling complexity, dependable conflict
handling, and compliance with OWL-Time standards
underscores the potential of TESA to improve schedul-
ing workflows within dynamic and closely intercon-
nected cyber-physical systems, such as Digital Twins.

5. Conclusions
In this study, the new ontology, Temporal Event-
driven Scheduled Actions (TESA), was developed and
examined. TESA integrates dynamic conflict resolution
with optimized concurrency handling, which makes it
well-suited for use with foundational ontologies. The
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OWL-Time ontology served as the basis for describing
time instants and intervals in TESA, enabling easy inte-
gration with most time-based ontologies. The compre-
hensive evaluation of TESA shows that it significantly
reduces modeling overhead for time-based triggers, re-
curring scheduling tasks, and concurrency handling.
Building on a flexible gating mechanism for dynamic
conflict resolution, TESA’s approach introduces a
TimeTrigger aggregator, a streamlined action-resolution
pipeline based on event-condition-action logic, and se-
lective deactivation of lower-priority triggers, thereby
reducing the modeling effort by approximately 70% in
terms of the Halstead effort metric without sacrificing
scheduling accuracy. Empirical tests confirm that
TESA’s built-in priority mechanisms effectively prevent
halts or indefinite loops, even in concurrency-intensive
scenarios.

The performance evaluation of the TESA conflict
resolution mechanism shows a notable degree of stabil-
ity as structural complexity increases. The reasoning
latency remains remarkably flat even as the total action
count scales tenfold. In the first experimental suite, in-
creasing the number of ConflictedActions from 5 to 50
resulted in a mean latency shift of only 161.7 ms, indi-
cating sublinear growth and suggesting that the frame-
work is well optimized for handling multiple discrete
conflict instances simultaneously. The comparative
analysis with the standard OWL+SWRL approach high-
lights the TESA framework's most significant architec-
tural advantage. While the traditional approach initially
outperforms TESA in low-complexity scenarios, it suf-
fers from severe performance degradation as the scale
increases. By the 50-conflict threshold, the
OWL+SWRL approach reaches a prohibitive latency of
13 680.2 ms, whereas TESA remains highly efficient at
807.7 ms. By adopting a streamlined logic structure,
TESA avoids the complexity of traditional methods,
offering a scalable alternative that maintains near-linear
performance even under significant load.

TESA also remains compatible with recognized
foundational ontologies such as BFO, DOLCE, or
SUMO because it layers its scheduling constructs atop
existing references to intervals or events without requir-
ing a redefinition of domain axioms. As a result, inte-
grators can retain their usual time definitions while ben-
efiting from TESA’s triggers, priority-based overrides,
and minimal overhead. By combining dynamic gating,
lightweight expansions, and conflict-resilient event-
condition-action design, TESA achieves concurrency
handling on par with more expansive scheduling
frameworks, all while reducing the coding burden and
delivering stable, dynamic time-based event manage-
ment.

In conclusion, the comparative results highlight the
advantages of the new ontology in contexts that necessi-

tate rapid reconfiguration, precise scheduling, and the
coordination of overlapping event-action triggers. While
foundational ontologies may offer greater conceptual
depth, the proposed ontology successfully meets an es-
sential requirement: integrating time-centric dynamics,
real-time triggers, and conflict resolution into a cohesive
semantic framework. Future research should investigate
the potential of distributed or cloud-based implementa-
tions of this ontology across large-scale manufacturing
networks. Future tasks in the field of TESA develop-
ment include refining the ontology’s modular structure
for specialized domains, exploring automated alignment
techniques with other foundational ontologies at a high-
er level, and investigating robust mechanisms for dy-
namic scalability in real-world, heterogeneous schedul-
ing environments. Additionally, it is imperative to
broaden the priority-based logic to include multi-factor
optimizations, thereby enhancing its relevance and ap-
plicability to practical production systems.
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OHTOJIOT'ISA YACOBHUX MOAIMHO-KEPOBAHUX 3ATIVIAHOBAHMUX JIIH (TESA) 3 MEXAHI3MOM
MPIOPUTETIB JJIA KIBEP®I3UYHUX CUCTEM

O. B. Amamaniok, €. C. Cynema

Ilpeomemom susuenns 6 cmammi € po3pooieHHs ma OYiHIOBANHS 1e2K0BA20BUX OHMONOR2IL 3 MEXAHI3MAMU NIAHYBAHHS MA
PO38 A3aHHS KOHPAIKMIG Ol MOOENOBANHS MICHO NOG AZAHUX CKIAOHUX CUCIEM Y KIOepIiZuuHUX cucmemax, maKux axK yugposi
ogitinuxu. Memorw € pospobnenus posuwiupenus owmonozii OWL-Time 3acobamu nnanysauwus, nooi€go-keposanux Oii ma
po36'azanns  KOMAIKMIE, a mMaKodc NiOMEepOdNceHHs: U020 epeKMmuUeHOCmI 3a YOMUpMA GUMIPIOBAHUMU KPUMEDIAMU.
3MEHWeHHAM 3ycuib 3a mempukoio Ioncmeda nopiguano 3 ISO-cmandapmom PSL; ompumanus 3ampumku 102i4H020 61800y
6nu3bkoi 00 ainitiHOl o1t 5—50 epyn Kou@nikmis, GIOCYymMHICMIO 3YNUHOK pI30Hepa; CYMICHICMIO 3 (DYHOAMeHmanbHUMu
oumonociamu, makumu sax BFO, SUMO, UFO ma DOLCE. 3agdannusn: 36ip 6umoz 00 HO80I OHMONOZI;, ONUC OCHOBHUX
efleMeHmis cucmemu, wWo MOOENIOMbCA OHMONORIEI0, 13 3a0e3neyeHHAM CYMICHOCMI 3 (QYHOAMEHMATbHUMU OHMONOIAMU,
PO3POOIEHHA MeXaHizMy npiopumemis 01 pO38 A3AHHA KOHQUIKMHUX Oill; onuc ma oyiHio8aHHs HOB0I OHMONIOZI 3 0COONUBUM
Goxycom Ha obMedceHHi 3YNUHOK, SUKIUKAHUX KOHQUIKMHUMU Oiamu ni0 dac pobomu Mexauismy A02iuHO20 6UBEOeHHs
oumonoeii. Memoou, wo BUKOPUCMOBYIOMbCA: NPOEKMYBAHHA MeCmogoi cucmemu O eKCHepUMEeHMATbHOI nepesipu;
Gopmanizayis cucmemu 0151 MOOEIOGAHHS 3 GUKOPUCTNAHHAM 3ANPONOHOBAHOL MA ICHYIOUUX OHMOLO2I;, Memoou NPOSPAMHOT
iHOKICeHepil O 3anycKy eKCnepumenmie I 300py OaHuX Npo NPOOYKMUGHICMb, Mempuru 3ycuib Xoicmeoa 015 GUMIPHOGAHHS
KOCHIMUGHUX 3YCUNb MA 3YCUNL HA po3poOKy. Ompumano Hacmynui pesyriemamu. 3anpononosana oumonoziss TESA 0o3zeonse
docsiemu 3HUdNCeHHsT Mempuk 3ycunib Xoncmeoa Ha 70% nopisusno 3i cmanoapmom ISO PSL, wo exazye na 3HauHe 3MEHUIEHHs
KOSHIMUBHUX 3YCUb ma 3yCcuib Ha po3pobky; TESA sanobicac eunuxnennio 3ynuHOK Mexamismy i102iuHo20 U800y, Y CYeHapisax 3
sucoxor winvHicmio kougaikmie TESA demoncmpye uy0o8y uacogy cmabitbHicmy i3 3ampumMKoI0 J102iUH020 8UBEOeHHs MeHule
CeKyHOU, mooi AK MpaouyiliHi Memooo102ii 3a3HAIOMb eKCNOHEHYIANbHO20 3HUNCEHHS NPOOYKIMUBHOCIE;, OHMOI02IA OeMOHCMPYE
J1e2K08a208y apximexkmypy ma 6e3nepewikoony cymicHicms i3 ¢ynoamenmanvhumu onmono2iamu,; mooyavna cmpykmypa TESA
ma 3MeHuleHe ceManmuiHe HA8AHMAiCEHHs 00360IAI0Mb CHPOCIMUMU 6nposaddcenns ma inmeepayio. Bucnosku. Hayxoea
HOBU3HA OMPUMAHUX PE3YIbMAMI6 NONALAE 68 HACMYNHOMY: 6nepuie po3poOIeHO 1e2K08a208Y OHMONORII0 Ol NAAHYEANHS RO |
3anobicantsi Kouguikmam, sAka 3abe3neuye 6ANAHC MIdC OEMANbHOK CeMAHMUKOI Ma NpoCmomoio inmeepayii 3
yHOaMenmanbHuUMU OHMONO2IAMU; MOOYIbHA CMPYKMYPA 00380J5€ adanmysamu ii 00 cneyianizosanux 0oMeHis, 30epieaiouu
cymichicmy 13 QYHOAMEHMATbHUMU OHMOAOSIAMU U020 PIBHSA, MeXAHI3M P036 A3aHHA KOHpAIKMIe Ha OCHO8I npiopumemis
3anofieae 3YNUHKAM MeXAHI3My J02IYHO20 6U800Yy ma NIOMPUMYe CMAOIIbHY NPOOVKMUSHICMb Y CYEHAPIAX 13 6eIUKOI
KLIbKICMIO KOHQMIKMI8, apXimexkmypa OHMOA02I 3MEHULYE KOSHIMUBHe HABAHMACEHHS, 30epieaiodu NOMYNHCHI MOHCIUBOCHT
J02IKU NAAHY8AHHSL.

KawuoBi cnosa: ommonozisi nooditinoco niaHyeanHs; GUPIMEHHS KOH@IIKMIE, NOOIHO-OPIEHMOBAHA OHMONOIA;
Kibepghizuuna cucmema; yu@dposuil OBIIHUK, IHIICEHEPISL RPOZPAMHO20 3a0e3NeYeHHSL.
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