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METHODS AND MEANS OF APPLYING ONTOLOGICAL MODELS IN THE PROGRAM
SYSTEMS LIFECYCLE OF FLIGHT CONTROL

Introduction

At the present stage, there is a significant
increase in the trend of objectively assessing the
compliance of program systems (PSs) under
development with quality requirements. The process
of certification testing is of particular importance for
critical PS, which are widely used in aviation,
energy, medicine, environmental monitoring, and
other fields directly related to the safety of the
controlled object. A distinctive feature of such
systems is the high requirements for safety, functional
correctness, accuracy, and efficiency. Therefore, for a
wide range of critical systems, the task of developing
methods for verifying PS compliance with established
requirements within the subject area (SA) and
analyzing risks and hazards throughout their life cycle
(LC) becomes highly relevant.

We will examine a typical class of critical
systems, namely flight control software (FCSW) for
flight vehicles (FV), which are the objects of
control. Such systems require validation of multiple
functions to ensure compliance with established
requirements. The quality of FCSW significantly
affects the operational characteristics of automated
flight control systems (AFCS). Compliance assessment
can be carried out by evaluating (at the testing stage)
the overall quality level of AFCS SW, considering
that the quality level of each indicator within the
unified system quality model [1] must meet the
minimum acceptable value specified in the PS
requirements.

To comprehensively analyze the compliance of
system attributes with the specified requirements, we
will develop a formal conceptual model within the
subject area. Based on this model, we will

technologically form a set of objects, fundamental
functions, and methods for their implementation.

Analysis of Recent Research and Publications

In publications [2; 3], using ontology tools, the
relevance of studying aspects of subject area for
decision-making processes, including in the context
of ambiguous problem situations, has been analyzed
and confirmed. In publication [4], Burov emphasizes
the importance of ontological models for solving
tasks in the development of various PS, utilizing
formalized knowledge representation and processing
for these systems' SA.

Using the focus and results of scientific
publications [2; 3; 4], which are presented in a
general form, it is important to note that for the class
of flight control SW, the primary task is to
determine whether the FV (the control object)
remains within the "acceptable range" (normal
mode) or has exceeded it. This decision is made
based on calculations performed on a set of control
functions (tasks). Therefore, for the class of
automated flight control system (AFCS) SW, the
application of ontological research methods within
their SD (Subject Domain, in this specific area) can
be highly effective.

Studies on the area of flight control have been
conducted in publications [5; 6; 7], yielding
solutions for the technical diagnostics of aviation
equipment and FV being monitored during operation.
These studies developed relevant algorithms and
offered a new structural safety framework for state
aviation, along with appropriate flight control systems.
In publication [8], modern results regarding data
retrieval and post-flight processing of flight
information were obtained, while in publication [9],
research was conducted on assessing the quality of
parametric data filtering methods and improving the
AFCS filtering subsystem.

However, in publications [5-9], ontological
studies of the flight control SD were not conducted,
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even though this area is defined for each type of FV
by corresponding standards and regulatory
documents.

Problem definition and its actuality

Flight information (Flight Data, FD), which
includes trajectory parameters, as well as
information of FV functioning and crew actions to
control it, is parametric and should be used to
monitor the state of the FV and crew actions. The
flight information is processed by FV on-board
control algorithms or by ground systems after
landing [10]. Processing of information recorded by
flight data recorders (FDRs) is an urgent task that
allows to ensure flight safety. The ICAO documents
highly appreciate the information of FDRs and it is
recommended to implement the processing of FD in
order to prevent aviation accidents, study crew
actions and improve FV maintenance. In Ukraine,
the processing of flight data by all FVs operators is
obligatory [11].

SW of the automated control systems class solves
the following general tasks:

— reproduction of parametric information (visua-
lization of FV flight parameters);

— control of the control object's parameter outputs
for limitations (tolerance control);

— control of the FV quality functioning, as an
object of control;

— preparation of graded characteristics (depend
on the calibration of FV sensors) and filtering of FD.

Depending on the purpose of AFCS SW, these
tasks can be solved both in real time and after the
control object has been operated by ground-based
processing systems of flight data (i.e. parametric
digital sensors information). Therefore, the software
of this class of systems consists of a subsystem of
parametric  information playback (parametric
information reproduction subsystem), a subsystem
of admission control (tolerance control subsystem), a
quality control subsystem of the control object
functioning (in our case, FV), and a subsystem of the
graded characteristics and filtering of FD (Fig. 1).

AFCS Software

Subsystem of

Quality control Subsystem of
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information admission control
playback
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Fig. 1. Subsystems composition and classification of AFCS SW quality indicators

One of the main tasks is to reproduce flight
information, which consists in graphical represen-
tation of changes in analogue parameters (AP) and
one-time commands (OTC) over time. The
parametric information display subsystem is present
in any AFCS. It provides automated processing of
the flight copy with the following output of
graphical and tabular information of flight para-
meters, as well as visualization of the FV flight
trajectory on external displays.

The main problem faced by the AFCS SW is
solving the tasks of tolerance control. The
corresponding subsystem should ensure the imple-
menttation of control algorithms established for each
FV type. The subsystem is characterized by making
a decision about the FV being in a certain state. For
this purpose, a certain set of predicates is calculated
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and the occurrence of control events is established
(or not). A significant problem for the subsystem of
admission control is to determine the probability of
occurrence of control events and confirmation of the
fact that the assessment error is within the tolerance
limitations [12;13].

The task of flight quality control is to monitor the
performance of flight operation modes and rules by
FV crews with the required level of reliability,
which is implemented by the corresponding sub-
system of the object's operation quality control. This
subsystem is based on the results of the FV's
tolerance control.

The subsystem of graded characteristics and
filtering of FD performs the tasks of analyzing
parametric FD, removing emissions, distortions, and
noise present in it, and bringing areas of distorted
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information from FV instruments and sensors closer
to reliable values for the purpose of further
processing this information by other subsystems.

The consequences of AFCS SW poor quality and
false results of the basic subsystems that assess the
state of the control object (Fig. 1) can lead to
catastrophic consequences [9; 14]. Indeed, even in
the case of ground-based flight information
processing systems, in the event of an incorrect
assessment of piloting and operation of FV units and
equipment, there are risks of allowing further flights
by an untrained crew or a FV with equipment
defects. These factors may cause an aviation
incident that may directly affect the safety of human
life and the integrity of the FV. In the case of
onboard real-time flight control information
systems, an incident or disaster will inevitably occur
during the actual flight.

Therefore, the problem of improving the
operation of objects safety controlled by means of
AFCS is always relevant [12; 13]. One of the ways
to achieve this goal is to ensure high-quality and
reliable operation of AFCS SW as critical systems,
which is especially important when operating the
tolerance control subsystem.

The aim of the article is to develop methods and
tools for creating an ontological model of AFCS SW
components and its effective application during the
LC of such systems. The ontological model will be
used to build a mathematical model for representing
the functions (tasks) of the ontology, which will be
used to solve and calculate tasks of the same type in
the LC processes, in this case, during the creation of
the concept, requirements analysis, programming,
and testing of a set of software components that
implement the tasks of FV flight control [14].

Domain analysis and ontology model
of the flight control SW application domain

At each stage of a FV flight, it is necessary to
monitor a significant number of control events
(algorithms) simultaneously, which is a non-trivial
and rather complex task. Indeed, the object of
control can be either in the ‘normal’ mode or not,
depending on whether the FV parameters are within
the permissible ranges with high reliability. To solve
this problem, it is proposed to use an ontological
model of the application domain of FC SW, taking
into account the objects and functions (tasks) of the
ontology with further formalization of these tasks.

The most modern and closest to the practical
implementation of the PS in a specified subject
domain is the approach that presents the analyzed
subject domain (the domain of the PS application) in
the form of a structured set of concepts (notions,
terms) at the functional level of abstraction. Within
the domain, such a general conceptual model of the
system is formed, which provides structuring of

knowledge, selection of ways of its representation,
as well as implementation of the search for
functional structural and algorithmic elements of the
software, which directly lays the foundation for
further technical implementation of a real software
system.

Let us begin the domain analysis with a review
and analysis of the industry standard for ground-
based automated flight information processing
systems [10], consisting of software packages
(subsystems) shown in Fig. 1. Let's highlight the
main objects of the ontology of the SD of AFCS SW
(where SD is marked as "Subject Domain"), taking
into account the provisions of the standard [10],
which establishes general requirements for the
characteristics of such systems.

The formal model of the AFCS
ontology is an ordered triple of finite sets:

Q \res sw :<C,R9F>, (1)

where C is a finite non-empty set of notions,
concepts or terms (concepts are based on SD objects),
R is a set of relations between SD concepts, F' is an
interpretation function defined on the concepts and/or

software

relations of the ontology €2 ,pcssw -

The standard [10] sets requirements for the
general characteristics (properties) of components of
any AFCS SW implementation, and systems that
meet the requirements of this standard and can be
certified in accordance with the established
procedure and are allowed to be operated by aviation
enterprises in Ukraine. The ontology terms define
and describe a set of basic objects that are in some
relationship with each other. Therefore, the main C
terms (concepts) of the SD of AFCS SW ontology
will define objects (or a list or a set of objects) that
are general descriptive artefacts of the conceptual
representation of requirements (during design and
programming, they can be implemented as a
hierarchy of container-type classes with the
corresponding attributes and methods).

In order to create an ontology of the SD of AFCS
SW, we will use the IDEF5 ontological research
standard [15] and a special schematic graphical
language (Schematic Language, SL) designed to
represent the system of SD basic data in the form of
ontological information. Schemas of any ontology
according to IDEFS5 should define a system of
concepts (a set of basic objects), their classification,
composition, relationships and states. Analyzing the
standard [10], let us first of all build a diagram of the
requirements classification for AFCS components
(Fig. 2).

The class «Requirements for the list of the
obligatory tasks» is subordinated to the -class
«Requirements to the main components of the AFCS
SWhy. It is the most important of all (Fig. 2) and is
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closely related to other basic classes of the ontology
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Fig. 2. Ontology of requirements constituents for AFCS SW (conceptual scheme of requirements classification)

Therefore, the compositional scheme of the class
«Requirements for the list of the obligatory
(mandatory) tasks» (Fig. 3) is essentially a graphical
representation of the composition of the ontology
classes, where the set of relations between objects R
consists of classification relations and generalization
and aggregation relationships. The compositional
scheme of requirements is shown in Fig. 3 [14].

The class «Requirements for the list of the
obligatory tasks» is the parent class, including the
class «Requirements for the reproduction of a
registered FD», which in turn aggregates the «FD
file copy» and «Description of FV and airport
options» (Fig. 3). The last class contains the
«Description of algorithms for detecting dangerous
deviations in the actions of the crew and FV
systemsy, where relations and links with the classes
of FV control events are placed. Thus, the set of
control algorithms becomes known and available for
the class «Requirements for dangerous deviations
detection in the FV flight».

Let us consider the risks of malfunctioning of the
main complexes (subsystems) of the AFCS SW
(Fig.1). The complex of FD reproduction programs
solves the problem of reproducing flight data, which
is a graphical representation of the change in AP and
OTC over time. In the complex operation, there are
dangers of inaccurate calculation of physical values
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of the AP and discrepancies (divergences) in the
results of repeated FD processing.

The complex of admission control programs
solves the tasks of tolerance control. The corres-
ponding software should ensure the implementation
of all control algorithms established for a given type
of FV and is characterized by making a decision on
whether the object of control is in a certain state. A
significant problem for this complex in decision-
making tasks is the correct determination of the
probability of occurrence of control events and
confirmation of the fact that the assessment error is
within the tolerance that affects decision-making.

The complex of programs for controlling the
quality of the facility's operation solves the task of
controlling the quality of flight performance, which
consists in monitoring the crews' compliance with
flight operation modes and rules. The complex
should implement control algorithms in the amount
not less than that established by the Chief Designer
of each FV type and have a procedure for
confirming detected deviations. The hazards for this
complex, as well as for the complex of tolerance
control programs, are the possibility of inaccurate
calculation of type I and type II errors by the
relevant functions, which also affects the reliability
of the decision.
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Fig. 3. General requirements ontology for the list of obligatory tasks of the AFCS SW
(composite requirements diagram)

Let us introduce the concepts of hazards and risks
into the ontology (1) and build a diagram (scheme)
of the relationships between requirements and
hazards of their non-compliance for the AFCS
subsystems (Fig. 4).

The interpretation functions F, which are set on
the relations of the ontology (1), for the scheme
from Fig. 4 are the predicates of each of the FV
control algorithms. For example, for the class
“Requirements for admission control of FV flight
parameters” (Fig. 4), one of the controlled
algorithms sets is the logical expression of the
control event class, which means “Exceeding the
maximum operational flight speed” at the “flight
according to the route” stage:

S073 =(7120< H; <10300) A (V,, 2 583),
where the following values are used: H,— barometric
altitude, V- indicated airspeed. Such interpre-

tation functions (tolerance control near boundary
values in predicates) should cover the full set of
control algorithms for each FV type.

From the above analysis, it follows (Fig. 4) that
in the process of building such classes of critical
information systems, it is necessary to apply the
specifications of requirements for reliability and
safety properties during the operation of SW.
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Fig. 4. Ontology of FV flight control (diagram of interconnections between requirements and hazards and risks)

Formation of criteria specifications and
constraints for decision-making tasks
in critical systems

Verification of full compliance of software with
the requirements is necessary for critical systems,
the non-compliance of which leads to dangerous
situations. SW security requirements for critical
systems are determined by analyzing the potential
hazards and risks that may arise during system
operation. Based on this analysis, we specify
software requirements in such a way as to either
eliminate these hazards and risks or reduce their
impact. This procedure can be performed based on
the concept of a «safe» SW life cycle as specified in
the IEC 61508 standard [16]. The paradigm of the
safe SW life cycle of critical systems is based on the
following sequential rules: 1) analysis of the SD
system's properties and determination of the PS
functionality; 2) analysis of hazards, failures and
risks for the SW; 3) distribution of requirements by
subsystem  functions and  specification  of
requirements for non-functional quality characte-
ristics of safety (freedom from risks) and reliability
of operation [1].

The hazard and risk analysis consists of a
comprehensive analysis of the system and its domain
of use, which was carried out above. As a result,
potential hazards were identified and a classification
of hazards and risks was performed (Fig. 4). After
that, those hazards are selected that are potentially
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the most dangerous and likely to occur. For the
hazards resulting from the selection, the possible
causes of their occurrence are analyzed, followed by
the construction of a tree of failures and dangerous
errors [17]. After that, the risks associated with the
identified hazards are assessed, which affect the
decision-making on the state of the controlled
object.

Correct decision-making about the state of the
FV depends on the correct functioning of the control
SW. For the decision-making task, we will analyze
the mechanisms for preventing the occurrence of
hazards and reducing the probability of risks. During
the functioning of flight control SW, the set of
hazards and risks can be described in the form of
incorrect determination of the state of the FV in
controlled situations. Based on the system analysis,
we determine that a potentially serious hazard that
may arise due to poor-quality SW that can arise by
false determination of the FV state as an object of
control. In this case, there are two possible false
decisions:

azSi(;ieX/xie}),

and B:Si(x_ie?/xie)().

Here x;, x; —is the actual and calculated value of
the vector of controlled parameters at the moment of

time #, X and X — is the acceptable and
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unacceptable value range, S; is the algorithm of the
i-th flight control event.

Since these solutions can be implemented with a
certain probability, the following constraints criteria
are imposed due to technical and economic factors:
P(a)<a, and P(B)<B,. Here o, and B, — are
rather small boundary values of event probabilities.
The described solutions will be interpreted as criteria
with constraints for the FC SW. Note that the
probabilities P(a) and P(B)will determine the

errors of the I and II kind, which can be used as a
metric of the attribute «control reliability», which
can be attributed to the characteristic of functional
suitability, subcharacteristics of functional correct-
ness, accuracy (system and SW quality model [1]).

Taking into account the flight control ontology
(1), as well as the scheme of interrelationships
between requirements and hazards and risks (Fig. 4),
we will summarize the significant hazards and risks
for the AFCS as components of the operational
hazards for any critical FV type.

When analyzing multi-criteria situations of object
control, we will assume that the complete input
domain of the program data D is composed of a set
of complete input domains of parameters Dj
included in the formulas of control algorithms and
are independent. Any event control algorithm is a
general logical expression P (aggregate predicate)
that can be represented in a perfect conjunctive
normal form (PCNF) (usually abbreviated as CNF,
omitting the word «perfect») in the form:

P=P-P,-...P,-..-P,,

where H — is the number of predicates in the control

algorithm (A =1,H), and P; — is an arbitrary control

predicate.

The criteria for making a decision on an event
must comply with the constraints and are based on
the calculated value of the general logical expression
(aggregate predicate) of the control algorithm (frue —
the control event occurred, false — the control event
did not occur). At the same time, for each variable of
each predicate included in the PCNF of the control
algorithm, during its calculation, an analysis and
verification of the presence of sufficiently small
values of errors of the I and II kinds within the
permissible limits (0.01 and 0.001) is additionally
carried out, especially taking into account the
presence of each predicate variable near the
boundaries of its equivalence classes, which are
formed on the basis of the conditions of inequalities
or equalities in the predicate.

It is the magnitudes of errors of the I and II types
(a sign of reliability) that we will take as constraint L
for the decision-making criteria and consider L as a

sign of constraint for each decision-making criterion,
since each criterion is based on the value of the
calculated predicate taking into account these constraints,
and the values of the constraints calculated by the
program components directly affect the final decision.

Taking into account the results obtained, as well
as the conclusions of publications [18; 19; 20], we
introduce criteria with constraints L into the ntology
model. Then formula (1) takes the form:

=(C,R,F.L). )

QAFCS SW

Thus, C concepts are considered as objects that
form classes of control events at the lower level of
the hierarchy. Control events are indivisible lower-
level objects that contain an event name, an event
description (in natural language), and a control
algorithm, and each of these algorithms represents
one interpretation function from the set F. In
addition, for each interpretation function there is a
decision-making criterion, that is VF, € FAL € L.

The restriction in the criterion determines whether
the FV is in the «normal mode» (the control event
did not occur) or «not in the normal mode» (the
control event occurred: failures in the operation of
FV units and systems, or piloting violations by the
crew). The main task of the control PS is to accura-
tely diagnose flight control events. Particularly
important consequences of these systems are the
complete and reliable detection of dangerous devia-
tions in the operation of FV systems and crew actions,
taking into account the probability of errors of the
first and second types, which should be within the
tolerances. It is criteria for compliance with the con-
straints in the decision-making tasks of ontology (2).

For example, the class «Description of algorithms
for detecting dangerous deviations in the actions of
the crew and FV systems» (Fig. 3) contains links to
many classes that use FV control events, including
the class «Requirements for dangerous deviations
detection and the functioning quality of the FV in
flight» (Fig.4). Control events, in turn, have an
association relationship with all ontology classes
«interested» in them (including the class
«Requirements for admission control of FV flight
parameters») and are indivisible objects of the lower
level of the hierarchy of ontology classes (1) and (2).
The constraints for the criteria of the decision-
making task for each of the predicates of the
interpretation function can be: «Reliability of
deviation notifications: P(o)<=0.01 (errors of the

first kind), P() <=0.001 (errors of the second kind)»,
«Accuracy of calculation of physical values of the
AP must be <=V of the price of the AP code unit», etc.

Studies carried out in this area have shown that
any of the predicates of the FV control algorithms,

© I. Raichev, N. Denysenko, 2025
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i.e. the interpretation function from (2), can be
formalized using a system of canonical equations of
a finite state machine [21]. Based on this formali-
zation, we will construct logic diagrams of auto-
mated models in a unified manner, which will serve
to identify controlled dangerous deviations for a
given type of FV. Taking into account the
limitations of the decision-making criteria of
ontology (2), we will use the results of studies of the
reliability of detecting control events, which were
considered in publications [22, 23].

Application of the automaton theory
to the control algorithms programming
and data sets tests construction

During the tests for certification of automated
flight control systems, there is a problem of creating
test sets of data that would cover all possible routes
of implementation of programs that implement
control algorithms [12, 13]. Indeed, in addition to
the control algorithms, which contain dozens of
predicates and logical functions, algorithms for
finding these controlled situations, which are no less
complex logical expressions, are also implemented
in the AFCS SW. Considering the fact that there are
several hundreds of them, the creation of reliable
and efficient control software is a difficult task. PSs
are generally created using a direct coding of control
algorithms, and this fact creates a high probability of
non-detected errors [24] and complicates programs
verification. A high degree of nesting of branching
operators leads to difficulty in tracing and
constructing a comprehensive set of tests, and it
causes errors in programs that implement algorithms
from control events.

Subsequently, the technology of creating TDS
(meaning Test Data Sets) generation programs,
which is based on the construction of automatic
models, is proposed. The TDS obtained allows you
to automate the detection of control events, which
makes it possible to significantly increase the
efficiency of tests.

One of the ways to solve the problem of covering
the graph of control transfers between AFCS SW
modules during its testing is the use of formal
methods that make it possible to carry out tracing
and comprehensive analysis of the logic of control
programs and to apply the means of automation of
programming and  progressive  programming
technologies (object-oriented, functional, automatic,
etc.) [25; 26]. Since the input information for control
algorithms is discrete and the output is a finite set of
discrete events, the mathematical apparatus of
discrete finite machines can be used to model such
algorithms [21]. Due to the absence of the control
algorithms of existence quantifiers and generality,
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the use of finite machines theory for the analysis and
synthesis of relevant automatic models is much
easier. Predicates in control algorithms take the form
of standard inequalities and ultimately reduce to
single-place predicates.

For example, there exist such predicates:
Vp2410,a <110, H. >15,Hy >7120. Here, V, —

indicated airspeed, o — throttle lever deviation

angle, H. — geometric altitude, H, — barometric

altitude. Automata that implement predicates of this
type can be represented as follows:

Fig. 5. Functionality scheme of an automaton
with one output

In Fig. 5, x,(¢),x,(),...,x,(¢) are functions that
take values of 0 or 1 and are defined through the

corresponding predicates of the given control
algorithms. For example, x ()=, >410,x,(1)=

a,, <110, ...,x,(6)=H; 27120 (V, - indicated
airspeed, o, — throttle lever deviation angle, H, —

barometric altitude).

By simplifying the logical functions and
predicates describing the control algorithm and
transforming the algorithm into the PCNF (previously
deciphered as Perfect Conjunctive Normal Form),
we construct a system of canonical equations of
a finite automaton [21], which can generally be
represented by the following equations:

z2(t) = ©[x,(1),%,(8),....x, (1),q(1)]

gt +1) =¥ [x, (0, %, (1), x, (O,q0)] . O)
q(0)=0,=0,1,2,...

Equation (3) and the functions @ and ¥ are
canonical equations and functions over the alphabets
X, Z, Q (X — input alphabet, Z — output alphabet, O —
states alphabet, g(f) — state function of the automaton).
Since the output has a single pole where either 1 or 0
appears (indicating whether the event has occurred
or not), there is a single resulting function — z().

To automate the modelling of control algorithms
and the generation of test data sets (TDS), a unified

mathematical representation of control algorithms
has been developed. For this purpose, a classification
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of these algorithms was carried out, and, using the
example of AFCS SW, flight control algorithms for
aircraft were studied and implemented. This made it
possible to synthesize automaton models, through
which the problem of automatic detection of control
events based on parametric information was
formulated and solved, as shown in [21]. According
to this classification, first-class control algorithms
are identified as memoryless automata, while
second-class control algorithms are automata with
memory, where the automaton state accumulates the
event duration.

The development of automaton models is based
on the methodology for synthesizing finite automata,
which includes constructing canonical equations and
logical schemes of control algorithms. Ultimately,
by further programming of automaton models, the
problem of software-based detection of control
events can be solved, along with the development of
an optimal testing methodology for a set of control
algorithms. This will allow for the automation of
TDS generation, ensuring coverage of execution
paths of control algorithms.

The application of the obtained automaton models
for programming control algorithms significantly
simplifies the design of TDS generation programs
for certification testing of AFCSS SW. To achieve
this, it is necessary to develop a procedure for
building programs that automate the detection of
monitored events and hazardous deviations in the
operation of the controlled object, while also
enabling the generation of TDS that simulate such
events. The construction of such programs relies on
automaton-based programming, which is based on
the use of finite automata to describe program
behavior using the C++ language with explicit state
representation.

Construction of programs for detecting
control situations and creating TDS
using automaton models

Since the number of situations during the control
of any object is wusually significant (several
hundred), automating their testing (in-depth testing
and analysis of the structural elements of control
algorithms) will increase the efficiency of AFCS SW
testing as a whole, enhance its reliability, and
improve the safety of the controlled object. For test
automation, we use automaton models based on
finite automata. From the canonical equations of
automata, it is possible to develop logical schemes
and construct programs that generate TDS and detect
control situations, including for assessing relevant
quality indicators.

It should be noted that when directly program-
ming complex control algorithms that contain
dozens of predicates and logical conditions, as well
as several time intervals (durations), the likelihood
of errors significantly increases. These errors can be
avoided by applying the principles outlined below
for constructing correctly functioning programs
based on logical schemes of automaton models and
by using efficient automaton programming.

We propose constructing program algorithms
according to the obtained canonical equations and
logical schemes of automaton models that represent
the corresponding control algorithms (interpretation
functions of ontology (2)). The correctness of the
constructed programs is confirmed by the fact that
automaton models, as synchronous action devices,
accurately interpret control algorithms due to the
way they are constructed [21]. The proposed method
is based on programming the canonical equations of
the automaton.

Programming an automaton model for a control
event means constructing the canonical equations
and logical scheme of the automaton for the given
event and then encoding these equations (the
automaton algorithm) in a programming language.
In other words, it is necessary to program the
automaton’s output function, its state function, and
describe the structure of input and output data.

It should be noted that the proposed method of
programming automaton models differs from the
traditional automaton programming methodology in
that it is based on pre-constructed canonical equa-
tions and logical schemes. This significantly simpli-
fies the coding of automaton models compared to
automaton programming, where it is first necessary
to construct state tables, develop diagrams, and
design the automaton’s operational algorithms. The
formalism of canonical equations eliminates the
need for these steps, as the automaton algorithm and
its states are predefined in the equations and the
logical schemes derived from them. However, it
should be noted that it is not always possible to
construct canonical equations for every class of
problems [21].

The coding of control algorithms follows a
standard scheme for any object-oriented program-
ming language using a developed method that
employs standard templates for first- and second-class
control algorithms, greatly simplifying program
development. The resulting programs allow for the
detection of control events and the insertion of
events into a copy of the parametric flight informa-
tion, which reflects the operation of the controlled
object, thereby enabling the construction of TDS, as
discussed below.

For programming automaton models, we use an
object-oriented approach and the C++ programming
language. Control events are described using classes,
whose elements include the type of algorithm,
predicates, automaton states, logical conditions and
constraints, input and output signals, as well as
tolerance and confidence intervals. The confidence
intervals are derived from algorithms developed in
publications [22, 23]. Class member functions
describe the automaton’s function and state function and
serve to detect control events, while friend functions
of the classes are used to generate TDS for verifying
the detection of these events by AFCS modules.

Using automaton models, we have developed
software for detecting control events in parametric
information and for creating minimal-sufficient TDS.

© I. Raichev, N. Denysenko, 2025
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The concepts of minimality and sufficiency are
understood in a practical sense — developed programs
iterate over combinations of logical conditions and
time durations that lead to the occurrence (or absence)
of controlled events, covering the structures of
predefined flight control algorithms.

This software can be built based on automaton
models programmed in the form of:

1. Programs designed using SDL or UML languages;

2. Programs written in object-oriented languages
(C++, C#, Java);

3. Programs based on R-technology.

Let us consider an example of constructing a
program based on a typical control algorithm for
piloting S012 «Exceeding the continuous heating
time of the Constant Pressure Device (CPD) before
takeoff», which is recorded as:

rTapyul-3 = (O“pyul .

Here and after oo .o ..o

pynl? Zpyn2> ~pyn3

period greater than or equal to 4 seconds. Then:

100) A (o, 2100) A (01,5 Z100) A (1, 285) A (n,

A(AT, 2615) ,

TKCIIT

S012=T1, Ai

here Ar, — a time interval greater than or equal to
615" of a second of registration (the flight data

recorder records 2 data points per second); I, ... —
OTC “The anti-icing system of the CPD is turned on”;

I1 pya. — @ taxiing indicator recorded in this way:

I, =T Tamsn[(n, <85)A(n, <85)A(n, <85)],

where I'T meaning “readiness of a throttle

yal-3

lever”’; o — throttle lever deviation angle;

pyAa
11,y — rotor RPM (Revolutions Per Minute) of

the 1st, 2nd, and 3rd engines.

n.,n,,n

, 285)A(n,

A

. >85) A(AT, 2 4).

A

— throttle lever position of the 1st, 2nd, and 3rd engines, and Ar, — time

S012 =(a,,, 2100) A (o, 2100) A (01,5 2100) A (12, 285) A(n,, 285) A

A, 285) A(AT 24N (1, <85)A(n, <85)A(n, <85)Ai

A (A1, 2615).

TIKCIIIT

For this control event, we define the following set of predicates:

a, =, 2100, o, =a,,

ny=n,285mn,=n,<85, n,=n,<85n,=n,<85, i=i

, 2100, o, =

oy 2100, =n,, 285, n, =n,, 285,

TKCnmnT *

Let’s denote z0_gr _a_rud(t)= o,(t) Ao, (t) Ao, (t) Am () An,(t) Any(¢). Then the canonical equations

for I'T

apyn

13 as the 2nd class algorithm, taking into account (3), will have the form:

z gt a rud()=z0_gt a rud(t)~n(q_gt_a_ rud(t)>8)
q gt a rud(t+1)=z0 gt a rud(t)A(q_gt a rud(t)+z0 gt a rud(t));- “4)

q_gt a rud(0)=0,t=0,1,2,...

To calculate the sum of the automaton system
state (4), the well-known operator of the sequential
action adder is used, but this is only necessary for
constructing the basic electrical circuit of the
automaton, and in the case of performing actions to
program the automaton to accumulate the duration
of the event in time, it is sufficient to use a
conventional counter.

Let’s denote

z0 p rul(t)=
—z_gt_a_rud(t) An,(£) Any () Ang(2).

Then the canonical equations for the taxiing
indicator Il sign as the 1st class algorithm, will
be written in the form of system (5):

z_p_rul(t)=z0_p_ rul(z)
g _p_rult+1)=z0 p rul(t);. (5)
q_p_rul(0)=0,¢=0,1,2,...

Finally, let’s denote
20 S 012(f) =

Then the canonical equations for the 2nd class
control algorithm S012 will be written in the form of
system (6):

z_p_rul(t)ni.

z 8 _012(f)=2z0_S_012()a(g_S_012(t) >1230)
g S 012(t+1)=20 S _012(t)A(g_S _012()+20 S _012(t)) (6)

g S _012(0)=0,=0,1,.2,...

The analysis of the control event (6) is facilitated
by the logic diagram shown in Fig. 6. In the
diagram, the symbol @ denotes the adders of the
states of the automata, which can be programmed,
for example, using a counter (the state of the

© I. Raichev, N. Denysenko, 2025

automaton stores the duration of the controlled
event). Such complex and rather incomprehensible
events are difficult to analyze even for an expert.
The resulting logic diagram contains a composition
of two automata of the 2nd type (I Topya1-3 and S012)
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and automata of the 1st type (Ilpy., which includes
I'Topyni-3), the canonical equations of which are
obtained according to the rules developed in [21].
Having the canonical equations and the logic diagram of
the automata, it is possible to construct the correct
control program according to the rules set in [21]. Let us

ax(t) as(t) ny(t) nx(t)

Q4 (t)

consider this process in details. Note that in this
automaton model the feature of the stage Iy, and
readiness of I'Tepyn13 are implemented, according to
which, having built automaton models and programs
once, they can be used repeatedly in various control
algorithms where they participate (Fig. 6).

na(t) nit)  noot)  nas(t) i(t)

s e o s

« o s 0 0 0 v e

* I_IpyJ'I

% 5 4 5 6 @ 2 s s & 2 % & 3 e S s 2 S 6 S & 2 S & 3 e s s . st s e st s e s e s s e s s|s e

|
o

L

delta_tau2>=1230

é S012

Fig. 6. Logical scheme of the automaton model for the control event S012

If you program an automaton model of any
control event, it provides a tool and algorithm for
searching and detecting this event. In addition, in
order to enter some control events into the copy of
the parametric information of the functioning of the

control object (i.e., create various TDSs), it is
necessary to introduce into the class that describes
this event a function (for example, a friendly
function of the class), which will, during the
program's passage through the file of the copy of the

© I. Raichev, N. Denysenko, 2025
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parametric information, increase (or decrease) the
necessary parameters (for example, altitude, speed,
engine speed, etc.), changing their values until they
reach and exceed the controlled limit value from the
confidence interval. In this way, you can build
various TDSs, in which the necessary combinations
of predicates, logical conditions and durations in
time, including readiness and characteristics of flight
stages, will be sorted.

At the request of the expert, a given logic
coverage from a set of control algorithms can be
carried out, that is, the inclusion of the necessary
control events in the test data set, as well as the
indication of predicates and logical conditions in the
composition of each event for which a test needs to
be created.

Thus, instead of control programs that may
contain logical errors due to the fact that they are
built using the direct programming method, control
programs that are a priori correct (according to the
construction method) are coded by using automatic
programming.

Method of programming automatic control

models with an example of typical program

design and use of design templates

A feature of the of critical systems operation is
that during this process, parametric information is
recorded, which allows you to reproduce the state of
the control object and control effects. Regulatory
documents on operation provide restrictions on the
parameters of the operation of the control object at
certain stages (modes) and in certain situations.
Control software, as a rule, is intended to search for
events of exceeding the Ilimits of controlled
parameters according to the registered information
when investigating abnormal situations, accidents
and disasters. Therefore, to wverify the correct
functioning of the AFCS SW at the testing stage, it
is necessary to create a TDS, which can be
performed by making appropriate adjustments to the
registered flight information.

Search and processing of controlled events is
performed according to information recorded in
accordance with a discrete time series. In the case of
finding an event, the function of the automaton
becomes equal to one, and at the next point in time
becomes equal to zero.As an illustration, we will
demonstrate the process of building a program using
the example of the SO12 control event. We will
define an elementary base class for I'Tapy,
(gt _a rud), as well as classes for Iy, (p_rul) and
S012 (s_012). The p_rul class uses data structures
and calls the base function from gt a rud, and the
s 012 class uses the function of the p_rul class and
data from both subordinate classes. Therefore, the
last two classes can be considered derived. In

© I. Raichev, N. Denysenko, 2025

contrast, elementary (indivisible) classes do not
contain elements of higher classes and do not refer
to elements of functions of higher classes.

Predicate is a friendly function of all base classes.
It calculates a predicate on a set of input data of the
automaton model, as a device for synchronous
information processing. We will call this function
from the main function of the class fz (), which
searches for a control event and returns the main
data of the class — z. An additional function of the
class ¢z () is also introduced, which will
automatically enter the controlled event into the test
copy of parametric information, thereby constructing
a TDS at a given interval. For this function, a time
point and the maximum (or minimum) value of the
parameter that must be reached at this point and
which exceeds (or is lower than) the limit value is
specified. The construction of the event is performed
by drawing a smooth upward (or downward) convex
cubic parabola in the case of spline interpolation, or
a polynomial of degree not greater than (n-1), where
n is the number of interpolation points.

An example of a constructed controlled event is
shown in Fig. 7. The technological scheme of
searching for control events is implemented in the
program algorithm, which is presented below. In a
similar way, any programs for determining events
based on parametric information are built.

Vip | \new point

400kmh - — — — ;

375kmh 4+ — — — — — — — — — — — — —

out :of date point |
|

|
|
|
|
|
f
|

t

iIlJ B.
Fig. 7. Entering the control event S068: “Exceeding speed
during landing gear retraction on takeoff (400 km/h)”
into a copy of parametric information for the purpose
of creating TDS (V= — indicated airspeed; 7, , — initial
condition — OTC “Landing gear deployed”)

The method of building programs based on
automaton models makes it possible to use
templates. There are two templates: 1) a program
template based on the 1st class control algorithm; 2)
a program template based on the 2nd class control
algorithm.

To build new classes in the program that repre-
sent any other control algorithms, we use these
templates in the following way:

1) replace the event, readiness and feature identi-
fiers in the selected template with new required
identifiers;
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2) change the predicates: when calling the predicate()
function, change the constraint type, constraint
value, duration, dimension (depending on the type of
predicate);

3) change the general form of the automaton
function to the required one (the formula that
depends on the predicates in the automaton equation
is calculated by applying the rules from clause 4).

The proposed method allows you to quite easily,
in a uniform manner, build a set of classes that cover

#include <owl.h>

a set of specified object control algorithms. The built
classes are designed to automatically search for
control events in a parametric copy of the flight.
Therefore, writing and debugging control programs,
as well as programs for building TDS containing
control events (entering events into a parametric
copy), is significantly simplified. A program for
searching for the S012 control event in C++ looks
like this:

unsigned int tic=0; // current time in ticks from the start of the copy (1 tick = 0.5 sec.)
unsigned short cadr[128], *pcadr=&cadr[0]; // copy frame (synced with ticks (tic) )

.... I/ declarations
main ( int argc, char *argv[] )
{.... /I of declaration

class gt_a rud // class Mupys — “readiness of a throttle lever” — control algorithm of the 2nd class

{ private:

unsigned short z_gt_a_rud; // the result of the automaton readiness model (0 or 1)
unsigned short alpha1,alpha2,alpha3,n1,n2,n3; // input signals (predicate values)

unsigned short q1_gt_a_rud; // state q(t+1), counter

unsigned short q_gt_a_rud=0; // internal state of the automaton q(t)
unsigned short z0_gt_a_rud; // result of calling a logical function ' Tepyn

unsigned int ctic; // tick (dot) of the last call

unsigned int d_tau; // At (aenbTa Tay, delta tau) — operating time interval

public:

void gt _a_rud() {z gt a_rud=0;91_gt_a_rud=0;z0_gt_a_rud=0; ctic=0;} void ~gt_a_rud(); // constructor and

destructor

unsigned short fz_gt_a_rud ( unsigned int p_tic, unsigned short *p_cadr);

{ alpha1 = predicate(1,19,2,100,1,-1,p_tic,p_cadr);

/I The predicate function must be described in the general

part of the system and must be accessible; its parameters have the following values: 1) type (0 - OTC, 1 - AP, 2 -

At); 2) registration channel number; 3) restriction type (0 :> , 1 :<, 2 :2 , 3 :X); 4) physical value of the
restriction (number); 5) control probability (O - do not determine, 1 - determine, and if the probability is low, the
function returns -1 ); 6) if the OTC type, then sets the bit number in the channel, otherwise the field = -1; 7) tick
number; 8) frame address in the copy; predicate calculates a simple single-place predicate and returns 1 when

the predicate=true and 0 if predicate=false.

alpha2 = predicate(1, 23, 2, 100, 1, -1, p_tic, p_cadr); alpha3 = predicate(1,31, 2, 100, 1, -1, p_tic, p_cadr);

n1 = predicate(1, 25, 2, 85, 1, -1, p_tic, p_cadr);

n2 = predicate(1, 35, 2, 85, 1, -1, p_tic, p_cadr);

n3 = predicate(1, 43, 2, 85,1, -1, p_tic, p_cadr); z0_gt_a_rud = fz0_(); // definition of the logic function of the

automaton
if(ctic!=0)

if ( (p_tic-ctic>1) || (p_tic-ctic<=0) ) { d_tau=0; q_gt_a_rud=0; q1_gt_a_rud=0;}
d_tau = fq_gt_a_rud(); // the state of the machine accumulates the operating interval
z gt a_rud =z0 gt a_rud - predicate(2, d_tau, 2, 8, 0, -1, p_tic, p_cadr);
/I automaton function according to the canonical equation z(¢) = z0(¢) - (¢(¢) > 8)

return( z_gt_a_rud); }

unsigned short fz0_( void) // logical function definition epya
{ return( alpha1&&alpha2&&alpha3&&n1&&n2&&n3); }
unsigned short fq_gt_a_rud ( void) // automaton state function q(t)

{if(z0_gt a rud ==1) {

q1_gt a rud++;q_gt a rud=2z0 gt a rud-(g1_gt a_rud-1);}

else {q1_gt_a rud=0; g_gt_a_rud=0;}
return(q_gt_a_rud); }

friend unsigned short predicate (unsigned short, unsigned int, unsigned short, unsigned int, unsigned short,

unsigned short, unsigned int, unsigned short *);
} /I end of class description opys

class p_rul { // “taxiing feature” — 1st class control algorithm

private:
unsigned short z_p_rul; // automaton function

unsigned short n11, n22, n33; // input signals of engine rotor revolutions

unsigned short gt_a; // result of calling the function gt_a_rud (“readiness of a throttle lever”)
unsigned short q_p_rul, g1_p_rul; // internal states of the automaton

unsigned short z0_p_rul; // logic function of the automaton p_rul

public:

p_rul() {q_p_rul=q1_p_rul=0; z0_p_rul=z_prul=0;}; ~p_rul(){}; // constructor and destructor
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friend unsigned short predicate (unsigned short, unsigned int, unsigned short, unsigned int, unsigned short,
unsigned short, unsigned int, unsigned short *);
unsigned short int fz_p_rul ( unsigned int p_tic, unsigned short * p_cadr)
{ g_ta=fz_gt_a_rud(p_tic, p_cadr); // call “readiness of a throttle lever”
if( gt_a == 0) g_ta =1; else g_ta = 0; // denial of readiness
n11=predicate(1, 21, 1, 85, 1, -1, p_tic, p_cadr); // 21 ,29, 33— engine rotor revolutions
n22=predicate(1, 29, 1, 85, 1, -1, p_tic, p_cadr); n33=predicate(1, 33, 1, 85, 1, -1, p_tic, p_cadr);
z0_p_rul =fz0_p_rul(); g_p_rul =fq_p_rul(); g1_p_rul=q_p_rul; z p_rul=2z0_p_ rul;
return(z_p_rul); }
unsigned short fz0_p_rul( void) {z0_p_rul = g_ta&&n11&&n228&&n33; return( z0_p_rul); }
unsigned short fq_p_rul( void) { q_p_rul = z0_p_rul; return( g_p_rul); }
} // end of class description p_rul
class s_012 { // control event S012 - 2nd class control algorithm
private:

unsigned short z_s_012; // result of the automaton model operation of the control event
unsigned short i; // OTC “The anti-icing system of the CPD is turned on”
unsigned short q1_s_012; // state q(t+1), counter
unsigned short q_s_012 = 0; // the internal state of the automaton q(t)
unsigned short z0_s_012; // the result of a logical function call $S012
unsigned int ctic; // last call tick (point)
unsigned int d_tau; // At (delta tau) — functioning time interval
public:
void s_012() {z_s_012=0; q1_s_012=0; z0_s_012=0; ctic=0;} ~p_rul(){}; // constructor and destructor
unsigned short fz_s_012( unsigned int p_tic, unsigned short * p_cadr) // event function S012
{ i = predicate(0, 15, 0, -1, -1, 4, p_tic, p_cadr); z0_s_012 =z0_s_012();
if(ctic!=0)
if ( (p_tic-ctic>1) || (p_tic-ctic<=0) ) { d_tau=0; g_gt_a_rud=0; q1_gt_a_rud=0;}
d_tau=fq_s_012(); // operating interval
z_s 012=2z0_s 012 - predicate(2, d_tau, 2, 1230, 0, -1, p_tic, p_cadr);
return( z_s_012);
unsigned short fz0_s_012( void) {
2z0_s_012 =fz_p_rul(p_tic, p_cadr) - i; return(z0_s_012); }
unsigned short fq_s_012( void) // automaton state function q(t)
{if (z0_s_012 ==1) {
q1_s_012++;q9_s 012=20_s 012-(q1_s_012-1);}
else{ql_s 012=0;q9_s_012=0;}
return(q_s_012); }
} // end of class description s_012

gt a rud g; // readiness class instance

p_rul p; /I an instance of a taxiing class

s_012 s12; // an instance of the control algorithm S012
....Il operators

while ( (cadr=read_cadr()) != EOF ) // until the parametric copy of flight is finished
{ ftic++;.... // operators
if( s12::fz_s_012( tic, cadr) ==1) {
printf(“controlled event found *****”’);
break; // exit from the cycle

} /I end of the cycle while
.... Il operators
} // end of the program main()

Conclusions —identify interpretation functions for ontology
objects;

— formulate and solve the problem of making a
decision about the state of the control object;

— determine the criteria and restrictions for
making a decision for interpretation functions;

—build a formal mathematical apparatus of
automata models as a basis for interpretation

By analyzing the SD of use, an ontology of the
SW of automated flight control systems was built.
As a result of creating the ontology, the following
results were obtained:

1. The created ontology provides the opportunity to:

— systematize and structure knowledge about the
concepts and objects of the SD of the FC SW;

functions;
— to determine the relationship and interrelation- — cover all stages of the LC development of the
ships between the objects of the subject area; FC SW and apply ontology (2) for formalization,
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unification and automation of the LC processes both
during  development (requirements  analysis,
programming, testing) and at subsequent stages of
operation and maintenance of the AFCS SW.

2. The use of the constructed ontology has the
following advantages:

— the ontology takes into account all notions,
concepts and objects of the SD of use;

— all control events and risks for the control
object (FV) are taken into account;

— correct "as built" programs are created for the
full set of control events;

— the necessary program control is carried out
based on taking into account risks with an emphasis
on critical tolerances;

— verification of critical safety conditions of the
control object (FV) is supported;

— based on the correct solution of the problem of
making a decision on the state of the control object
(FV) and due to the reduction of risks, high
indicators of reliability and safety of the functioning
of flight control systems are achieved.

3. The constructed ontological model and its
interpretation functions can be used to develop
control systems of any type, since control infor-
mation systems are characterized by the presence of
a control object, which is controlled by a set of
parameters that are measured using measuring
instruments. Such systems always work with control
tasks and events that are formulated similarly to
those presented in the article.

As a result of creating automated control models,
the following results were obtained:

1. Using an object-oriented approach with explicit
selection of states, according to the canonical
equations and logic diagrams of automatic control
models, a method for designing properly functioning
programs for searching for controlled events was
developed. The obtained programs allow to auto-
mate event detection and generate TDS, which pro-
vides a tool for determining the actual quality indi-
cators of detection of dangerous deviations by soft-
ware components of automated flight control systems.

2. On the basis of automated models, a method
for testing control algorithms has been developed,
which consists in the automatic generation of TDSs,
which are minimum-sufficient coverage of the
routes of execution of programs that implement
control events. Recommendations for practical
tracking of control events in the programming of
flight control modules have been developed, which
reduces the number of errors in writing and
debugging programs.

3. Automatic programming of control events
makes it possible to program control algorithms for
the full set of control events of an object in the same

way ‘according to the scheme’. It follows that
testing of control programs built in this way can be
performed in accordance with a formalized strategy
based on this scheme.

4. On the basis of the obtained method, a strategy
for testing the logic of control algorithms is built
using test data sets that cover the full set of control
algorithms for any type of FV [24]. The Mathema-
tical apparatus from publication [21] can be used to
specify requirements for any critical control PS.

Further Research Prospects

1. The methods and tools developed in this paper
can be easily modified, adapted and used in other
related applications, especially in the SD, where
critical PS operate, for which the state of the control
object is assessed on the basis of parametric infor-
mation from sensors or measuring devices (aviation,
energy, medicine, environment).

2. In order to improve and increase the effici-
ency of flight control SW implementation, it is
proposed to automatically create software compo-
nents for processing parametric flight information.
For this purpose, the intellectual capabilities of
artificial intelligence should be used. The automatic
models of flight control algorithms (ontology (2)
interpretation functions) built in the article can be
effectively implemented with the involvement of
artificial intelligence, which can be easily ‘taught’
the typical methods of designing and programming
control algorithms considered in the article.
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METO/IA TA 3ACOBU 3ACTOCYBAHHS OHTOJIOTTYHUX MOI[EJIEﬁ B XKUTTEBOMY
OUKJII MIPOI'PAMHUX CUCTEM KOHTPOJIIO ITIOJIBOTIB

Cmamms npucesuena po3podieHHI0 Memooig I 3aco0i8 GUKOPUCMAHHS OHMONO2IL 8 NPOYecax HCUMMmMeEBO20 YUKILY
NpOSPAMHUX CUCTEeM KOHMPOTIIO NObOMIB, SKI € cucmemMamu KpUmuyHo20 NpusHaue Hs. s MHOJMCUHY KACi8 cucmem
KPUMUYHO20 NPUSHAYEHHS AKMYAIbHOI € 3a0aud (QOpMy8anHs Memoodi6 6UKOHAHHA NepeGipKU Yux cucmem Ha
BIONOBIOHICMb BUCYHEHUM BUMO2AM 8 Medxcax npedmemuoi obnacmi 3acmocy8anus ma aHaiz pusuxie i Hebesnex 8 ix
orcummegomy yuxni. OYino8anHs 8i0N0GIOHOCMI BUMO2AM, AK NPABUNO, BUKOHYEMbCA WIAXOM OYIHIOBAHHA HA emani
mMecmyganHs 00CASHYMO20 3A2aNbHO20 PIGHS AKOCMI KOMNOHEHMIE NPOZPAMHO20 3aDe3nedeHHss KOHMPOIIO NoaboOmis. 3
Memoio  6CebiuH020 aHanizy 6IONOGIOHOCMI ampubOymié CUCMEeMU SUCYHEHUM SUMO2aM HeoOXIOHO Jociioumu |
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CMpPYKMypysamu 3HAYHy KinbKicmbv 06 ’ekmie ma (pyukyit. [na eupiuents 3a0aui cucmemamusayii 8 mMexcax 0oMeHy
3ACMOCY8ANHA 3aNPONOHOBAHO No0YOY8amu OPMAIbHY KOHYENMYaibHy MOOelb CUCmeMU, Ha 0a3i AK0i MexHoI02IYHO
chopmysamu MHOIICUHY 00 €kmie ma 6azosux yHkyitl i memoou ix peanizayii.

Ilpobnema niosuwenns 6esneku QYHKYIOHY8AHHA 00'€KMi6, KOHMPOAbOBAHUX 3d OONOMO20I0 ABMOMAMUI08AHUX
cucmem KOHMPOIO NOIbOMIB, € NOGcaAKuac akmyanvHor. OOHuM i3 wiiAXie 00csAcHeHHA yiei memu € 3abe3nedents
SKICHO20 11 HAOIIHO20 (DYHKYIOHYBAHHS NPOSPAMHUX CUCHIEM KOHMPOIIO ROLbOMIB, WO 0COONUBO BAICIUBO NIO YAC
excnayamayii niocucmemu OONycK08020 KOHMPOIIO, KA MA€E 3a0e3neuysamu peanizayilo aneopummie KOHMpOoo,
6CMAHOBIEHUX 0711 KOJCHO20 Mumny amanpbHozo anapamy. Y eunadxky HegipHoi oyinku nitomysawusi i pobomu
azpezamis ma 0ONAOHANHS, ICHYIOMb PUSUKU 00360AUMU NOOATbIUI NOTLOMU HENIO2OMOBIEHOMY eKinaxicy uu 6opmy
aimaxa, saxui mae oegpexmu yemamxysanns. O3naueni Gaxmopu MoJiCyms CAPUYUHUMU aBIaYitiHULL THYUOEHM, KUl
Modice be3nocepeoHbo GNIUHYMU HA Oe3NeKy HCUMMIO JIH00et, d MAKOXC YLNICHICMb 1ImaibHO20 anapamy.

Llnsaxom supiwenns npobremu € egekmusHe 3ACMOCYBAHHSA OHMOAOSIYHOI MOOeNi KOMNOHEHMI8 NpPOSPAMHUX
cucmem KOHMPOTIO NOAbOMIE HA NPOMA3L AHCUMMEBO2O YUKIY yux cucmem. Cmeopeny OHMOAOSIYHY MOOeib
BUKOPUCIAEMO OJi NOOYO0BU MAMEMAMUYHO20 anapamy nooauwHsa QyHKyitl (3adaw) oHmonozii y euodi asmomamuux
Modenetl, AKi 3ACTNOCYEMO 0151 BUPTULEHHS MA 0OYUCTEHHs 3A0ay 00HO20 MUNY 8 NPOYECax HCUMmeso20 YUKLy: nio yac
CMBOpeHHs KOHYenyii, awanizy 6umoe, HNPOSPAMYBAHHA [ BUUEPNHO20 MECMYBAHHA MHONCUHU HNPOSPAMHUX
KOMNOHEHMI8, AKI peanizyioms 3a0a4i KOHMpOJio NOTbOMIE.

Y ecmammi nposedeno amaniz ocmamnnix Oocniodxcenv i nyonikayiu, 0e NOKA3aHA eQeKmMuUEHICIb 3aCMOCY8aAHHS
OHMO02IU 015 peanizayii npoyecy NPUUHAMMA piuleHb 8 KOHMeKcmi npobieMHux cumyayii HeoOHo3HayHocmi. [na
cucmem [13 KOHmMPONIO NOILOMIE MOJCHA EPEKMUBHO BUKOPUCTNATNU ANAPAN OHIMONOIYHUX OOCTIONCEHD, 6O OCHOBHOIO
3a0auero 113 € npuiinamms piuwennsi npo HAOX00duCeHHs. 06 €Kma KOHMPONIO Ni0 4ac NoAbOmy 6 CMAHI «8 MelCcax
O00nYCKY» (WmamHutl pesicum), abo «3a mMexncamu 0onyCcKy».

Iposeodeni Oocnidoicennss exmouaroms y cebe: 1) 6uxkoHawHs OoOMeHHO20 aHanizy obracmi 3acmocysanus, 2)
CMBOPEHHsT OHMONO2I] NPOSPAMHO20 3aDe3nedeHHs. KOHMPONO NONbOMIB, KA CUCIEMAMU3YE | CMPYKMYPYE 3HAHHA
w000 nousme i 00’ekmie npeomemuoi obnacmi;, 3) opmyeanus Qynxyit iHmepnpemayii OHmMONOZi, a MAKON’C
cneyudgbikayiro Kpumepiie ma oOmedceHb 01A 3a0ay APUUHAMMS DilleHb 6 CUCMEeMAXx KPUMmuyHo20 NPUHAYEHHS.
Tlooanvwii docniodicenHs nposedeHi 3 Memorw 3ACmMOCY8aHHs Meopii agmomamié 01 NPOSPAMYBAHHS AN2OPUTNMIE
KOHMpoOa0 ma nobyoosu mecmosux HAO0pI@ OaHux O1s 6UKOHAHHA MeCHY8AHHA peani3o8anHux NpoOSPAMHUX
Komnonenmis. Ha ocrogi yux 0ocnioxcenv 6y6 nob6y0osanuti Memoo npoSpamysants demomMamHux Mooeiel KOHmMpoo
3 NPUKAAOOM MUNOB020 KOHCINPYIOBAHHS NPOSPAM HA OCHOBI UAOIOHI8 NPOSPAMYBAHHAL.

YV sucnoskax zaszumaueno, wo nobydoeana owmonociuna mooeiv ma il @yukyii inmepnpemayii modxcyme 6ymu
30CMOCOBAHT ) HCUMMEBOMY YUKIL PI3HUX KAACI8 NPOSPAMHUX CUCMEM KOHMPOJIO, OCKLIbKU 0YO0b-Ki iHpopmayitini
cucmemy  KOHMPOMO XAPAKMEPUIVIOMbCS  HASAGHICMIO 00 '€Kma  KOHMPOMO, WO KOHMPOMOEMbCS  CYKYNHICIMIO
napamempis, sKi SUMIPIOIOMbCS 3 OONOMO20K0 BUMIPIOGATILHUX NPULAOLE.

IHooanvwi  00cniodicenHss NPONOHYEMbCA NPOBOOUMU Y HANPAMKY AGMOMAMU3AYii CMEOPEHHS NPOSPAMHUX
KOMNOHeHmie 00podKu napamempuynoi norvomwuoi ingopmayii, 011 4020 HeoOXIOHO 3adiamu IHMeNeKMmyanbHi
MOJNCIUBOCMT WMYYHO20 [HMENEKMY.

KntouoBi cnoBa: kpumu4Hi npozpamHi cucmemu, OHMOJIoRis, npozpamHe 3abesneyvyeHHs, KOHMPOsb Mosbomis,
KoHUenmu, ¢byHKuii iHmepnpemauii, 3adada npulHAMMS PileHHs, Kpumepii ma obMexeHHs, CKiHYeHHI asmomamu,
asmomamHi moderni, sumoau 0o ssKkocmi rnpoepam, sumoau 0o besreku.

Raichev 1., Denysenko N.
METHODS AND MEANS OF APPLYING ONTOLOGICAL MODELS IN THE PROGRAM
SYSTEMS LIFECYCLE OF FLIGHT CONTROL

The article is devoted to the development of methods and tools for using ontology in the life cycle processes of flight
control program systems, which are mission-critical systems. For a variety of mission-critical system classes, the task of
developing methods for verifying these systems for compliance with the specified requirements within the subject
domain and analyzing risks and hazards throughout their life cycle is relevant. Compliance assessment is typically
performed by evaluating the overall quality level of flight control software components during the testing phase. To
comprehensively analyze the compliance of system attributes with the specified requirements, it is necessary to examine
and structure a significant number of objects and functions. To address the problem of systematization within the
subject domain, it is proposed to build a formal conceptual model of the system, based on which a set of objects, basic
functions, and methods for their implementation can be technologically formed.

The problem of enhancing the safety of objects controlled by automated flight control systems remains constantly
relevant. One way to achieve this goal is to ensure the high-quality and reliable operation of flight control program
systems. This is particularly important during the operation of the admission control subsystem, which must implement
control algorithms established for each type of aircraft. In case of incorrect assessment of piloting performance and
equipment operation, there is a risk of allowing further flights for an unprepared crew or an aircraft with defective
equipment. These factors may lead to an aviation incident, directly affecting human safety and the integrity of the
aircraft.
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A solution to this problem is the effective application of an ontological model of flight control program system
components throughout the life cycle of these systems. The developed ontological model will be used to construct a
mathematical framework for representing ontology functions (tasks) in the form of automaton models. These models
will be applied to solving and computing tasks of a similar type during life cycle processes, including concept creation,
requirements analysis, programming, and exhaustive testing of multiple program components that implement flight
control tasks.

The article analyzes recent research and publications demonstrating the effectiveness of using ontologies for
decision-making processes in the context of ambiguous problem situations. For flight control SW, the apparatus of
ontological research can be effectively utilized, as the primary task of the SW is to determine whether the controlled
object remains "within tolerance" (normal mode) or "beyond tolerance."”

The conducted research includes: 1) performing a domain analysis of the application area; 2) developing an
ontology for flight control software, which systematizes and structures knowledge regarding concepts and objects of the
subject domain; 3) defining ontology interpretation functions, as well as specifying criteria and constraints for
decision-making tasks in mission-critical systems. Further research has been carried out to apply automata theory for
programming control algorithms and constructing test data sets for testing the implemented software components.
Based on this research, a method for programming automaton-based control models was developed, along with an
example of typical program construction using programming templates.

The conclusions state that the developed ontological model and its interpretation functions can be applied
throughout the lifecycle of various classes of control program systems, as any control information system is
characterized by the presence of a controlled object monitored by a set of parameters measured using measuring
instruments.

Further research is proposed in the direction of automating the creation of program components for processing
parametric flight information, which requires leveraging the intelligent capabilities of artificial intelligence.

Keywords: critical program systems, ontology, software, flight control, concepts, interpretation functions, decision-
making task, criteria and constraints, finite automata, automated models, program quality requirements, safety
requirements.
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