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ABSTRACT
Context. Modern software systems operate in dynamic and harsh environments where internal and external failures, unexpected
disturbances, direct attacks, and resource constraints challenge the consistent provision of core functionalities. In these contexts,
ensuring functional stability — where the quality of each system function remains within a predetermined stable range despite failures
or environmental anomalies — is critical, especially for safety-critical and high-availability applications.
Objective. The primary objective of this work is to develop and justify an enabling design pattern that provides the architectural
backbone for achieving functional stability in software systems. The main focus is to provide a flexible solution that facilitates

dynamic adaptation while maintaining robust system behavior.

Method. We propose a novel pattern that combines the dynamic strategy selection capabilities with the loose coupling between

components afforded by an event-driven approach. This enabling pattern decouples system components by enforcing communication
solely through standardized event types and allows each module to select an appropriate adaptation strategy based on its current
context. The described pattern was used to build a design of a real-life example that aims to implement stable object tracking
functionality for autonomous quad-platforms. The proposed design was evaluated using design-level metrics alongside qualitative
comparisons with existing adaptive approaches.

Results. Our analysis shows that the enabling pattern achieves significant modularity and adaptability. Key object-oriented
metrics indicate minimal interdependencies among modules and a clear separation of concerns. The design proposal demonstrates
that the pattern supports dynamic behavior adjustment through flexible strategy selection and serves as an enabler for functional
stability by providing a robust architectural backbone for software systems.

Conclusions. The scientific novelty of this work is twofold: firstly, the novel pattern is obtained in our study, providing dynamic
adaptation through context-aware strategy selection; secondly, functional stability received further development in the area of
software architecture. The proposed pattern offers a robust, scalable, and maintainable architectural solution, with significant

practical implications for the design of adaptive, resilient software systems.
KEYWORDS: software design patterns, functional stability, event processing, adaptive behavior, autonomous systems.

NOMENCLATURE

C is a set of software components (modules) that form
the system SW;

C; is a specific component of the system SW,
responsible for executing one or more functions;

¢; is an internal state or context of component C,
which affects how the strategy selection function o
behaves;

E is a situation space representing the full range of
environmental and operational conditions in which the
system may operate;

Eexpeciea 1 @ subset of situation space E that contains
situations anticipated by the system designer;

E\Eoxpeciea 18 @ set of unexpected or unhandled
situations that are not explicitly anticipated during system
design;

F is a set of system functions provided by the system
SW;
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f: is a particular function from the set F, implemented
by a specific component C;;

M is a mapping function that defines the system’s
behavior;

O(f) is a set of all possible output states of the
component that provides function f;

o(f) is an output state of the component that provides
function f at time ¢;

P is an enabling architectural software design pattern;

s is a specific situation from space E that may affect
the system’s functioning at runtime;

Ss(tzgl . 18 a set of output states considered stable for
function f;

ST is a set of strategies available for adaptation within
the system;

st is a specific adaptation strategy from the set ST that
a component may use to react to a detected event;
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SW is a target software system under analysis,
composed of interacting components that together
implement the system’s core functionality;

T is a transient interval after which the output state of
function f is expected to reside within the stable set
s(f)

stable >
o is a strategy selection function that determines the
most suitable strategy for a component based on the cur-
rent situation and internal context.

INTRODUCTION

Modern software systems are increasingly deployed in
environments characterized by rapid changes, complex
dependencies, unexpected disturbances, and resource
limitations. These conditions — ranging from internal
failures and external attacks to unanticipated operational
anomalies — pose significant challenges to maintaining
consistent, reliable functionality. The concept of
functional stability [1], defined as the ability of a system
to preserve its core functions within predetermined stable
boundaries despite adverse conditions, has traditionally
been applied in mechanical, physical, and decentralized
systems. However, its application to software systems and
software architectures is less explored, creating a gap in
both scientific research and practical implementations.

The current state of research in adaptive and resilient
software architecture emphasizes the use of classical
design patterns alongside approaches for dynamic
reconfiguration and self-adaptation. These methods
provide valuable mechanisms for enabling systems to
adjust their behavior in response to changing operational
conditions. However, while they offer important insights
into dynamic adaptation and fault tolerance, many of
these approaches address only isolated aspects of system
resilience. Consequently, a comprehensive architectural
solution that unifies dynamic adaptation with long-term
functional stability remains lacking. This gap motivates
our investigation into an enabling design pattern that not
only supports flexible strategy selection and decoupled
communication between components but also provides a
robust framework for maintaining stable system behavior
in complex, dynamic environments.

The object of the study is the adaptive process within
software systems that encounter a diverse range of
operational situations — including both expected and
unforeseen disturbances.

The subject of the study is the enabling design
pattern, an architectural backbone that integrates dynamic
strategy  selection with decoupled, event-driven
communication among components. This pattern is
intended to provide the structural support necessary for
systems to maintain stable functionality over time, even
under conditions of stress or failure.

The purpose of the work is to develop and justify a
pattern-based solution that provides the necessary
structural support for achieving functional stability in
complex software systems. To achieve this aim, we have
set the following tasks: to analyze existing approaches
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and identify their limitations with respect to functional
stability; to design a pattern that is able to fulfill the
mentioned requirements; to evaluate the proposed pattern.

1 PROBLEM STATEMENT

Let SW be a software system composed of a set of
components C={C,,C,,...,C,} that collectively implement
a set of functions F={f},f5,...,f,}. The system SW operates
in an environment characterized by a situation space E,
where each situation se E is an element of [I*. These
situations represent various conditions — including
internal and external failures, disturbances, and other
operational anomalies — that the system may encounter.

The system is modeled by a mapping function M:

E—O(f), where O(f)={ ol(f )’ng ),...,o,(nf ) } represents the

set of output states or responses of a component that
provides function f after encountering a situation s. In
response to a situation, a component may either change its
state or maintain its current state.

The overall goal is to achieve functional stability for
each function fe F under situation space E. Formally, for
every function f, there exists a subset of stable states
N2

wahle Such that after a transient interval 7, the state

ot(f ) corresponding to function f'satisfies formula (1):

o) e s

stable’vr >T. (M

To address these challenges, the problem targeted by
this article is to develop an enabling software design
pattern P that provides the architectural backbone for
achieving functional stability in dynamic environments.
This pattern by its design considerations should support
the system SW with the ability to satisfy formula (1)
despite failures, disturbances, or unanticipated operational
conditions. In details, the target pattern P should be
responsible for next aspects.

— Enabling adaptability. Allowing each component C;
to select a strategy from a set ST based on the current
situation s€ £ and its internal state (context) c; This
selection is formalized by a function o:(s,c;)—st € ST. By
adjusting a strategy component could transition into a
stable state, satisfying the formula (1).

— Handling expected situations. It is expected that a
system designer defines a subset Eeypecea < E that covers
the range of anticipated conditions. Recognizing that
E\E,peciea may include unexpected situations, P should
support default or fallback strategies to mitigate these
unhandled cases.

— Supporting extensibility and scalability. Ensuring
that the pattern P is designed in a modular way to allow
easy maintenance, extension, and scaling of both the
strategies ST and the overall system functions F.

2 REVIEW OF THE LITERATURE
Functional stability [1] is defined as the property of an
object to preserve the execution of its primary functions
over a specified time, within limits set by normative
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requirements, even when exposed to counteractive
influences and streams of failures, malfunctions, or errors.
This concept is particularly valued in contexts where
uninterrupted performance is critical, such as in safety-
critical systems or environments prone to frequent
disturbances. The methodological approach to achieving
functional stability can be divided into four compact
stages [2]:

— detection of an abnormal situation associated with
degradation in the quality of functioning due to the
influence of destabilizing factors;

— identification of an abnormal situation;

— making a decision on restoring the functioning
process;

— restoring functioning by redistributing functions and
tasks between undamaged elements.

Historically, the concept of functional stability has
been applied extensively to mechanical and physical
systems — such as for example onboard aircraft systems
[3, 4], control and navigation systems [5, 6], and
distributed information networks [7, 8] — where reliability
under failure conditions is paramount. However, this
concept remains poorly defined and underexplored in the
domain of software engineering, particularly at the
software architecture and design levels. But there are
some connected terms that are represented in the area of
software architecture: in some academic circles,
“functional stability” is a common term, while Western
literature often employs related concepts such as self-
adaptive, robust, or resilient system design. Further we
provide brief definitions of each term and related
literature review.

According to the source [9] self-adaptive software is
identified as software that possesses the capability to
autonomously modify its behavior in response to changes
in its operating environment or internal state. Such
systems continuously monitor their context and, upon
detecting deviations from desired behavior or
performance goals, reconfigure themselves automatically
to satisfy both functional and non-functional
requirements.

The standard [10] defines robustness as the degree to
which a system or component can function correctly in
the presence of invalid inputs or stressful environmental
conditions.

The CNSS Glossary [11] determines resilience as the
ability to prepare for and adapt to changing conditions
and withstand and recover rapidly from disruptions.
Resilience includes the ability to withstand and recover
from deliberate attacks, accidents, or naturally occurring
threats or incidents.

These definitions, while distinct in their emphasis,
collectively highlight the system’s capacity to maintain
and restore core functionality under adverse conditions
and are interrelated in that they contribute to the overall
goal of designing systems that can endure, adapt, and
recover in harsh dynamic environments.

A first notable foundation for achieving adaptiveness
in software design is provided by the work of the GoF
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[12], which shaped modern software architecture. The
GoF introduced a catalog of design patterns that offer
proven solutions to recurring problems in software design.
Among these, the Observer and Strategy patterns stand
out as particularly relevant for enhancing system
adaptiveness. The Observer pattern decouples the subject
from its observers, allowing components to react in real
time to state changes. It enables systems to dynamically
adjust their behavior in response to environmental shifts,
thereby supporting continuous functional performance.
By encapsulating interchangeable algorithms, the Strategy
pattern empowers systems to select the most appropriate
behavior at runtime. This flexibility is essential for
maintaining adaptive responses under varying operational
conditions.

The thesis [13] which is summarized in the work [14]
presents a catalog of design patterns specifically aimed at
enabling software systems to adjust their behavior
dynamically at runtime. The work systematically
categorizes design patterns that support dynamic
adaptiveness, outlining how various patterns address
different aspects of runtime adaptation. The patterns are
organized into clear categories based on their roles within
the adaptive process:

— monitoring and analysis patterns focus on
continuously  observing  system  behavior  and
environmental conditions, providing essential data for
triggering adaptation;

— planning and decision patterns encapsulate strategies
for selecting among multiple behavioral alternatives; it
leverages concepts from control theory and optimization
to guide adaptive decision-making;

— execution and reconfiguration patterns responsible
for the implementation of adaptive changes at runtime,
such as dynamic component replacement and state
migration, ensuring that the system can reconfigure itself
seamlessly.

The thesis focuses on dynamic adaptiveness without
addressing the concept of functional stability, so there is
an opportunity to integrate these concepts. The works [15,
16] introduce innovative autonomic design patterns that
complement the taxonomy of dynamically adaptive
systems presented in the thesis. The work [15] proposes
an event-based pattern for web services, triggering
adaptive responses via system events, while the study [16]
presents an adaptive reconfiguration compliance pattern
that enables systems to adjust configurations while
meeting compliance standards.

The work [17] introduces a comprehensive taxonomy
of design patterns aimed at enabling runtime
reconfiguration in software systems. It emphasizes the
importance of decoupling configuration logic from core
business functionality, thereby allowing components to
adapt dynamically without disrupting overall operations.
Key ideas include mechanisms for dynamic state transfer,
policy-driven reconfiguration, and runtime component
replacement — each facilitating seamless adaptations in
response to changing environments or internal conditions.
Overall, this source provides a structured framework for
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understanding how pattern-based approaches can support
software adaptiveness.

In the more recent study [18] authors present a
framework for dynamic software adaptation that leverages
runtime architectural models to manage both planned and
unplanned changes. The paper categorizes adaptation into
three types — algorithmic, configuration, and architectural
— and introduces state machine-based adaptation patterns
that explicitly govern component transitions from active
to quiescent states.

The article [19] presents a system designed to
automatically detect, diagnose, and repair faults in sensor
networks during runtime. The framework is built upon the
MAPE-K model [20] — an established autonomic
computing paradigm which structures the self-healing
process into five distinct phases:

— monitor — the system continuously gathers sensor
data and other relevant metrics;

— analyze — collected data are processed to detect
anomalies or deviations that may indicate sensor faults;

— plan — upon detecting an issue, the system
formulates a remediation strategy;

— execute — the planned corrective actions are applied
to restore proper operation;

— knowledge — a shared repository is maintained to
store historical data, learned patterns, and decision-
making rules for future incidents.

By leveraging this model, the framework not only
addresses transient errors in sensor data but also supports
dynamic adaptation to evolving fault conditions, thereby
enhancing the overall reliability and availability of
sensor-based systems. Although the framework addresses
self-healing, it does not explicitly integrate the broader
notion of functional stability into its design. There is an
opportunity to combine the self-healing approach with
functional stability principles. The framework is tailored
to sensor networks, focusing primarily on data acquisition
and fault remediation in that context.

In summary, while the reviewed literature proposes
many adaptive and self-healing solutions, these
approaches predominantly address how systems can alter
their behavior in response to change. However, there
remains a gap: the concept of functional stability is
underexplored at the software design and architectural
levels. This gap underscores the need for novel design
patterns and methodologies that explicitly integrate
functional stability into software architectures, thereby
fostering systems that are not only adaptive but also
inherently resilient and robust.

3 MATERIALS AND METHODS

Our approach for ensuring functional stability in
software systems is based on the assumption that a
software component can achieve functional stability if it
is capable of dynamically adapting to changes in its
operational environment. Specifically, if each software
component C; can detect events that signify changes in the
situation space £ and then select an appropriate adaptation
strategy from a set ST — using a strategy selection function
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o6 — then software system can maintain its output state
within a predetermined stable set ngfagal .- In this
approach, the presence of multiple strategies, including a
fallback strategy for handling unexpected events and
critical failures, enables the module to adjust its behavior
in real time. Consequently, by dynamically switching
among these strategies as counteractions to detected
disturbances, a software component can preserve the
quality of its primary functions and, in turn, contribute to
the overall functional stability of the system.

In this section, we introduce our novel design pattern
that aims to enable functional stability in software
systems while expanding the adaptive patterns collection.
Our pattern is born from the idea of combining the
flexibility of the Strategy pattern [12] with the dynamic
notification features of the Observer pattern [12]. The
Strategy pattern excels at allowing interchangeable
algorithms, and the Observer pattern provides the ability
to trigger actions in response to incoming events. Below,
you’ll find the UML diagrams and a detailed description
of our pattern. These materials will walk you through how
the pattern is structured, how each component interacts,
and the rationale behind our design choices.

One key aspect of our approach is evolving from the
traditional Observer pattern to a more flexible Publish-
Subscribe model [21]. In the classic Observer pattern,
subscribers must know the Observer (publisher) directly,
which can create tight coupling between components.
With Publish-Subscribe subscribers don’t need to know
the publisher. Instead, they simply subscribe to specific
event types. This decoupling enhances flexibility and
makes it easier to manage complex, dynamic systems.

We should also mention that event handling is a core
element of our pattern, serving as the engine for
adaptivity and a one of key contributors to functional
stability. By centering our design around event handling,
we enable a decoupled, dynamic interaction between
components, where events trigger specific responses
without requiring direct connections between publishers
and subscribers. At the same time, it is important to note
that we will not be focusing on how events are generated
or detected within the system. We assume that events are
produced by various entities through different approaches
— whether for example by physical sensors, monitoring
tools, or through the specialized “monitoring and analysis
patterns” [13, 14, 20]. Our primary concern here is how
these events are handled to adapt the behavior of
individual components and the overall system.

Our pattern is expected to be applied for software
components (modules), and under the term “software
component” we understand any self-contained, logically
cohesive unit that encapsulates a distinct functionality
within a system. Each module should be designed to
operate independently, featuring well-defined interfaces
that facilitate interaction via our event-driven approach.
Such modular structure supports the decoupling and
dynamic adaptivity of our design. In addition, our pattern
acknowledges that software components can exist in
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hierarchical structures. Some modules may function as
submodules of larger modules, forming dependency
relationships that need careful handling. Our approach is
designed to accommodate these nested configurations,
ensuring that even when modules depend on one another,
the event-driven mechanism maintains robust decoupling
and clear communication channels.

With the foundational concepts in place, let’s now
dive into the details of our pattern. The pattern is a
behavioral design approach that enables software
components to dynamically adjust their behavior in
response to events that arise in a system. By merging the
strategic decision-making capabilities of the Strategy
pattern with the loose coupling of the Publish-Subscribe
model, this pattern allows components to select the most
appropriate operational strategy when specific events
occur.

When an event is triggered, a dedicated handler within
the component is able to evaluate the event context (the
event may contain some valuable information, such as
reason, creation time, criticality etc) along with a system
state and provide a decision about activating the best-
suited strategy from a set of available options. For
instance, strategy changes may involve initiating a
recovery process, modifying the execution algorithm to
maintain the module’s core functionality, switching to
backup resources, switching to a default strategy that
degrades the functionality in case of unexpected and
unknown events, adapting to new environmental
conditions, or adjusting task processing priorities, among
other possibilities.

It’s worth mentioning that in our approach, the event
handler is not required to change the strategy for every
event. Certain events may fall outside a module’s ability
to resolve on its own. When a module experiences an
unknown or critical error that impedes its normal
operation, it can notify its dependent modules about the
malfunction. These dependent modules are then expected
to adjust their strategies accordingly, effectively shifting
the responsibility for resolving the event to a higher
hierarchical level. Taking this into account, it can be seen
that our pattern allows each module to play a dual role —
acting both as a publisher and as a subscriber. This means
that a module can react to received events while also
generating new events in response to its current state. This
cascading approach to event processing supports multi-
level and hierarchical error management, ultimately
enhancing the overall reliability and adaptability of the
system. In summary, our design supports adaptation of
individual components by allowing them to change their
operational strategies (for example, by switching
algorithms) and by reconfiguring their submodules.

An example of such hierarchical structure is
introduced in Fig. 1. Here, the highest-level module
functions as the main component that orchestrates the
system, yet its overall functionality depends on the
services provided by the lower-level modules. In this
view, the downward pointing dependency arrows
effectively show that while the high-level module is in a
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position to steer the configuration and behavior of the
lower modules, it remains fundamentally dependent on
them to supply the necessary functionality.

Furthermore, the pattern encourages developers to
clearly identify and define critical events and to design
targeted response strategies. Developers are urged to
thoroughly analyze the range of potential events — both
anticipated and unforeseen — that might influence system
behavior. For each identified event, a corresponding
handling strategy should be pedantically crafted. Such
careful planning and targeted strategy development ensure
that each module can gracefully adapt to changing
conditions while remaining isolated from unintended side
effects in other parts of the system.

Module

Module

A\

Madule

$ Module

AN

]| £78
JANVANR
% Module E Module g Module % Module

Figure 1 — An example of hierarchical module structure

Module

The UML class diagram of the pattern, which is
presented on Fig. 2, illustrates the key components and
their relationships within the pattern, further is the
description of every item.

— IPublisher. This interface defines the contract for
any entity that is responsible for publishing events. It
declares the method for event publication, ensuring that
any implementing class can deliver events to the system’s
central coordinator.

— IEventSubscriptionService. This interface outlines
the operations required for managing event subscriptions.
It includes methods for subscribing and unsubscribing
components, ensuring that events are delivered only to
those subscribers that have expressed interest.

— IEventSubscriber. The IEventSubscriber interface
specifies the method(s) a component must implement to
handle incoming events. It standardizes event processing
so that every subscriber can react appropriately when
notified of an event.

— IStrategy. This interface defines the operational
algorithm or behavior that a subscriber may adopt when
processing an event. It encapsulates the logic for adapting
the module’s functionality in response to system or
environment changes.

— IStrategySelector. The IStrategySelector interface
establishes the contract for selecting an appropriate
strategy based on the current context. This context may
include for example information provided by an event or
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system’s state, allowing the selector to choose the best-fit
strategy for the situation.

— Event. An Event represents any change, notification, or
trigger that might be significant to system components.
Each event is associated with a predefined type
(EventType) and can carry various details (such as a
timestamp, publisher identity, cause, or description) that
subscribers might require for processing the event.

— EventType. Defined as an enumeration, EventType
specifies the different categories of events that the system
can handle. It serves as a key for mapping events to their
corresponding subscribers and facilitates efficient event
routing within the system.

— AnEventProducer. This abstract class encapsulates
the logic for generating events. AnEventProducer
aggregates an instance of the IPublisher interface, which
it uses to publish events. By decoupling event generation
from event distribution, it ensures that modules remain
independent of the specific mechanisms used to deliver
events.

@ AnEventProducer

-publisher: IPublisher

— EventManager. Serving as the central coordinator of
the pattern, the EventManager implements both the
[Publisher and IEventSubscriptionService interfaces. It is
responsible for managing subscriptions and for delivering
events to the appropriate subscribers. To accomplish this,
it maintains an internal mapping (subscribers map) that
associates each event type with a list of interested
subscribers, ensuring that events are routed correctly.

— ConcreteModule. A ConcreteModule plays the dual
role of event subscriber and, optionally, event producer. It
implements the IEventSubscriber interface to process
incoming events and, in some cases, extends
AnEventProducer to generate events as well. Upon
receiving an event, the ConcreteModule may leverage a
strategy selection mechanism to dynamically choose an
appropriate response strategy, thereby adapting its
behavior to maintain system stability.

The UML sequence diagram is illustrated on Fig. 3.
This diagram conveys the dynamic interplay between the

+produceEvent(): void
+produceEvent(eventType: EventType): void
+setPublisher{publisher: IPublisher): void

publisher|

@) rrublisher

@ IEventSubscriptionService

+publishEvent{eventType: EventType, event: Event): void

+subscribe(subscriber: IEventSubscriber, eventType: EventType): void
+unsubscribe(subscriber: IEventSubscriber, eventType: EventType): void

&

B

@ EventManager

-subscribersMap: Map<EventType, List<|EventSubscriber>>

+publishEvent(eventType: EventType, event: Event): void
+subscribe(subscriber: IEventSubscriber, eventType: EventType): void
+unsubscribe(subscriber: |[Eventsubscriber, eventType: EventType): void

A software module may act as both publisher 'T

+onEvent(event: Event): void =T 1T

and subscriber, enabling caseading event handling.

c
]
@

- — - — - —— - ———— -

produces :
X manages
[
|
publishes: @ IEventsubscriber
uses |
1
| T
! uses'
I |
| |
h 4 Y
(©) Event

-eventType: EventType
/f may containt custom data:
_____________ > ~data; Object

/I may provide some useful
J{ information about the event
+getData(): Object

© ConcreteModule

-strategySelector: IStrategySelector
-currentStrategy: IStrategy

+setStrategySelector(selector: StrategySelector): void
+onEvent(event: Event): void

|
|
|
: +getType(): EventType
: hasi currentStrategy]| strategySelector
v v
® EEERES @ IStrategy @ IStrategySelector
Timeout
OutofMemory 1/ if needed the Strategy may [/ if needed the StrategySelector may take some
/f all event types }f take some useful Context [/ useful Context: object state, system state, etc.
+execute(contextData: Object): void +selectStrategy(event: Event, contextData: Object): Strategy

B

(€) concretestrategy

&

(©) concretestrategyselector

+execute(contextData: Object): void

+selectStrategy(contextData: Object): [Strategy

Figure 2 — UML class diagram of the proposed pattern

© Bychkov O. S., Moroz M. V., 2026
DOI 10.15588/1607-3274-2026-1-9

OPEN 8 ACCESS




p-ISSN 1607-3274 Pagioenexkrponika, iHpopmaTuka, ynpasiinss. 2026. Ne 1
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2026. Ne 1

Module (Subscriber) ‘

[] i - ! i i

:Publishing an Event |

‘ Publisher | l EventManager ‘ StrategySelector | ‘ Strategy |

Publish event |
>

for each Subscriber  /
Notify (call onEvent() method)

L.

: Handling the Event

| alt A | [Suitable Strategy found]

Select Strategy for event

< Return Strategy | ‘

Set Strategy !

[ Execute
|
|
|
|

[No suitdbje Strategyl
_ Publish event

II"“

-

‘ Publisher ‘ [ EventManager

Module (Subscriber) ‘

‘ StrategySelector ‘ ‘ Strategy ‘

Figure 3 — UML sequence diagram of the proposed pattern

key components in our pattern, showcasing how the
system adapts to events through a cascading mechanism.
The diagram highlights the inherent flexibility built into
the design. Upon receiving the event, each subscriber
evaluates it using its StrategySelector. The sequence
diagram illustrates that if a subscriber identifies an
appropriate response, it will execute the corresponding
strategy to adapt its behavior. However, if no suitable
strategy is found, the subscriber escalates the situation by
publishing a new event, effectively shifting the
responsibility to higher-level components. This cascading
approach not only underscores the dual role of modules —
as both publishers and subscribers — but also reinforces a
multi-tiered error management process that enhances the
overall reliability and adaptability of the system.

In summary, our proposed pattern fulfills the
described approach of providing functional stability for
software systems by enabling each software component to
maintain multiple strategies — represented via the
[Strategy interface — and dynamically react to changes.
The pattern ensures that, upon detection of relevant
events, a component can select and execute the most
appropriate adaptation strategy through its strategy
selection interface IStrategySelector. This design not only
supports flexible adaptation but also lays the architectural
foundation for achieving functional stability across the
system.

4 EXPERIMENTS
In our experimental evaluation, we address the
challenge of designing a robust software system that can
maintain functional stability under dynamic conditions.
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Rather than focusing on specific code implementations,
our experiment demonstrates how the proposed enabling
pattern influences the design of an application intended
for real-life challenges, such as stable visual object
tracking for autonomous platforms.

The solution under design is expected to detect, track,
and recover from tracking failures in real time. Initially,
the system analyzes the video stream to detect an object
based on predefined criteria. Upon detection, an event is
generated that triggers the transition from an object
detection mode to an object tracking mode. When the
target moves an appropriate event occurs and the
corresponding module uses a strategy selection
mechanism to determine whether to adjust the camera
orientation or reposition the platform using its wheels.

The experimental design is considered to support
several scenarios.

— Initial detection and transition to tracking. To start
the tracking process, the system must first detect the
target object. In this initial step, the system employs
“find” and “detect” strategies by exploring the camera
view and, if necessary, changing its physical location.
Once the target is detected, a detection event is published
and routed to all interested parties, initiating the tracking
process.

— Dynamic tracking with adaptive strategies. As the
target moves, a series of events reflecting its motion are
generated. The strategy selector evaluates these events
and dynamically chooses the appropriate response —
adjusting the camera for minor movements or driving the
wheels for larger positional changes. This scenario
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demonstrates the pattern’s ability to maintain functional
stability by adapting to ongoing changes.

— Target loss and recovery. In situations where the
target temporarily leaves the field of view or becomes
occluded, the system generates a “target lost” event. This
event triggers a recovery procedure, wherein the system
searches for the target based on the last known tracking
data

The pattern’s capability to dynamically switch
between different strategies ensures that the system can
adapt to environmental variability and unexpected
disturbances, thereby achieving reliable performance
under a wide range of conditions. To present our
experimental design we have developed a series of
simplified UML class diagrams that detail the architecture
of the experimental system. These diagrams illustrate the
core infrastructure, along with the domain-specific
modules that implement dynamic adaptation. Note that
some core components (e.g., EventManager) and
interfaces are not present in UML diagrams for better
readability, but they are still essential for the design.

Fig. 4 presents the components related to the camera
functionality. The CameraModule, responsible for
capturing frames and reorienting the camera, extends the
common AnEventProducer and implements the
[EventSubscriber interface. It interacts with a dedicated
CameraStrategySelector that dynamically selects between
the CameraTrackingStrategy and CameraSearchStrategy
based on incoming events.

The Movement Domain diagram presented in Fig. 5
details the architecture for platform repositioning. The
MovementModule, which manages the physical adjust-
ments of the system, similarly extends AnEventProducer
and implements [EventSubscriber. It utilizes a Move-
mentStrategySelector to choose between strategies such
as WheelTrackingStrategy and WheelSearchStrategy.
This enables responsive adjustments to the platform’s
position in reaction to target movement or loss.

In the diagram on Fig. 6, the Image Analysis Domain
is depicted. The ImageAnalysisModule, tasked with
processing captured images and analyzing target
characteristics, also inherits from AnEventProducer and
implements  IEventSubscriber. It employs an
ImageAnalysisStrategySelector to dynamically select
among  strategies such as  FindObjectStrategy,
TrackObjectStrategy, and RecoverFindStrategy. This
modular approach facilitates robust analysis and quick
recovery when tracking is disrupted.

By focusing on architectural design rather than
implementation specifics, our experiment demonstrates
that the proposed enabling pattern can serve as a robust
architectural backbone for adaptive systems. The pattern’s
ability to support both dynamic strategy selection and
component reconfiguration highlights its potential to
enhance system functional stability in real-world
applications.

@ AnEventProducer

() EventType

@ IEventsubscriber

-publisher: IPublisher

TARGET_DETECTED

+onEventievent: Event): void

+setPublisher(publisher: IPublisher): void
+produceEvent(): void
¢ +produceEvent(eventType: EventType): void

TARGET MOVED
TARGET_LOST
TARGET_NOT_FOUND_NEAR
NEW_SEARCH_POINT REACHED

! A

Camera Domain\,

@ CameraModule

-strategySelector: CameraStrategySelector

@ IStrategySelector

+captureFrame(): void
+produceEvent(): void
+onEvent(event: Event): void

+selectStrategy(event: Event): IStrategy

uses

¥

@ CameraStrategySelector

@ IStrategy

+selectStrategylevent: Event): ACameraStrategy
T

+execute(contextData: Object): vold

selects:

v

@ ACameraStrategy

+execute(contextData: Object): void

]

@ CameraTrackingStrategy

@ CameraSearchStrategy

+execute(contextData: Object): void

+execute(contextData: Object): void

Figure 4 — The UML class diagram for Camera domain
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@ AnEventProducer ® EEMEE
IEventSubscriber _ ‘ . : TARGET_DETECTED
® publisher: IPublisher TARGET MOVED
. pppr +setPublisher(publisher: IPublisher): void TARGET_LOST
+onEvent(event: Event): void o s vl TARGET NOT FOUND NEAR
A +produceEvent(eventType: EventType): void NEW_SEARCH_POINT_REACHED

|
|
Movement Domain' 1

© MovementModule
-strategySelector: MovementStrategySelector r ® IStrategySelector
+adjustPosition(): vold " : :
e : +selectStrategy(event: Event): [Strategy
+onEvent(event: Event): void |
|
uses |
|
v |
(€) MovementstrategySelector @) istrategy
+selectStrategy(event: Event): AMovementStrategy +execute(contextData: Object): vold

selects $
I
d l
(R) AMovementstrategy |

+execute(contextData: Object): void

@ WheelTrackingStrategy @ WheelSearchstrategy

+execute(contextData: Object): void +execute(contextData: Object): void

Figure 5 — The UML class diagram for Movement domain

@ AnEventProducer ® EAEmARE
IEventSubscriber N i . i TARGET_DETECTED
@ publisher: IPublisher TARGET MOVED
N P +setPublisher(publisher: IPublisher): void TARGET_LOST
e Byl vl +produceEvent(): void TARGET_NOT_FOUND_NEAR
Q +produceEvent(eventType: EventType): void NEW_SEARCH_POINT_REACHED
|
|
Image Analysis Domain\ 1
@ ImageAnalysisModule
-strategySelector: ImageAnalysisStrategySelector 4 @ IStrategySelector
+analyzelmage(): void " : -
SR h ) : +selectStrategy(event: Event): IStrategy
+onEvent(event: Event): vold |
|
uses, !
|
|
@ ImageAnalysisStrategySelector @ IStrategy
+selectStrategy{event: Event): AimageAnalysisStrategy +execute(contextData: Object): void
T
sslscts:
|
v |
I
@ AlmageAnalysisStrategy |
D ,,,,,,,,,,,,,,,, F
+execute(contextData: Object): void
@ FindObjectStrategy @ TrackObjectStrategy @ RecoverFindStrategy
+execute(contextData: Object): void +execute(contextData: Object): void +execute(contextData: Object): void

Figure 6 — The UML class diagram for Image Analysis domain

5 RESULTS To quantify structural quality, object-oriented design
The proposed design pattern was evaluated from the metrics were calculated based on the UML architecture
perspective of structural quality, modularity, and presented in the Experimental section. Their values are
readiness for adaptation in dynamic software systems. shown in Table 1.
Rather than benchmarking low-level algorithmic
performance, the assessment focuses on design-level
metrics and scenario-based maintainability analysis.
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Table 1 — Object-oriented metrics for the proposed design

Metric Value Interpretation
CBO (Coupling 4 Low coupling; components
Between Objects) [22] interact solely via event types
LCOM (Lack of High cohesion; modules

Cohesion in Methods, 0.19
LCOM4) [22]

RFC (Response for
Class) [22]

DIT (Depth of
Inheritance Tree) [22]

encapsulate tightly related
functionality
Moderate response surface;
36 limited and testable method
complexity
Moderate abstraction depth due to
use of interfaces and base classes

These metrics confirm the pattern’s architectural
strength: decoupled modules, focused responsibilities, and
extensibility through clearly defined interfaces.

Beyond metric-based evaluation, the design was
assessed according to established SOLID [23] principles.
In general, our design satisfies the SOLID principles:

— it demonstrates high cohesion and a clear separation
of responsibilities (SRP);

— it is open to extension through subclassing while
remaining stable (OCP);

— it supports substitutability of components without
loss of functionality (LSP);

— it employs client-specific interfaces to prevent
unnecessary dependencies (ISP);

— it inverts dependencies so that high-level modules
rely on abstractions (DIP).

Qualitatively, the architecture shows:

— high modularity — by decoupling modules via
events, each component can be developed and maintained
independently, which facilitates scalability and easier
integration of new features;

— dynamic adaptability — the use of dedicated strategy
selectors within each domain allows the system to
respond adaptively to dynamic conditions, thereby
enhancing functional stability;

— maintainability — clear separation of core and
domain-specific components reduces complexity and
makes the system easier to understand and maintain.

These qualities collectively validate the robustness,
adaptability, and maintainability of our proposed pattern.

Although the study does not rely on a specific
implementation, an approximate estimation of runtime
overhead was performed based on architectural
assumptions. The event loop involves four stages: event
creation, dispatch, strategy selection, and strategy
execution. Table 2 outlines estimated average durations
for each step, assuming single-process deployment with
in-memory event dispatch.

Table 2 — Estimated runtime overhead per event

Operation Estimated duration (us)
Event creation and enqueueing 5-10
Dispatch to subscribers 1015
Strategy selection 3-5
Strategy switch and execution 4-6
Total estimated per event 22-36
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Given that typical processing intervals in control or
video-tracking applications range from 20 to 50
milliseconds, even handling multiple events per frame
results in overhead well under 1-2% of total cycle time.
These figures validate that the design is lightweight and
suitable for real-time reactive systems.

To further analyse maintainability, several common
evolution scenarios were considered. For each, we
assessed the required changes and the relative complexity
involved in extending the system using the proposed
pattern. Table 3 presents these findings.

Table 3 — Change scenarios and their impact on the proposed

design
Scenario Required changes Relatlve
1impact
Adding a new event Deﬁne anew e"eT‘t type,
(76 register subscribers, implement Low
yp matching strategy
Replacing tracking Add new strategy and register Low
algorithm it; no changes to other modules
Adding a notification Implement a subscriber, Low
module for alerting subscribe to target events

.l 1j1tr0.duc1ng Extend event metadata, modify

criticality-based . . .

ST dispatch logic or event manager | Medium

prioritisation of .
policies
events
Changing event . .

. f Modify event manager internals .
routing policy (e.g., oF inSert PIC-DIOCESSOrS Medium
filtering, batching) pre-p
Adding a dynamic Extend selector logic, integrate
strategy selector that model loading, handle decision | Medium

uses ML models fallback

The analysis shows that typical functional extensions
involve localized changes and benefit from the modular
structure. Scenarios that modify global coordination logic
(e.g., routing policies) introduce higher complexity, which
is expected due to their system-wide implications.

6 DISCUSSION

Our evaluation confirms that the proposed software
design pattern successfully addresses the stated problem,
described at the beginning of the article. Specifically, the
pattern meets the following requirements:

— enabling adaptability — each component dynamically
selects a strategy based on the current situation and
internal state;

— handling expected and unforeseen situations — the
inclusion of fallback strategies ensures that even when
unexpected conditions arise, the system maintains its
stability;

— supporting extensibility and scalability — the
modular architecture, with clearly decoupled components
that communicate solely via event types, facilitates
maintenance, extension, and scaling.

These points are supported by our design-level metrics
and qualitative assessments, which together demonstrate
that the pattern provides a robust architectural backbone
for enabling functional stability.

Our proposed pattern distinguishes
reviewed solutions in several ways.
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— Integrated Adaptability Through Strategy Selection.
Whereas traditional patterns like Observer and Strategy
provide individual benefits — event notification and
algorithmic interchangeability — our pattern fuses these
concepts together. By dynamically selecting among
domain-specific strategies, our pattern not only reacts to
events but does so in a way that supports continuous
functional stability.

— Decoupling and Modularity. Several approaches in
the literature [13-16, 19, 20] emphasize reconfiguration
or centralized fault handling. Our pattern achieves
adaptability  through a  decoupled, event-driven
architecture, ensuring that components interact solely
through standardized event types. This decoupling
minimizes interdependencies and supports a highly
modular design. Such modularity enables incremental
extension and easier maintenance.

— Architectural Focus on Functional Stability. While
many studies address adaptiveness [13-16, 20] or self-
healing [19] — typically measured in terms of recovery
time or system throughput — our work explicitly targets
functional stability. Our pattern ensures that, despite
disturbances, the output state of each system function
remains within an acceptable stable range after a transient
period. This focus on functional stability fills a gap
identified in the literature where adaptive techniques are
rarely evaluated against the criteria of long-term
functional stability.

— Combination of Strategy and Reconfiguration
Approaches. Some literature [13—16] contrasts strategy-
based adaptation with dynamic reconfiguration. Our
pattern uniquely combines these perspectives: while
components may change their operational strategies at
runtime, these strategy changes can incorporate
subcomponent reconfigurations as needed. This hybrid
approach not only provides flexibility but also ensures
that the system maintains its essential functionality even
as underlying configurations evolve.

Despite its strengths, our design is not without
challenges. The event-driven architecture introduces
inherent complexity in managing event flows, which can
complicate debugging and performance analysis.
Additionally, the overhead of dynamic strategy selection
may impact performance under extremely high event
loads. These trade-offs are considered acceptable given
the substantial gains in adaptability and modularity;
however, they warrant further empirical investigation to
optimize system performance in large-scale deployments.

The proposed pattern is particularly well-suited for
applications requiring high adaptability, such as
autonomous systems, real-time monitoring, and fault-
tolerant computing environments. Its modular nature
enables integration with existing systems and supports
iterative enhancement.

CONCLUSIONS
This work addresses the scientific problem of ensuring
functional stability in dynamic, resource-constrained
software systems by developing an enabling design
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pattern. Our proposed pattern provides an architectural
backbone that decouples system components through
event-driven interactions and supports dynamic strategy
selection.

The scientific novelty of this work is twofold. Firstly,
our novel pattern supports dynamic adaptation by
allowing each module to select an appropriate strategy
based on the current operational context. This novel
pattern is firstly obtained in our study and is substantiated
by quantitative design-level metrics — such as low
coupling and inferred high cohesion — which demonstrate
the robustness and maintainability of the design.
Secondly, the functional stability received further
development by bridging the gap in the software
architecture viewpoint. In this regard, our approach
ensures that system functions remain  within
predetermined stable states despite disturbances,
effectively uniting theoretical concepts with practical
architectural design.

The practical significance of the proposed pattern is
that it is applicable to a wide range of adaptive systems,
including autonomous platforms, real-time monitoring,
and fault-tolerant computing environments. Its modularity
and clear separation of concerns facilitate easier
integration, maintenance, and future extension. As a
recommendation, practitioners can adopt this pattern as a
foundational element in designing resilient architectures
where adaptability and stability are critical.

Prospects for further research are to focus on
advancing the pattern by incorporating additional
features, such as prioritization of events and multi-
threading support, which could further enhance the
pattern’s scalability and performance in high-demand
environments. In parallel, the development of specialized
tools and methodologies for streamlined pattern testing,
debugging, and integration is highly recommended.
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HATEPH IIPOEKTYBAHHS JJI51 3ABE3IEYEHHS ®YHKIIOHAJIBHOI CTIMKOCTI B IPOTPAMHUX
CUCTEMAX

Buukos O. C. — 1-p TexH. HayK, podecop, 3aBiayBad kKadeapy NporpaMHIX CHCTEM Ta TeXHOJOTiH KHiBChKOro HaIlioHaIBHOTO yHi-
Bepcurery imMeHi Tapaca IlleBuenka, Kui, Yxpaina. ROR: https://ror.org/02aaqv166. ORCID: https://orcid.org/0000-0002-9378-9535.

Mopo3 M. B. — acnipasT kadeapu nporpaMHUX CHCTEM Ta TexHouorii KnuiBchKkoro HamioHaqbHOTO yHiBepcuTeTy iMeHi Tapaca
Illesuenka, Kui, Ykpaina. ROR: https://ror.org/02aaqv166. ORCID: https://orcid.org/0000-0001-6953-683X.

AHOTAULIA

AxTyanbHicTh. CydyacHi mporpamMHi CHCTEMH TPALIOIOTh Yy THHAMIYHUX Ta )KOPCTKHX YMOBAX, [Ie BHYTPILIHI Ta 30BHILIHI 3001,
HenependadyBaHi 30ypeHHs, IPsIMi aTakud Ta 0OMEKEHHSI pecypcCiB yCKIAAHIOIOTh CTa0lIbHEe HaTaHHS OCHOBHUX (DYHKINH. Y Takux
yMoBax 3a0e3neueHHs (YHKIIOHAIBHOI CTIMKOCTi, KONH SIKICTh KOXKHOI (YHKIII CHCTEMH 3alUINAETHCS B MeEXKaxX 3a3[ajieTiib
BH3HAYEHOT0 CTaOLIFHOTO Jiarna3oHy, He3Bakarouw Ha 3001 4M aHOMaNii CepefoBHINA, € KPHUTHYHO BaXKIIMBHM, OCOOIHMBO IUIS
cHcTeM, 1e Oe3reka Ta BUCOKA JOCTYIHICTh MAlOTh IIEPIIOPSIHE 3HAUCHHSI.

MeTta po6oTH — po3poOKa Ta OOTPyHTYBaHHS IaTepPHY MPOEKTYBAHHS, SIKMI 3a0e31euy€e apXiTeKTypHy OCHOBY JJIs OCSTHEHHS
(GyHKIIOHAIBHOT CTIMKOCTI B NPOTrpaMHUX cHCTeMax. ['OJIOBHMH akIeHT poOMThCS Ha HAJaHHI THYYKOTO DIillleHHs, SIKE CIIPHSE
JUHAMIYHIH amanrtanii npu 30epexeHH] HaaiiHOT poOOTH CUCTEMH.

Mertop. 3anpornoHOBaHO HOBHIA MTATEPH MPOEKTYBAHHS, SIKU TOEIHY€E MOXIIMBOCTI JMHAMIYHOTO BUOOPY cTparterii 3 mepeBaraMmu
C1abKOTro 3B’SA3Ky MK KOMIIOHEHTaMH, SIKHH 3a0e3MedyeThbcsi MOAEIUTI0 Ha OCHOBI moxiid. Lleil maTepH po3’€mHye KOMITIOHEHTH
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CHCTeMH, 3a0e3Neuyloun B3a€MOII0 BHKIIOYHO 4epe3 CTaHAApTH30BaHI THIH IIOJiH, Ta JO3BOJSE KOKHOMY MOJIYJIIO OOHpaTé
BIJINIOBIZIHY CTpaTerilo ajganTamnii Ha OCHOBI HOro NMOTOYHOrO KOHTeKCTy. OmmcaHuil maTepH OyB BHKOPHCTaHMH Ui MOOYIOBU
JU3aifHy TPHUKIAay, CHOPSIMOBAHOIO HAa BIPOBAKCHHSA (YHKIIOHAIBHOCTI CTaOiIBHOTO TPEKIHTY OO0’€KTIB s aBTOHOMHHX
KBaAporiathopM. 3amnpornoHOBaHUN [HM3aifH OLIHIOBABCS 3a JOMOMOIOI0 JU3alH-METPUK Ta SIKICHUX TMOPIBHSAHb 3 ICHYIOUHMH
aJJaTUBHUMH IiJIXOJIAMH.

PesyabTaTu. [IpoBenennii aHamiz nokasas, 10 MaTepH 3ade3nedye 3HAYHy MOAYJBHICTH Ta aJanTHBHICTh. KirouoBi 00’ €KTHO-
OpIEHTOBaHI METPWUKH CBigYaThb NP0 MIHIMAIBGHY B32a€MO3AJIEKHICTD MK MOIOYISAMH Ta YiTKHA pO3MOALT 00OB’S3KIB.
3anponoHOBaHUH AM3alH JEMOHCTPYE, IO MATepH HIATPUMYE NUHAMIYHY aJaNTalilo ITOBENIHKH 3a PaXyHOK THYYKOTO BHOOpPY
cTparerii i ciyrye 3acodoM 3abe3nedeHHs (QyHKIIOHATBEHOI CTIHKOCTI, CTBOPIOIOYH HAJliifHy apXiTeKTypHY OCHOBY IJISI TPOTPAMHUX
CHCTEM.

BucnoBkn. HaykoBa HOBH3HA 1i€l poOOTH € MOJBIHHOO: MO-TepIle, y JOCHIIKCHHI OTPUMAHO HOBHUI MATEpH, 10 3a0e3neuye
JUHAMIYHY aJanTaliifo 4epe3 KOHTEKCTHO-OPIEHTOBaHWI BHOIp crTpareril; mo-apyre, (yHKLiOHaJdbHA CTIHKICT OTpUMAana
MOZIAJIBLINKA PO3BUTOK B 00JacTi IPOrpaMHOI apXiTeKTYpH LUIIXOM 3allOBHEHHS NPOTAIMHM MK TEOPETHYHHMHU KOHLCHLISIMH
CTIMKOCTI Ta MPaKTUYHHM HPOEKTYBAaHHIM CHCTEM. 3aIpOIIOHOBAHUI MAaTEpH MPONOHYE HadiliHe, MacTaboBaHEe Ta MiATPHMYBaHE
apxiTeKTypHE PillICHHS 3 BATOMHIMH NMPAKTUIHUMH HACTIIKaM# I pO3pOOKH aIalTHBHUX, CTIHKUX MPOTPAMHUX CHCTEM.

KJIIOYOBI CJIOBA: mnarepHH INpOEKTYBaHHS IIPOTpaMHOTrO 3a0e3nedeHHs, (yHKIiOHaJIbHAa CTIHKICTh, 00poOka momii,
aJIanTHBHA MOBE/IiHKA, aBTOHOMHI CHCTEMH.
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