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ABSTRACT

Context. Ensuring the consistency and adaptability of requirements in systems operating under dynamic conditions and limited
resources is a pressing issue in modern requirements engineering, especially in intelligent diagnostic and decision-making environ-
ments. These systems must process conflicting, outdated, or ambiguous requirements while operating in environments characterized
by high uncertainty and dynamic conditions.

Objective. This work introduces a formalized methodology for analyzing and managing the compatibility of system require-
ments. The proposed approach integrates logical consistency, functional interaction, resource feasibility, and priority alignment to
support system stability and responsiveness.

Method. The methodology is implemented as a multi-level framework that incorporates formal representations of functional,
non-functional, and data-related requirements. It employs scenario-based modeling, a set of compatibility assessment models, and a
dynamic algorithm for integrating new requirements. The integration process includes compatibility checks, adaptive refinement,
expert-based weighting, and real-time feedback. The methodology’s applicability is demonstrated through a hypothetical intelligent

medical diagnostic system.

Results. The proposed methodology enables systematic identification and resolution of requirement conflicts, ensuring consistent
execution and effective prioritization under resource constraints. Scenario-driven modeling and the formalization of core require-
ments establish a foundation for adaptive system behavior and real-time decision-making.

Conclusions. The developed methodology, which includes models and algorithms, enhances the reliability of intelligent systems
operating in critical contexts. Future work will focus on extending the framework by incorporating fuzzy logic, machine learning
techniques, and developing software tools for automated compatibility analysis and adaptive requirements management.

KEYWORDS: methodology, software engineering, requirements engineering, requirements compatibility, scenario-based

modeling, priority-based harmonization.

ABBREVIATIONS

Al is an artificial intelligence;

AHP is an Analytic Hierarchy Process;

BP is a blood pressure;

HR is a heart rate;

Hx is a patient’s electronic medical history;

NLP is a natural language processing;

SpO, is a blood oxygen saturation;

T is a body temperature;

TOPSIS is a Technique for Order Preference by Simi-
larity to Ideal Solution;

UML is a Unified Modeling Language.

NOMENCLATURE

Acc is a degree to which the data matches the actual
values of the quality attributes;

attemptCounter is a current counter of adaptation it-
erations for a requirement;

C is a set of contexts;

Ci is a context for i-th scenario;

Com is an indicator of the presence of values for all
required attributes;

Con is an indicator of the absence of contradictions
among attribute values;

Cred is an evaluator of the authenticity and truthful-
ness of the data;

D is a set of data elements;

d is a particular data element;
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L is a total available resource capacity;

MaxAttempts is a maximum number of allowed adap-
tation attempts;

P is a set of system parameters;

Q is a set of data quality characteristics;

Qi is an i-th data quality characteristic;

R is a set of system requirements;

Ruase 1S a set of core (baseline) requirements;

Reurent 1S an active set of consistent requirements;

R is a set of functional requirements;

Ry 1s a set of non-functional requirements;

Riew 18 @ set of new or updated requirements;

ri is a particular requirement;

Rec is an evaluator of the freshness and relevance of
the data for use;

S is a set of system scenarios;

S; is an i-th scenario;

tis a system time;

w(r;) is a priority weight for requirement r;;

Wiimi¢ 1S @ minimum acceptable weight threshold for at-
tempting to integrate requirements;

Wiin 18 @ minimum weight threshold;

3(sy) is a criticality function for the i-th scenario;

p(r;) is a resource consumption function;

Protal 18 @ total resource load,

® is a set of preconditions for the system require-
ments;

@j is a precondition for the i-th requirement;
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X is a set of constraint satisfaction evaluators;

yi is a predicate function for the evaluation of the i-th
constraint satisfaction;

Y is a set of system actions;

i is an i-th action of the system.

INTRODUCTION

As intelligent systems become increasingly complex,
particularly in areas such as diagnostics and decision sup-
port, managing their requirements becomes more chal-
lenging. These systems operate in dynamic environments
with limited computational resources and high degrees of
uncertainty. In such environments, conventional methods
of handling requirements often fall short. The effective
and reliable functioning of such systems depends on their
ability to manage evolving, sometimes conflicting, or
ambiguous requirements in real-time.

Although many studies focus on classifying and rank-
ing requirements, fewer explore how to resolve conflicts,
manage resources, or adapt them over time. Despite sub-
stantial research, many methods still overlook how to
resolve conflicts or adapt requirements under con-
straints [1]. In safety-critical domains such as medical
diagnostics, transportation, and industrial automation,
poorly coordinated or inconsistent requirements can lead
to severe operational risks and failures [2].

The object of study is the process of managing sys-
tem requirements under dynamic and uncertain condi-
tions.

The subject of study is a formalized methodology de-
signed to ensure the consistency and adaptability of re-
quirements in intelligent diagnostic systems.

This work addresses critical limitations in existing
methodologies by proposing a unified approach to func-
tional, non-functional, and data-related requirements. The
proposed solution supports real-time conflict detection,
adaptive prioritization, and integration of new require-
ments through scenario-based modeling.

The purpose of the paper is to develop a formalized
methodology for analyzing and managing the compatibil-
ity of system requirements in intelligent diagnostic sys-
tems. To achieve this goal, the following tasks are formu-
lated:

— develop a multi-level framework for structuring re-
quirements and operational scenarios;

— formalize logical, functional, and resource-based
compatibility models;

— propose an adaptive algorithm for the integration of
new requirements;

— validate the methodology through a practical exam-
ple in the medical diagnostics domain.

The approach supports consistent, traceable, and con-
text-aware requirements management across the system
lifecycle. The methodology addresses key challenges
faced by intelligent systems operating in dynamic and
resource-constrained environments, such as resolving
conflicts, adapting to new operational contexts, and main-
taining stable system behavior. The proposed solution
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fills existing research gaps by integrating formal compati-
bility analysis, scenario-based modeling, and real-time
adaptability mechanisms into a unified and coherent
framework. This enables adaptation to changing require-
ments without compromising key functions.

1 PROBLEM STATEMENT

Intelligent diagnostic systems must ensure consistent
execution of requirements even under conditions of dy-
namic environments, limited resources, and the continu-
ous inflow of new data. In this context, a formalized pro-
cedure is needed to verify, update, and reconcile system
requirements, ensuring stable and predictable system be-
havior.

The system operates based on a set of requirements
that includes both functional actions and quality attrib-
utes. During operation, the system may receive new or
modified requirements that must be checked for compati-
bility with those already implemented. It is crucial to con-
sider the limitations of available computational resources,
as well as the criticality of specific usage scenarios.

As input data, we consider an existing set of system
requirements, R, to which new or updated requirements

Ruew may be added. Each requirement r;eRUR,,, is char-
acterized by a priority weight w(r;), which reflects its rela-
tive importance, and a resource estimate p(r;), represent-
ing the cost of implementing it. The total available re-
source capacity in the current operating context is denoted
by a scalar value L.

The objective of the proposed approach is to construct
a consistent set of requirements that the system can im-
plement without internal conflicts and without exceeding
the available resource limit. At the same time, the set
should preserve high-priority requirements as much as
possible and ensure the inclusion of functions marked as
critical, based on expert assessments or scenario defini-
tions.

A solution is considered valid if the selected set con-
tains no logically inconsistent or mutually exclusive re-
quirements, and the total estimated resource usage does
not exceed L. To ensure operational feasibility, all in-
cluded requirements must satisfy compatibility constraints
across logical, functional, and resource-related dimen-
sions. In scenarios where conflicts arise or the available
resources are insufficient, the system may discard new or
lower-priority requirements.

The defined problem setting serves as a basis for
constructing a formal model for compatibility checking,
which supports the incremental integration of new
requirements and enables adaptability under dynamic
operational conditions. This model is particularly relevant
for critical domains, such as medical diagnostics, where
inconsistencies or outdated requirements can lead to
severe errors in decision-making. The proposed approach
can be further extended using rule-based algorithms or
formal reasoning techniques to enable automated conflict
detection and intelligent requirement filtering.
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2 REVIEW OF THE LITERATURE

Recent studies on requirements engineering have in-
creasingly emphasized the integration of artificial intelli-
gence (Al), optimization techniques, and natural language
processing (NLP) to enhance the prioritization, coordina-
tion, and adaptation of requirements in dynamic software
systems. Habiba et al. [3] conducted a systematic map-
ping study on Al-based systems, identifying persistent
challenges in aligning functional and non-functional re-
quirements. Wong, Wagner, and Treude [4] provided a
classification of approaches to self-adaptive systems, un-
derscoring the need for flexible requirement management
under changing conditions.

Several researchers have explored prioritization tech-
niques that incorporate inter-requirement dependencies,
usability metrics, and Al-based enhancements. Tauqeer
and Jamil [5] introduced a method that combines depend-
ency modeling with usability assessment to improve rank-
ing precision. Tufail et al. [6] compared prioritization
strategies and demonstrated that method selection can
significantly affect software quality. Abbas et al. [7] pro-
posed a test-case prioritization approach based on re-
quirement dependencies, which proved especially useful
during later stages of development. Ahuja, Sujata, and
Batra [8] applied genetic algorithms to optimize the selec-
tion of critical requirements, enhancing prioritization out-
comes through evolutionary computation.

To strengthen formalization in prioritization, Leshob,
Hadaya, and Renard [9] developed a goal-oriented re-
quirements language. Hudaib et al. [10] evaluated various
techniques, highlighting the importance of selecting
methods tailored to project-specific factors. Tasneem et
al. [11] emphasized the value of adaptive re-prioritization
in Agile frameworks. Maulana et al. [12] analyzed opti-
mization-based algorithms for large-scale projects, con-
firming the effectiveness of heuristic approaches.

Tariq et al. [13] developed a UML profile to support
the early identification of critical requirements, improving
lifecycle planning. Ashraf et al. [14] examined factors
influencing conflict within development teams, stressing
the importance of clearly defined and achievable expecta-
tions in requirement negotiation. Vijayakumar and
Nethravathi [15] reviewed NLP-based tools for analyzing
requirement specifications, highlighting their potential for
automation. Similarly, Anwar and Bashir [16] surveyed
Al-driven prioritization techniques and outlined the po-
tential of hybrid models that combine multiple analytical
strategies.

Recent work by Hujainah et al. [17] introduced
SRPTackle, a semi-automated technique that merges user
input with optimization methods to effectively handle
large requirement sets. Ali et al. [18] explored prioritiza-
tion methods in highly configurable systems and found a
positive impact on overall software quality. Deshpande et
al. [19] employed active learning and ontology-based
modeling to extract requirement dependencies, enabling
more informed decision-making. Saeeda et al. [20] pro-
posed a framework for enhancing requirements elicitation
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in Scrum environments, grounded in empirical insights
from industrial projects.

Samer, Stettinger, and Felfernig [21] investigated the
use of group recommender systems to facilitate collabora-
tive prioritization, aiming to increase stakeholder consen-
sus.

In summary, the reviewed literature reveals a clear
trend toward automation, adaptability, and the use of in-
telligent techniques in requirements engineering. There is
a growing emphasis on resolving inter-requirement con-
flicts, supporting decision-making under uncertainty, and
optimizing requirement selection using Al, heuristics, and
scenario-driven methods.

3 MATERIALS AND METHODS

This section outlines a formalized approach to repre-
senting system requirements, developing operational sce-
narios, and creating compatibility testing models and al-
gorithms for the adaptive integration of new requirements
within the dynamic environment of an intelligent diagnos-
tic system.

System requirements are categorized into three main
groups: functional, non-functional, and data requirements.

Functional requirements specify the expected behav-
ioral logic of an intelligent system in response to defined
input conditions. These requirements can be formalized
using conditional-logical constructions of the form:

rieRs = (oi= ), (D

where @;je® denotes a precondition expressed through
observable features or parameter combinations, and y;e¥V
represents the corresponding system action (e.g., hypothe-
sis activation, state transition, or initiation of data process-
ing).

Non-functional requirements impose constraints or de-
fine desired attributes of system operation, such as accu-
racy, response time, robustness to noise, adaptability, in-
terpretability, and resource efficiency. These can be rep-
resented as predicates of the form:

ri Rt = %i(Px), PxeP, )

where P is the set of system parameters, and y;eX is a
predicate function that evaluates constraint satisfaction.

Data Requirements. Data constitutes a critical re-
source in intelligent systems, forming the informational
basis for decision-making, model training, and behavioral
adaptation. Data requirements define the type, structure,
and quality of information the system must acquire, store,
process, and validate. These requirements have a signifi-
cant impact on system performance and reliability.

Each data element used by the system is characterized
by a set of attributes, or named features, that capture the
properties of objects or events. Quality requirements ap-
ply directly to the values of these attributes. Let Q denote
the set of data quality characteristics, defined as follows:
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Q = {Acc, Com, Con, Cred, Rec}, 3)

where Acc refers to the degree to which the data matches
the actual values of the attributes, Com indicates whether
values are present for all required attributes, Con repre-
sents the absence of contradictions among attribute val-
ues, Cred reflects the authenticity and truthfulness of the
data, and Rec denotes the freshness and relevance of the
data for its intended use. These characteristics are usually
measured on a relative scale ranging from 0 to 1.

To enable formal verification of data quality, each
characteristic q;eQ is represented as a Boolean predicate
applied to individual data elements. Let D be the set of
data elements. For each deD, a predicate ¢;:D—{0,1}is
defined to verify compliance with a specific quality char-
acteristic:

Gi: D {0’1} gi (d) _ {l, if d satisfies requirement ; (4)

0, otherwise.

The integral predicate describes the overall compli-
ance with quality requirements:

Qd) = {1, if vg;Q, g (d)=, 5)

0, otherwise.

While predicates allow binary verification of compli-
ance, practical applications often require more flexible,
quantitative assessments. In cases of partial compliance or
when data adaptation is required, it is beneficial to meas-
ure the degree of satisfaction with the requirement. For
this purpose, each quality characteristic can be associated
with a metric function that takes a value in the interval
[0, 1], reflecting the level of compliance with the respec-
tive requirements.

To ensure the consistency of requirements, it is neces-
sary to formally structure the system’s operation scenar-
ios, which represent its modes of functioning under vari-
ous contextual conditions.

The formation of a consistent set of requirements ne-
cessitates the explicit structuring of operation scenarios,
which represent distinct modes of functioning for intelli-
gent systems. Scenarios facilitate the specification of the
sequence of system actions under defined conditions, re-
veal dependencies among requirements, and enable the
evaluation of contextual influences on the relevance of
requirements.

A system operation scenario is defined as a formalized
representation of the sequence of actions, triggering con-
ditions, and corresponding system responses associated
with a specific operational context or goal-oriented mode.
Each scenario encompasses a localized operational envi-
ronment, along with its corresponding subset of relevant
requirements.

Let C denotes the set of possible contexts (e.g., input
conditions, resource availability, external events), and S
represents the set of system operation scenarios. A re-
quirement r;eR can be represented as an ordered structure
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that links a scenario, its activation context C;, and the set
of associated system actions y;e'¥:

I = <s;, Ci, yi>, (6)

where sjeS denotes the system scenario, C; cC defines the
context under which the scenario is activated, y; V¥ is
the set of system actions to be performed within this sce-
nario.

Among all scenarios S={S;,S,, ..., Sn}, a subset is
identified as critical scenarios, those in which requirement
violations are unacceptable due to their direct impact on
system safety, stability, or goal achievement. Failures in
such scenarios may lead to catastrophic consequences,
including functional degradation, loss of control, or viola-
tion of essential operational constraints.

To formalize this, a Boolean criticality function is in-
troduced:

&(si) € {0,1}, )

where d(Sj)) =1 indicates that scenario S; is critical,
d(sj) = 0 denotes a non-critical or auxiliary scenario that
supports extended functionality.

Scenario criticality is typically assessed using the fol-
lowing criteria:

— user expectations: the scenario delivers a primary
outcome for which the system is designed;

— functional necessity: the scenario is indispensable
for the system’s core operation;

— safety or regulatory compliance: the scenario is
mandated by standards or constraints;

— risk assessment: failure to execute the scenario may
result in unacceptable operational risks;

— execution context: the criticality of a scenario may
vary based on the system’s current state or environment.

Thus, operation scenarios serve as a structural back-
bone for requirements modeling, defining the functional
context within which system behavior unfolds. They es-
tablish formal connections between contextual conditions,
expected system actions, and target operational states.
Scenarios enable:

— the formation of a dynamic set of core (baseline) re-
quirements;

— the verification of functional consistency within
specific operating modes;

— the resolution of requirement conflicts and prioriti-
zation under resource constraints.

Furthermore, operation scenarios form the basis for
constructing behavioral models of the system, which de-
scribe adaptive responses to dynamic external conditions.
By incorporating scenario criticality, it becomes possible
to identify and maintain a minimal subset of essential
requirements that ensure continuous execution of key
system functions in the most operationally significant
situations.

To identify the minimally sufficient conditions for
system stability and functionality, it is essential to formal-
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ize a set of core requirements that reflect both universal
needs and critical operational scenarios.

Core requirements represent the minimally sufficient
set of conditions required to ensure the execution of a
system’s critically essential functions. These requirements
are derived by combining two distinct subsets:

— universal requirements, which are common across
all operational scenarios, and

— requirements that appear in at least one critical sce-
nario.

Formally, the set of core (baseline) requirements Rp,se
is defined as:

Rpase= (Miz i) Y (Us(s)=11) » (®)

where

— N}, r; denotes the intersection of all scenario-

specific requirement sets, i.e., the set of universal re-
quirements that are included in every system operation
scenario, independent of criticality;

- US(si )=1li represents the union of requirements as-

sociated with all critical scenarios, regardless of whether
they are also present in other scenarios.

By treating universal requirements as a separate com-
ponent, their independent monitoring becomes more man-
ageable in practical scenarios. For example, when opera-
tional scenarios are modified or extended, this separation
enables validation of whether the universality property of
specific requirements remains intact.

This formulation ensures that both the system’s global
behavioral characteristics and its performance under criti-
cal conditions are taken into account. The core require-
ments thus serve as a foundation for:

— initial requirement alignment,

— subsequent compatibility verification of new or
changing requirements, and

— decision-making in adaptive systems, particularly
under resource-constrained conditions where trade-offs
between requirements must be managed.

To ensure reliable system behavior, it is necessary to
establish clear criteria for determining the compatibility
of requirements across multiple dimensions, including
logic, resources, functionality, and priorities.

Compatibility refers to the ability of two or more re-
quirements to be executed concurrently under given con-
textual conditions, resource constraints, and the system’s
logical architecture. Identifying incompatible require-
ments is essential to prevent conflicts during system mod-
eling, testing, and operation. The evaluation of require-
ment compatibility is conducted along the following key
dimensions.

Logical consistency. Requirements must not contra-
dict each other in their formal representations. For in-
stance, if one requirement initiates an action under a con-
dition ¢, while another prohibits the same action under
the same condition, a logical conflict exists. Such incon-
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sistencies can be detected through formal logical analysis
or the construction of requirement dependency graphs.

Resource feasibility. Logically consistent require-
ments may nonetheless be incompatible due to resource
limitations, such as insufficient computational time, proc-
essing power, or data access. Compatibility in this context
is assessed by comparing the aggregate resource demands
of a requirement set to the available resource budget.

Functional interaction. Within a given scenario, re-
quirements should be either functionally complementary
or neutral. Conflicts arise when the fulfillment of one
requirement modifies the system state in a way that ren-
ders another requirement infeasible or irrelevant. Func-
tional compatibility is verified through system state tran-
sition analysis or impact modeling of requirements.

Priority consistency. In cases where requirements are
mutually exclusive, a resolution must be guided by their
relative priority. A priority function (e.g., weight coeffi-
cient or rank ordering) is applied to determine which re-
quirement prevails under conflict. Compatibility is en-
sured if the system can resolve conflicts following this
priority structure.

Importantly, incompatibility is often multi-
dimensional, meaning that requirements may pass com-
patibility checks in one dimension but fail in another.
Therefore, multi-stage analysis is recommended, with
each stage evaluating compatibility in a distinct domain
(logical, resource, functional, or priority-based) and con-
sidering the specific application context.

A crucial aspect of requirements management is main-
taining consistency within the core set while accounting
for its potential variability over time due to dynamic op-
erational conditions and evolving system contexts.

Let Rpase denote the set of core requirements, as de-
fined in (8). We now formulate the consistency condition
and a theorem on its temporal variability.

The following statement defines the condition under
which the set Ryae can be considered consistent.

The set Ry, is said to be consistent if all pairs of re-
quirements Ij, Ij € Ry, satisfy the criteria of logical con-
sistency, resource feasibility, functional interaction, and
priority alignment.

If any of these criteria are violated, the structure of
Rpase must undergo preliminary alignment or adaptive
modification.

The corollary to the above statement demonstrates the
dynamic nature of Ryage.

Since the criticality status of operational scenarios
may evolve due to changes in environmental conditions,
system configurations, or user priorities, the composition
of Rpase 18 also subject to change. Because the set changes
over time, it needs to be revisited when the situation
changes noticeably.

The following theorem formalizes the temporal vari-
ability of the core requirement set Ry, under changing
system conditions.

The set of core requirements Ry, is temporally vari-

able, i.e.,
OPEN a ACCESS




p-ISSN 1607-3274 PagioenexrpoHika, iHpopmaTuka, ynpasiainss. 2025. Ne 4
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2025. Ne 4

Rpase = Rbase(t)a )

where t denotes system time. This implies that the compo-
sition of Ry may evolve due to changes in the set of
scenarios S, the criticality function 3(S;), and the structure
or definition of the associated requirements.

Proof of the theorem.

Assume the contrary, i.e., Ry, remains constant over
time. Suppose the system operates in a dynamic environ-
ment, where external changes such as fluctuations in re-
source availability, threat levels, or technical parameters
may occur. Moreover, user goals and priorities may shift
over time. These factors naturally lead to the modification
of scenarios S, with some scenarios being deprecated and
others gaining critical status.

Since each scenario §; is associated with a specific set
of requirements r;, any change in scenario composition or
criticality status directly affects the union of requirements
included in Ry, According to Equation (8), such changes
invalidate the assumption that Ry, is time-invariant.

Therefore, the assumption of constancy is false.

Various models can be employed to assess the com-
patibility of requirements, including those based on logi-
cal consistency, resource feasibility, functional interac-
tion, and priority harmonization.

Logical analysis of condition-consequence rules is
employed to detect structural incompatibilities among
functional requirements specified in the form of condi-
tional statements. A typical representation of a functional
requirement I; € Ry is as follows:

ri= (@i = i), (10)

where @; denotes the activation condition, y; denotes the
expected system response or action.

Under this representation, logical incompatibility may
arise in several typical cases:

1. Identical Conditions with Conflicting Conse-
quences. When @; = ¢; but y; and yj; are contradictory. For
example:

— if temperature > 80°C = activate cooling

— if temperature > 80°C = shut_down_system

2. Overlapping Conditions with Divergent Effects. If
¢i N @ # &, both conditions may be simultaneously satis-
fied and trigger requirements leading to different, possibly
incompatible consequences. For example:

— if temperature > 70°C = activate_alarm

— if temperature > 80°C = stop_engine

3. Mutually Exclusive Consequences. Even when
conditions are distinct, the resulting actions y; and y; may
conflict. For example:

— = activate_standby mode

— Y= activate_operational mode

If these represent mutually exclusive system states,
simultaneous activation leads to inconsistency.

A requirement dependency graph provides a struc-
tured means to model logical relationships among condi-
tional requirements. Each node in the graph represents a
requirement I, while directed edges Iy — rjindicate a de-
pendency, implying that:
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— the consequence y; of requirement r; alters the con-
dition ¢j of requirement rj, or

— the actions y; and yjinteract or contradict each other.

With the help of the dependency graph, four types of
problematic situations can be identified.

1. Detection of Cyclic Dependencies. Cycles of the
form r; > r, > ... > r, — r; indicate logical loops.
These loops suggest that the execution of a requirement
depends on a condition influenced by its own conse-
quence. Such constructs can lead to:

—undefined or infinite execution behavior,

— situations where no requirement can be executed
without violating preconditions.

2. Identification of Conflict Zones. A conflict zone is
a subgraph where identical or overlapping conditions ac-
tivate multiple requirements yet produce incompatible
outcomes. These are especially critical in systems with
parallel execution, where:

— conflicting requirements may compete for resources,

— simultaneous execution may produce inconsistent
states.

3. Determination of Execution Order (Topological
Sorting). If the dependency graph is acyclic, a topological
sort can be applied to determine a valid sequence of re-
quirement execution. This ensures:

— all prerequisites of a requirement are satisfied before
its activation,

— consistency in execution logic.

For example: Check data availability — Perform
computation — Output result.

4. Localization of Critical or Unstable Nodes. These
are the nodes with:

— many incoming edges are condition-sensitive and
may become unstable under minor context variations,

— many outgoing edges have high propagation impact
and must be monitored for change management or testing
prioritization.

By incorporating logical analysis and dependency
graph modeling, system engineers can preemptively de-
tect structural incompatibilities, ensure correct execution
ordering, and manage the complexity of interdependent
requirements in a dynamic system environment.

The resource feasibility model is employed to assess
whether the cumulative consumption of system resources
by active requirements remains within predefined limits.
This assessment enables the detection of potential re-
source conflicts or system overloads before implementa-
tion or deployment.

Let R = {ry, Iy, ..., ,} denote the set of active re-
quirements. The set R is said to be resource-feasible if the
following inequality is satisfied:

Zp(l’i)SL, (11)
reR

where p(r;) is a resource consumption function that quan-

tifies the amount of a specific system resource (e.g., CPU

time, memory, bandwidth) required to fulfill requirement
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ri, L represents the resource constraint, i.e., the maximum
available quantity of the resource under consideration.

This inequality ensures that the aggregate resource
demand of all concurrently active requirements does not
exceed the system’s resource capacity. If the condition is
violated, it implies that the system cannot safely support
the simultaneous execution of all requirements in R. In
such cases, one or more of the following strategies must
be employed:

— Requirement prioritization and pruning. Eliminate or
defer requirements with the lowest priority or least criti-
cality.

— Requirement adaptation. Modify individual re-
quirements to reduce their resource consumption, poten-
tially through simplification, partial execution, or degra-
dation of non-critical features.

— Resource reallocation or scaling. If feasible, increase
the available resource capacity (e.g., dynamic scaling in
cloud environments).

The model thus provides a quantitative basis for en-
suring safe and efficient system operation under con-
strained conditions, especially in real-time, embedded, or
resource-sensitive domains.

Functional analysis is employed to verify the consis-
tency of requirements that operate within the scope of a
single system scenario. This analysis is based on the for-
mal representation of scenarios as triplets defined in ex-
pression (6). It involves examining whether the set of
requirements within a given scenario exhibits contradic-
tions in terms of activation conditions, expected effects,
or execution order.

The following categories of conflicts are commonly
identified through functional analysis:

— State conflict. A requirement alters the system state
in a way that renders another requirement irrelevant or
inapplicable. For example, the requirement “switch the
system to standby mode” conflicts with “start diagnos-
tics”, as standby mode may disable diagnostic operations.

— Conflict of execution conditions. Two requirements
are activated under partially overlapping conditions but
prescribe contradictory system actions. For example, one
requirement triggers a shutdown when the system tem-
perature exceeds 80°C, while another activates emergency
cooling under the same or similar conditions.

— Effect inconsistency. Improper sequencing of re-
quirement execution leads to erroneous system behavior.
For example, attempting to read data from a sensor after
the sensor has been powered down results in system fail-
ure or invalid outputs.

Scenarios identified as critical, as formalized in ex-
pression (7), require particular attention. Functional in-
consistencies within such scenarios may compromise sys-
tem safety, stability, or goal attainment. Therefore, ensur-
ing the functional consistency of requirements in critical
scenarios is a key step in the validation and reliability
assurance process.

In scenarios where the simultaneous execution of all
system requirements is infeasible due to logical conflicts
or resource constraints, the system must selectively priori-
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tize the most critical requirements. This is accomplished
through priority-based harmonization, which utilizes
weight coefficients to quantify the relative importance of
each requirement.

Each requirement rieR is associated with a priority
weight w(r)e[0,1], representing its contextual impor-
tance. These weights can be derived through expert judg-
ment, analytical techniques, or data-driven methods, in-
cluding historical analysis or dependency-based inference.

When a conflict between requirements arises, the sys-
tem retains the requirement r; for which w(r;)>w(r;), en-
suring that higher-priority requirements are preserved.

To resolve conflicts or address execution constraints,
the system selects a subset of requirements based on their
priorities. The following algorithmic strategies are com-
monly applied:

— Acceptability Threshold Strategy. A predefined
minimum threshold, Wy, is established. Only require-
ments satisfying W(r)>w,,, are eligible for execution.
This approach filters out low-priority requirements with-
out requiring additional compatibility checks. The thresh-
old may be static or dynamically adjusted based on the
operational context.

— Greedy Sorting Strategy. All requirements are sorted
in descending order of weight. Each requirement is se-
quentially evaluated for compatibility with the current
active set. If compatible, it is included; otherwise, it is
either discarded or deferred. This strategy ensures the
maximum inclusion of high-priority requirements within
constraints.

— Compromise Harmonization Strategy. Requirements
with lower weights may be accepted, provided they do not
conflict with those already selected. This approach en-
hances system flexibility by enabling the execution of
non-critical yet beneficial requirements, particularly when
strict prioritization is not mandatory.

In addition to basic strategies, more advanced or con-
text-sensitive approaches may be applied:

— Multi-Criteria Ranking. Requirements are evaluated
across multiple dimensions, such as benefit, risk, cost, and
aggregated via AHP, TOPSIS, or similar methods.

— Heuristic and Evolutionary Algorithms. Techniques
such as genetic algorithms or ant colony optimization are
employed to identify near-optimal subsets of requirements
in the presence of complex interdependencies and con-
straints.

— Contextual Harmonization Based on Scenarios. The
priority weight w(r)) is interpreted relative to the specific
scenario in which the requirement is applied. A require-
ment may have low priority in routine operation but be-
come critical in emergency or failure scenarios. This
adaptive approach ensures that system behavior remains
aligned with environmental demands.

— Group Expert Harmonization. The importance of re-
quirements is evaluated through a collective expert as-
sessment, using aggregation methods such as the median
or weighted voting to form a consensus-based priority

structure.
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— Stochastic Methods. Weights are modeled as ran-
dom variables or probability distributions, allowing har-
monization strategies to function under uncertainty and
incomplete knowledge.

Priority-based harmonization provides a systematic
framework for managing competing requirements under
limitations. By combining weighted importance with
compatibility analysis, the system can adaptively optimize
its functionality, achieving an effective balance between
goal satisfaction, resource efficiency, and operational
safety.

The integration of new requirements into a software
system is a critical task that demands rigorous checks for
compatibility, relevance, and priority. To preserve system
consistency and prevent operational conflicts, this process
must be governed by structured algorithmic mechanisms
that support informed decision-making.

To support structured integration of new requirements,
a baseline algorithm is proposed that ensures compatibil-
ity validation, prioritization, and bounded adaptation.

At system initialization, the active set of consistent re-
quirements is defined as:

Rcurrent = Rbase:
where Ry, represents the baseline functionality, guaran-
teed to be conflict-free and executable.

Let R,ew denote the set of new requirements to be con-
sidered for integration; W(rj)e[0,1] be the priority weight
of requirement rj; Wy, be the minimum acceptable
weight threshold for attempting integration; MaxAttempts

be the maximum number of adaptation attempts allowed;
attemptCounter be the current counter of adaptation itera-
tions for a requirement.
The integration process proceeds as follows:
1. Sorting. Sort all requirements in R, in descending
order by their weights w(r;).
2. Sequential Processing. For each requirement
rie Rnew:
— Perform a compatibility check with the current set
Rcurrent;
— If compatible, add r; directly to Reyrent;
— If incompatible, continue to Step 3.
3. Priority Evaluation
— If w(r))<Wiimi, reject rj without adaptation;
— If W(r)>Wjinit, proceed to adaptation.
4. Adaptation Loop
— Initialize attemptCounter := 0;
— While r; remains incompatible and attemptCoun-
ter < MaxAttempts:
0 Attempt to refine or modify rj;
0 Re-evaluate compatibility with Reyrent;
0 Increment attemptCounter.
5. Post-Adaptation Decision
— If the modified r; becomes compatible, add it to R.,,.
rent;
— Otherwise, permanently reject ;.
Figure 1 illustrates the integration flow, depicting the
logical transitions between evaluation stages, compatibil-
ity checks, and adaptation outcomes.

Pool

Source of requirements

Requirements Management

Current set of requirements

e

Submit a set of new
reguirements Rz,

Sort the requirements
Rnew Dy priorities w

Submit the current set
Reurrent=Fhase

Take the next
requirement r;

[r; compatible
With Rgymeni

[r; incompatible with Rgyrend

1=1
( RejeD——-jwir - -.»—<>

[Wiri)>=Wjima]

—attemptCounter=MaxAttem pts—<>

[attemptCounter==MaxAitempts]

Adaptation r;

Figure 1 — Basic requirement integration algorithm
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We introduce a structured algorithm to align new re-
quirements with the current system configuration. It en-
ables incremental evolution of the requirement set while
ensuring that consistency is maintained through compati-
bility validation and bounded adaptation attempts. Unlike
expert- or context-driven methods, this model assumes a
static decision logic, which is suitable for baseline har-
monization.

During system operation, runtime feedback can be
collected regarding the failure patterns of specific re-
quirements, e.g., those that consistently trigger conflicts,
violate constraints, or fail due to environmental condi-
tions. This feedback may be used to adjust the priority
weights w(r;) dynamically.

Such adjustments support the development of an adap-
tive prioritization mechanism, where:

— frequently violated or inapplicable requirements
may have their weight reduced;

— persistently successful or mission-critical require-
ments may have their weight increased,

— requirements with declining utility can be excluded
from critical scenarios.

By leveraging operational feedback, the system gradu-
ally evolves into a context-aware and conflict-resilient
behavior, thereby improving its ability to reconcile in-
coming requirements while maintaining stability and re-
source efficiency.

4 EXPERIMENTS

To demonstrate the applicability of the proposed re-
quirement alignment and adaptation model, we present a
hypothetical use case of an intelligent diagnostic system
designed for real-time medical monitoring in an intensive
care unit. The system continuously evaluates patient
physiological parameters and generates diagnostic actions
to enable timely intervention in critical clinical situations.

The system acquires real-time data from a network of
physiological sensors, which measure the following pa-
rameters:

— body temperature (T);

— heart rate (HR);

— blood oxygen saturation (SpO2);

— blood pressure (BP).

Additionally, the system utilizes information from the
patient’s electronic medical history (Hx) for contextual
analysis.

The system supports the execution of three essential
diagnostic scenarios:

s;: Detection of hyperthermia,

S,: Recognition of hypoxia,

S;: Shock prediction and warning.

Each scenario is operationalized through a corre-
sponding set of functional requirements, structured ac-
cording to the representation model introduced in (6).

Table 1 outlines six functional requirements associ-
ated with scenarios. Each requirement includes the activa-
tion context, the prescribed system action, and the rele-
vant scenario.
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Table 1 — System Requirements and Scenario Association

Require- Context System actions Scenario
ment
r T >38°C Activate cooling S
I Sp0, <90% Trigger alarm Sy
I3 BP <90/60 Check heart rate S3
Iy HR >110 Raise suspicion of S3
tachycardia
Is Hx contains Increase the priority of S
“stroke” SpO, check
Ie Activate complex $1MS,
response
T>38°CA
SpOz < 85%

Figure 2 presents a dependency graph illustrating the
logical interdependencies and potential conflicts among
the system requirements.

Scenario sp

rs: Hx = "stroke” =
/I priority of

verification Sp0; Scenario s
raises the priority raHR = 110 =
suspicion of tachycardia
ra: Sp07 < 90% =
. dependence -
activation
alarm signal ( s e >

ry: BP < 90/60 =
check HR

partial condition in rg

Scengrio 54
h 4

complex response

fa: T = 38°C A SpO; < 85%—> ‘

{ prinsity ¥
{ prior B
I. over ry shaflr_e: ggzghon-.l
Y

r:T=38°C >
cooling

Figure 2 — Graph of dependencies between system requirements
with conflict indications

In scenario S, a cyclic interdependence exists between
r; and ry: a drop in blood pressure (I3) triggers HR moni-
toring, which, if elevated (r,), indicates a risk of tachycar-
dia, potentially reinforcing the check.

In scenario S,, requirement rs increases the priority of
r, when the patient’s history includes a diagnosis of
stroke. Additionally, r, is logically a subset of rs, which
activates a complex response in the presence of combined
hyperthermia and severe hypoxia.

A notable conflict arises between r; and rg. Both are
activated by the same temperature threshold (T>38°C),
but prescribe different actions: cooling (r;) and a complex
response (), which may be mutually incompatible. This
conflict, indicated in red in the graph, necessitates prior-
ity-based harmonization.
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5 RESULTS
To assess system feasibility under operational con-
straints, Table 2 provides the estimated resource con-
sumption, p(r;), and priority weights, w(r;), for each re-
quirement. Let the maximum allowable resource load be
limited to 100 units.

Table 2 — Requirement Resource Usage and Priority

Require-

ment Action description p(ri) w(ry)
r Activate cooling 20 0.7
r Trigger alarm 10 0.9
r Check heart rate 15 0.6
ry Raise suspicion of tachycardia 20 0.5
rs Increase the priority of SpO, check 10 0.8
I Activate complex response 50 1.0

As shown in the table, the highest priority is assigned
to response Iy, while the lowest belongs to ry. Resource
usage varies from 10 to 50 units, enabling the evaluation
of acceptable requirement combinations under the 100-
unit constraint.

Feasibility analysis indicates that the execution of r4 in
combination with any two additional requirements re-
mains within the acceptable load. However, a configura-
tion involving ry, Iy, Iy, and rs reaches the upper resource
limit. If all six requirements are simultaneously triggered,
the total resource load reaches 125 units, exceeding the
system’s capacity.

The system must harmonize requirements based on
their relative priorities to resolve conflicts under con-
straints. In the case of a conflict between r; and rg, the
higher priority of r¢ (W= 1.0) prevails over r; (w=0.7),
and ry is selected.

Assume that the system detects the following condi-
tions concurrently:

—T>38°C,

— Sp02 < 90%,

— BP <90/60,

—HR >110.

This scenario activates the requirements: Iy, Iy, I3, I'4,
and r. The corresponding total resource load is:

Protal = 20(r)+10(ry)+15(r3)+20(r,)+50(rg) = 115 units.

Since this exceeds the 100-unit limit, a greedy algo-
rithm is applied. Requirements are sorted by descending
priority: r¢(1.0), r»(0.9), r1(0.7), r3(0.6), r4(0.5).

The system sequentially includes requirements until
the cumulative load reaches the limit:

—include rg — pioa1 = 50;

—include r; — pyora = 60;

—include r; — pyora = 80;

—include r; — peora = 95;

— I, is excluded (would exceed the limit).

Thus, the system executes I, I';, I, and I3, while ry is
dropped due to insufficient resources.

These results are obtained via simulation-based
evaluation of requirement interaction models within the
developed formal framework.
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Thus, the model enables a quantitative assessment of
requirement compatibility and supports decision-making
regarding inclusion/exclusion based on priorities and
available resources.

6 DISCUSSIONS

The proposed method demonstrates that adaptive har-
monization, grounded in compatibility, prioritization, and
resource constraints, supports reliable, context-aware sys-
tem behavior. Even under conflicting conditions and lim-
ited capacity, the system prioritizes mission-critical func-
tionality, ensuring continuity of care and system consis-
tency.

These findings demonstrate that the proposed method-
ology significantly enhances the reliability of intelligent
diagnostic systems operating in real-time, resource-
constrained environments. By applying formalized com-
patibility checks and dynamic priority-based filtering, the
system effectively balances operational feasibility with
functional adequacy.

Unlike conventional approaches that rely on static pri-
oritization or fixed thresholds, the proposed model intro-
duces structured multi-factor evaluation. For instance,
while rule-based engines are commonly used in medical
expert systems, they often lack built-in mechanisms to
resolve requirement conflicts under resource constraints.
Our method enhances these capabilities by integrating
logical consistency, functional dependencies, and re-
source feasibility into the modeling process.

Unlike approaches that mainly focus on requirement
classification and selection, our framework directly ad-
dresses internal inconsistencies and contextual variability.
Moreover, the integration of scenario-based reasoning
enables the adaptive inclusion of critical functionality,
even in rapidly changing conditions, the factor that has
been underrepresented in prior models.

A key advantage of the proposed model is its applica-
bility across a wide range of mission-critical domains.
While the use case involves medical diagnostics, the
methodology is equally applicable to other mission-
critical domains, such as industrial monitoring, autono-
mous systems, and cyber-physical infrastructures.

Nonetheless, the current implementation has several
limitations that warrant attention. The current implemen-
tation assumes that input parameters, such as priority
weights and resource estimates, are externally defined,
which may introduce subjectivity or inconsistency in real-
world deployment. Additionally, the conflict resolution
algorithm used in the simulation is greedy and may not
always produce globally optimal configurations.

Further research is required to explore the integration
of machine learning techniques for the automated estima-
tion of requirement parameters, as well as advanced opti-
mization heuristics to manage trade-offs among compet-
ing requirements better.

CONCLUSIONS
This paper presents a systematic methodology for en-
suring the compatibility and adaptability of requirements
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in intelligent diagnostic systems operating under dynamic
environments and limited resources. The proposed ap-
proach addresses critical shortcomings of conventional
techniques, which often emphasize prioritization but in-
sufficiently consider logical consistency, resource con-
straints, and context-awareness in requirement harmoniza-
tion.

The key contributions of this work are as follows:

— formal structure that distinguishes functional, non-
functional, and data-related requirements, treating data-
specific constraints as a distinct and formally defined
category;

— scenario-driven framework for determining the criti-
cality of requirements and constructing a dynamic base-
line set of core requirements;

— multi-dimensional compatibility analysis model that
integrates logical consistency, resource feasibility, func-
tional interaction, and priority-based reasoning;

— adaptive integration algorithm that incorporates
compatibility checks, expert-informed prioritization, and
feedback-driven weight adjustments.

A practical evaluation using a hypothetical intelligent
medical diagnostic system demonstrated the effectiveness
of the proposed models in detecting requirement conflicts,
improving system consistency, and supporting stable be-
havior under operational constraints.

Future research will focus on developing a prototype
tool for automated compatibility analysis and adaptive
requirements management. Additionally, the framework
will be expanded to incorporate fuzzy logic, machine
learning techniques, and scenario-based multi-criteria
optimization, thereby supporting advanced real-time deci-
sion-making.
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®OPMAJIIBOBAHA METOJIOJIOT IS Y3TOJKEHHS TA ATAIITAIII BAMOT B IHTEJEKTYAJBHUX
JIATHOCTUYHUX CUCTEMAX

KomneBa H. O. — kaHI. TexXH. HayK, IOLEHT, 3aBigyBau Kadeapw MporpaMHoi imkeHepii HamioHanbHOTO yHiBEpCHUTETY
«Opeckka moitexHikay, Oneca, YkpaiHa.
Jlioouenxo B. B. — n-p texH. Hayk, mpodecop kadexpu mporpamuoi imxenepii HamionansHoro yHiBepcutery «Opnechka
nofiTexHika», Omeca, Ykpaina.

AHOTAULIA

AKTyanbHicTh. 3a0e3neueHHs y3ro/pKeHOCTI Ta aJaTHBHOCTI BUMOT y CHCTEMax, 10 (YHKLIIOHYIOTh B YMOBaxX AWHAMIYHOTO
cepefoBUIIa Ta OOMEKEHHX PECypCiB, € aKTyalbHOI MpoOIeMOI0 CydacHOi iHXKEHepii BUMOT, OCOOJHMBO B iHTENEKTyalbHUX
JIIarHOCTUYHUX Ta €KCIEPTHO-PIIAIFHUX CHCTeMax. Taki CHCTEeMH MaroTh OOpOOISATH CylepewnBi, 3acTtapiii abo HEOIHO3HAYHI
BUMOT'H MiJl 4ac poOOTH B CKIIJHUX YMOBaXx.
Meta podoru — po3pobka (opMasizoBaHOI METOHOJIOTii aHajli3y Ta KepyBaHHS CYMICHICTIO BUMOT B IHTENIEKTyalbHHX
JIarHOCTHMYHUX CHUCTeMaX. 3ampOMOHOBAHUE TiJIXiJ IHTErPY€e JIOTIYHY Y3TOMKCHICTh, (DYHKIIIOHATIBHY B3aEMOJII0, PECYPCHY
3IICHEHHICTh Ta Y3rOJUKEHHS NPIOPUTETIB JUIsl 3a0e3MeueHHs CTa0lIbHOCTI Ta alaTHBHOCTI CUCTEMH.

Meton. Metozosoris peaii3oBaHa sk OaraToOpiBHEBa CTPYKTYpa, II0 BKIIOYAE (GopMajbHi MpeAcTaBieHHs (QYHKI[IOHAIbHUX,
He(DYHKI[IOHAIBHHUX Ta BUMOT, IIOB’s3aHUX 3 00POOKOI0 1aHMX. BOHa BUKOPHCTOBYE MOJEIIOBAHHS HAa OCHOBI CLieHapiiB, Habip Mo-
JeNieil OLIHKK CYMICHOCTI Ta AWHAMIYHHMK alTOpUTM iHTerpamii HoBux BUMOT. Ilpomec iHTerparmii BKIOYae MepeBipKy CyMiCHOCTI,

3aCTOCOBHICTh METOIOJIOTIT

JEMOHCTPY€ETHCS Ha TIIOTETHYHOMY TIPUKIIA/ IHTEICKTyalbHOI MEANYHOI 1iarHOCTUYHOI CHCTEMH.

Pe3yibTaTH. 3aporioHOBaHa METOJIOJIOTS J03BOJISIE CHCTEMATHYHO BHUSBIISATU Ta YCYBaTH KOH(IIKTH MK BUMOramu, 3abesme-
YyIOuM Y3ro/PKeHe BHKOHAHHS Ta e(eKTHBHy NpIOpPHUTH3aIil0 B yMoBax oOMexeHHX pecypciB. CleHapHe MOJEIIOBAaHHS Ta
(dopmarizanis 6a30BHX BUMOT CTBOPIOIOTH OCHOBY JIUISI QIalITHBHOI IIOBEIHKM CUCTEMH Ta NPUHHSATTS PillleHb y peajJbHOMY daci.
BucHoBku. Po3po06iieHa METO0IIOTIS, siKa BKITFOYAE MOJICITi Ta allTOPUTMH, IiBHUIY€E HAIIHHICTh iHTEIEKTYalbHUX CHCTEM, IO
HPALIOIOTh y KPUTUYHUX YMOBaxX. Y MaifOyTHIX IOCII/DKEHHSAX Hepen0ayaeTbCs PO3LIMPEHHS CTPYKTYPH LIIAXOM BIPOBAJDKCHHS
HEUiTKOI JIOTiKH, METO/iB MAIlMHHOTO HABYaHHs Ta PO3POOKM MPOTrpaMHUX 3acO0iB AJIsi aBTOMATH30BAHOTO aHAIIi3y CYMiCHOCTI Ta
aJIalITHBHOTO KEPYBaHHS BUMOT'AMH.
KJIFOYOBI CJIOBA: merononoris, mporpaMHa iHXeHepis, 1HKEHepis BHMOT, CyMiCHICTh BHMOT, MOJEIIOBAaHHS Ha OCHOBI
CIIeHapiiB, y3ro/PKeHHs Ha OCHOBI IIPIOPUTETIB.
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