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Abstract: The process of software development extends beyond
defining system functions, as user requirements are often expressed
in ordinary language that can be unclear or open to varying interpre-
tations. The research reported in this paper examines how fuzzy logic
enables the main Software Requirements Engineering processes to con-
vert ambiguous and subjective inputs into quantifiable and structured
data. This approach enables stakeholders to achieve clearer require-
ments by using fuzzy sets, linguistic terms, and inference rules to de-
tect inconsistencies early and support decision-making. The results
indicate that fuzzy techniques need domain experts to establish essen-
tial parameters, and they require additional computational resources
to operate effectively as a promising solution for managing uncertainty
in requirements engineering.

1. Introduction

The first step in software development is to identify the need of the customer, i.e. determine exactly what
the system must accomplish. This activity is called software requirements engineering (Requirement
Engineering, RE) [1] and appears mainly in the early development phases. These phases include the
identification, analysis, documentation, verification, and management of customer requirements. The
main goal of RE is to ensure that all stakeholders-whether they are clients, project managers, designers,
or developers-reach a common understanding of the software goals. Although this shared vision may
seem straightforward, it remains difficult to achieve because of differences in communication styles and
the natural complexity inherent to software projects.

One of the biggest challenges found in RE is the requirement ambiguity. When stakeholders express
their expectations in an everyday language, misunderstandings can occur easily [2]. For example, expres-
sions such as ”the system must have high availability,” ”it must respond quickly,” or ”the interface must
be user-friendly” are often used, but they lack measurable definitions.

For instance, the phrase ”high availability” can be interpreted differently by different people, which
could lead to misunderstandings, conflicting expectations, communication problems, and finally the pro-
duced software does not meet user needs.

Conventional methods for managing requirements depend on rigid binary logic, assuming that infor-
mation must be entirely precise before advancing to subsequent development stages. This expectation
becomes problematic when the available information is incomplete or subjective. Ideas are forced into
true-or-false categories, which often leads to errors, missing features, and dissatisfied users. Since projects
continuously become larger and more complex, these rigid methods are increasingly unable to handle the
uncertainty and variety found in real situations [3].

Several researchers suggested that the concept of fuzzy logic (FL) could offer a proper tool to address
this problem. Unlike traditional logic, which recognizes only absolute truth or falseness, fuzzy logic
permits thinking in degrees. Thus, partial truths between 0 and 1 can be considered. For example,
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instead of simply restricting the evaluation of the speed of a website to ”fast” or ”slow,” fuzzy logic
allows the definition of intermediate categories (values) as well like slow, moderately slow, slightly slow,
medium, slightly fast, moderately fast and in the case of each of them, a numeric value can be specified
that indicates how sure the speaker is about associating the current speed with the given label. This
approach reflects more closely the way people naturally describe and evaluate their experiences [4].

Several benefits arise when vague human expressions are transformed into machine-readable form
through fuzzy logic:

• Priority determination: Requirements can be ranked based on values given by users [5].

• Feasibility assessment : The system determines whether desired functions can be performed without
applying rigid binary judgments [6].

• Conflict detection: Contradictions between loosely defined requirements are identified early in the
process [7].

Although fuzzy logic has advantages, widespread adoption has not been reported in industrial software
development so far [8]. Thus, a significant gap remains between research theories and practice of daily
development.

This paper addresses that gap by systematically reviewing the application of fuzzy logic across the
five core stages of requirements engineering: elicitation, analysis, specification, validation, and man-
agement. Beyond presenting existing methods, we discuss their strengths, limitations, and integration
with complementary techniques such as social network analysis, case-based reasoning, and goal-oriented
modeling.

The rest of this paper is organized as follows. Section 2 covers background information related to
fuzzy logic and RE. Section 3 presents the reported applications of FL in the different steps of RE
based on the available literature. Section 4 synthesizes these findings, highlighting how fuzzy logic
improves transparency, reduces ambiguity, and improves decision-making throughout the requirement
lifecycle. Section 5 concludes with key challenges—such as reliance on expert knowledge and lack of
standardized tools—and outlines future directions, including automated membership function genera-
tion, improved tool support, and broader industrial adoption. By bridging theoretical foundations with
practical considerations, this survey aims to provide a comprehensive framework for leveraging fuzzy logic
in human-centered, uncertainty-aware software development.

2. Background and Theoretical Foundations

2.1. Fuzzy Logic

Lotfi Zadeh proposed fuzzy logic in 1965 [9] as a mathematical approach to manage scenarios characterized
by uncertainty, vagueness, or partial truth. While traditional Boolean logic classifies objects/values as
either ”true” (1) or ”false” (0), i.e. a given value either belongs a to a set (category) or not, FL makes
possible a more granulated expression of one’s opinion by the help of membership values from the interval
[0, 1]. This feature allows for a more accurate modeling of human thinking. The application of interval
fuzzy modeling enables the representation of linear dynamic system uncertainties [10] as well.

For example, lets’s assume a system that has to notify users of incoming messages or alerts within 5
seconds of receipt. The satisfaction of this requirement is measured with the help of a so-called linguistic
variable named Real-Time Notifications. Five levels, i.e., linguistic terms, were defined for this task.
They are Instantaneous, Prompt, Adequate, Tolerable, Unacceptable. Next, for each linguistic term a
membership function is defined that expresses on a domain (also called universe of discourse) how much
each delivery time value of that domain belongs to that category. The linguistic term and the underlying
membership function together are called fuzzy set. The group of fuzzy sets defined on a universe of
discourse is called a partition. A given value of the universe of discourse can belong to more than one
fuzzy sets. In our case (see Fig. 1), if the delivery time is 6 sec it can be characterized as Prompt with
a membership value of 0.8 (denoted as µPrompt(6) = 0.2) and as Adequate with a membership value
of 0.2 (denoted as µAdequate(6) = 0.2). In this example, so called triangle type membership functions
were used. However, one can choose from wide range of types when designing a fuzzy system. The most
used types are: singleton, triangular, trapezoidal, gaussian, bell-shaped, sigmoidal, z-shaped, s-shaped,
pi-shaped, polynomial, exponential. Membership functions typically are described by specifying their
parameters. For example, the membership function of the fuzzy set with the linguistic term Prompt is
µPrompt(x) = {0, 5, 10}, because its parameters are the breakpoints of the curve describing it.
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Figure 1: Fuzzy partition for the linguistic variable Real-Time Notifications.

The foundation of fuzzy logic systems rests upon reasoning that is based on ”if-then” rules. This
reasoning pattern mimics human thinking. Let’s assume that the satisfaction level of the user described
by the linguistic variable Requirement Satisfaction Level (linguistic terms: Very Poor, Poor, Fair, Good,
Excellent) is determined by two factors that can be described by the linguistic variables Real-Time
Notifications and UI Responsiveness (linguistic terms: Instantaneous, Fast, Moderate, Slow, Very Slow).
An example rule describing the relation between these variables is

R : IF Real-Time Notifications is Adequate AND UI Responsiveness is Moderate THEN Require-
ment Satisfaction Level is Fair.

In the case of rules with two premises each having five linguistic values 5 ∗ 5 = 25 rules are necessary
to fully describe the input-output relation. The collection of the available rules is called a rule base. Due
to possible non-zero memberships in two fuzzy sets in case of a given input it is possible that at least
two rules are used to determine the final outcome (Satisfaction level in our case). This process is called
fuzzy inference. Although several inference methods are available Mamdani type inference [11]. Its key
idea is that first a firing strength is determined for each rule.

αk = min
(
µAk

1
(xRTN ), µAk

2
(xUI)

)
, ∀k ∈ {1, . . . , nR}, (1)

where Ak
1 and Ak

2 are the first and second antecedent sets of the kth rule, xRTN and xUI are the current
input values, and nR denote the number of rules. In the equation, the abbreviated linguistic variable
names are used to make it more compact and readable. Next, the aggregated output membership function
is calculated as

µB(y) = max
k

(
min

(
αk, µBk(y)

))
, ∀k ∈ {1, . . . , nR}, (2)

where µBk(y) is the consequent fuzzy set of the of the kth rule. Finally, the resulting membership
function is defuzzified, i.e. a crisp output value is calculated from the previously aggregated membership
function. Here, one can choose from several methods, like center of area, bisector of area, mean of
maximum, smallest of maximum), largest of maximum, weighted average, height method, center of sums,
center of largest area, first of maximum, etc. The equation of the center of area method [12] is

y∗ =

∫
Y

y µB(y) dy∫
Y

µB(y) dy

, (3)

where y∗ is the defuzzified crisp value.
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2.2. Requirements Engineering Fundamentals

One of the most important and systematic processes in software development is requirements engineering
(RE). The goal of this process is to discover, precisely document, and maintain software needs throughout
the entire development process [13]. According to the INCOSE (International Council on Systems En-
gineering), requirements engineering serves as a cornerstone of systems engineering practice. It specifies
what the system must be able to do and the constraints within which it must operate. The process
consists of five main steps [14]:

• Elicitation: gathering user needs and expectations,

• Analysis: checking requirements for completeness, contradictions, and consistency,

• Specification: precisely and clearly documenting requirements,

• Validation: ensuring requirements match user expectations,

• Management : tracking changes and versions throughout the project.

The connection between these steps is presented in Fig. 2.

Elicitation Analysis

SpecificationValidation

Management

Figure 2: The Requirements Engineering process [15].

As modern software systems usually are complex, the development environment changes continuously.
Organizations must work with many stakeholders, and these stakeholders often see priorities differently.
Meanwhile, market, security, and usability demands must be met.

Classical RE approaches apply binary logic. Therefore, they are inadequate for processing require-
ments expressed in uncertain or naturally ambiguous language. Expressions like ”user-friendly,” ”fast,”
or ”secure” are necessary but difficult to measure. This situation causes serious problems during the
acceptance (validation) process.

Systematic solutions to these problems are offered by fuzzy logic principles. They allow requirements
to be evaluated not only on ”meets/does not meet” grounds, but also according to satisfaction levels. A
mathematical background for managing uncertainties, inaccuracies, and subjective factors is provided by
fuzzy tools. In this way, the system can connect the logic of human language with technical specifications.

3. Fuzzy Logic Applications in Requirements Engineering

A fuzzy logic based requirements engineering support could be particularly useful because the theoretical
foundations of FL enable the creation of models that account for human judgment errors and real uncer-
tainties occurring during software development. Thus the development team can handle uncertainty at
every stage, and uncertainty can be addressed from discovering needs to project management.

3.1. Elicitation

The elicitation stage of RE focuses on collecting user expectations about system behavior. This task is
challenging because people often struggle to articulate their requirements clearly [7]. Fuzzy logic proves
to be particularly valuable here. It can formally handle the vagueness and ambiguity inherent in natural
language [7].

When describing their needs, users typically employ words that can easily be interpreted as linguistic
values (e.g. ”low,” ”medium,” ”high”). These terms are assigned membership functions. Due to this

4



A Comprehensive Survey on Fuzzy Logic Applications in Software Requirements Engineering

assignment, rigid decisions between two extremes are not necessary. A fuzzy system based approach
allows the developer team to evaluate the described needs following human thinking patterns [5].

When a user says, ”The system should be fast enough, but not too complicated,”, an analyst can assign
fuzzy linguistic terms and membership functions to these characteristics. For example, µfast = {2, 3, 4}
and µcomplicated = {1, 2, 3} might be assigned. These values then become usable in measurable form.
Research has shown that fuzzy sets, when combined with social network theory [1], help identify the
most important stakeholders in a project. When many actors are involved and differing opinions appear
this approach is particularly helpful. Language uncertainty and vague expressions also can be addressed
effectively. For example, a concrete value can be assigned by an analyst to a fuzzy phrase (”early in
the month = around the 5th day”). The participants then rate, on a 0-to-10 scale, how acceptable
this definition is to them. Finally, this rating is converted into a fuzzy membership value. If the rating
indicates that the requirement cannot be reliably validated, it must be clarified or reformulated. Extended
fuzzy sets, such as intuitive or neutrosophic fuzzy sets, are increasingly recommended by future research
[7]. These sets can handle hesitation alongside uncertainty.

3.2. Analysis

The goal of the analysis step is to review the collected requirements for completeness, clarity, and con-
sistency, as well as to prioritize requirements, and to identify dependencies. Because this process often
contains complex and imprecise information, fuzzy logic is an ideal tool to manage it [7]. Often, re-
quirement selection appears as a multi-criteria decision problem, where many factors must be considered
simultaneously. The Fuzzy TOPSIS method [16] can be applied by analysts for this purpose. Thus, re-
quirements can be ranked even when data is uncertain. For example, security needs can be ranked using
this method. Stakeholders can use fuzzy decision-making to evaluate competing system requirements
through analysis of both system objectives and limitations [17].

A major difficulty is encountered in analysis because requirements often have value dependencies.
When one requirement is changed or deleted, others are affected. These connections are difficult to define
precisely. The fuzzy-based requirement selection (FBRS) method [18] addresses this issue by using so
called Fuzzy value graphs (FVG) and Integer Linear Programming (ILP). Value dependencies can be
represented in a vague but manageable way through these graphs. In addition, Complex Fuzzy Logic
(CFL) systems can generalize the fuzzy space to serve as a medium for clustering specifications-related
information using a feature space based on linguistic variables [19]. For instance, a centroid update
approach to K-means clustering was proposed to improve cluster center accuracy in dynamic datasets
[20].

Non-functional requirements can be ranked by importance using fuzzy-soft set theory [8]. Performance,
security, and usability are examples of such requirements.

3.3. Specification

Requirements become precise, documented descriptions during this phase. Fuzzy logic helps greatly in
this phase. It is especially useful when many factors must be coordinated and multiple complex trade-offs
that contain inherent uncertainty must be dealt with. Cost, quality, and time are examples of such fac-
tors. They are not always clearly measurable. Complex fuzzy logic (CFL) [19] can manage relationships
simultaneously. For example, ”good quality but high cost and yet difficult to implement” can be repre-
sented. Traditional, one-dimensional fuzzy logic is sometimes insufficient. Multiple properties can each
have their own fuzzy value through CFL. For instance, ”This feature is very useful, but implementation
is extremely difficult” can be expressed in this way.

Security requirements can also be modeled using fuzzy logic by using the Security Requirement Models
(SRMs) proposed by [21]. Some needs can be met partially or gradually. Furthermore the Goal-oriented
requirements engineering (GORE) can also be extended using fuzzy tools [22]. Goals, such as cost,
deadline, and quality, are covered by linguistic variables in this approach. The desired goal state, which
is called fuzzy desired situation (FDS). The overall satisfaction measure increases as the similarity values
between the required level of an attribute and the FDS increase.

Linguistic priorities (”weak,” ”normal,” ”strong”) are determined by a fuzzy inference system (FIS) in
the PAPS framework, for example. Then these values are converted into a required degree of satisfaction
(RDS) value [21]. Partial fulfillment of some requirements is ensured to be possible if circumstances
allow. When resources are limited, this method helps systematically choose which needs to implement.
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3.4. Validation

Before development begins, documented requirements are checked to ensure they truly meet user needs
and quality standards. This is the goal of the validation step [3]. Fuzzy logic provides an effective
tool in this phase. It makes uncertain comparison data quantifiable. One known approach involves
integrating fuzzy logic into case-based reasoning (CBR) systems. For example, the iSRS (Inspection of
Software Requirements Specification) system was developed using this approach [3]. Fuzzy logic serves
as a disambiguation tool for this system. When a new requirement is examined, it is compared to earlier
cases that are stored in a database. The similarity is decided based on fuzzy value. Partial matches are
also considered. The similarity measure might range from 30 to 90 percent. If complete agreement exists,
the previous solution can be reused. If only partial agreement is found, a modified solution is created.
The most similar cases form the basis of this modified solution. Accuracy is improved and ambiguous
cases are clarified through fuzzy logic in this manner.

Quality control in early phases can also use fuzzy logic [1]. During development, for instance, error
numbers or density (defect density) can be estimated. A testing approach called fuzzy testing [23] can be
used to evaluate completeness. If the value is close to 1, the program is nearly complete and few changes
are needed. For example, if the completeness value of a module is 0.88, roughly 12 percent redesign is
needed.

3.5. Management

Throughout a project, an ongoing process called requirement management includes tracking changes,
resources, and priorities [15]. The primary focus is on establishing systematic procedures for capturing
changes, evaluating their impact on project scope and schedule, and making informed decisions about
approval or rejection [24]. This management activity involves maintaining traceability links between
requirements and system components to facilitate impact analysis. Requirements prioritization deter-
mines the implementation sequence based on multiple criteria such as business value, technical feasibility,
resource availability, and stakeholder preferences, and this prioritization must be revisited when require-
ments change or new information emerges [25].

When requirements change during a project, fuzzy logic permits the systematic re-assessment of all
requirement priorities without requiring crisp, definitive data, as fuzzy membership functions accommo-
date imprecise expert opinions and incomplete information [26]. The fuzzy analytical hierarchy process
(FAHP) has proven particularly effective for this purpose, allowing practitioners to reduce uncertainty
and vague opinions of requirements management experts when continuously adjusting requirement prior-
ities in response to scope changes and emerging project constraints [26]. This approach supports iterative
re-prioritization cycles characteristic of agile and evolutionary development methodologies, where require-
ments are evaluated multiple times throughout the project lifecycle to accommodate scope evolution and
changing stakeholder needs while maintaining systematic, quantifiable decision-making even under con-
ditions of incomplete knowledge [25].

4. Conclusion

This study offers a comprehensive overview of that application possibilities of fuzzy logic in software
requirements engineering. Based on the results, uncertain and ambiguous information can be effectively
handled by fuzzy logic at every stage of the process. Mathematical models can be built for unclear needs,
and multi-factor decision-making is supported.

The reviewed research demonstrates the flexibility and effectiveness of fuzzy logic in requirements
engineering. It offers a mathematical framework for managing uncertainties that arise in human com-
munication and decision-making. The entire RE process—from elicitation and analysis to specification,
validation, and management—shows improvement when fuzzy logic is applied. Vague, linguistically stated
user expectations such as ”fast,” ”stable,” or ”easy to use” can be transformed into measurable forms.
This reduces contradictions, improves communication, and enhances requirement quality. Consequently,
subjective properties like satisfaction, importance, or completeness become quantifiable. Fuzzy sets and
linguistic variables assist in gathering uncertain opinions during elicitation, while methods such as Fuzzy
TOPSIS, fuzzy graphs, and fuzzy decision models support analysis and prioritization. These techniques
make decision-making more transparent by clearly showing influencing factors. FL also applies well to
assessing software component completeness, evaluating security risks, and improving quality assurance.

Especially effective is the combination of fuzzy inference systems, fuzzy graphs, and fuzzy decision
models. These tools provide strong support for ranking, specifying, and validating requirements. By
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working with different truth levels, fuzzy logic surpasses binary (yes/no) approaches, producing more
accurate and measurable requirements and improving user satisfaction. Quality assurance also benefits,
as fuzzy-based validation and testing methods offer reliable numerical indicators for evaluating system
completeness and reliability.

Despite these benefits, several limitations persist. Many fuzzy-based methods rely heavily on expert
knowledge; membership functions and rules often depend on expert input, which can lead to inconsistency
if experts disagree or lack experience. Computational demands also increase significantly with large
datasets. As a result, industrial adoption of FL in field of RE is still limited. Standard guidelines are
lacking, built-in software support is scarce, and automation requires further development.

Future research should focus on three key areas to advance fuzzy logic-based requirements engineering:

• Developing automatic membership function determination methods,

• Enhancing fuzzy tool functionality,

• Implementing fuzzy techniques in projects of various sizes and real industrial settings.

Fuzzy logic provides a solid, flexible framework for requirements engineering. With its help, analysts
can respond effectively to uncertainty while maintaining accuracy. Ongoing research and practical appli-
cations are essential for successful industrial adoption. Although challenges remain, fuzzy logic presents
a promising pathway toward more reliable and human-centered software development.
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