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Abstract

Developing complex software systems often involves managing intricate requirements
that must be accurate and unambiguous. Traditional methods for analyzing and validating
software requirements can be labor-intensive and error-prone. This paper explores the
use of semantic similarity analysis to enhance the clarity and effectiveness of software
requirements and design. By applying advanced natural language processing (NLP)
techniques, such as word embeddings, sentence embeddings, and transformer-based
models, our approach aims to improve the identification of inconsistencies, ambiguities,
and redundancies in requirement documents. The paper presents a methodology for
integrating semantic similarity analysis into the requirements engineering process and
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demonstrates its benefits through a series of case studies. The results highlight the Madhura, Satish Narayanrao Gujar.
potential of semantic similarity to streamline requirements management and contribute Leveraging Semantic Similarity for

to more effective software design.
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1. INTRODUCTION

In the realm of software engineering, the precise definition and
effective management of software requirements are paramount
to the success of any software development project.
Requirements serve as the foundation upon which software
systems are built, guiding the design, implementation, and
validation phases. Despite their critical role, the process of
capturing, analyzing, and validating requirements is often
fraught with challenges. Ambiguities, inconsistencies, and
redundancies in requirement documents can lead to
misunderstandings, misaligned expectations, and costly

rework. As software systems grow in complexity and scale,
these challenges become increasingly  pronounced,
necessitating more sophisticated approaches to requirements
engineering. Traditional methods for managing software
requirements typically involve manual review and expert
judgment. While these methods can be effective, they are
inherently limited by the capacity of human reviewers to
identify all potential issues within large and complex
documents. Manual methods are also prone to errors and
inconsistencies, especially when dealing with large volumes of
requirements. In recent years, there has been a growing interest
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in leveraging automated techniques to augment traditional
requirements engineering practices. One such technique that
holds considerable promise is semantic similarity analysis.
Semantic similarity analysis, powered by advancements in
natural language processing (NLP), offers a novel approach to
understanding and managing requirements. Unlike keyword-
based methods, which rely on exact matches and simple
frequency counts, semantic similarity focuses on the
underlying meaning and context of text. By analyzing how
words and sentences relate to each other in terms of their
meaning, semantic similarity analysis can uncover nuances that
are often missed by traditional methods. This capability is
particularly valuable in the context of software requirements,
where precise understanding and clear communication are
critical.

At the core of semantic similarity analysis are various NLP
techniques designed to capture and represent the meaning of
text. Word embeddings, such as Word2Vec and GloVe, have
revolutionized the field by providing a way to represent words
as dense vectors in a high-dimensional space. These vectors
encode semantic relationships based on the context in which
words appear, allowing for more nuanced comparisons.
Sentence embeddings extend this concept to longer text
segments, representing entire sentences as vectors that capture
their overall meaning. Recent advancements, such as BERT
and Sentence-BERT, further enhance this capability by
incorporating contextual information, enabling models to
understand the meaning of words in their specific contexts.
The application of semantic similarity analysis to software
requirements offers several significant benefits. Firstly, it can
help identify ambiguities and inconsistencies by detecting
semantically similar but differently phrased requirements. For
example, two requirements that describe the same functionality
using different terminology can be flagged as potential
duplicates or conflicts. This capability ensures that all aspects
of the software’s functionality are clearly defined and avoids
redundant or conflicting requirements. By providing a more
granular understanding of the text, semantic similarity analysis
helps ensure that the requirements are both comprehensive and
coherent.

Secondly, semantic similarity analysis can improve the
consistency of terminology across requirement documents. In
large projects involving multiple stakeholders, different terms
may be used to refer to the same concept, leading to confusion
and misalignment. Semantic similarity analysis can identify
these variations and suggest standardization, enhancing the
clarity and consistency of the requirements. This is particularly
valuable in complex projects where consistent terminology is
essential for effective communication and collaboration among
diverse teams.

Moreover, semantic similarity analysis can aid in the validation
and verification of requirements. By comparing the semantic
content of requirements with established standards or existing
documentation, it is possible to identify discrepancies and
ensure that the requirements meet predefined criteria. This
helps verify that all necessary aspects of the software are

addressed and that the requirements align with stakeholder
expectations. Automated validation through semantic
similarity analysis can also expedite the review process,
providing valuable insights and feedback to stakeholders more
efficiently than manual methods alone.

Despite its advantages, the integration of semantic similarity
analysis into requirements engineering is not without
challenges. One major challenge is the quality and accuracy of
the NLP models used for semantic analysis. While models like
BERT have demonstrated impressive performance in various
NLP tasks, they are not infallible. The effectiveness of semantic
similarity analysis depends on the ability of the models to
capture the specific nuances of domain-specific language and
the quality of the embeddings used. Therefore, careful selection
and fine-tuning of these models are essential to ensure accurate
and meaningful results.

Another challenge is the integration of semantic similarity
analysis with existing requirements engineering processes.
While automated analysis can provide valuable insights, it
should complement rather than replace traditional methods.
The results from semantic similarity analysis need to be
interpreted and validated by human experts to ensure that they
are actionable and contextually relevant. Therefore, a hybrid
approach that combines automated analysis with expert review
may be the most effective way to enhance the quality of
software requirements.

In summary, leveraging semantic similarity for improved
software requirements and design significantly advances
requirements engineering. By applying advanced NLP
techniques to understand and compare the meaning of text
elements, semantic similarity analysis can address common
issues such as ambiguity, inconsistency, and terminology
variation. The potential benefits include improved clarity,
consistency, and alignment with stakeholder needs, leading to
more successful software projects. However, careful
consideration of the challenges and integration with traditional
methods is essential for realizing the full potential of semantic
similarity analysis in this domain. As the field continues to
evolve, further research and development will be critical in
refining these techniques and exploring their applications in
various aspects of software engineering.

2. METHODOLOGY

Our approach to leveraging semantic similarity for improved

software requirements and design involves the following steps:

1. Preprocessing: Requirement documents are preprocessed
to standardize the text and remove noise. This includes
tokenization, lemmatization, and removal of stop words.
Preprocessing ensures that the semantic analysis is based
on clean and relevant text.

2. Word-Level Similarity: We compute word-level
semantic similarity using word embeddings such as
Word2Vec, GloVe, or FastText. These embeddings
represent words as vectors in a high-dimensional space,
allowing us to measure their semantic similarity using
cosine similarity or other distance metrics.
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3. Sentence-Level Similarity: To capture the meaning of
entire sentences, we use sentence embeddings generated
by models such as Sentence-BERT or other transformer-
based architectures. Sentence-level similarity is computed
to identify semantically similar statements and detect
potential contradictions or redundancies.

4. Analysis and Evaluation: The semantic similarity scores
are used to analyze the requirement documents. We look
for semantically similar or conflicting statements,
redundant requirements, and inconsistencies in
terminology. This analysis helps in identifying areas for
improvement and ensuring that the requirements are clear
and coherent.

5. Feedback and Refinement: Based on the analysis,
feedback is provided to stakeholders, suggesting revisions
to improve the clarity and consistency of the requirements.
The process is iterative, allowing for continuous
refinement and enhancement of the requirement
documents.

3. CASE STUDIES AND RESULTS

To evaluate the effectiveness of our approach, we applied
semantic similarity analysis to several real-world software
projects. The case studies involved diverse types of
requirements documents, including functional specifications,
non-functional requirements, and use case descriptions.

In one case study, our approach successfully identified several
redundant requirements that were phrased differently but
conveyed the same functionality. By flagging these duplicates,
we were able to streamline the requirements and reduce
potential confusion. In another case study, semantic similarity
analysis revealed inconsistencies in terminology, where
different terms were used to refer to the same concept.
Standardizing these terms improved the clarity and coherence
of the requirements document.

The results from the case studies demonstrate that semantic
similarity analysis can significantly enhance the quality of
software requirements. By automating the identification of
issues and providing actionable feedback, our approach
contributes to more effective requirements management and
design.

The use of semantic similarity analysis in software
requirements engineering offers several advantages. Firstly, it
automates the process of identifying ambiguities,
inconsistencies, and redundancies, reducing the reliance on
manual review and expert judgment. This can lead to more
efficient requirements management and a higher-quality final
product.

Secondly, semantic similarity analysis helps improve
communication among stakeholders by ensuring that
requirements are clear and consistent. By standardizing
terminology and detecting potential conflicts, the approach
facilitates better understanding and alignment among different
teams and individuals involved in the project.

However, there are some limitations to consider. The accuracy
of semantic similarity analysis depends on the quality of the

NLP models used and their ability to capture domain-specific
nuances. Additionally, while automated analysis provides
valuable insights, it should complement rather than replace
traditional methods. Expert review is still necessary to interpret
and validate the results.

4. CONCLUSION

Leveraging semantic similarity for improved software
requirements and design significantly advances requirements
engineering. By applying NLP techniques to assess the
meaning and relationships between text elements, our approach
enhances the clarity, consistency, and overall quality of
requirement documents. The case studies demonstrate the
practical benefits of semantic similarity analysis, including the
identification of redundancies, inconsistencies, and
ambiguities. Future work will focus on refining the
methodology, incorporating domain-specific knowledge, and
exploring additional applications in software engineering.
Future research could explore several directions to further
enhance the use of semantic similarity in software requirements
and design. One area of interest is the integration of domain-
specific ontologies and knowledge bases to improve the
accuracy of semantic analysis. Additionally, developing more
sophisticated models that capture contextual information and
domain-specific language could enhance the effectiveness of
semantic similarity analysis. Further research into combining
automated analysis with human expertise could also provide a
more comprehensive approach to requirements management
and design.
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