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Abstract:

Modern software systems are becoming increasingly complex, while security issues continue to grow
across different stages of the Software Development Lifecycle (SDLC). In many development environments,
security and analytical support are often addressed late in the process, which increases risk and development
effort. Although artificial intelligence has shown promise in supporting software engineering activities, most
existing approaches focus on specific tasks or individual SDLC phases rather than the entire lifecycle.

This paper proposes a conceptual framework for Al-assisted support in the Secure Software
Development Lifecycle (Secure SDLC). The framework is developed through a review of existing research
studies, industry practices, and secure development standards. Instead of presenting a working system or
experimental results, the study focuses on defining high-level framework components and explaining their
conceptual roles across SDLC phases such as requirements, design, development, testing, deployment, and
maintenance. The proposed framework aims to support security awareness and decision-making without
disrupting existing development processes.

The main contribution of this work is an implementation-independent framework that connects
secure SDLC principles with Al-assisted analytical concepts. This study serves as a foundation for future
research, system development, and practical validation in real-world software engineering environments.

Keywords — Secure Software Development Lifecycle, Secure SDLC, Artificial Intelligence, Al-
Assisted Analysis, Software Engineering, Decision Support Framework, Conceptual Framework
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I. INTRODUCTION

Software systems play a critical role in
modern society, supporting applications in finance,
healthcare, education, government, and industrial
sectors. As software systems grow in scale and
complexity, security threats have also increased in
frequency and sophistication. Security
vulnerabilities introduced during early development
stages often propagate throughout the lifecycle,
resulting in costly fixes, operational disruptions, and
reputational damage.

Traditional Software Development Lifecycle
(SDLC) models primarily focus on functionality,
performance, and delivery timelines. Security is
frequently treated as a secondary concern or
addressed only during testing or post-deployment
phases. This reactive approach increases
development costs and exposes organizations to
preventable security risks. To address these
challenges, the concept of Secure Software
Development Lifecycle (Secure SDLC) has been
introduced, integrating security practices across all
development phases.

Recent  advancements in  artificial
intelligence (AI) have demonstrated potential in
supporting complex decision-making processes in
software engineering. Al-assisted analysis can help
process large volumes of development artifacts,
identify risks, and provide contextual guidance.
However, existing Al applications in software
development often target isolated tasks and lack
lifecycle-wide integration.

This paper addresses this gap by proposing a
conceptual Al-assisted framework for Secure SDLC,
focusing on high-level analytical support rather than
concrete implementation

II. BACKGROUND AND RELATED WORK

The Software Development Lifecycle
(SDLC) provides a structured approach for
designing, developing, testing, and maintaining
software systems; however, traditional SDLC
models often treat security as a secondary concern
addressed late in the development process. This
limitation has led to increased interest in the Secure
Software Development Lifecycle (Secure SDLC),
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which integrates security practices such as secure
requirements, threat modeling, secure coding, and
security testing across all lifecycle phases. Previous
studies have shown that early incorporation of
security can significantly reduce vulnerabilities and
long-term remediation costs. In parallel, recent
research has explored the application of artificial
intelligence in software engineering to support tasks
such as defect prediction, documentation analysis,
and risk assessment. While these approaches
demonstrate the potential of Al-assisted analysis,
most existing solutions focus on isolated SDLC
activities and lack a unified, lifecycle-wide
perspective. Consequently, there remains a gap in
research  for  conceptual frameworks that
systematically align Al-assisted analytical support
with Secure SDLC principles, motivating the need
for high-level, implementation-independent models.

A. Secure Software Development Lifecycle

Secure SDLC extends traditional SDLC by
embedding security practices into each phase of
software development. These practices include
secure requirement identification, threat modeling,
secure coding standards, security testing, and
continuous monitoring. Secure SDLC emphasizes
early risk identification and proactive mitigation

rather than reactive patching.
Despite its advantages, Secure SDLC
adoption remains inconsistent, particularly in

environments with limited resources or tight delivery
schedules. Many organizations struggle to
operationalize security practices consistently across
development phases.

B. Artificial Intelligence in Software Engineering

Al has been applied to various software
engineering tasks, including defect prediction, test
automation, effort estimation, and documentation
analysis. Machine learning and natural language
processing techniques have enabled automated
analysis of code, requirements, and project artifacts.

However, most Al-based approaches focus
on specific development activities rather than
providing holistic lifecycle support. The lack of
unified conceptual models limits their adaptability
and long-term effectiveness.

ISSN: 2581-7175

©IJSRED: All Rights are Reserved

Page 804



International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 1, Jan-Feb 2026

C. Research Gap
Existing research highlights two major gaps:

e Limited integration between Secure SDLC
practices and Al-assisted analysis.

e Lack of lifecycle-wide, implementation-
independent frameworks that guide Al
support across SDLC phases.

This study aims to address these gaps by proposing
a conceptual framework that aligns Al-assisted
analysis with Secure SDLC principles.

III. RESEARCH MOTIVATION AND
OBJECTIVES

The increasing scale, complexity, and
security demands of modern software systems have
made software development a highly decision-
intensive process. Development teams are required
to balance functional requirements, security
considerations, regulatory compliance, time
constraints, and resource limitations across multiple
phases of the Software Development Lifecycle
(SDLC). In practice, these decisions are often made
with incomplete information, fragmented tools, and
limited visibility into security implications, which
can lead to inconsistent implementation of secure
development practices.

While the Secure Software Development
Lifecycle (Secure SDLC) promotes early and
continuous integration of security, its effective
adoption remains challenging in real-world
environments. Developers and project stakeholders
frequently lack contextual support that connects
security principles with day-to-day development
activities. At the same time, recent advancements in
artificial intelligence have highlighted opportunities
to assist complex analytical and decision-making
tasks by processing large volumes of software
artifacts and development-related information.
However, existing Al-driven approaches in software
engineering are typically narrow in scope and do not
provide cohesive lifecycle-wide support.

These challenges motivate the need for a
structured and conceptual approach that aligns Al-
assisted analytical support with Secure SDLC
practices. By defining clear objectives and scope,
this research aims to establish a foundation for
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integrating intelligent support mechanisms into

secure software development processes in a
systematic and adaptable manner.
D. Research Motivation

Modern software development involves

complex decision-making across multiple phases of
the Software Development Lifecycle (SDLC), where
security, quality, cost, and delivery timelines must be
balanced simultaneously. In many development
environments, security considerations are still
introduced late in the lifecycle, leading to increased
vulnerabilities and higher remediation costs.
Although Secure Software Development Lifecycle
(Secure SDLC) practices aim to address this issue,
their consistent adoption remains challenging due to
fragmented processes, limited expertise, and
increasing system complexity. At the same time,
recent advances in artificial intelligence have
demonstrated the ability to analyze large volumes of
software-related information and provide contextual
insights to support human decision-making.
However, most Al-based solutions in software
engineering focus on narrow tasks or individual
lifecycle phases, offering limited support for end-to-
end Secure SDLC integration. This gap motivates
the need for a unified, high-level framework that
conceptually integrates Al-assisted analytical
support across the entire Secure SDLC without
imposing implementation constraints.

E. Research Objective

The primary objectives of this research are to
identify the key factors influencing the subject under
study and to analyze their impacts in a systematic
manner. Additionally, the research aims to provide
evidence-based insights that can inform future
practice and decision-making.

e To analyze existing Secure SDLC practices
and Al-assisted approaches in software
engineering.

e To propose a conceptual, implementation-
independent framework for Al-assisted
support in Secure SDLC.

e To map the roles of Al-assisted analytical
support across different SDLC phases.
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e To establish a foundational model that can
guide future empirical studies, system
implementations, and industry validation.

IV. PROPOSED CONCEPTUAL
FRAMEWORK

In response to the limitations observed in
existing Secure Software Development Lifecycle
(Secure SDLC) practices and the fragmented
adoption of Al-assisted techniques within software
engineering, this study introduces a conceptual
framework aimed at providing structured analytical
support across the SDLC. The framework is
positioned as a complementary layer that enhances
security-oriented reasoning and decision-making
without  disrupting  established development
methodologies or organizational workflows.

The proposed framework is deliberately
designed to be technology-agnostic and
implementation-independent, focusing on abstract
functional roles rather than concrete system
architectures. This design choice ensures broad
applicability across varying project contexts,
development models, and organizational maturity
levels. By emphasizing logical structure over
operational detail, the framework facilitates
conceptual alignment between Al-assisted analytical
capabilities and Secure SDLC activities, enabling
consistent integration of security considerations
throughout the lifecycle.

This section establishes the conceptual basis
and scope of the proposed framework, serving as a
precursor to the detailed presentation of its overall
structure and constituent components in the
following subsections.

A. Framework Overview

The proposed framework represents a high-
level analytical support layer designed to
complement and enhance existing Secure Software
Development Lifecycle (Secure SDLC) practices.
Rather than defining a concrete system or technical
implementation, the framework is formulated as a
logical and conceptual model, allowing it to remain
independent of specific technologies, platforms, or
development tools. This abstraction ensures that the
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framework can be adapted across diverse
development environments, organizational
structures, and software engineering methodologies.
The primary objective of the framework is to
support informed decision-making by improving
security awareness and risk comprehension
throughout the SDLC. It provides a structured
conceptual approach for integrating analytical
reasoning into each lifecycle phase, enabling
stakeholders to better understand potential security
implications associated with design choices,
development activities, and operational decisions.
By maintaining a lifecycle-wide perspective, the
framework promotes consistency in security
consideration and encourages proactive risk
identification rather than reactive mitigation.

B. Framework Components

The proposed conceptual framework is
composed of a set of logical and interrelated
components, each representing a distinct analytical
role within the Secure Software Development
Lifecycle (Secure SDLC). These components are not
intended to denote physical modules or system
implementations; instead, they define abstract
functional layers that collectively support security-
aware decision-making across the software lifecycle.

Knowledge Layer:

The Knowledge Layer serves as the
foundational component of the framework,
encapsulating domain knowledge related to software
engineering  principles, secure development
standards, regulatory guidelines, and established
best practices. This layer is derived from academic
literature, industry frameworks, and recognized
security standards, providing a structured knowledge
base that informs analytical and decision-support
activities throughout the SDLC.

Analysis Layer:

The Analysis Layer is responsible for the
conceptual examination of software development
artifacts, processes, and lifecycle activities. It
facilitates the identification of potential security
risks, design inconsistencies, and process-level
weaknesses by applying analytical reasoning to
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contextual development information. This layer
supports stakeholders in understanding security
implications without relying on specific analytical
techniques or tools.

Recommendation Layer:

The Recommendation Layer provides high-
level guidance and security-oriented suggestions that
are aligned with individual SDLC phases. Rather
than enforcing prescriptive actions, this layer offers
contextual recommendations intended to assist
developers and decision-makers in selecting
appropriate security practices and mitigating
identified risks in a flexible and adaptable manner.

Feedback Layer:

The Feedback Layer supports continuous
improvement by conceptually integrating insights
and lessons learned across different stages of the
SDLC. By enabling iterative reflection on past
decisions and outcomes, this layer contributes to the
refinement of security awareness and analytical
understanding over time, reinforcing the lifecycle-
wide applicability of the framework.

V. MAPPING THE FRAMEWORK TO
SECURE SDLC PHASES

The conceptual framework supports Secure

SDLC phases as follows:
TABLE I
Al-Assisted Security Roles Across the SDLC
SDLC Phase Conceptual Al-Assisted
Role
. Security awareness and
Requirements . S
requirement validation
Desien Threat identification and
g architectural risk analysis
Secure coding guidance
Development and consistency check
Testing Vulnerability prioritization
support
Deployment Configuration and
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compliance awareness

Continuous security

Maintenance . .
monitoring guidance

This mapping demonstrates how Al-assisted
concepts can enhance Secure SDLC practices
without altering existing workflows.

VI. DISCUSSION

The proposed conceptual framework places
strong emphasis on clarity, adaptability, and
generalizability, which are essential characteristics
for supporting Secure Software Development
Lifecycle (Secure SDLC) practices across diverse
development environments. By maintaining an
implementation-agnostic design, the framework
avoids reliance on specific  technologies,
programming paradigms, or analytical tools. This
design choice enhances its applicability across
organizations with varying technical infrastructures,
resource availability, and security maturity levels,
enabling flexible adoption without imposing rigid
implementation constraints.

Rather than functioning as a replacement for
developers, architects, or security professionals, the
framework is positioned as a supportive decision-
assistance construct. It aims to augment human
judgment by promoting structured analytical
reasoning and continuous security awareness
throughout the SDLC. By encouraging consistent
consideration of security implications at each
lifecycle phase, the framework helps reduce
fragmented or reactive security practices and
supports a more proactive and informed
development approach.

Furthermore, the conceptual nature of the
framework allows it to evolve alongside emerging
technologies, development methodologies, and
organizational practices. This adaptability positions
the framework as a foundational reference model
that can guide future empirical studies, system
implementations, and industry-driven refinements,
contributing to the advancement of secure and
intelligence-aware software engineering practices.
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VII. LIMITATIONS

This study is purely conceptual and does not
include system implementation, datasets, or
experimental validation. The framework has not
been empirically evaluated in real-world
development environments. As a result, its practical
effectiveness remains to be validated through future
research.

VIII. FUTURE WORK

While this study establishes a conceptual
foundation for Al-assisted support in the Secure
Software Development Lifecycle (Secure SDLC),
several directions remain open for future
investigation. One potential extension of this work
involves the implementation of the proposed
conceptual framework as a software-based system,
enabling practical exploration of its analytical and
decision-support capabilities within real
development environments.

Future research may also focus on empirical
validation  through  controlled  experiments,
longitudinal studies, or industry case analyses to
assess the framework’s effectiveness in improving
security awareness, decision quality, and lifecycle
consistency. Evaluating the framework across
organizations with varying sizes, domains, and
security maturity levels would provide deeper
insight into its adaptability and practical relevance.

Additionally, subsequent studies could
explore the integration of quantitative metrics and
automated analytical techniques to support objective
evaluation of security risks and development
outcomes. Such extensions would enhance the
framework’s analytical rigor and facilitate
measurable assessment, thereby strengthening its
applicability for both academic research and
industrial adoption.

IX. CONCLUSION

This paper presented a conceptual
framework for Al-assisted support in the Secure
Software Development Lifecycle. By aligning Al-
assisted analytical concepts with Secure SDLC
practices, the framework addresses gaps in existing
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research and provides a structured foundation for
future development. The proposed model
emphasizes security awareness, decision support,
and lifecycle consistency while remaining
implementation-independent. This work contributes
to advancing secure and intelligence-aware software
development practices.
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