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Abstract - The rapid evolution of software development has
intensified cybersecurity challenges across web application,
embedded systems, distributed architectures, Internet of
Things (1oT) and artificial intelligence solution. In traditional
approaches, security is often treated as a final stage in the
Software Development Life Cycle (SDLC), resulting in
increased vulnerability risks, higher remediation costs, delayed
deployments, and potential regulatory penalties. This paper
advocates a Security-First approach, which integrates security
practices form the initial phases of the SDLC rather than as a
reactive measure. It examines major SDLC methodologies,
evaluation their characteristics, use cases, security integration
potential and optimal application contexts. Drawing on
influential standards such as the NIST Secure Software
Development Framework (SSDF) and Secure SDLC (SSDLC),
the study highlights the benefits of proactive security
integration. Results indicate that adopting a Security-First
mindset significantly reduces risks while preserving system
performances and availability.
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1.INTRODUCTION

Over the past three decades, software development has
advanced at an extraordinary pace. This rapid growth
requires a methodical and proactive approach to securing
the entire information system while ensuring proper
functionality and availability.

In light of emerging daily threats, it is essential to adopt a
Security-First methodology. This approach promotes
incorporating security layers from the beginning of the
software development process, rather than threating
security as a final security or corrective measure after a
technical failure or an attack.

Practically, many traditional SDLC models do not integrate
security in detailed and systematic manner. To address this
gap, the NIST Secure Software Development Framework
(SSDF) is recommended as a robust method for embedding
security practices across every phase of the SDLC [1].

To implement this strategy effectively the Secure SDLC
(SSDLC) is employed. Unlike classical methods that defer
security and testing to the end of the cycle, SSDLC
incorporates security principles, architectural decisions,
tools, and procedures from the outset [2]. Building secure

foundations from the starts is vital for preventing incidents,
this approach applies to diverse projects, including web
applications, embedded software, disturbed systems,
network programming, Internet of Things (IOT), and
artificial intelligence systems.

2. SDLC Methodologies

Several SDLC methodologies exist. This section analyses each
according to four criteria: characteristics, use cases, security
integration and recommended application contexts. The
comparison is summarized in the table below.

Table -1: Comparison of SDLC Methodologies with
Security-First Integration
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needed This figure illustrates the concept effectively. Security
controls are applied at each stage and component of the
system, with verification required before moving from one
stage to another. Each zone is separated by control gates.
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2. 2 Security Layers in the SDLC

In the SDLC, even when emphasizing a Security-First
approach, itis essential to ensure the availability of the entire
information system, including during attacks. The system
must remain resilient. Therefore, rigorous risk management
and the handling of potential failures are strongly
recommended through the development cycle.

Technologically Security rests on the CIA Triad

(Confidentiality, Integrity, Availability):

o Confidentiality: Protects data from unauthorised
access. Achieving a high protection level, close to
99.9%, strengthens user confidence in the security
of their personal data. This requirement is
supported by international standards such as ISO
270001, which defines requirements for an
Information Security Management System and PCI
DSS (Payment Card Industry Data Security
Standard), particularly relevant for systems
handling payment card data and baking
transactions.

o Integrity: Ensures the accuracy, truthfulness, and
non-alteration of data throughoutits lifecycle in the
system. It prevents unauthorised of fraudulent
modifications.

e Availability: Guarantees that authorized users can
access information and services when needed, even
under stress or in the presence of attacks.

A major risk to prevent is the Man-in-the-Middle (MITM)
attack. In this technique, as attacker secretly position
themselves between two parties without their knowledge.
Acting as a proxy, the attacker can intercept, eavesdrop on or
modify communications in Realtime. This can lead to massive
data leaks or alteration of exchanges, directly compromising
he confidentiality and integrity of data flowing through the
system [11].

Man-in-the-middle
attack in action

New connection

.o q I

Man in the middle

- Original connection

il

Server

Fig -3: MITM Attack Illustration

As shown in the figure, we have three actors involved and
behaving as expected in the table below:

Table -2: Actors actions in MITM Attack

Actor Action

User Send requests to the server to retrieve,
create, or modify information

Server Stores and processes information may
trigger events based in configurations

Man-in-the- Uninvited actor who uses identity spoofing

Middle to stead or manipulates data transiting

To encounter these threats, the Security-First approach
recommends integration appropriate controls, such as
encryption and authentication from the design phase and
across all layers of the SDLC.

LIENT CERT
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Fig -4: Mutual Authentication Diagram

As illustrated in the figure security is enforced on both side
trough certificate verification by each action before
proceeding with deeper operations. This provides additional
protecting for data in transit [12].

3.Security-First Implementation in the Traditional
SDLC Phases

The traditional SDLC consists of seven well-defined phases. A
Security-First approach, informed by the NIST SSDF and the
foundational principles outlined by Gary McGraw’s, requires
that security activities be embedded in each phase rather
than added as an afterthought. The following paragraphs
describe each phase and the corresponding Security-First
practices.

© 2026, IRJET | ImpactFactor value: 8.315

IS0 9001:2008 Certified Journal | Page 206




’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 13 Issue: 04 | Apr 2026

www.irjet.net

p-ISSN: 2395-0072

SDLC
STAGES

Requirements

@ Development

Deployment,
Implementation,
Iteration

‘ Installation and
‘ Software

Maintenance
Design

Planning and
Feasibility Analysis

Software
Testing

Fig -5: SDLC Phases

1. Planning: conduct initial risk assessments and
define high-level security requirements in
alignment with business objectives and compliance
obligations such as ISO 27001. Identify potential
threats and allocate resources for security activities
from the outset.

2. Requirements Analysis: specify both functional
and non-functional security requirements using the
CIA Triad. Perform preliminary threat modeling to
capture needs early and ensure they are
documented as part of the requirements baseline.

3. Design: apply secure architecture principles and
conduct detailed threat modeling, by using
methodologies like STRIDE (Spoofing, Tampering,
Repudiation, Information Disclosure, Elevation of
Privilege). Design for least privilege, secure defaults,
and defence-in-depth to eliminate vulnerabilities at
the architectural level [13].

4. Development: follow secure coding standards,
perform static application security testing (SAST),
and conduct peer code reviews with a security
focus. Automated tools are used to detect common
vulnerabilities before they reach later stages.

5. Testing: integrate dynamic application security
testing (DAST), penetration testing, and fuzz testing.
Verify that security controls function correctly and
do not introduce unacceptable performance
degradation.

6. Deployment: implement secure configuration
management, infrastructure-as-code scanning, and
hardened CI/CD pipelines. Conduct a final security
review and apply all necessary hardening measures
before release.

7. Maintenance & Support: establish continuous
monitoring, vulnerability management, timely
pathing, and incident response capabilities. Risks
are regularly reassessed and security controls

updated as the system evolves or new threats
emerge.
This structured integration, supported by the NIST SSDF and
McGraw’s touch point framework, shifts security left in the
development process [14], reduces long-term remediation
costs, and significantly enhances overall system resilience.

3. CONCLUSIONS

Adoption of a Security-First approach shifts security from a
reactive constraint to a proactive strength integrated into
the development process. By combining suitable SDLC
methodologies with frameworks like NIST SSDF and
respecting the CIA Triad, organization scan significantly
reduces risks while maintaining performance and
availability. We are aiming to improve future work to include
Al-driven security in DevSecOps pipelines, and also Network
Security.
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