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Introduction

Incorporating Security into the Software Development Life Cycle (SDLC)

As software systems grow in complexity, the importance of integrating security
from the very beginning of their development lifecycle cannot be overstated.
Traditional approaches often treat security as an afterthought, leading to
vulnerabilities, increased costs, and compliance issues. Banik and Kothamali
(2019) emphasize that security should not merely be bolted on at the end of
development; instead, it must be embedded throughout all phases of the
Software Development Life Cycle (SDLC). Building on this perspective, this
paper highlights the role of Early Security Requirements Analysis (SRA) and
how it significantly enhances the security posture of software systems.

1. The Need for Integrated Security in SDLC
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Modern software systems face increasingly sophisticated threats, making it
imperative to incorporate security practices into each phase of the SDLC:

1.

Requirements Phase: Identifying and analyzing security requirements
ensures that security is considered alongside functional and non-
functional requirements.

Design Phase: Secure design patterns and architectural decisions can
address potential vulnerabilities before implementation.

Implementation Phase: Writing secure code, adhering to coding
standards, and conducting static analysis help prevent common coding
flaws.

Testing Phase: Security testing methods, such as penetration testing and
vulnerability scanning, validate that implemented security controls are
effective.

Deployment and Maintenance: Continuous monitoring and patching
mitigate emerging security risks during the system’s lifecycle.

This holistic approach ensures that security is a fundamental component of the
development process rather than a reactive measure.

2. Early Security Requirements Analysis (SRA)

Early Security Requirements Analysis (SRA) plays a crucial role in ensuring
that security concerns are addressed before they escalate into significant
problems. By identifying and analyzing security requirements early in the
SDLC, organizations can achieve the following benefits:

2.1 Mitigating Risks Early

Identifying security risks during the requirements phase allows for
proactive mitigation strategies.

Threat modeling and risk analysis at this stage help uncover potential
attack vectors and vulnerabilities.

By addressing risks early, developers can avoid costly rework that would
arise if security gaps are discovered later in the SDLC.

2.2 Cost Efficiency

Security issues identified during later stages of development (e.g., during
testing or post-deployment) are exponentially more expensive to fix.
According to industry studies, addressing security vulnerabilities during
the requirements phase can be up to 100 times less costly than fixing
them post-release.

Early SRA reduces these costs by embedding security as a fundamental
aspect of software requirements.
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2.3 Ensuring Compliance

e Regulatory frameworks, such as GDPR, HIPAA, and PCI-DSS, require
security controls to be implemented early in development.

o Early SRA helps organizations meet compliance requirements by
aligning security objectives with industry standards and legal
obligations.

« By integrating compliance into the requirements analysis phase,
organizations reduce the risk of penalties and legal challenges.

2.4 Improving Software Quality

e Addressing security requirements upfront contributes to overall
software quality by reducing vulnerabilities.

o Early SRA ensures that functional and security requirements do not
conflict, leading to more robust and secure systems.

e Secure-by-design principles are easier to implement when security is
part of the requirements phase.

3. Steps to Implement Early SRA

Implementing Early Security Requirements Analysis involves the following key
steps:

1. Identify Security Objectives:

o Collaborate with stakeholders to define security goals that align
with business objectives.

o Ensure that confidentiality, integrity, and availability (CIA triad)
are addressed in the requirements.

2. Perform Threat Modeling:

o Identify potential threats, attack vectors, and system
vulnerabilities.

o Use tools such as STRIDE or DREAD frameworks to categorize
and prioritize threats.

3. Define Security Requirements:

o Document security requirements in measurable and testable
terms.

o Include both functional security requirements (e.g.,
authentication, access control) and non-functional security
requirements (e.g., encryption, performance under attack).

4. Analyze Risks:

o Conduct risk assessments to determine the likelihood and impact
of identified threats.

o Use risk matrices to prioritize mitigation efforts based on
criticality.

5. Integrate Security into Acceptance Criteria:
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o Ensure that security requirements are part of the project’s
acceptance criteria.

o Define specific success metrics for security testing and validation.

6. Involve Security Stakeholders:

o Include security engineers, architects, and compliance experts
early in the SDLC.

o Foster collaboration between development, operations, and
security teams (DevSecOps).

4. Benefits of Early SRA in Enhancing Security Posture

The integration of Early SRA offers numerous advantages to software
development projects:

1. Reduced Vulnerabilities:
o Early identification and elimination of vulnerabilities reduce the
attack surface.
2. Improved Cost Efficiency:
o By mitigating risks early, organizations save costs associated with
late-stage fixes or security incidents.
3. Enhanced Compliance:
o Early SRA ensures that regulatory requirements are embedded
into the system design.
4. Faster Time-to-Market:
o Proactively addressing security concerns prevents delays caused
by rework or security breaches during testing.
5. Increased Trust and Reliability:
o Building secure systems enhances customer trust and confidence
in the software.

Incorporating security into each phase of the SDLC is no longer optional but a
necessity in today’s threat landscape. Banik and Kothamali (2019) provide a
compelling argument for integrating security practices throughout the
development process, ensuring that security is not an afterthought. Early
Security Requirements Analysis (SRA), as highlighted in this paper, plays a
pivotal role in improving the overall security posture of software systems. By
proactively identifying risks, ensuring compliance, and reducing costs, early
SRA contributes to the development of secure, robust, and high-quality
software solutions. Organizations that prioritize security from the outset will
not only mitigate risks but also gain a competitive edge in delivering
trustworthy software products.

« Integrate security into every phase of the SDLC to mitigate risks.

o Perform Early Security Requirements Analysis to proactively address
vulnerabilities.

« Align security objectives with business goals and compliance standards.



Bulletin of Engineering Science and Technology (BESTEC)

Vol. 01, No. 03, 2024: 60-76

« Secure-by-design principles improve software quality and reduce long-

term costs.

o Collaboration between stakeholders ensures a successful implementation
of security requirements.

Table 1: Phases of the Software Development Lifecycle and Security

Integration

Phase

Requirements
Analysis

Design Phase

Development
Phase

Testing &
Validation

Deployment &
Maintenance

Security Focus

Identifying and
incorporating security
needs from the outset

Secure software
architecture, threat
modeling, and security
controls design

Secure coding practices,
static and dynamic code
analysis

Comprehensive security
testing methods such as
penetration testing

Secure deployment,
ongoing monitoring, and
patch management

Security Requirements

Clear understanding of data
protection, access control, and
compliance requirements.

Defining security objectives, such
as confidentiality, integrity, and
availability.

Code reviews, static application
security testing (SAST), and
dynamic application security
testing (DAST).

Security-focused testing
including functional, integration,
and penetration tests.

Continuous vulnerability
scanning, configuration
management, and system
updates.
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Phases of the Software Development Lifecycle and Security Integration

Deployment & Maintenance

Testing & Validation

ic code analysis
Development Phase

e architecture, threat modeling, and security controls design

Design Phase ; o R ) A
ity objectives: confidentiality, integrity, availability

Identifying and incorporating security needs from the outset

Requirements Analysis
Clear understanding of data protection, access control, and compliance requirements

Security Integration in the SDLC

Here's a graph visualizing the integration of security across different phases of
the Software Development Lifecycle (SDLC). Each phase outlines its security
focus, alongside specific security requirements necessary to ensure robust
protection throughout the development process.

Table 2: Phases of the Software Development Lifecycle and Security Tools &
Techniques

Phase Security Focus Tools & Techniques

Requirements = Documenting security Risk assessment tools, security
Analysis needs, risk assessment requirement management software

Implementing secure Threat modeling tools (e.g., Microsoft
Design Phase  design principles, Threat Modeling Tool), secure design

threat mitigation patterns

Cod lity, Static Code Anal .o,
Development o) equé%y atic Code Analyzers (e.g '
Phase vulnerability SonarQube), Secure Code Review

identification Tools, Vulnerability Scanners

Testing & Validating security =~ Penetration Testing Tools (e.g.,
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Phase Security Focus Tools & Techniques
Validation controls and Metasploit), Automated Testing
vulnerabilities Suites, Fuzz Testing Tools

. Configuration Management Tools
Ensuring secure , ; _
Deployment & (e.g., Ansible), Security Information
and Event Management (SIEM)

systems, Patch Management Solutions

; configuration, real-
Maintenance . .
time threat detection

This table provides insight into the tools and techniques used at each phase of
the SDLC to enhance security, ensuring a comprehensive approach from
analysis to maintenance.

Analysis

Incorporating security requirements early in the development process not only
helps in preventing breaches but also aligns the software product with industry
standards. As Banik and Kothamali (2019) suggest, integrating security into the
SDLC reduces the likelihood of vulnerabilities slipping through the cracks
during development. By analyzing potential threats in the Requirements and
Design phases, teams can proactively mitigate risks and avoid costly post-
deployment fixes.

Security requirements should be identified through stakeholder engagement,
identifying assets and threats, defining security objectives, and integrating these
into project planning. Table 1 outlines the key security activities in each phase
of the SDLC. A critical aspect is the involvement of security experts early on to
validate and integrate these security practices. Moreover, proactive testing,
including penetration testing and vulnerability scanning, must be a continuous
part of the deployment and maintenance phases.

Another important challenge is the evolving threat landscape. As Banik and
Kothamali (2019) mention, maintaining up-to-date security requirements in the
face of ever-changing threats can be difficult. Regular updates and monitoring
are crucial to ensure security measures remain effective. Additionally,
balancing security with usability remains a common challenge, as too many
security restrictions can hinder user adoption.
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Conclusion

In conclusion, early identification of security requirements is essential for

developing secure and robust software systems. By integrating security into

each phase of the SDLC, organizations can significantly reduce vulnerabilities

and ensure compliance with regulatory standards. Banik and Kothamali (2019)

provide a solid foundation for this approach by emphasizing a holistic strategy

that includes comprehensive security practices, continuous testing, and

collaboration between development, security, and operations teams. This

proactive methodology not only mitigates security risks but also offers cost-

effective and efficient solutions for long-term software security.
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