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Performing Verification and Validation (V&V) on a DAL A Avionics System

Verification and Validation (V&V) are critical components in the development of safety-
critical avionics systems. In the context of airborne software, Design Assurance Level A
(DAL A) systems—those whose failure could result in catastrophic outcomes, such as loss
of aircraft or life—require the highest level of rigor as defined in RTCA DO-178C, the
industry standard for software development in civil aviation. Performing V&V on a DAL A
system is a structured, disciplined process designed to ensure that software is developed
correctly and that it fulfills its intended function without introducing hazardous behavior.

Understanding DAL A and DO-178C

DAL A is the most stringent of the five levels defined in DO-178C, and it imposes the most
comprehensive V&V activities. These include requirements-based testing, high structural
coverage, traceability from requirements to code and tests, and rigorous reviews at every
stage of development. The goal of V&V at this level is twofold:

o Verification ensures that the software product meets all specified requirements
and that each development artifact (requirements, design, code) is correct and
consistent.

o Validation confirms that the right system has been built—that is, the software
fulfills its intended purpose in the operational context.

Key V&V Objectives for DAL A

To achieve DAL A compliance, DO-178C defines a set of objectives that must be satisfied
through development and V&V activities. For V&V, the most critical objectives include:

e High-Level and Low-Level Requirements Verification
Requirements must be accurate, complete, and testable. Both high-level (system-
interfacing) and low-level (detailed design) requirements undergo formal review and
analysis. Traceability between levels ensures consistency.

e Code Verification
The source code must adhere to coding standards and accurately implement the
requirements. Verification involves code reviews, static analysis, and conformance
to a defined software architecture.
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Requirements-Based Testing

This testing approach ensures that each software requirement is verified by one or
more test cases. Itinvolves generating test procedures, test data, and expected
results for normal and error conditions.

Structural Coverage Analysis (SCA)

DAL A systems require 100% Modified Condition/Decision Coverage (MC/DC)—a
form of code coverage that proves each condition in a decision independently
affects the outcome. This level of analysis ensures that all logic paths have been
tested, even in complex conditional statements.

Traceability
Complete, bidirectional traceability must exist between requirements, design, code,
and tests. This allows every part of the software to be accounted for and justified.

V&V Process Activities for DAL A Systems

1.

Planning and Standards Definition

The process begins with defining plans and standards, including the Software
Development Plan (SDP), Software Verification Plan (SVP), and Software
Configuration Management Plan (SCMP). These documents must outline how
objectives will be met and how independence is maintained between development
and verification teams.

Requirement Reviews

Every requirement is reviewed for clarity, testability, and completeness. High-level
and low-level requirements undergo peer and formal reviews, often supported by
checklists and tools that ensure compliance with DO-178C criteria.

Code Reviews and Static Analysis

The source code is subjected to line-by-line reviews and automated static analysis
tools to detect potential errors, such as memory misuse, uninitialized variables, and
deviation from coding standards. This ensures conformance to the low-level
requirements and enhances reliability.

Test Case Design and Test Environment Setup

For DAL A, test cases are designed with meticulous attention to the requirements
and structure of the code. Tests are executed on target hardware or a certified test
environment that closely replicates the operational environment.
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5. Test Execution and Coverage Measurement
Tests are executed with instrumentation that records coverage data. SCA tools are
used to assess whether MC/DC has been achieved. Where coverage is insufficient,
additional tests are created or requirements refined to close the gaps.

6. Reviews and Audits
V&YV activities are subject to independent reviews and quality assurance audits.
Verification results must be documented and traceable to specific objectives. All
issues are tracked through a problem reporting and corrective action system.

Independence and Tool Qualification

D0O-178C requires independence between those developing and those verifying artifacts.
For DAL A, this means the verification team must be organizationally or functionally
separate from the development team to provide unbiased evaluation.

Additionally, any tools used in the V&V process—such as static analyzers, test generators,
or coverage analyzers—must be qualified if their outputs are used to justify certification
credit. Tool Qualification per DO-330 (a supplement to DO-178C) ensures that tools do not
introduce errors or mask issues in the verification process.

Managing Change and Configuration

Configuration Management (CM) is a cornerstone of V&V at DAL A. All artifacts—
requirements, design documents, code, tests, and results—must be version-controlled
and baseline-tracked. Any change must go through impact analysis, regression testing, and
re-verification to ensure system integrity is preserved.

Final Certification and Deliverables

At the conclusion of V&V, a comprehensive set of certification data must be prepared for
the certification authority (e.g., FAA, EASA). This includes:

o \Verification results for all objectives
e Testprocedures and results
e Structural coverage reports

e Traceability matrices
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e Configuration index
e Software Accomplishment Summary (SAS)

These documents collectively demonstrate that the software meets all safety and
functional objectives required for flight.

Conclusion

Performing V&V on a DAL A avionics system is a meticulous, resource-intensive process
that plays a vital role in ensuring the safety of airborne systems. It involves exhaustive
testing, comprehensive traceability, independent verification, and strict adherence to DO-
178C objectives. As the aerospace industry continues to embrace more advanced
technologies like autonomy and Al, the importance of robust V&V practices for high-
assurance software will only increase. Ultimately, V&V ensures that every line of code in a
DAL A system does exactly what it’s supposed to—no more, no less—providing confidence
in the system’s ability to perform flawlessly in the most demanding environments.
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