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An Al-Based New Paradigm for Verification and Validation of
Nuclear-Safety-Class DCS

FENG Jintao, GONG Lei, ZENG Hui, JIN Jin
(National Key Laboratory of Nuclear Reactor Technology, Nuclear Power Institute of China,
Chengdu 610213, China)

Abstract: The digital control system (DCS) serves as the " nerve center" ensuring the safe and stable operation of nucle-
ar power plants, which is of great significance to nuclear safety, reliability, and security. Al technologies are innovatively
applied in DCS verification and validation (V&.V), achieving significant breakthroughs in three key areas. A large model-
based natural language analysis technology is used to intelligently parse and compare with requirement documents, which is
combined with nuclear power knowledge graphs, significantly improving the efficiency and accuracy of document verification.
In structured language analysis, an IO-automated allocation verification method is proposed, with a CRNN-driven intelligent
comparison algorithm for instrumentation and control function diagrams presented, which significantly improves the efficien-
cy of 10 allocation verification and design change review. Additionally, to address the challenges of legacy code analysis in
the nuclear industry, the intelligent code analysis of outdated codes is achieved based on the semantic understanding and
powerful refactoring capabilities of large language models. Research findings demonstrate that the Al technologies signifi-
cantly improve the efficiency of nuclear-safety-class DCS V&.V processes while reducing manual operation risks, providing an
intelligent and novel solution for V&.V in the nuclear industry.
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