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[Abstract] Digital twin technology achieves real—time interaction between physical equipment and virtual
models, as well as prediction of future evolution trends, through multi—scale high—fidelity dynamic simulation
with real—time synchronization, virtual—physical mapping, and numerical-model linkage. However, traditional
digital twin technology faces numerous challenges in mechanistic analysis, adaptive decision—making, and
human—machine interaction, particularly when dealing with complex environments and multimodal data. In
recent years, artificial intelligence based on large language models has provided a novel pathway for the
intelligent upgrade of digital twin technology by leveraging its powerful semantic understanding, logical
reasoning, and universal cognitive capabilities. This paper explores the integration mechanisms of Al and digital
twin technology, reviews its practical applications in core domains such as system decision—making and
configuration optimization, dynamic twin model updates, operation and maintenance management with fault
prediction, intelligent human—machine interaction platforms, full lifecycle management, and data intelligent
annotation, and offers prospects for future research directions. The aim is to provide theoretical foundations and
practical references for building next—generation "cognitive" digital twin technology.
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