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Abstract

This paper presents a data-driven dynamic dimensionality reduction method for constructing physical field-level digital twin
models. First, it elucidates the core value of model dimensionality reduction under the digital twin paradigm and analyzes the
limitations of traditional simulation technologies in cross-domain and lifecycle reuse. Second, it highlights the pivotal role of model
dimensionality reduction in breaking down simulation barriers and enabling knowledge reuse, focusing on two dimensions: cross-
platform interaction between 3D simulation and system simulation, and model migration between design and operational phases. The
paper then details the technical principles of model dimensionality reduction, including its two-phase (offline-online) computational
architecture, mainstream dimensionality reduction methods, and research progress in nonlinear scenarios. Finally, it summarizes the
core advantages of model dimensionality reduction in enhancing interactivity, reliability, continuity, accessibility, and distributability.
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