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Abstract: As the cornerstone of modern industrial software, physical simulation encompasses various computational
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paradigms, including mechanism-driven, data-driven, and hybrid-driven models. Meeting the demands of diverse
physical simulation requires the construction of a general framework capable of flexibly adapting to various physical
simulation computational paradigms while achieving efficient coupling across various computational paradigms,
presenting a critical challenge in software design and development. To address this, the Data field—Node—Module—
Scene graph (FNMS) architecture was proposed, targeting multi-physics simulation computational paradigms. Its core
lies in the design of a four-layer structure: Data field, Node, Module, and Scene graph. Specifically, the Data field layer
provides a unified data management and access interface for the simulation process, enhancing the convenience and
efficiency in data sharing for physical simulation computations. The Module layer encapsulated various physical
simulation algorithms, realizing algorithm modularization and reusability while solving the asynchronous coordination of
simulation computation, rendering, and interaction. Through data and algorithm decoupling, the Node layer enabled
algorithm reuse across different physical simulation computational paradigms, and it facilitated the exchange and sharing
within multi-physics coupling processes. The Scene graph layer supported efficient coupled computations of various
physical simulation computational paradigms by organizing nodes into a directed acyclic graph. Through the combination
of these four layers, the FNMS architecture not only enhanced the computational efficiency and flexibility in physical

simulations but also provided strong technical support for interdisciplinary and cross-domain physical simulation
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research.
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