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The computational paradigm and software framework for mechanism and
data-driven physical simulation

HE Xiaoweit, SHI Jian?, LIU Shusen?, REN Lixin!, GUO Yuzhong?, CAIl Yong®, WANG Hu?,
ZHU Fei*, WANG Guoping*
(1. Institute of Software, Chinese Academy of Sciences, Beijing 100190, China;
2. Institute of Automation, Chinese Academy of Sciences, Beijing 100190, China;
3. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body, Hunan University, Changsha Hunan 410082, China;
4. School of Computer Science, Peking University, Beijing 100871, China)

Abstract: As the cornerstone of modern industrial software, physical simulation encompasses various computational
paradigms, including mechanism-driven, data-driven, and hybrid-driven models. Faced with diverse physical simulation
requirements, constructing a general framework that can flexibly adapt to various physical simulation computational
paradigms while achieving efficient coupling across various computational paradigms has become a critical challenge in
software design and development. To address this issue, the Data Field—Node—Module—Scene Graph (FNMS)
architecture, aimed at multi-physics simulation computational paradigms, is proposed. 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, addressing the convenience and efficiency of data sharing in
physical simulation computations. The Module layer encapsulates various physical simulation algorithms, realizing
modularization and reusability of algorithms and solving the asynchronous coordination of simulation computation,
rendering, and interaction. The Node layer decouples data and algorithm modules, enabling algorithm reuse across
different physical simulation computational paradigms and facilitating the exchange and sharing of multi-physics
coupling processes. The Scene Graph layer supports 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 enhances the computational efficiency and flexibility of physical simulations but also
provides strong technical support for interdisciplinary and cross-domain physical simulation research.
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modeling, numerical solving, and visual analysis
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Fig. 8 Hierarchical representation of mesh topology
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