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Abstract

Artificial intelligence ( Al) for Science is reshaping the paradigms of scientific computing, where high-accura-
cy supercritical combustion simulation faces dual challenges of balancing computational complexity and physical fi-
delity. Although the Al-based combustion simulation framework DeepFlame achieves a trade-off between physical
accuracy and computational efficiency through algorithmic innovations, it still encounters performance bottlenecks
on modern long-vector many-core supercomputing platforms in three critical dimensions: neural network inference,
partial differential equation (PDE) solving, and large-scale input/output (1/0). This study proposes a systematic
optimization approach: (1) For neural network inference, computational efficiency is enhanced via mixed-precision
computing, kernel fusion, and lookup table approximation; (2) For PDE solving, an innovative many-core-opti-
mized solver is developed using mesh renumbering, custom sparse matrix formats, mesh coloring, addressing issues
such as poor memory locality, indirect memory access, and write conflicts in sparse linear systems; (3) For ex-
treme-scale parallelism (100000 + cores) , a high-performance initialization mechanism is designed with multi-pro-
gram fusion, file indexing, and two-level parallel 1/0, overcoming data loading bottlenecks. Experimental validation
on the ARM-based Fugaku supercomputer demonstrates a 4. 3 x speedup and a floating-point efficiency reaching
31.8% of the theoretical peak in large-scale simulations. Additionally, this work achieves high-fidelity supercritical
combustion simulation at a 19. 3 billion-cell scale, providing a groundbreaking numerical tool for next-generation com-
bustor design.

Key words: high-performance computing, deep neural network, flame simulation, computational fluid dy-

namics

— 466 —



