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• The innermost 

dimension is set to the 

SIMD width



Methodology: 
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• Fixed-size vectorization for 

x86

• Fixed-size and scalable 

vectorization for ARM
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2025-04-12 11

•  FDTD-specific operators that 

encode domain semantics.

• In place bufferization

• Scalable and fixed-size 

vectorization

• LLVM-based code generation for 

multiple targets
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Intel  Sapphire Rapids AMD Rome
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ARM A64FX

Different MLIR Optimization 

Combinations



Evaluation: Performance Results
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Profiling Results of Optimization Combinations 

for N = 256 on Intel CPU (Single Precision)
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Conclusion



Conclusion
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•  High-level tensor abstractions for FDTD kernels enable automatic 

optimizations such as tiling and fusion by leveraging tensor expressions 

combined with domain-specific knowledge of FDTD.

• Automated extraction of hardware-specific parallelism, integrating 

vectorization and architecture-aware code generation for Intel, AMD, and 

ARM CPUs through a unified MLIR/LLVM backend. 

• Performance evaluation and analysis of our end-to-end domain-specific 

compiler for the FDTD solver on Intel, AMD, and ARM CPUs, achieving 

up to 10 speedup over the baseline NumPy implementation.
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