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Fused MF Kernel Optimizations - 1/2

● No PA data stored at Quadrature points

● Extra input vectors & computations

○ Indirections, basis arrays

○ Mesh coordinates: used for 'setup'

○ Sum factorisation 3D vector grad basis

● Multiple implementations
○ smem:default, with 3D block of smem & threads

○ regs: less shared mem, 2D thread blocks

AMD MI300A
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Fused MF Kernel Optimizations - 2/2

● Increasing the occupancy: number of wavefronts

● Use compiler output: 

○ 170 max VREG

○ 3 waves ⇒ 1638 maximum fp64

● Reducing register usage: 

○ FORALL_DIRECT

● Reducing the amount of shared memory 

○ move B
trial

, B
test

 data to constant memory

○ shuffle/re-use vector grad computation

AMD MI300A
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Shared Memory, Fused PA & Fused MF NVIDIA Kernel Optimizations

● Switch seamlessly to NVIDIA hardware

● Resilient to the different versions

● ✔ Shared memory bound kernel

NVIDIA GH200
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Unlocking Next-Level Performance Opportunities

● Jiqun Tu added Tensor Core based contractions

● M-by-N-by-K warp-synchronous collectives

NVIDIA GH200
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● 4th generation Matrix Multiply-Add (MMA)

○ D = op(A, B) + C

○ ⇒ Higher throughput

○ ⇒ More efficient way to share data

● For shared memory bound kernels ⇒ speedup

+10 GDof/s
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Conclusion

● Practical insights for enhancing FE HPC computations

● Contributions are welcome!

● Holistic Kernel Fusion Approach

○ Not only limited to kernel launch overhead

○ Re-use data, avoid in-&-out data transfers

● WIP tensor contraction API to support:

○ Low vs. high order algorithms

○ Arbitrary number of arguments for ∂FEM
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