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FETI – Finite Element Tearing and Interconnecting

• Finite Element Method (FEM)
• Domain decomposition



FETI – Finite Element Tearing and Interconnecting



Bottleneck in FETI

Fraction of solver runtime

Dual operator F Projector P other



FETI dual operator

• Dual operator
• Applied in each iteration of PCPG

• Per-subdomain local dual operator

• = negative of the Schur complement of matrix



Application of the local dual operator

• Implicit

• Fast preprocessing, slow iterations

• Explicit

• Slow preprocessing, fast iterations
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GPU-acceleration of the dual operator

• Explicit approach
• Application = dense matrix-vector multiplication, good for GPUs

• Previous GPU-acceleration attempts:

CPU
GPU



Goals

Break-even point

• Speed up preprocessing
• Assemble        on the GPU



Local dual operator assembly using GPU



Local dual operator assembly using GPU

For each subdomain i:

1. Cholesky factorization on CPU

2. Copy matrices        and         to GPU

3. Call TRSM kernel on GPU

4. Call SYRK kernel on GPU

CHOL

CHOL

C
O

P
Y

C
O

P
Y

CHOL

TRSM, SYRK

C
O

P
Y

TRSM, SYRK

TRSM, SYRKSubdomain 1:
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(CHOLMOD library)

(cuBLAS, cuSPARSE)



Results: preprocessing time
Karolina
1/8th of GPU node
16 cores of AMD EPYC 7763
NVIDIA A100



Results: break-even point



Can we do better?

• Yes

• TRSM and SYRK are still bottlenecks
• is sparse but not treated as such



TRSM optimization towards sparsity



TRSM optimization towards sparsity



TRSM optimization towards sparsity

TRSM GEMM



TRSM optimization towards sparsity



SYRK optimization towards sparsity



Results: speedup of preprocessing

3.3x

10x



Can we do better?

• Yes

• Extract submatrices: CPU -> GPU
• Need for more advanced GPU memory management

• Less free memory => less streams executing

• GPU assembly is then fully asynchronous, CUDA graph



Results: time of preprocessing

1.57x

4.2x

13x



Results: break-even point



Conclusion

• FETI dual operator
• Schur complement assembly on GPU
• Optimizations for sparsity
• Memory management, CUDA graph
• Up to 13x speedup of Scur complement assembly
• Break-even point at 3 iterations on Karolina

• 7 iterations on LUMI

• AMD and Intel wrapper ready
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Results: break-even point, LUMI
1/8th of GPU node
7 cores of AMD EPYC 7A53
1 GCD of AMD MI250x



Outline

• FEM/FETI/DDM quick intro
• ESPRESO
• Schur complement
• Implicit cpu vs explicit gpu, break-even point
• SC assembly
• Optimization for sparsity
• Memory management
• Results, break-even points, apply speedup, update slowdown
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