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Stencil Computations and Applications

Stencils are used in ~30% of HPC applications:

A Fluid dynamics, image processing, atmospheric modelling

203321

! 19.0995

Image sourcesttp://www.flometrics.com/fluid-dynamics/computationafluid-dynamics/
Naoe Kensuke et al. "Secure Key Generation for Static Visual Watermarking by Machine Learning in Intelligent Systems afitlSSQRe10



Workload Characteristics

High-order stencil computations are cache unfriendly



Workload Characteristics

High-order stencil computations are cache unfriendly

A Limited arithmetic intensity: only reuse potential in neighboring pixels

A Sparse and complex access pattern



Workload Characteristics

High-order stencil computations are cache unfriendly

A Limited arithmetic intensity: only reuse potential in neighboring pixels

A Sparse and complex access pattern

X -+ +*

Read Array

Write Array

7-point Jacobi in 3D plane

Image source: Performance Tuning and Analysis for Seaséd Applications on POWERS ProcesXaret al. (2018)



Data movement bottleneck
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Stencil computing in weather/climate applications
A Dynamical core is the most essential part of the
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IBM POWER9 CPU Roofline
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IBM POWER9 CPU Roofline
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Alternative Platforms

CPUs ASICs
Processing
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FPGAs ideal for adapting to rapidly evolving workloads!



