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Stencil Computations and Applications

Stencils are used in ~30% of HPC applications:
ÅFluid dynamics, image processing, atmospheric modelling
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Image sources: http://www.flometrics.com/fluid-dynamics/computational-fluid-dynamics/

Naoe, Kensuke et al. "Secure Key Generation for Static Visual Watermarking by Machine Learning in Intelligent Systems and Services." IJSSOE, 2010
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High-order stencil computations are cache unfriendly
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Stencil use in COSMO

Stencil computing in weather/climate applications
ÅDynamical core is the most essential part of the 

weather models
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Stencil computing in weather/climate applications
ÅDynamical core is the most essential part of the 

weather models

ÅO (100) different stencil compute motifs

Å~30 variable - and ~70 temporary arrays (3D grids)
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Horizontal Diffusion (òcomplexó stencil)

ÅCompound stencil kernel, consists of a collection of 
elementary stencil kernels
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ÅIterates over 3D grid that perform laplacian and flux 
operations

ÅComplex memory access behavior and low 
arithmetic intensity
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Stencil composition
(Courtesy CSCS/ETHz

and Ronald Luijten)

Laplace

Flux

New value

T. Gysi, T. Grosser, T. Hoefler: MODESTO: Data-ŎŜƴǘǊƛŎ !ƴŀƭȅǘƛŎ hǇǘƛƳƛȊŀǘƛƻƴ ƻŦ /ƻƳǇƭŜȄ {ǘŜƴŎƛƭ tǊƻƎǊŀƳǎ ƻƴ IŜǘŜǊƻƎŜƴŜƻǳǎ !ǊŎƘƛǘŜŎǘǳǊŜǎΣ L/{Ωмр
DFG from T. Hoefler
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Alternative Platforms

FPGAs ideal for adapting to rapidly evolving workloads!

Processing 
Units ASICs 
for emerging 
workloads, 
e.g. Google 
TPU

CPUs

FLEXIBILITY

Control 

Unit 

(CU)

Registers

Arithmetic 

Logic Unit 
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GPUs FPGAs ASICs

EFFICIENCY
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