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Introduction and Goals: High luminosity collateral effect - Pileup

Figure: https://cms.cern/

Figure: 10.1371/journal.pone.0097277
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Goal: Primary Vertex Position - Deterministic Annealing

Figure: https://cms.cern/

Figure: z-coordinate of their point of closest
approach to the beam-line, arXiv:0902.1860v2
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Deterministic Annealing

Consider index i related to tracks and k with vertex (always). We want to calculate
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k′ρk′e
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2

σ2i
.

Figure: z-coordinate of their point of closest approach to the beam-line, arXiv:0902.1860v2
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Cuda - Problems/Optimization - Memory Access - shfl down sync()
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Figure: Ref: https://developer.nvidia.com/blog/

using-cuda-warp-level-primitives/

Figure:
https://developer.nvidia.com/

blog/register-cache-warp-cuda/
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Cuda - Problems/Optimization - Parallel Reduction w/ Shuffle
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Suppose we have 66 tracks and 3 vertex
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Conclusions

A first CUDA version for DA;

Proceed with the full version of the DA
started ;

Extrapolate for even and odd number of
vertex done ;

Optimize memory transfers planned ;

Streams planned ;

CMSSW planned .
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The End



Cuda - Problems/Optimization - Parallel Reduction
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Cuda - Problems/Optimization - Parallel Reduction
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Figure: Parallel reduction for odd n. vertex.
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Cuda - Problems/Optimization - Parallel Reduction
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Figure: Parallel reduction for odd n. vertex. Possibility round up to archive 2n.
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Results with CUDA Implementation
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Figure: Toy data (on top). Middle figure corresponds to the vertex position evolution through annealing
step. Bottom figure shows the data and the final vertex position after six annealing steps.
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Conclusions

A first CUDA version for DA;

Extrapolate for even and odd number of
vertex;

Optimize memory transfers;

Streams;
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Figure: Parallel reduction for odd n. vertex.
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Conclusions

Extrapolate for even and odd number of
vertex;

Optimize memory transfers;

Streams;

Figure: Cuda programming Masterclass.
Kasun Liyanage.

• Avoid cudaMalloc*(), cudaHostAlloc(),

cudaFree*(), cudaHostRegister(),

cudaHostUnregister() on every event ;

• Use cudaMemcpyAsync(),

cudaMemsetAsync(),

cudaMemPrefetchAsync() etc.

• Synchronization needs should be fulfilled with

ExternalWork extension to EDProducers;

• Within acquire()/produce(), the current

CUDA device is set implicitly and the CUDA

stream is provided by the system (with

cms::cuda::ScopedContextAcquire/

cms::cuda::ScopedContextProduce)...
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The End



Cuda - Problems/Optimization - Memory Access - Streams.

Figure: Cuda programming Masterclass. Kasun Liyanage.
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