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Exascale Challenges Performance Portability Increase Scale with Mixed Precision Reducing IO Overhead with De-Duplication
e HPC hardware is increasingly heterogeneous Kokkos alone will not attain the same level of performance as a direct port e Particle simulations require vast quantities of particles to model real world ® Writing data snapshots is a common pattern in HPC for resilience, adjoint
o Each vendor has hardware specific software stacks (Cuda, ROCm, OneAPI) e Using VPIC we demonstrate how to optimize for different architectures while phenomenon with modern simulations reaching trillions of particles computations, and exploration of alternative paths that induces high 10 overhead
o Ad-hoc re-engineering of codes for new hardware guarantees performance but remaining portable using optimizations to data layout, sorting, and vectorization e Simulation scale is more limited by memory than compute power e State of the art techniques like incremental checkpointing and compression do
is impractical due to increasing heterogeneity Array of Structs vs Struct of Arrays e Memory growth cannot keep up with compute growth not take full advantage of spatial and temporal repeating patterns in the data
e Hardware is focused on Al/ML applications rather than HPC m Modern CPUs support up to 6 TB of memory e We introduce a highly parallel de-duplication algorithm based on these principles

e Memory layout has a large impact on memory bound applications like VPIC

o Features like half-precision increase compute but are difficult to use for HPC . . m GPUs are limited to at most 128 GB o ldentify repeating patterns with hashing that leverages spatial and temporal
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e Growing need for data snapshots for resilience, reproducibility, and exploration Array of structs layout e Array of structs is preferred for e Optimize particle format with reduced precision to reduce memory usage o Coalesce contiguous chunks to obtain a compact metadata representation
o Storage requirements for large simulations are massive Preferred by traditional CPU architectures CPUs since each thread can ..-. .... - o Assemble the compact metadata and unique chunks into a contiguous buffer
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use Kokkos for parallel

execution
Data structures and parallel execution abstractions simplify portable applications Memory layout, sorting, and vectorization optimizations are necessary to Leveraging alternative number formats enables larger simulations while Ildentifying contiguous repeating patterns and removing both data and

https://kokkos.github.io/kokkos-core-wiki/ProgrammingGuide/ProgrammingModel.htm| achieve performance portability maintaining performance and accuracy metadata redundancy across all checkpoints reduces 10 overhead and storage




