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Overall Method

• Targeted microbenchmarks for each new architecture / 
communication library

• Profile application to determine bottlenecks

• Develop benchmark-informed optimizations for these 
bottlenecks



Blue Waters
• 16 cores per node


• 2 Sockets per node


• 2 NUMA regions per node


• 1 NIC per node


• CrayMPICH
ncsa.illinois.edu

Background: Many-core Supercomputers

http://ncsa.illinois.edu
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Ping-Pong Latencies
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Multiple Ping-Pong Latencies
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Bienz et al, “Improving Performance Models for Irregular Point-to-Point Communication”
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Locality-Aware Aggregation
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Sparse Matrix-Vector Multiplication

2D Rotated Anisotropic DiffusionLinear Elasticity (MFEM)

Time spent performing a SpMV on each level of the hierarchy with 32,768 processes

0 5 10 15 20 25
AMG Level

10°5

10°4

10°3

10°2

10°1

T
im

e
(s

ec
on

ds
)

ref. SpMV NAPSpMV

0 5 10 15 20
AMG Level

10°4

10°3

10°2

T
im

e
(s

ec
on

ds
)

ref. SpMV NAPSpMV

Bienz et al, “Node-Aware Sparse Matrix Vector Multiplication”
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Sparse Matrix-Matrix Multiplication

2D Rotated Anisotropic DiffusionLinear Elasticity (MFEM)
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Bienz et al, “Reducing Communication in Algebraic Multigrid with Multi-step Node-Aware Communication”
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Sparse Dynamic Data Exchange
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Geyko et al, “A More Scalable Sparse Dynamic Data Exchange”



Lassen (IBM Power9)
• 44* cores per node


• 2 Sockets per node


• 2 NUMA regions per node


• 2 NICs per node


• SpectrumMPI
https://hpc.llnl.gov/hardware/compute-platforms/sierra

Background: Heterogeneous Supercomputers

https://hpc.llnl.gov/hardware/compute-platforms/sierra
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Ping-Pong Latencies
• Dashed: inter-GPU


• Solid: inter-CPU
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Multiple Ping-Pong Latencies
• Dashed: manually 

copy to CPU


• Solid: GPUDirect
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Copy-to-CPU Alltoallv

Namugwanya et al, “MPI_Alltoallv Optimizations on GPU-Enabled Architectures”



Dane (Sapphire Rapids)
• 112 cores per node


• 2 Sockets per node


• 8 NUMA regions per node


• 2 NICs per node


•  OpenMPI
https://hpc.llnl.gov/hardware/compute-platforms/dane

https://hpc.llnl.gov/hardware/compute-platforms/dane
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Ping-Pong Latencies
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Impact of Inter-NUMA Communication
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Kinkead et al, “Scaling All-to-all Operations Across Emerging Many-Core Supercomputers”
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Per-Socket Performance
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Impact of NIC Placement

Wesley et al, “Assessing the impact of MPI process placement on communication in many-core systems”



Tuolumne (El Capitan System)
• 4 NUMA regions per node, 

each containing:


• 1 AMD MI300A APU


• 1 GPU, 6 GPU dies


• 24* CPU cores


• 1 Network Interface Card (NIC)


•CrayMPI, HIP/ROCm/RCCL

https://hpc.llnl.gov/hardware/compute-platforms/tuolumne
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Inter-CPU Ping Pong
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Inter-Node Bandwidth, Even NUMAs
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Inter-GPU Ping Pong
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Inter-Node Bandwidth
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Optimizing Large Allreduces
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Adams et al, “Optimizing Allreduce Operations for Modern Heterogeneous Architectures with Multiple Processes per GPU”
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How Does RCCL Compare?
• Dashed: MPI


• Solid: RCCL
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Allreduce: MPI vs RCCL
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Optimizing Small Allreduces
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Optimizing Small Allreduces
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Optimizing Small Allreduces
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MPI Advance
• https://github.com/mpi-advance/mpi-advance



Thanks! 
Questions?
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