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Background



Background

▪ Directives
– OpenMP
– OpenACC

▪ C/C++ (single-source)
– SYCL
– StdPar
– Kokkos/RAJA

▪ C/C++ (multi-source)
– OpenCL

▪ Vendor-specific
– CUDA
– HIP  



Overview

▪ MPI+OpenMP 
▪ Evaluation strategy
▪ Mini-apps introduction
▪ Results
▪ Conclusion



MPI+X on CPUs and GPUs

Image credit: Jiri Kraus - NVIDIA Technical Blog
https://developer.nvidia.com/blog/introduction-cuda-aware-mpi/



MPI+OpenMP on CPUs and GPUs



MPI+CUDA/HIP on CPUs and GPUs



MPI+Kokkos on CPUs and GPUs



MPI+SYCL on CPUs and GPUs



MPI+StdPar on CPUs and GPUs



Evaluation

▪ Baseline bandwidth:
– BabelStream

▪ Mini-apps 
– CloverLeaf (Structured Grid)
– TeaLeaf (SpMV)

▪ Platforms
– NVIDIA, AMD, and Intel GPUs
– X86 Intel, AMD CPUs
– AArch64 AWS HPC CPUs



BabelStream

▪ Memory-bandwidth benchmark
– Port of the McCalpin STREAM benchmark to models

▪ Source code available on GitHub
– https://github.com/UoB-HPC/BabelStream

https://github.com/UoB-HPC/BabelStream


CloverLeaf

▪ Proxy application for 2D hydrodynamics, part of SPEChpc
▪ Source code available on GitHub

– https://github.com/UoB-HPC/cloverleaf
– Implementation in many programming models

▪ Mixed memory-bandwidth bound; measurements in total runtime
▪ Structured grid; stencil access pattern
▪ Reductions
▪ Complex application, >100 unique kernels + MPI halo exchange

https://github.com/UoB-HPC/cloverleaf


TeaLeaf

▪ Proxy application for heat conduction, part of SPEChpc
▪ Source code available on GitHub

– https://github.com/UoB-HPC/tealeaf
– Implementation in many programming models

▪ Mixed memory-bandwidth bound; measurements in total runtime
▪ Structured grid; SpMV
▪ Reductions
▪ MPI halo exchange

https://github.com/UoB-HPC/tealeaf


Evaluation Setup - Hardware



Evaluation Setup - Software&Benchmarks



CPU Baseline: 
Compilers

Intel IceLake



CPU Baseline: 
Compilers

AMD Milan



CPU Baseline: 
Compilers

AWS Graviton 3e



GPU Baseline: 
BabelStream 

Dot kernel

Triad Kernel



Results: CloverLeaf (CPUs)

AMD MilanIntel IceLake



Results: CloverLeaf (CPUs)

AWS Graviton 3e



Results: TeaLeaf (CPUs)

AMD MilanIntel IceLake



Results: TeaLeaf (CPUs)

AWS Graviton 3e



Results: CloverLeaf (GPUs)

NVIDIA A100 (80GB) AMD MI100



Results: CloverLeaf (GPUs)

Intel PVC 1550



Results: TeaLeaf (GPUs)

NVIDIA A100 (80GB) AMD MI100



Results: TeaLeaf (GPUs)

Intel PVC 1550



Conclusion

▪ Performance portability for hybrid MPI+X applications achieved 
on only certain platforms with very specific compilers.

▪ Overall performance is not primarily dictated by the specific 
spelling/encoding of parallelism from each programming model, 
but how well the underlying implementation optimises for the 
hardware platform.

▪ Win for OpenMP on CPUs
▪ OpenMP GPU performance tied to vendor support

– Excellent on NVIDIA/Intel
– Poor on AMD due to MPI progress issues
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