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Distributed !D Fast Fourier Transforms #FFTs$ are a core computationa& component of materi’
a&s mode&&ing codes such as VASP and CASTEP #castep(org$% often representing a significant
sca&abi&ity bott&eneck due to their re&iance on g&oba& communication( Recent research con’
ducted on the Frontier supercomputer has shown that near Exasca&e% &atency dominates the
cost of MPI_Alltoall communication% even for very &arge message sizes )*+(

White introduces severa& GPU’aware imp&ementations designed to reduce &atency at ex’
treme sca&es( These inc&ude one’sided MPI_Get routines and hierarchica& ,D/!D node’wise
strategies that significant&y outperform vendor’providedMPI &ibraries( However% previouswork
does not consider the MPI_Alltoallv% a variant where each task may send and receive different
amounts of data( Adapting these advanced% uniform’size a&gorithms to support the variab&e
message sizes of MPI_Alltoallv is crucia& for rea&ising these performance gains in some sci’
entific computing app&ications(

Project Goa!s
• Ana!yse Performance Bott!enecks" Profi&e existing MPI_Alltoallv imp&ementations in !D
FFTs at sca&e to estab&ish base&ine performance metrics(

• A!gorithmAdaptation" Adapt the high’performance MPI_Alltoall a&gorithms from recent
&iterature to support the variab&e message sizes and offsets required by MPI_Alltoallv(

• Imp!ementationandBenchmarking" Imp&ement theseGPU’aware communication strate’
gies and benchmark them against vendor MPI &ibraries on a modern HPC system(

• Integration" Deve&op a roadmap for integrating the best so&ution into a re&evant codebase(

Computationa! Aspects
The project wi&& invo&ve &ow’&eve& programming in either C/C-- or Fortran% and interaction with
GPU’aware MPI communication &ibraries% at sca&e on modern heterogeneous HPC systems(
The intern wi&& &everage benchmarking methodo&ogies simi&ar to the “A&ways” benchmark dis’
cussed in the &iterature and extend them to variab&e data sizes )*+( The overa&& aim of the project
is to deve&op an optimised MPI_Alltoallv imp&ementation% and demonstrate its performance on
a rea&istic prob&em with a scientific app&ication such as CASTEP(
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