Setting the stage: runtime predictions and

asynchronicity
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How desynchronization and asynchronicity
emerge from bottlenecks and noise
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Scalable code = irregularities die out
— processes go back to sync

Strong saturation = processes leave

lockstep = stable desync state
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— potential communication overlap
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Open questions

Communication overlap is only one option —
what about overlapping memory-bound and
compute-bound workloads?

Comprehensive theory
of parallel program
dynamics still lacking —

Achievable
performance
limit?
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Provoking asynchronicity by repeated
injection of noise

Working set 48 GB (2 G array elements) evenly distributed among 360 MPI processes (5 nodes Intel Ice Lake 36c, NHR@FAU “Fritz” system),
communication volume 1 MB to and from P;, in closed-chain topology,

Initial observation
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How to kick the system out of lock-step?

No global synchronization!
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Extra compute-bound workload every k
iterations (“noise”)

Provoking asynchronicity by noise injection can
improve performance!

The role of synchronizing MPI collectives

Synchronizing collectives (e.g., MPIl_Allreduce) force the program back into lock-step

D3Q19 Lattice Boltzmann, 1D domain decomposition,
MPI_Allreduce every 20t iteration , 10 sockets Intel Ice
Lake 36¢

while iter < nlters do
stream_collide_update (lattice, u_lid, omega);
set_boundary_condition (u_lid);
MPI Isend ;™
MPI Irecv ;?*
MPI_Wait ;
ghost_cells_update ();

Full sync after Gradual desync and

collective communication if ((iter % collective_step) == 0) then
overlap MPT_Allreduce];
end if
swap (local_src_lattice, local_dst_lattice) ;
end while
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Caveat: Not all collectives are synchronizing,
and implementation does matter
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