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Aims
The aims of this exercise are to gain a basic understanding of some of the key aspects of how
molecular dynamics simulations run in parallel, to gain experience running a hybrid MPI
(process) + OpenMP (thread) parallel application to make use of a given number of available
cores in different ways including with hyperthreads, and to see how load imbalance can affect a
simulation and can be compensated for.

You will run molecular dynamics simulations using GROMACS, experiment with hybrid process +
thread execution controlled by the parallel application launcher aprun, and explore the effect of
GROMACS’ dynamic load balancing and other tuning mechanisms.

Instructions

You will be running a benchmark that has been used in work reported on in a number of
publications that explore the performance/price behaviour of GROMACS on various generations

of CPUs and GPUs, including in https: //doi.org/10.1002/jcc.24030.

The benchmark system in question is “benchMEM”, which is available from the list of Standard
MD benchmarks at https://www.mpibpc.mpg.de/grubmueller/bench. This benchmark simulates
a membrane channel protein embedded in a lipid bilayer surrounded by water and ions. With its
size of ~80 000 atoms, it serves as a prototypical example for a large class of setups used to study
all kinds of membrane-embedded proteins. For some more information see:

https://www.mpibpc.mpg.de/16460085/bench.pdf

You should download benchMEM.zip to your directory on /work on ARCHER, and unpack it with
the “unzip” command. Next, adapt your job script from the first practical to run the benchmark.
Various versions of GROMACS are already installed on ARCHER, and are made available via the
module system. You can see which versions are available by running the command “module
available gromacs”.

Your job script should contain the following line to enable the rest of your job script to access the
GROMACS 2019.3 installation:

module load gromacs/2019.3

MPI only (no threads)

To begin, try running the benchmark on a single node using only MPI parallelism. To do this, your
job script should contain the following line to launch the application in parallel on all 24 cores:

aprun -n 24 gmx_mpi mdrun -s benchMEM.tpr

By default the benchmark will run for 10000 time steps. If you want to change this at any point
you can specify the number of steps to run for with the GROMACS nsteps flag,
e.g. “gmx_mpi mdrun -nsteps 50000”.

Examine the md.log file that is output by the simulation. This shows information about the

GROMACS executable being used (e.g. what options it was compiled with and which libraries it
was linked to), the simulation setup, the hardware environment detected by GROMACS and
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details of parallelisation decision made by GROMACS (or imposed by you as user). See if you can
recognise aspects discussed so far in the course such as the processor topology in terms of
sockets and cores, supported SIMD vector instruction set, and information about the domain
decomposition.

The mdlog also shows summary statistics regarding the performance of the domain
decomposition, time spent in various parts of the MD simulation algorithm, and finally the
wallclock runtime for the simulation, under the header “Wall t (s)”.

Tip: to easily get the runtime from a given simulation from the command line just run

»

grep “Time:” simulation_directory/md.log

Pure MPI running on hyperthreads

Each physical core on the Intel processors on ARCHER compute nodes can run 2 hyperthreads
(an example of SMT ‘hardware threads’) - this is why the processor topology reported in md.log
refers to there being 48 logical cores available. By default hyperthreads are not enabled. Try
running the benchmark with hyperthreads enabled, using the -j option for aprun (whose default
value when unspecified is 1), as follows:

aprun -n 48 -j 2 gmx_mpi mdrun -s benchMEM.tpr

Is this faster or slower than without hyperthreads enabled?

Hybrid MPI + OpenMP

GROMACS can run in parallel usmg MPI and simultaneously also using OpenMP threads (see

-mpi-and- ). Stlll on a smgle node try runnmg benchMEM with different
combinations of number of MPI ranks and OpenMP threads, starting with hyperthreads disabled
(i.e. without specifying the -j option). This can be done with the following commands in your job
script:

MPI_RANKS=12

export OMP_NUM_THREADS=2
aprun -n $MPI_RANKS -d $OMP_NUM_THREADS gmx_mpi mdrun -ntomp $OMP_NUM_THREADS -s benchMEM.tpr

Explore using different combinations of MPI_RANKS and OMP_NUM_THREADS, ensuring that
they multiply to give 24 (e.g. 12x2, 6x4) in order to use all 24 cores on a single node (or make
sure they multiply to give 48 if you decide to enable hyperthreads).

Compare the performance you get to that for the pure MPI case. Does this change when you run
on multiple nodes?

In general this kind of hybrid MPI + OpenMP parallelism is very common in HPC applications, and
has evolved as a convenient solution enabling efficient multinode scaling on distributed memory
systems with the added flexibility of shared-memory parallelism on the level of individual nodes.
If the software you often use supports it, it is worth exploring hybrid MPI+OpenMP performance
for your research problems before running a large number of simulations. In case where the
system you are simulation/modelling or the data you are analysing has trouble fitting into
memory, e.g. if you receive the dreaded “Out Of Memory (OOM) killer” notification that your job
has been terminated, using fewer MPI ranks and more threads per rank to run on the same
number of cores can mean your application’s memory requirements on each node are lower,
allowing you to scale to larger number of nodes/cores overall.
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Load balancing

GROMACS performs dynamic load balancing when it deems necessary. Can you tell from your
md.log files so far whether it has been doing so, and what it calculated the load imbalance was
before deciding to do so?

To demonstrate the effect of the load imbalance counteracted by GROMACS' dynamic load

balancing scheme, investigate what happens when this is turned off by including the “-dlb no”
option to gmx mdrun.

Other tuning

Explore the effect of the tuning option -npme that controls the number of ranks dedicated to PME
calculations, as suggested in the md.log file.

Flnally, explore the effect of any other tunlng mechanisms of interest suggested generally at
ormance.html, for example -gcom.

Some tuning options will only be relevant at a larger number of cores than the relatively small
membrane protein system found in benchMEM. Additionally, the amount of work to be done for a
single timestep for ~80 000 atoms is such that MD simulations are not expected to scale well
beyond ~80 cores (corresponding to ~1000 atoms per core). If you want to explore performance
at higher node counts you may therefore want to investigate some of the other benchmarks
provided at https://www.mpibpc.mpg.de/grubmueller/bench, such as the ~2M atom ribosome
in water (RIB) or 12M atom peptides in water (PEP) benchmark, though these may take up too
many of the compute nodes available in the reservation for this course.
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