CP2K QM/MM Practical Instructions

The aim of this exercise is to quantify the communication overheads in a simulation in CP2K. A
MD simulation of an equilibrated Green Fluorescent Protein in water will be run on ARCHER on
multiple nodes. This system has 28264 atoms with 20 of those being QM atoms (gmmm-1.inp).

Performance experiments - gmmm-1.inp

The first part of this exercise will be to run a QM/MM simulation on 2, 4, 6, 8 and 10 entire nodes
(48, 96, 144, 196, 240 processes). Download the relevant files:

gmmm-1.inp
gfp newl.prmtop
NPT-1.restart

Next you will have to create a job script to run the code. You can adapt one of the previous job
scripts to do this, or see https://www.archer.ac.uk/documentation/software/cp2k/. The job script
will need to load the cp2k module as this allows the use of the cp2k.psmp executable. For
example for running on 2 nodes the job script would contain:

module load cp2k
aprun -n 48 cp2k.psmp -i gmmm-1.inp > output-file.log

gmmm-1.inp is the CP2K input file for the calculation. The files gfp_new1.prmtop and
NPT-1.restart will also need to be in the same directory as where you run the job. These are
specified in the .inp file and contain the topology and restart information (for the equilibrated
system) respectively.

When the computation completes the TIMING report should be printed at the end of the output
file. The TOTAL TIME for CP2K represents the time for the entire run. Other subroutine times are
printed below in order of the total time spent in them.

SUBROUTINE CALLS ASD SELF TIME TOTAL TIME

MAXTIMUM AVERAGE MAXIMUM AVERAGE MAXIMUM
CP2K 1 1.0 1.012 1.093 579.165 579.166
gs _mol dyn low 1 2.0 0.004 0.005 566.513 566.935
gs_forces 2 3.5 0.000 0.001 465.518 465.519
gs_energies 2 4.5 0.000 0.000 457.119 457.120
scf env _do_scf 2 5.5 0.000 0.000 453.759 453.759
scf env _do scf inner loop 90 6.2 0.002 0.006 437.466 437.466
rebuild ks matrix %2 8.2 0.000 0.000 365.177 365.220
gs_ks build kohn sham matrix 92 9.2 0.016 0.017 365.177 365.220
gs_ks update gs env 94 7.2 0.001 0.001 356.828 356.870

Record the total run time. This can be done easily using the grep command:
grep ‘CP2K " output-file.log

Record the total time required for the different communication (mp) routines:
grep ‘mp ' output-file.log

Which could return:


https://www.archer.ac.uk/documentation/software/cp2k/

mp alltoall z22v, mp sum d3, mp waitall 1, mp waitany

Record the self time maximum (5th column in the timing report) for each of these. Fill in the table
below.

Nodes | Time Time Time Time Time Total time
CP2K (s) mp_alltoall_z22v | mp_sum_dm3 | mp_waitall_1 mp_waitany | mp_ routines
T_total (s) (s) (s) (s) (s)

T_mp
2
4
6
8
10

Communication Overheads

Plot Time CP2K (T_total) and Time mp_routines (T_mp) on the same graph. Are the results what
you expect?

Calculate the fraction of time spent doing communications as the number of nodes is increased.
i.e. T_mp/T_total
How does this change?

Amdahl’s Law states that the performance improvement to be gained by parallelisation is limited
by the proportion of the code which is serial. Estimate the fraction of the time spent in code that is
inherently serial (i.e. parallelisation does not improve its run time). What parts of the code might
contribute to this?

Startup costs

Edit the input file and change the number of MD steps from 1 to 3. Run the simulation again using
8 nodes. When the simulation completes the used time for each time step is printed in the
QMMM-1.ener file. How much longer does the first time step take compared to the subsequent
time steps? Work out the total time spent doing mp calls (T_mp) for 3 MD steps and then estimate
the time spent on mp calls in a single MD step based on this by dividing this value by 3. How
does this compare with the previous result? What does this indicate about the communications in
the first MD step?

Advanced exercise - gmmm-4.inp

Repeat part 1 and fill in the table for the input file gmmm-4.inp. This has 77 QM atoms, but the
same number of total atoms as gmmme-1.inp. How is the fraction of time spent in MP
communications different from the system with less QM atoms?



