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Introduction
The theoretical method of choice for studies of cellular

processes is molecular dynamics. In molecular dynamics
Newtonian equations of motion are solved with bonds,
angles and dihedrals described with various force constants.
While simple, this simple approach forms the basis of our
understanding of processes as diverse as lipid raft formation

and the molecular mechanism of the recognition between i #.

enzyme and its substrate. When constructing such systems ' J o .‘

great care must be taken to make it as realistic as possible, .; . > -.;
which means accounting for the local environment such as iﬂ:'{ mi*, -‘-‘:.:u ;:M
water or cellular membrane, physiological conditions, ... this A r e :#_: ; AL

may in turn may make the system large enough to warrant "- ‘_.-l' "_'- e

. . . . .,i" f *lr":l"'"i :r#{:
running the simulations on supercomputers. While not long M """ -~

the choice was rather simple — number of CPUs, it has in
recent years with the advent of specialized accelerators such p
as Nvidi’s CUDA and Intel Phi become much less el
straightforward. In this work we evaluated the performance X
of supercomputers based on x86 64, Intel Phi and Sunway
architectures for simulations of several large biosystems.

Methods

In the first step we used the portal CHARMM-GUI to create
a model lipid bilayer composed of DOPC and DOPS. This
initial system was then equilibrated following the suggested
protocol for lipid bilayers and the CHARMM forcefield. In
the subsequent steps the system size was progressively
increased by replicating it along the x- and y- axis. Details in
Table |. The performance of these systems was then
assessed on by running several short simulations on
supercomputers based on the following architectures: | o
X86-64, Intel Phi and Sunway. The supercomputer ASPIRE-| Eﬁt;r_e;xl‘l’_l’o;reeler:e-gb;%_e. systems surveyed in this study. Key: blue - base, grey - L, orange - XL,
is hosted at the WNational Supercomputing Centre of

Singapore is based on x86_64. Intel Phi forms the basis of Results and DlscuSS|on

the supercomputer stratus hosted at A*STAR |
Computational Resource Centre, where Sunway is the
architecture used for the computer Taihu Light that is
located at the National Supercomputing Center in Wuxi,
China. Detailed specification for each supercomputer is
available in Table 2. To run the simulations the open-source
code Gromacs was used. For rendering VMD was used.

\ Conclusion

Our preliminary results highlight the importance of
code optimisation. Properly optimized code leads to

system Atoms size (nm) much greater performance.
Base 1315252 9.8x9.8x13.2 ASPIRE 1
L 526100 | 19.6x19.6x 13.2 Qiciancor
Supercompue
XL 1183725 |[29.4x29.4x13.2 Petascal
Innova™, Ref
XXL 2104400 | 39.3x39.3x13.2 Resea™’ SIErences |
En terpns (I) Lee, J.; Cheng, X.; Swalils, ]J. M.;Yeom, M. S.; Eastman, P. K,
Lemkul, J. A.; Wei, S.; Buckner, ].; Jeong, |. C; Qi Y,; et al
XXXL 3288125 49.1x49.1x13.2 CHARMM-GUI Input Generator for NAMD, GROMACS,AMBER,

OpenMM, and CHARMM/OpenMM Simulations Using the
CHARMM36 Additive Force Field. Journal of Chemical Theory

Table |: Specifications of the systems surveyed in this study.

. Figure 2: ASPIRE- | supercomputer at NSCC in Singapore. and Computation 2016, 12 (1), 405—413.
supercomputer | architecture | cores/node | frequency ’ ’
(2) Vanommeslaeghe, K.; MacKerell Jr, A. D. CHARMM Additive
ASPIRE-1 x86-64 24 2.60 GHz and Polarizable Force Fields for Biophysics and Computer-Aided
Drug Design. Biochim. Biophys. Acta, Gen. Subj. 2015, 1850,
stratus Intel KNL 64 1.30 GHz 861-871.
Taihu Light Sunway 256 1.45 GHz (3) Klauda, J. B.;Venable, R. M,; Freites, ].A.; O’Connor, |.W.; Tobias,

D. J.; Mondragon-Ramirez, C.;Vorobyov, |.; MacKerell Jr, A. D,
Pastor, R.W. Update of the CHARMM All-Atom Additive Force
Field for Lipids:Validation on Six Lipid Types. J. Phys. Chem.B 2010,
| 14,7830-7843.

Table 2: Specifications of the supercomputers used in the study.

(4) Yu,Y;An, H.; Chen, J.; Liang,W.; Xu, Q.; Chen,Y. Pipelining Com-
putation and Optimization Strategies for Scaling GROMACS on
the Sunway Many-Core Processor. In Algorithms and Architec-
tures for Parallel Processing; Ibrahim, S., Choo, K.-K. R.,Yan, Z., Pe-
drycz, W, Eds.; Springer International Publishing: Cham, 2017;Vol.
10393, pp 18-32.

(5) Humphrey, W.; Dalke, A.; Schulten, K.VMD: Visual Molecular
Dynamics. J. Mol. Graphics 1996, 14, 33—38.

Acknowledgement

The author acknowledges the help of the National Supercomput-
ing Centre of Singpore (NSCC) and A*STAR Computational Re-
source Centre (ACRC) for genereously providing the computa-
tional resources needed in this project.

EEEEET ®




