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The Computer Center of IMS, which was the forerunner of the
Research Center for Computational Science, was established in
May, 1977, primarily in order to provide an opportunity for large
scale computation in molecular science which could not be carried
out at regional university computer centers. Further, the Center
supported experimental data collection and analysis, developed and
maintained the program library and database in molecular science,
and provided the computational service to neighboring National
Institute for Basic Biology and National Institute for Physiological
Sciences.

In April, 2000, the Center was reorganized into the Research
Center for Computational Science of the Okazaki National
Research Institutes in order to extend its activity to the frontier
between molecular and bio sciences. Since then, the Center has
been engaged not only in the facility service but also in science, for
example, development of new theory and simulation method in
these fields. After April, 2005, when Okazaki National Research
Institute, itself, was reorganized into the National Institute of
Natural Sciences, the Center has been showing its activity as a
member of Okazaki Research Facilities.

Starting in FY 2015, as a three field related project in materials
science, physical science, and molecular science, Post-K Priority
Application Issues (Priority Issues (5) Development of new
fundamental technologies for high-efficiency energy creation,
conversion/storage and use, (7) Creation of new functional devices
and high-performance materials to support next-generation
industries), Post-K Exploratory Challenge (Frontiers of Basic
Science: Challenging the Limits) was established, Furthermore, the

"Professional development Consortium for Computational Materials
Scientists" was launched as JST 's "Building of Consortia for
Development of Human Resources in Science and Technology", In
response to "Elements Strategy Initiative",Tohoku University IMR
CCMS, The University of Tokyo ISSP CCMS and this Center
jointly launched "Supercomputing Consortium for Computational
Materials Science" and supported them.

In September, 2018 the Center is managed and operated by two
professors, one associate professor, three assistant professors,
seven technical staffs, and two secretaries.
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P. Hirunsit, T. Toyao, S. M. A. H. Siddiki, K. Shimizu,

M. Ehara, ChemPhysChem (2018).
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The research activities of the RCCS users range over
a variety of fields, including quantum chemistry, molecu-
lar dynamics simulation, chemical reaction dynamics,
statistical mechanics, and solid state physics. The
computational facilities of RCCS provide a variety of
solutions to these users, with large shared memory,
high-performance disks, and fast interconnect. The
following examples illustrate some typical calculations
performed in RCCS.

(1) Simulations of Catalytic Reactions on Surface

Amide compounds are widely used for fine chemicals, medical
drugs, and agricultural chemicals. By using quantum chemical
calculations on supercomputer, we clarified the origin of the
catalytic activity of Nb2Os surface which performs highly efficient
amidation reactions.
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Efficiency of amidation reaction on
Nb2Os surface is correlated with the
position of conduction band of active
metal sites and the hybridization to
substrates

By courtesy of Prof. M.Ehara (IMS)
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(2) Divergent applications of ab initio reaction

dynamics and automated reaction path search
Analyses of ab initio MD trajectories for gold cluster structural

transformation based on the global reaction route map clarify the

dynamic reaction route going beyond the IRC pathways, leading to

a new concept of "reaction path-jumping.”

By courtesy of Prof.T.Taketsugu (Hokkaido University)
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F,-ATPase

(3) Molecular simulations of functional dynamics in
biomolecular machines

Functional dynamics plays an important role when biomolecular
machines fulfill their functions. For example, transporter proteins
transport their substrates across the membrane by changing their
conformation between inward-open and outward-open
conformations. Although it is difficult to directly simulate
millisecond functional time of these biomolecular machines whose
total atoms amount to several hundred thousand, we use techniques
such as metadynamics or transition path sampling to uncover
molecular mechanism of the functioning moments.

Na*/H* antiporter

¥ rotation
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Qutward-open state

F1-ATPase: Simulation of Pi release
that induces rotation of the rotor
y-subunit. Na+/H* antiporter: Simula-
tion of transition dynamics between
the inward-open and outward-open
states.

By courtesy of Prof.K.Okazaki (IMS)
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H. Okumura and S. G. Itoh, Sci. Rep. 6 (2016) 38422 (9 pages).

(4) Asymmetry of amyloid fibrils: Molecular Dynamics
Simulations
Alzheimer’s disease, one of dementia, is caused by amyloid
fibrils of amyloid-8 (ARB) peptides. It has been known that the AR
amyloid fibrils extend only in one direction, but the reason has not
been clarified. We found that the structure and fluctuation of the AR
amyloid fibrils differ between the right and left ends by molecular
dynamics simulations and clarified that this is the reason for the
unidirectionality of the amyloid-fibril elongation. This result will be
applied to develop inhibitors for the causative substance of the
Alzheimer's disease.
H. Okumura and S. G. Itoh, Sci. Rep. 6 (2016) 38422 (9 pages).
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.. 2. Researches

co’"g




9SA9mEY—I{ NEC LX Series

20174F10A 25 & BRSAL7-NECAL B SOV DR RIZ., /—FHAL TEREES S TypeN &, a7 B THRALT S TypeC 23} Niz07
AN B> TOBIE T, 351 TypeN TIIRHZAEYEHIEL7Z TypeNF. H5&LU TypeC TIIRFICHE M A BIL§ 5207 2¢5

L—2%EHL7- TypeCA ZHIRBLTWET,
BAATORRIZU T OB TT,

TypeNN NEC LX 406Rh-2 794/—F 2CPU 4027 2.4GHz 192GBX%€Y
TypeNF NEC LX 110Rh-1 20/—F 2CPU 4027 2.4GHz 768GBX€Y
TypeCC NEC LX 110Rh-1 159/—F 2CPU 3627 3.0GHz 192GBAEY
TypeCA NEC LX 108Rh-4G 96/—F 2CPU 247 3.0GHz 192GBX%EY +P100 2%
EIFAZIEETT 40,5887, 216 TBAEY, 192GPGPU 2H L. MEERFHEMEIZ 4,076PFLOPS 0%, KRELE T B 25
H,EVFANVIRI RSN SZT Th BT REHEICSA HE T T,
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Computer Cluster /NEC LX Series
The feature of supercomputer made by NEC which started operation in October 2017 is that it has a cluster configuration divided into TypeN
provided on a per-node basis and TypeC provided on a per-core basis.
In TypeN especially, TypeNF which strengthened memory is especially prepared, and TypeCA equipped with accelerator is especially
prepared for Type C to enhance computing performance.
The configuration of each type is as follows.
TypeNN NEC LX 406Rh-2 794nodes, 2CPU 40cores 2.4GHz, 192GB memory
TypeNF NEC LX 110Rh-1  20nodes, 2CPU 40cores 2.4GHz, 768GB memory
TypeCC NEC LX 110Rh-1 159nodes, 2CPU 36cores 3.0GHz, 192GB memory
TypeCA NEC LX 108Rh-4G 96nodes, 2CPU 24nores 3.0GHz, 192GB memory, +P100 2boards
In total this cluster has 40,588 cores, 216 TB memory, 192 GPGPU, total theoretical computing performance is 4,076 PFLOPS.
It is used for large-scale molecular dynamics and Monte Carlo simulations as well as electronic state calculations.

File server and
Interconnect network
The file server is equipped with 9.4 PByte disk by the Lustre file
system.
Between computers, and computers and file server are mutually
connected by OPA (Omni-Path Architecture) interconnect network
which has a communication speed of 100 Gbps.

AN Cooling system
AV 2—ADEL. Ty D BICRB LR TR T ABU T IEERK The heat of the computer radiates to the circulating water
ICHELE T through the rear door installed behind the rack.

Even in summer, the circulating water cools down with only the
cooling tower, thus achieving high energy saving.
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The facilities of RCCS are open to all academic researchers

x®1. BEMEREOEE
Table 1. History of the CPU performance in RCCS

1. HEREMEREOEE
Fig. 1 History of the CPU performance in RCCS
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