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Computational Science Division aims at developing
special-purpose computers (1 Pflops) for molecular dynam-
ics simulation, quantum chemistry, matrix operation, Ho-
mology search calculations. We also evaluates the impact
of 10 m sized space-telescope on astronomy and develops
assembly method of its main mirror. This division also de-
velops a real-time visualization system for simulation re-
sults aiming at the use of scientific education and outreach
activity in formal and in formal education.

1. Development of the special-purpose comput-
ers

We developed the heterogeneous computer system
which is combined the ultra high-speed special-purpose
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computer (0 1pflops). This system is for a molecular dy-
namics (MD) simulation, a matrix calculation and a quan-
tum chemistry simulation.

Large scale MD simulation is a fundamental technique
to investigate the protein structures and their functions
and to study the crystal structures and physical proper-
ties of materials. In this work, we developed the ultra
high-speed computer for MD simulation and exponentially
evolved the investigation of proteins.

The calculation of the non-bonding forces, such as the
Coulomb force and the van der Waals force, have a high
proportion of simulation time in MD simulation. Molec-
ular Dynamics Machine (MDM) whose peak performance
was 78 Tflops was completed in 2001. LSIs which have the
special-pipe-lines for calculation of non-bonding forces are
massively parallelized in MDM.

We carried out the simulation of prion protein, which
causes BSE. We found that (3-shect structeres increases
in a mutant prion protein. We also implmentul Boundary
Element Method to MDM.

2. Study for construction of large telescope on
board the International Space Station

There is a general agreement that a breakthrough in
the field of space science will be provided by space tele-
scopes which enable astronomical observations without any
absorption and disturbance due to the earth atmosphere.
Shorter wavelength has advantage for direct imaging of
structure near by black holes or extra solar planets be-
cause the ideal angular resolution of a telescope is propor-
tional to wavelength. For example, it is evaluated that
an earth like planet of extra solar system distant from 30
light years would be observed at 600 nm by a telescope of
20 to 30m in diameter. On the other hand, the planet
would be observed at 200nm by a telescope of 7 to 30 m
in diameter. However ultraviolet below 300 nm could not
propagate onto the ground by means of ozone absorption
and air sol scattering. The latest rocket and space shut-
tle could not carry a payload exceeding 4 m in diameter.
Expansion of a folding structure or assembling of divided
parts is necessary for construction of a large space tele-
scope, which overcomes the limitation of the size. We de-
velop the multi-body simulation, based on collaboration
with Integrated Volume-CAD System Research Program,
for the expansion and assembling of a space telescope with
lightweight mirror in the micro gravity environment. We
also developed optical module and focal surface detector of
EUSO, that explores the ultra-high energy cosmic-rays in
collaboration with Materials Fabrication Laboratory and
Image Information Division.

3. Advanced Human Interface with IT technol-
ogy

(1) Real-time visualization technique

Real-time visualization technique has been developed
for intuitive understanding of phenomena in simulation.

(2) The research of “Hands-on” for education usesing
information technology

We are going on with a research of “Hand-on” for edu-
cation that uses excellent commands of the personal com-
puters and the Internet. First, we participated in reform
movement of science education “Hands-on Universe” in the
United States. Then “Japan Association Hands on Uni-
verse” was established, and is promoting this activity into
Japan. And we participate in the management of a sci-
ence live show “UNIVERSE” on every Saturday afternoon
at the Science Museum, Tokyo, and offered those contents.
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Furthermore, we developed a portable system, and are go-
ing to provide “UNIVERSE Liveshow” to the requests by
the Science Museum in the while country of Japan ac-
cording. This activity is in cooperation with the public
relations office.

Research Subjects and Members of Computa-
tional Science Division

1. Development of Peta-FLOPS special-purpose comput-
ers

. Molecular dynamics simulation

. Computational quantum chemistry

. Human body simulation
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