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As symbolized by the Fugaku computer, massively parallel
computation is actively used for solving problems in materials science
in recent years. In fact, computer-aided science has been providing
answers to many problems ranging from the most fundamental ones,
such as critical phenomena in quantum magnets, superconductors,
and superfluids, to the ones with direct industrial applications, such as
semiconductor devices and electrode chemical reactions in batteries.
Due to the recent hardware trends, it is now crucial to develop a
method for breaking up our computational task and distribute it
to many computing units. In order to solve these problems in an
organized way, we, as the major contractor of several national projects
such as Fugaku Computer Project and Elements Strategy Initiative,
coordinate the use of the computational resources available to our
community, including Fugaku and ISSP supercomputers. In addition,
we also operate the web site, MateriApps, which offers easy access
to various existing codes in materials science, and in order to develop
human resources for the doctoral program, we promote the Advanced
Human Resource Development and Industry-Academia Matching
Program for Computational Materials Science.
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https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/akai_team.html
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Our main objective is to predict/discover new functionality materials
by means of computational materials design (CMD). In particular, the
development of new high-performance permanent magnets is one of
our main targets. CMD aims at to design materials and/or structures on
the basis of quantum mechanics, corresponding to the inverse problem
of quantum simulation. In general, solving such problems is very
difficult. In CMD, we solve them by making use of the knowledge,
which is obtained through “experiments performed inside computers”
using quantum simulations, about underlying mechanisms realizing
specific features of materials. The technique of machine learning also
can be exploited on the vast data thus created. The developments of
new methods of quantum simulation also are our important themes.
Among them are developments of methods of accurate first-principles
electronic structure calculations in general, linear response theory and
first-principles non-equilibrium Green’s function both based on the
KKR Green’s function method, order-N screened KKR-method for huge
systems, and the methods beyond LDA.
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