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Social Cooperation Research Department (SCRD) is a joint research framework between the University of Tokyo and its corporate or other external

partners in order to collaborate in research projects that contribute to the public interest. Although SCRD is funded by external partners, its research
and education activities aiming for academic advancement and social development are conducted in such a way that secures the University’s

autonomy and independence. ISSP established its first SCRD unit, the Division of Data-Integrated Materials Science, in April 2019.
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Division of Data-Integrated Materials Science
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Recently, machine learning has attracted a lot of social attention. The
possibility of applying machine learning techniques to material science
research is also actively studied, and many promising and interesting
results have been reported. The expectation is that this idea, which
is called materials informatics, will be the key to accelerating the
industrial application of basic science. The division aims at developing
new methods for prediction of physical properties of innovative
materials, based on the understanding of electron correlation,
by integrating experiments and numerical calculations through
data-scientific approaches. While conventionally we have been
comparing experimental results with numerical ones, interpreting the
former by the latter, the new goal is to achieve something that cannot
be done by experiment or numerical calculation alone, by using both
of them simultaneously. In this way, we are efficiently searching for a
wide variety of new functional materials, such as spintronic materials
and superconductors.

ISSP Digest 2025



WS =

Inui Group

HiZE T —< Research Subjects

B H OB R DY SR O RG F THEDBIFE

Developing inverse design methods to create materials and conditions
with specific desired properties
B KED/8T A 2 o i T — 2 R
Fast data assimilation with large number of parameters
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Numerical Studies in Condensed Matter Physics

FEERR & =i

Project Associate Professor INUI, Koji

FANTVRRT « WiFRFH T HEOBFRICH D AT VWS, —i%
%&ﬁ%ﬂ%t;%%éﬂﬁfu\%E@%é%*#kﬂb
TOBDINTG AR BIEZIENEY I alb—y g U RETL,
ES N5 12/8T X ZITBWTIE LWIREEN LIS 5 DA 4
KI5, LHLEME, THVoGETIE. Eiflic AN
2R 0 ATREND B 128, BB REZ D0 %
T A HE U\ AWFIEEE T GHRNT - G 2 VW2 7 Ta—
FICEH T, RICIFELWEEZRD, ThDEBT 5 HR%EK
DB FLEOFZIT> TV, R, BEE TR {flibh
TWB EIINIC K B KED IS8T X ZOHIEZ W iR
N2 ANT VB, T W0 Tafifiht - WigkstZzH\W2 C &I
Ko T, TNETABMDEER RGN ST XS B LIE
RANZZALOFFEZHIEL T ZED T3,

||'|V9rse Physn:al propertles
L(e)

Hamiltonian

#(8)

n@ =

Auiomatic'differentiation

BHETHMEDSTNERIRY B ETILZEBET ZHRREICE S 5FEDE
2, BROMEZRIEY L ZHRELT B LD ETIVHOEHO ZBH
WRERVWTHEBILLEYS,

Schematic illustration of the method to solve the inverse problem of constructing a model
that achieves the desired physical properties. The parameters 0 in the model are optimized
using automatic differentiation so as to optimize the function L that represents the desired
physical property.

https://www.issp.u-tokyo.ac.jp/maincontents/organization/labs/inui_group.html

In our laboratory, we are pioneering the development of inverse analysis
and design methods for computational materials research. Traditional
approaches typically involve simulations with a limited set of parameters
for specific substances or conditions, focusing on identifying parameter
regions that achieve desired states. However, this method often falls
short in discovering novel substances and states due to its reliance on
predefined conditions. To overcome these limitations, we employ inverse
design techniques. These begin by defining the desired properties and
then identifying systems that can realize these properties. A key aspect
of our research is the use of automatic differentiation, a powerful tool
frequently utilized in machine learning, which allows for the control
of a large number of parameters. By integrating inverse analysis and
design, we aim to uncover new substances and mechanisms previously
unexplored. This innovative approach holds the potential to revolutionize
the field by enabling the discovery of groundbreaking materials and
processes.
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Flowchart of the inverse design algorithm by using automatic differentiation.
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