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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.
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Developing inverse design methods to create materials and conditions with
specific desired properties
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Fast data assimilation with large number of parameters
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Numerical Studies in Condensed Matter Physics
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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.

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.

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