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Large-Scale Computational Materials Science for Astronomical Search Spaces

My research focuses on theoretical and computational materials science,
particularly on developing scalable algorithms capable of navigating enormous
search spaces within realistic computational times.

One of the central challenges in modern materials science is the exponential
growth of configurational and interaction spaces arising from compositional
complexity, site disorder, nonlinear responses, and many-body interactions. To
address such astronomically large problems, | develop computational frameworks
that integrate massively parallel computing, original algorithm design, and data-driven
search strategies.

Representative projects include:

“SQPertation”: a large-scale quantum perturbation framework

“EwaldSolidSolution”: a scalable solver for configurational problems in solid

solutions
® “GoodRegressor’: a symbolic-regression-based framework for discovering

complex nonlinear relationships and hidden interactions

These developments are applied to advanced problems in materials chemistry,
energy materials, and complex condensed-matter systems.

Rather than merely applying existing computational tools, my research focuses
on developing new computational methodologies rooted in physical principles,
mathematical structures, and computational science. My particular strengths include
efficient exploration of enormous search spaces, extraction of nontrivial patterns, and
construction of physically interpretable models.

Another important aspect of my work is the direct development of scientific
software and high-performance computational codes. This enables seamless

integration of theory, algorithms, implementation, and scientific applications.

Keywords

Data-Driven Computational Science
Computational Materials Science
High-Performance Computing (HPC)
Symbolic Regression

Scalable Algorithms

Parallel Computing

First-Principles Calculations



Combinatorial Optimization
Complex Systems
Data-Driven Science

Disordered Materials

Scientific Software Development

Core Strengths
m Scalable Exploration of Massive Search Spaces

Development of original algorithms and parallel strategies for exponentially large
configurational and structural spaces.
m Integration of Physics and Al

Data-driven methodologies emphasizing physical interpretability rather than
purely black-box prediction.
m Scientific Software Engineering

Design and implementation of high-performance scientific software tailored to
advanced computational research.
m Data Science Applications

Data-driven approaches for materials discovery, nonlinear response analysis,

complex interaction systems, and unknown structure exploration.



