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Diffusion Monte Carlo Study of High-Pressure Solid Hydrogen Phase

Putu Bhargo Abhimana Chrysnanda
Hongo Group
Machine:: Kagayaki

Hydrogen is the most abundant element in the universe which often resides under high pressure inside many
celestial objects. The study of its phase under such pressure is important for our understanding in many branches of
physics such as the physics of stars and planets. However, experimentally studying such a high-pressure regime
faces many challenges due to the limitations of experimental apparatuses and consequently, computational
methods have become vital in investigating such systems.

From the previous research, hydrogen is expected to transition into a metallic hydrogen (Cs-1V) phase at around 500
GPa. This phase is predicted to be the most stable up until around 2 TPa, at which some other phases such as R-3m
structure are predicted to be more favorable than Cs-1V by Density Functional Theory (DFT) studies. In this study, we
aim to construct an accurate phase diagram of hydrogen within the pressure range of 500 GPa to 2000 GPa. To
construct the phase diagram, the stability of many candidate structures needs to be evaluated in terms of their
dynamic enthalpies. These candidate structures are gathered from previous studies and additionally, from
employing a crystal structure search based on the evolutionary algorithm implemented in USPEX code. All
considered candidate structures are optimized using the DFT method, and the resulting structures are then
evaluated using diffusion quantum Monte Carlo (DMC) method to obtain a more accurate static enthalpy. Finally,
the dynamic enthalpy is obtained by including the zero-point energy of the structures, which will be evaluated using

the harmonic approximation implemented in the Phonopy package.

Figure 1: Example of the candidate structure of high-pressure hydrogen: the R-3m structure (left) and Cs-1V structure

(right)
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[4] K. Kawahara et al., J. Power Sources (2021).
[5] C. B. Job et al., Optik (2016).
[6] A. Miura et al., ADVANCED MATERIALS (2021).
[7] C.J. Bartel, Journal of Materials Science (2022).

[Bh&E 38 K]
D A, A, AR, miED, T O REERIC L D B-KSbF4 OEFHE FIZ I T D ROGEREE
PRER", AERAEIEAN R R E T 2 v 7 A% 2025 R4
2) Taku Sakai, Tom ichibha, Kenta Hongo, Ryo Maezono, "Prediction of Intermediate Products in
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DFT Study on Li Vacancies Stability in LiCoO; based on

Cluster Expansion Model

26 March 2025

Shool of Information Science, HONGO Laboratory,
SUMBOWO, Joel Fredericko (2410410)

Machine: Kagayaki System

Abstract

Lithium cobalt oxide (LiCo0O,) is a widely used cathode material in lithium-ion batteries. This study
investigates its thermodynamic stability as lithium is extracted from electrode, focusing on the
formation and energetics of lithium vacancy configurations. To achive that, our goal is to identify
the most stable Li-vacancy arrangements at different concentrations and evaluate the energies
of competing structural phases. We employed density functional theory (DFT) calculations to
evaluate the total energies of 100 LiCoO, supercell structures with randomly distributed lithium
vacancies. All calculations were conducted using the Kagayaki high-performance computing
(HPC) system.

The resulting dataset was used to train a cluster expansion (CE) model via the ICET library,
enabling us to explore huge configuration of LiCoO; with lithium vacancy. We found that
magnetic state of Cobalt atoms play a crucial role as it can be Co3* or Co** depend on the lithium
concentration in our system. Thus, we explored various initial magnetic states and self-consistent
field (SCF) algorithms to avoid convergence to local minima. Our findings emphasize the
importance of correct spin initialization, double relaxation, and choice of SCF algorithm ("algo =
all") for reliable energy predictions as shown in fig 1. The final CE model effectively captures the
vacancy energetics, providing insights into phase stability and guiding future studies in Li-
deficient LiCoO, systems.
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fig 1 Root Mean Square Error and Bayesian Interference of Cluster Expansion using Algo Normal (Blocked-
Dacidson-iteration scheme) and Algo All (Gradient Conjugate) for electronic minimization algorithm
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Superconductivity in o-MAX phases
Mohammad Khazaei (University of Tehran)
KentaHongo (RCACI, JAIST)
Machine: KAGAYAKI

In recent years, MAX phases and their two-dimensional counterparts, MXenes, have emerged as significant
subjects of interest in the fields of science and engineering, owing to their varied geometries, compositions, and
extensive range of applications. This research employs first-principles calculations to explore the geometrical
structures, electronic characteristics, phonon dispersions, dynamic stability, electron—phonon coupling (EPC), and
superconducting properties of 27 out-of-plane ordered double transition metal carbides, referred to as o-MAX
phases, characterized by the general formula M;M’AIC; (where M = Nb, Mo, W and M’ = Sc, Ti, Zr, Hf, V, Nb, Ta, Mo,
W). We have identified 16 superconducting o-MAX phases, with four specific compounds W,VAIC;, W2NDbAIC,,
W,TaAlC,, and Mo;NbAIC; exhibiting a critical temperature (T.) that surpasses 10 K, representing the highest Tc
reported experimentally for MAX phases thus far. The calculated EPC constants for these materials are 0.98, 0.99,
1.02, and 0.74, correlating with Tcvalues of 17.9, 14.8, 14.5, and 11 K, respectively. Remarkably, the predicted
transition temperature of 17.9 K stands as the highest T. theoretically anticipated for any MAX phase to date. We
conduct a thorough analysis of the specific mechanisms that facilitate superconductivity in these o-MAX systems.
Our findings suggest that the presence of Kohn anomalies in low-frequency modes enhances electron—phonon
interactions, resulting in increased superconducting transition temperatures (T.). Additionally, our results indicate
that Nb,M’AIC, compounds do not display superconducting behavior.

To advance this collaborative research, we intend to broaden our investigation to include the superconducting
properties of 2D MXenes, aiming to gain a deeper insight into the superconductivity characteristics within this

material family.

Collaborative papers:

1. Mohammad Keivanloo, Mohammad Sandoghchi, MohammadReza Mohammadizadeh, Mitsuaki Kawamura,
Hannes Raebiger, Kenta Hongo, Ryo Maezono, and Mohammad Khazaei, “Superconductivity in o-MAX

phases”, Nanoscale. 2025;17(9):5341-9.
2. Kaenat Hamidi, Mohammad Keivanloo, Mohammad Sandoghchi, MohammadReza Mohammadizadeh,

Hannes Raebiger, Kenta Hongo, Ryo Maezono, Kaoru Ohno, and Mohammad Khazaei, “Superconductivity

in Haeckelite compounds”, In submission, iScience (2025).
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Prediction of Phase Formation of Quantum Materials
Using Experimental Data and Machine Learning
Yoichi Higashi (AIST)
Sonosuke Kono (Tokyo University of Science)
Ryo Maezono, Kenta Hongo (JAIST)
Machine: KAGAYAKI

We focus on layered perovskite compounds as a typical example of multinary systems to identify
indicators for phase formation (phase formation determinants) that would be available for predicting phase
formation. We developed a machine learning model to predict phase formation using hundreds of
experimental data on phase formation. To predict the formation of new materials in layered perovskite
compounds, we developed the Python codes [Ref. 1] to compute the phase formation determinants for this
system using SISSO (Sure Independence Screening and Sparsifying Operator), a type of symbolic regression
that is expected to have high extrapolation performance. The experimental data on phase formability in an
arsenic system were classified, achieving a classification accuracy of ~ 85%. We also constructed a prediction
model by using ~ 300 experimental data on phase formability including nonarsenic systems and evaluated the
generalization performance of the phase formation determinants. With this model, we predicted the phase
formation in layered perovskite arsenic fluorides [Ref. 2]. This work was supported by JSPS KAKENHI (Grant No.
JP24K07571).

References:

1. https://github.com/souno1218/nb_sisso

2. “Prediction of Phase Formation in Layered Perovskite Arsenic Fluorides”, Sonosuke Kono, Yoichi Higashi, Yuki
Iwasa, lzumi HASE, Ryo Maezono, Taichiro Nishio, Hiraku Ogino, Kenta Hongo, Journal of Physics: Conference
Series, accepted for publication.
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1. “Prediction of the phase formation of layered perovskite compounds”, Sonosuke Kono, Yoichi Higashi, Yuki
Iwasa, lzumi Hase, Ryo Maezono, Taichiro Nishio, Hiraku Ogino, Kenta Hongo, The 37th International
Symposium on Superconductivity (IS52024), 4 December 2024, Kanazawa (Japan).
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Understanding Interface Behavior in SnS/ZnS Heterostructures: Stability
and Electronic Properties
Rohit Dahule (JAIST)
Maezono Group, JAIST
Machine: KAGAYAKI

This research focuses on understanding the stability and electronic properties of interfaces formed
between tin sulfide (SnS) and zinc sulfide (ZnS), aiming to develop more efficient and stable
semiconductor heterostructures. Bulk and surface calculations are briefly performed to provide necessary
information for constructing reliable interface models. The main objective is to optimize the atomic and
electronic structures at the SnS/ZnS interface to support applications in optoelectronics, particularly in
solar cell technologies. The pristine interface is modeled by combining the low-energy SnS (100) surface
with the ZnS (110) surface. First-principles calculations based on density functional theory reveal that this
interface adopts a staggered type-Il band alignment. This interface is highly advantageous, as it facilitates
efficient charge carrier separation. Such an electronic structure is particularly desirable for photovoltaic
applications. To investigate the effects of realistic imperfections, several defect configurations are
generated at the SnS/ZnS interface. A total of six models are created to simulate common defect
scenarios that might occur. Analysis shows that when the atomic distributions from SnS and ZnS are
well-balanced at the interface, the heterostructure maintains its semiconducting behavior with an
appropriate bandgap. This suggests that certain defect types do not necessarily degrade device
performance if they are properly managed. On the other hand, defect configurations dominated by atoms
from only one of the two materials lead to metallic characteristics, introducing states within the bandgap
and promoting undesirable charge carrier recombination. These metallic states are detrimental for
photovoltaic devices, as they can significantly reduce open-circuit voltage and device efficiency. In
conclusion, precise control over interface structure and defect distribution is essential for optimizing

SnS/ZnS heterostructures for solar energy applications.

References:
1. Rohit Dahule, Bo Gao, Kenta Hongo, Emila Panda, Yanming Ma, and Ryo Maezono, Stability and
Electronic Properties of SnS/ZnS Interfaces: A First-Principles Investigation, J. Phys. Chem. C,

2025 129 (6), 3158-3167

Conference Presentations:

1. Rohit Dahule, Kenta Hongo, and Ryo Maezono, “Stability and electronic properties of SnS/ZnS
interfaces for thin-film solar cells: a first-principles study”, The Physical Society of Japan (JPS) Annual

Meeting 2024, Sapporo, Japan
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Data-Driven Discovery of Polymer Crystals with High Thermal Conductivity
through Physics-Informed Screening

Rohit Dahule (JAIST)
Ryo Maezono (JAIST)
Kenta Hongo (JAIST)
Maezono Group, JAIST
Machine: KAGAYAKI

Overview:
High thermal conductivity (HTC) in polymers is a key property that greatly improves their functionality in
industrial fields such as modern electronics and electrical systems. Given the complexity and numerous
variables in polymer synthesis, relying solely on experimental methods to discover HTC polymers is
impractical, highlighting the need for predictive modeling. In this work, we targeted polymer crystals,
considered to set the upper limit for thermal conductivity in polymers, and employed a data-driven
approach combining physics-informed screening with first-principles phonon calculations to identify
promising candidates. A computationally efficient physical quantity linked to thermal conductivity was
chosen to facilitate the high-throughput screening of 1073 polymer crystal structures sourced from the
Polymer Genome database. This strategy led to the discovery of polymethylenimine (PMI),
poly(methylene oxide) (PMO), and polyamide (PA) crystals, exhibiting lattice thermal conductivities (LTCs)
of 21.81, 94.95, and 65.27 W/(m-K) at 300 K, respectively. Notably, PMO demonstrated an LTC surpassing
100 W/(m-K) across the 100-270 K temperature range. To deepen the understanding of predicted
polymer crystals with high thermal conductivity, additional analyses were conducted on phonon lifetimes,

group velocities, mean free paths, and modal heat capacities of these polymer crystals.

References:

1.  Rohit Dahule, Kenji Ogmhula, Ryo Maezono, and Kenta Hongo, Physics-Informed Data-Driven
Discovery of Polymer Crystals with High Thermal Conductivity, ACS Appl. Polym. Mater. 2025 7 (3),
1431-1439
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1. Rohit Dahule, Kenji Ogmhula, Ryo Maezono, and Kenta Hongo, “High-throughput virtual screening for
high thermal conductivity polymer crystals using first- principles calculation”, APS March Meet 2024,
Minneapolis, Minnesota, USA

2. Rohit Dahule, Kenji Ogmhula, Ryo Maezono, and Kenta Hongo, “Physics-informed data-driven
discovery of high thermal conductive polymer crystals”, The 71 JSAP Spring Meeting 2024, Tokyo,
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DFT and QMC analysis on Mn-based metal-organic framework

for CHs partial oxidation reaction

School of Information Science, Maezono Laboratory,
SUKANLI, Reza Pamungkas Putra

Machine: Kagayaki System

By utilizing computational resources from JAIST’s educational facility, we conducted a series of
Density Functional Theory (DFT) and Quantum Monte Carlo (QMC) calculations on Mn-based
metal-organic framework (MOF) systems. The quantum chemistry package Gaussian 16{1] was used
to optimize the structures of the MOF systems. Furthermore, QMC calculations were performed
using PySCF[2] and QMCPACK[3] to determine the ground-state energy of the optimized system.
Gaussian 16 and PySCF calculations were executed on a single node with a maximum of 128 cores
and 500 GB of RAM, requiring approximately one to five hours to complete. In contrast, QMCPACK
calculations were performed on approximately four nodes and took around one to three days to
complete. These computational methods were employed to study the methane partial oxidation
reaction, which is crucial for evaluating the catalytic performance of the system. Selecting an
appropriate exchange-correlation (XC) functional for DFT calculations is essential to ensure accurate
modeling of the reaction process. By using Diffusion Monte Carlo (DMC) energy as a reference, we

can assess the accuracy of different XC functionals and determine the most suitable one for this

study.
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Figure 1. (a) Convergence of total energy (in eV) during structure optimization using DFT. (b)

Wavefunction optimization using QMC.
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Computational Design of Novel Superconducting Hydrides and Functional

Materials
PENG SONG (Tohoku Univ.)

Kenta Hongo, Ryo Maezono (JAIST)

Machine: KAGAYAKI

The design and discovery of advanced functional materials are foundational to the development of
key technologies in clean energy, quantum information science, and next-generation electronics. To
transcend the limitations of traditional trial-and-error approaches, computational materials science
is essential for accelerate the identification of promising candidates. In 2024, my research primarily
focused on high-pressure superconducting hydrides, particularly within the La—Th—H ternary
system.>? By integrating evolutionary algorithms with first-principles calculations, | systematically
mapped the pressure-dependent phase diagram. Several hydrogen-rich compounds were found to
be thermodynamically stable at 200 GPa. Among these, the LasThHao phase displayed strong
electron—phonon coupling (EPC), leading to a predicted superconducting critical temperature of 242
K—highlighting its potential as a high-T. superconductor. In collaboration with Prof. Masubuchi,
structural phase transitions in BapsMoiNCN (M = Ca, Sr) carbodiimides were investigated®’.
Variable-cell nudged elastic band (VCNEB) calculations revealed that the transition mechanism
involves shear-induced displacement of Ba?* ions and reorientation of NCN? molecular anions.
Notably, this transformation can occur at low pressures and is even mechanically activated via
manual grinding, suggesting the existence of unconventional phase transition pathways in
molecular-anion-based systems. Additionally, we proposed a novel gas-sensing mechanism based on
Schottky junction formation®. For monoclinic VO,(M1), following synthesis optimization guided by
machine learning, an atypical increase in resistance upon NHs;exposure—contrary to conventional
gas sensing behavior. This anomaly was rationalized using a newly introduced selectivity coefficient
derived from the correlation between work function and electron affinity, offering a predictive
framework for gas selectivity. Going forward, my research will target the microscopic origins of
hydride superconductivity, focusing on the interplay between EPC and structure. This requires
large-scale phonon calculations, for which continued collaboration with Prof. Hongo and access to
JAIST’s computational resources will be essential. By combining high-throughput simulations with
machine learning, | aim to accelerate data-driven superconductor design.
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Thermodynamic assessment of Ta-N-(Hf/O) systems using the CALPHAD approach
Niraja Moharana (lIT Madras)
Ryo Maezono (JAIST)

Machine:: kagayaki

Transition metal nitrides, particularly tantalum nitrides, are crucial for applications in extreme
environments due to their superior mechanical and thermodynamic properties. ©-TaN, a
high-pressure polymorph with a high bulk modulus (362 GPa) and hardness (31.7 GPa), has emerged
as a technologically promising phase. Interestingly, we observed the formation of 6-TaN at ambient
pressure during the thermal decomposition of oxygen-containing TasN, suggesting the role of oxygen
in stabilizing the high-pressure phase. This was confirmed through XRD, Raman spectroscopy,
STEM-HAADF, EELS, and XEDS, which indicated ~7 at.% oxygen in 6-TaN. First-principles DFT
calculations were employed to evaluate the thermodynamic stability of oxygen-substituted and pure
B-TaN via formation enthalpies, elastic constants, and phonon dispersions. The results show that
oxygen induces the stability of 6-TaN at atmospheric pressure. We performed DFT-based calculations
of formation enthalpies for stable and select metastable Ta-N and Ta-N-O compounds, which served
as inputs for Gibbs energy modelling using the CALPHAD approach. TasNs was confirmed as an
equilibrium phase and included in the thermodynamic descriptions. Where possible, phonon
calculations and DSC experiments were used to estimate heat capacities. The combined dataset
allowed the development of consistent and reliable Gibbs energy functions for key phases in the

Ta-N and Ta-N-O systems.

Published papers:
1) Niraja Moharana, Ravi Kumar, Ryo Maezono, K. C. Hari Kumar, “Thermodynamic modelling of Ta-N-O
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2) Niraja Moharana, Chanchal Ghosh, Arup Dasgupta, Ryo Maezono, Ravi Kumar, K. C. Hari Kumar,
“Thermal decomposition of oxygen-containing TasNs”, Journal of the American Ceramic Society,
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Mechanistic Investigation of CHato CH3OH Conversion on Graphene-based

Metal-Dimmer Catalyst

Muhammad Haris Mahyuddin (ITB)
Kenta Hongo, Ryo Maeozno (JAIST)
Machine: KAGAYAKI

Recent advances in materials science and catalysis have identified the potential of
graphene-based catalysts as a viable approach to address the challenges of directly converting
methane (CH,4) to methanol (CH3OH) for sustainable and cleaner energy solutions. The unique
physicochemical properties of graphene, including high surface area and the potential for
atomic-scale catalytic site design, make it a promising support for catalyst development. The
introduction of heteroatoms such as metal-Ny complexes can also modulate their catalytic
properties, offering a potential pathway to enhance catalytic performance. Our team has
extensively studied these single-atom catalyst (SAC) complexes using DFT (VASP), focusing on
MN4G and those doped with boron or phosphorus, to explain the catalytic mechanism
underlying CH; to CH3OH conversion [1-2]. From this study, we discerned that the
phosphorus-doped CuN4G (CuN4G—PN) emerges superior, as it can spontaneously dissociate O,,
with respect to phosphorus’s tendency to form P—O Bonds, and Cu’s capacity to activate CH,
into CHs-radicals with low activation energy [3].

| hope that with the use of the JAIST Supercomputer, we can accelerate the computations

and increase the number of joint publications that are important for our mutual benefit.
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Atomic-Scale Insights into Gas and Liquid Structure and Reactivity at Transition Metal

Oxides Interface for Battery and Energy-related Application

Mohammad Kemal Agusta, ITB
Ryo Maezono, JAIST

Machine: Kagayaki

Li-ion batteries are pivotal for (hybrid) electric vehicle applications, with layered lithium transition
metal oxides, particularly LiNixMn,Co,0, (NMC), offering promising energy density. To reduce cobalt
use, there has been a push to increase Ni content from NMC111 to NMC622 and NMC811, which
improves initial charge capacity but also accelerates undesirable interfacial reactions such as
carbonate and salt decomposition, and gas evolution. These degradation pathways, driven by the
electronic structure of Ni-rich oxides, are linked to the thermodynamic tendency of surface oxygen
to dehydrogenate solvents like ethylene carbonate (EC) and ethyl methyl carbonate (EMC). This
results in surface protic species that further react with LiPFs, forming less fluorinated by-products
such as PF30 and PF,0?%7, as shown by FT-IR, XPS, and NMR studies. These chemical reactions often
occur below 4.8 V, Li and vary with oxide composition. Stabilizing the oxide-electrolyte interface has
thus become essential, with strategies including electrode coatings, compositional tuning (e.g.,
Ni-poor surface layers), electrolyte additives, and altering solvation structure via salt type or
concentration. Studies have demonstrated, for example, that switching from LiPFs to LiBF4 or
increasing salt concentration can suppress parasitic reactions and enhance cycling stability in Ni-rich

NMC and high-voltage spinel cathodes.

In this proposed work, we aim to uncover design principles for stabilizing the Ni-based
oxide/electrolyte interface through molecular-level insights. Using first-principles molecular
dynamics (FPMD) simulations combined with statistical thermodynamic analysis, we will investigate
how solvent and salt interact at the LiNiO surface. Previous experiments indicate that increasing
LiPFe concentration enhances NMC811’s cycling performance, and we will simulate this effect to
understand changes in solvation structure and identify reactive intermediates. IR spectra from
simulations will be compared with in-situ FT-IR data to validate our findings. Specifically, we will
study EC electrolytes with four salts—LiBF4, LiClO4, LiTFSI, and LiFSI—at the LiNiO; interface. This
work will also set the stage for broader investigations into solvent-salt combinations, ultimately

contributing to a data-driven foundation for engineering stable, cobalt-free, Ni-based Li-ion batteries.

Beyond Li-ion systems, this research framework will be extended to study other gas-solid interface

reactions in energy materials, such as those found in solid oxide fuel cells, CO, electrolysis,
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direct-methane-to-methanol conversion and ammonia synthesis catalysts. By applying similar FPMD
and surface reactivity analysis techniques, we aim to explore the fundamental mechanisms
governing surface stability, molecular adsorption, and catalytic reactivity under operating conditions.
These efforts will contribute to the broader understanding of surface-driven degradation and
reaction pathways in electrochemical energy systems, enabling cross-cutting strategies for interface

engineering across next-generation energy technologies.
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Research title: Theoretical Study of Sodium Atom Diffusion in TisC, Using Density

Functional Theory for Sodium-lon Battery Applications

Mohaddeseh Abbasnejad, University of Kerman
Tom Ichibha, Ryo Maezono, JAIST

Machine: Kagayaki

This proposal outlines a theoretical investigation into the diffusion of sodium (Na) atoms in TisC,
using Density Functional Theory (DFT). The study will examine the diffusion pathways, activation
energies, and electronic properties related to Na insertion and transport within the TisC, matrix.
By utilizing DFT calculations, we will analyze how the unique layered structure of TisC, affects
sodium ion mobility, which is essential for enhancing its performance as an electrode in
sodium-ion batteries. The findings from this study will offer valuable insights into the
fundamental mechanisms of Na diffusion, informing the design of more efficient electrode

materials for sustainable energy storage solutions.

Published papers:
1) “Density Functional Theory Insights into NO Gas Sensing of Ti-Doped ZnO Monolayer with
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Applied Physics, under revision.
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Enhancing Semantic Analysis through Instruction Fine-Tuning
of LLMs

NGUYEN, Phuong Minh

School of Information Science, JAIST

Abstract

Recent progress in pre-trained language models has signi!cantly advanced semantic parsing tasks.
However, a noticeable performance gap remains between English and other languages, primarily due to
the limited availability of annotated non-English data. To address this disparity, our study introduces
a novel framework for zero-shot multilingual semantic parsing. This approach involves augmenting
multilingual datasets by leveraging labeled English data and training semantic parsers on the enriched
corpus, with the support of large language models (LLMs) [2, 1]. In addition to semantic parsing, we
explore the application of LLMs in the legal domain. By employing various prompting techniques, we
analyze legal documents to tackle complex tasks such as legal textual entailment and information re-
trieval [4, 3]. Furthermore, we investigate how LLMs can be utilized to model human personality traits
in multi-party conversations, aiming to enhance performance in emotion recognition tasks [5].
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Advancing Large Language Model Efficiency through Pruning and Speculative Decoding
School of Information Science, Nguyen laboratory,
Do Dinh Truong (2320435)
Machine: KAGAYAKI

Abstract

Large language models (LLMs) have revolutionized natural language processing by enabling advanced tasks
such as multilingual understanding and complex reasoning, but their immense scale—often spanning billions
of parameters—comes at the cost of substantial computational and memory demands. This creates serious
challenges for deploying LLMs in real-time applications, on edge devices, or in low-resource settings. My
research addresses these issues by developing methods to make LLMs both smaller and faster, combining
pruning and compression techniques to slim down models with algorithmic approaches like speculative
decoding that accelerate generation. A key part of this work has been made possible through extensive use of
the KAGAYAKI high-performance computing cluster at JAIST, which provides the GPU resources needed
to train and evaluate large models, run massive pruning experiments, and perform speculative decoding trials.
As depicted in Figure 1, speculative decoding changes the conventional step-by-step generation by first drafting
multiple tokens and then verifying them in parallel with the full model, substantially reducing latency. Through
these efforts, I aim to advance the efficiency of language models so that their powerful capabilities can be

practically realized even in environments with limited computational resources.

Autoregressive Decoding | Speculative Decoding
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Fig. 1: Autoregressive decoding (left) vs. speculative decoding (right). Autoregressive decoding generates one token

per step; speculative decoding generates three per step.
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Language Understanding through Vocabulary and Structural Pruning." The 26th Interspeech Conference.
INTERSPEECH 2025
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Mechanistic Interpretability on Modern Large Language Models

i P (Hakaze Cho)
Hz bR
Machine: Kagayaki GPU Clusters

Abstract

This research series aims to uncover the intrinsic mechanisms of modern Transformer-based
language models, with a particular focus on the phenomenon of in-context learning. Specifically, we
strive to attribute the functioning of language models to their individual components and to identify
interaction patterns among these modules. In other words, we attempt to restore the functionality of
the language model to a circuit composed of several modules, aiming for a mechanical-like approach:
when we seek to control the model’s functionality, we can modify or replace these “components”

without re-training the models. This approach is known as mechanistic interpretability.

In April 2024 — March 2025, our research achievements have been widely presented at both domestic
and international conferences (note that our research field does not focus on journal publications),
with a cumulative impact factor >70. Notably, one of our works was accepted at the top-3 international
conference ICLR (with an impact factor of approximately 50, the first student-made acceptance in
JAIST).

Published papers:

1) Hakaze Cho, M Kato, Y Sakai, Naoya Inoue. “Revisiting In-context Learning Inference Circuit in
Large Language Models”. The Thirteenth International Conference on Learning Representations
(ICLR). 2025. [h5=304, IF=48.9, CORE: A+]

2) Hakaze Cho, Y Sakai, M Kato, Kenshiro Tanaka, Akira Ishii, Naoya Inoue. “Token-based Decision
Criteria Are Suboptimal in In-context Learning”. The 2025 Annual Conference of the Nations of
the Americas Chapter of the ACL (NAACL), main conference. 2025. [h5=132, IF=16.5, CORE: A]

3) Hakaze Cho, Y Sakai, K Tanaka, M Kato, Naoya Inoue. “Understanding Token Probability
Encoding in Output Embeddings”. The 31st International Conference on Computational
Linguistics (COLING): main conference. 2025. [h5=65, IF=7.7, CORE: B]

4) EPRE, EET R, YWOFEEL, 2 BEW, KR SEEET VICK T D Incontext Learning D
A, SERAEL R 31 R ORE. 2025.

5 ®PIR, H2Z LEH. “Beyond the Induction Circuit: A Mechanistic Prototype for Out-of-domain
In-context Learning”. S BB 31 RIFFERKZ. 2025.

6) PR, FOFE0L, BT, 2 BE. “StalCC: STIRNFENZIT 2 0552 A 7 OFEHER) 72~
VF =07, SREAERSEAYE 19 (8] YANS T2 RY T AL 2024,
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7 PR, SOFEGL, IR, AR SR, AR, 2 EEH. “In-Context Learning (Z351) 5 b
— 7 R—= ZEFEDO A 2 R ETE S TR TRV FHLE Y2 NL WFE 260 BEFFER LS.
2024.

8) Hakaze Cho, Naoya Inooue. “StalCC: Standardized Evaluation for Classification Task in In-

context Learning”. Pre-print. 2025.
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Large Language Model-based cybersecurity research

Information of Science,
Beuran Lab,
MALI, Trong Khang
Machine:: HPC System,
KAGAYAKI (kagayaki)
Large Memory PC Cluster -
superdome-(Impcc)
Abstract
Large Language Models (LLMs) with high language capacity have been used in many applications. In cybersecurity,
we can use these models to resolve tasks that are related to language such as Cyber Threat Intelligence (CTI) report

analysis, cybersecurity chat agents, etc.

Finetuning | @ ‘ Data Preparation ‘ ‘ Model Fine-tuning ‘
asel == |\ 1) s
S| Academic Web dat _
Wikipedia napers Books eb datay A’T‘T&;Iﬂ\ e
CyLLMs oo —l—
Amsmentatior Finetuning
Relevance Filtering: T J
+ [ Custom | Training
P — e . Duta M
Quality Filtering ) |fine-tuning s Retovgrizer
1 I)mnmn-;ld;mn‘\'(-J S
>
Deduplication L pretraining
Anonymization

Custom fine-tuned LLMs

| Evaluate model's performance |
[ (F1, GLUE score, etc.) J

Cybersecurity Data Base LLMs

i ‘echnique
Data E . o
Preparation EBEIOE(EN Report Segmentation Technique Detection

In the left picture, we collected the data for the pretraining process of LLMs. We then conducted the pretraining

process in H100 computer to create cybersecurity-specific models. And then, in the evaluation process, we fine-tuned

these models in A100 computers to acquire the problem-solving capacity in cybersecurity tasks.

In the right picture, open-source LLM is fine-tuned (with A100 computers) to be able to recognize attacking

techniques from the text. The fine-tuned LLM is then used in the analysis process of CTI reports to transform the

report into simplified versions.

Published papers:

1) CyLLM-DAP: Cybersecurity Domain-Adaptive Pre-training Framework of Large Language Models ( This paper
is published in ICISSP2025 conference)

2) LLM-based Cyber Threat Intelligence Report Analysis (This paper is published in SCIS2025 conference)

Obtained budget:

1) JAIST Foundation Research Grants. This budget is used for the ICISSP2025 conference attendance
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B E R T v v v Vi X B Ziegler-Natta filfiic B3~ 2 fff9¢
FilE - K% MR - SiRaAE
Ziegler-Natta (ZN) fllit i3RI ZEAMMBECH Y . I AL 7 4 vAEEDOHILI 1%
ExkiHo T3, ZOWEEHALIX [—XKF] LIRE, WHEROFEMATH 5 TiCl & |
HARTH 2 MgClr kS NG, X HIT, %L DA, K ~—DOINAERNZ &) 5 720Dk
B L LTHE N — (ID) 25z b s, ZN filfofEid, TiClak WEE R+ — ikl s h
7= MgCld 7 7L — b 255 Z EDRLELHLNT WS 2S, % Ol 7n it % BRI ICIH & 2
ICF 2 DITIERICEE L v, CoREICH LT, RFRECTIR, BRTALTY XL (GA) LHE
JEAEGE (DFT) ZflAadbe b 2 & T, ERT — X Ik 371C ZNAIIE O 53 7€ 7L & R
TEFERBRLTWS, T LAETFu—Fic kY, EREOMIEROMEREIE% X 0 IEMEICH
Hoexzx7) v/ %HiET, 22T £7) v 7B 2RAOHEEIIFREAE Ia1L—
a VICA L b 2 ZEPREGE (DFT) SHREOFHEax b Tth b, ZHIFRNOETHD 3
FEITHAIL TREL R b7, BFOFHEIETIIERIER 7 — L COERE IR THETH - 72,
ZZ T, AR CTIEERITL=a =14y P =TI KTV ¥l
(HDNNP) & I3 5 H 23 1c X > € DFT §HR 2T 2 FEOEAIC XY 5HRES
HACICH Y LA 72, WEERE 1L, BB OMA (TiICLIERD) 1<% 7228 - CHEA R EE 7%
HDNNP OIS L7, RETADEFICIE, B 28DMgCl, ==y | & TiCl4 4F
RGUERORP bR T -2y PRV, #EEL7ZHDNNP ZH\ T, TiCL O ER
BEEECTEE R O G 2 5508 i~ ELEMEDMNT 26, TICLHEERS 2 5
I D Tl o 37 AR IR A3 F) 9 2 BRI 7 TA & fERE L 72
¥ 72, MgCly/TiCly/ID RT3 % HDNNP ZHE oiomn - = = ti0jsutoes
L, BEREREMEL 72, BWFRECEML 728
£D DFT XU GA % H v 72 B 3¢ T i1,
19MgClL,/4ATiCL/5 Y =517 %L —+ (DEP) %IC
B LEEAMEWREMSEEI N, HEa X
P OflFNIC XY 2 ORBHIFHIZREN TH o, K
WF9E <l HDNNP DO#§EEic X b 2 ol % el L .
LV IRH T A — 2 ZEM B RE LTz, DR
NEHERICEY, ThETHEIN TS D LX) Figurel.a) HDNNP (2 L > TRIES 4L/ 4, b)
XV LERMEEPFR Iz (Figure 1), DFTIC & » TIRGE S N7 RICHE S =M,
HHEFEY — N3, BERE S X O HDNNP #8119 50 13 DFT (2 X - THfl S U figo =
EH X7, HDNNP o5 — %t v |k D=0 NF—ZHG L TEY . FHICE S BE
DFT #EIciRS ARG EREEEL, GA 2{T5 70
IR R WHIH R BRI R CTH 5, ABRIFE  PbOLY 2okal/mlZETHS 2 LAvRSMn
F DML TR SR T B, R
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Ab initio modeling of the heterogeneous Ziegler-Natta catalyst via machine learning
Graduate School of Advance Science and Technology, Taniike Lab, #ift] 544, Jodo Marcos da Silveira

Machine: Kagayaki

Abstract
The heterogenous Ziegler-Natta catalyst (ZNC) is the most important catalyst for the polymerization
of olefins. Our group applied a combination of genetic algorithm (GA) and Density Functional Theory
(DFT) to perform ab initio structure determination of the ZNC, obtaining a database of stable
structures that was able to replicate the increase in occupancy of the positions next to TiCls with the
amount of internal donors (IDs). In order to further connect the theoretical results with experiments,
frequency calculation (Materials Studio-DMol3) of the Motit contribition (FIVHI L0m ™)

structures in the database allowed a thorough study of the
potential for IDs’ C=0 stretching vibration to be used in
the investigation of the catalyst’s surface. We were able to

establish that the broad experimental absorption peak in

the 1700-1600 cm™! region can be deconvoluted into

480,
\\' qu R

several peaks that depend on the local environment . - g

e

surrounding TiCls, with chelating molecules in general ﬁb* l‘"' '}*yx rJ {

having higher frequency of vibration than bridging (Figure Figure 1. Calculated IR absorp_tlon bands Pf
the most prominent local environments in

1), potentially supporting the study of the active site via  the whole database.

-+{100) suface = = = {110} surface

spectroscopy.

Concurrently, we have also made efforts to increase the

size of the structures to a more realistic scale of 50 MgCl2 );'3%;‘ "ﬁ"
AEET

units. For this, High Dimensional Neural Network v

Ri3 305 20 Sl S SO
Potentials (HDNNP) are being used in an effort to replace ’é §,¥§¥ "3 Ny

DFT (Materials Studio-DMol3) as the energy evaluating

(a) (d)

Y

EYORNP = -52 7 kealmol ENDNNP — .50.2 kcal/mol
r"H -50.0 keal/mol EREY e = -50.6 keal/mol

Flgure 2. NMbst stablé structures obtained '
have successfully applied the method to 50MgClo/4— by HDNNP-GA (left) and DFT-GA (right).

13TiCly clusters, observing similar trends seen in experiments, in regards to the effect of TiCls amount

method due to the latter’s computational cost. Firstly, we

on stereospecificity and activity. Finally, we applied HDDNP-GA to ID-containing systems (Figure 2),
which required adaptive sampling to iteratively diversify the environment. As a result, HDNNP-GA
was able to explore a conformational space 12 times larger than DFT-GA, and found structures 2,6
kcal/mol more stable, making progress as a viable strategy for the structure determination of complex
systems.

Presentation

"Spectroscopic study of Ziegler-Natta catalysts via non-empirical structure determination", Joio
Marcos da Silveira, Hiroki Chikuma, Gentoku Takasao, Toshiaki Taniike, & 54 [Elf1iH- A {55 56
2, IS, 2024 4 11 A 28-29 H, —ixMEA.
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1) Science and Technology of Advanced Materials 2024, 26, 2454219.

2) Acquisition of catalyst design rules through feature engineering, Aya Fujiwara, Sunao Nakanowatari,
Toshiaki Taniike, International Congress on Pure & Applied Chemistry (ICPAC) Mongolia 2024,
Ulaanbaatar, Mongolia, Aug. 28-Sep. 1, 2024, poster.
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Influence of Humidity on Layer-by-Layer Growth and Structure in Coordination

Networks
School of Materials Science,

Nagao Lab, Yuki Nagao, Kentaro Aoki
Machine: Large Memory PC Cluster

Materials Studio was employed to analyze and model the molecular and structural properties of
metal-organic frameworks (MOFSs) in the study of humidity effects on layer-by-layer (LbL) growth.
The software was used to construct and simulate the coordination networks, particularly focusing on
Zn-TCPP-bpy frameworks, providing insights into the influence of water coordination and organic
linker substitution.

Using Materials Studio, a model of the Zn-TCPP-bpy (TCPP: tetrakis-(4-carboxyphenyl)-porphyrin,
bpy: 4,4’-bipyridyl) coordination network was built based on experimental X-ray diffraction (XRD)
and grazing-incidence X-ray scattering (GI-XRS) data as shown in Figure 1. The constructed model
aligns with the periodic network observed in the experimental study. The unit cell was refined with
parameters a=b =1.70 nm and ¢ = 1.40 nm under space group P4/mmm. The Zn2* dimers coordinated
with four -COO- groups of TCPP to form the paddlewheel-type 2D layer, while 4,4’ -bipyridyl (bpy)

molecules bridged the layers via coordination with Zn2+.

1 1 1

{%" @ ‘&m

L4 ~

3 s AP =R -
b N TN € OO g %
L.a L‘b
(d) (e)
2 O Raw data Cu Ka, RT 2 Cu Ka, RT
4 —Fitting o P direc\tjgn 4 ¢ ¢ OP direction
= 10 Space group: PA/mmm  T» & 10 CHF——HO—F
g 4 a=b=1.6775(7) nm g
= 2 ¢ =1.400 nm (fixed) @ b
g .4 e g
S 10 - " 5
£ b=
4
2
2
-

48 T2 e 20 24 TR T2 e 20 24
26, / degree 26, / degree

Figure (a) 2D GI-XRS image of the Zn-TCPP-bpy thin film. (b,c) Constructed model structure of
[Zn2(TCPP)(bpy)] under space group P4/ mmm viewed along the (b) c-axis and (c) a-axis, respectively

(orange, Zn; red, O; blue, N; and black, C). H atoms are omitted for clarity. Panels (d,e), respectively,
portray 1D projected profiles of panel (a) in (d) IP direction and Le Bail fitting results and (e) OP

direction. Black ticks correspond to 240 and 00/ diffractions of the simulated patterns.

Published paper:
K. Aoki, T. Matsuzawa, K. Suetsugu, M. Hara, S. Nagano, Y. Nagao, Inorg. Chem. 63, 6674 (2024).
http://dx.doi.org/10.1021/acs.inorgchem.3c04526

43


http://dx.doi.org/10.1021/acs.inorgchem.3c04526

RY<—1 FFDER
IR KEO R Y fH—RDEZE AM A X —22 0

~T VT NP A T AR RIS E
U AR, R fE—
i %8 - HPC System "KAGAYAKI"

T, ZHE TICARWVERBEZRRT 5 2L, BOFHENERSHTWS, T1ThH, B
RN 0-> 7 T XA RY v (a-CD) %, ®EICARY =F L7 a— (PEG) & AWi-#Ein ¥
XY IS EHIRG LEFE T D727 TR ICHIATEETH 5 Z L h . B BRI BN
TIELSFAENTWS, L, #Ea X0 OfBSEMN: CIIEfENRW 2D, AR L 7-fe &4 %
WU BRI LTSS SN E Z 5720, AU e X9 0 O NMR 2 X 255K
HThDH, I T, AR TITEER SR (53 AFM, FS-AFM) ZH\W T, &% & PEG
BEOY a-CO B DRY Fiv X X4 0 OEBEBEZRAT,

BTN OFBIILL T OFINETIT>72, PEG (4378 10 J7) Zf3F1 a-CD KEHRIZAIL (c=1.0
gL, 30 MM E R L-%, —HUESEL R 2221l L7, BonHo %4
VERELDEEL T, EEAEREL, BAEKENATRIIERZ L CHEEERZ T Lz, &m#E AFMA
T, Soni-AfaEREDERY . RBEKENZ CTRE L%, WIREHEEER Uiz~ A K&
WIZRe v 7%y 2 F LTSN, 1I5SmMKCIKIBKT T, A=Y 7 LizfESE, K& 489 nm,
S 0.97nm OO HRSF MR S L7z (Figd A, ZOFEHRIT, MM GHRORER & g L T4 70t
ARXTHY, a-CDMB PEG 2@z Lizfu XXV ThirtEZLND, 7=, xR L LT PEG
DEHE AFM A A= T h{Tolo b ZA, Bu XY L3RR, BREE LT RHERSN
7o —MRIZ, 0-CD-PEG#E1 ¥ ¥V U 3KICHERET 2 2 & T, MEEET 2L INTVDHD, RERT
CDZEERVIKFKRP TR e Z XU RNHRINTZ et o TERVEeZ X0
AREITP - D EHEITL TS EEREND, ZhiE, RV XV RKRICEET D, AESh
TWRWZF L7 a— VEREEL TS EE XD, MBEROEY , o-CDIZEEI LTV
PEG IZECEET D, Lo T, AU XX U #RKMOR) =F Loy a—La=y 23 H
CHEE L, RmEHOEEZ L b & PRI S, ZOMRBIZOWT MDEHEZ HAWTRIEEZTT -
720 20 EAK PEG OHUMNZ a-CD % 2 0L CRHE LT & 2 A, BEEY . REEORI=F LT
U a—LREmN B EEE L, EEOWEREESHAIO X 912725 TV AT s S vz (Fig.1 B),
BEHELRS 2R S

Fig. 1 (A) Asnapshot of FS-AFM video of a-CD-PEG pseudopolyrotaxane on mica under 15
mM KCI aqg. (B) A snapshot of all-atom MD simulation of pseudopolyrotaxane composed of 2
a-CD molecules and PEG 20-mer.

1) R.Hori, K. Shinohara, Direct Observation of "End-Capping Effect" of a PEG@a-CD Polypseudorotaxane in
aqueous media. Macromolecules, 2025, in press.
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1) Hiroyuki Nakao, Toshiki Tsujii, Hiroaki Saito, Keisuke Ikeda, Minoru Nakano, “Synergistic effects of
hydrophilic residues in the transmembrane region on lipid scrambling activity of dimeric helices”, Colloids and
Surfaces B: Biointerfaces, 251, 114612, (2025).
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7)

Takashi Kamei, Jun Miyazaki, Ryoga Hori , Hiroaki Saito, Tatsuo Takahashi, Ken-ichi Shinohara, Masakazu
Miura, Hirokazu Suzuki,, "Spectral and HPLC Analyses of Synthesized Butin and Butein", Chem. Pharm. Bull.,
72,7, 648-657 (2024).

Honami Echizen, Kenjiro Hanaoka, Kazuhito Shimamoto, Ryota Hibi, Sachiko Toma-Fukai, Hisashi Ohno, Eita
Sasaki, Toru Komatsu, Tasuku Ueno, Yukihiro Tsuchiya, Yasuo Watanabe, Takao Otsuka, Hiroaki Saito, Satoru
Nagatoishi, Kouhei Tsumoto, Hirotatsu Kojima, Takayoshi Okabe, Toshiyuki Shimizu, & Yasuteru Urano,
“Discovery of a cystathionine ¥ -lyase (CSE) selective inhibitor targeting active-site pyridoxal 5° -phosphate
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First-principles studies on the stability mechanisms of monolayer 1H-XS2 with
mixed transition metal elements based on density functional theory

Chi-Cheng Lee
Yamada-Takamura Group
School of Materials Science
Machine: Kagayaki

Abstract

Monolayer dichalcogenides have gained significant attention in recent years. We focus on
studying the total energy competition and phonon instability among monolayer XS,
compounds with X = Mo, Co, Tc, Ti, Ru, Nb, and Rh, in both pure and mixed forms having
trigonal-prismatic coordination, dubbed as 1H-XS,. For the mixed form, which corresponds
to the high-entropy combination, extensive computations are required due to the large
supercell size. While most unmixed 1H-XS, compounds are found to be dynamically
unstable, they can be stabilized after being mixed to form high-entropy combinations. Not
only can the total energy be lowered, but also the phonon instability can be eliminated. One
key finding is that the energy lowering occurs at the level of total energy, without relying on
the TS term in the Gibbs free energy. For the stability mechanisms, we find that, in most
cases, the unstable vibrational modes diQer among the unmixed compounds, suggesting
that the unstable vibrations can become stable with diQerent constituent elements. In Figure 1,
we show that the eigen displacements of the originally unstable mode are modified after mixing.
We also find that charge transfer plays an important role in stabilizing these systems.

Unmixed TiS; 75.73i cm-! MOoTiNbRhSs 160.93 cm'!

CQ-T—-» b

MoTiNbRhSsg 172.83 cm-!

Figure 1 Comparison of the vibrational modes in pure TiS; and NbS; with those in the mixed
compound of MoS,, TiS,, NbS,, and RhS, (MoTiNbRhSs). The frequencies are also given.
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