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“Neural Tangent Kernel and the Generalization Error of Deep Neural Network”

This joint study began with a discussion of the invariance of Fisher information in neural networks in
an article by Prof. Takeuchi & Takeishi. In our research, we suspect that the gradient descent and its
variant methods used in deep learning somehow implicitly limit the complexity of the training network,
resulting in a small generalization error. Since larger models often provide better performance in practice,
it’s natural to wonder: how does an infinitely wide neural network perform? Therefore, we also compare
the similar properties of the very well-known NTK(Neural Tangent Kernel) in the case of infinite width
neural networks, which provides great convenience for the training of neural networks. And we also found
a lot of other interesting properties. We are currently planning to investigate whether the generalization
error of a neural network has similar invariance in the case of an infinite width or a very large width

neural network.
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“Matching Theory”

This semester, I continued studying matching theory, focusing on the recent research in this field. The
main research method is reading newly published papers. Matching problems appear in many real-world
situations, such as student-school assignments and daycare allocation. A key challenge is ensuring stability
and fairness while respecting preferences.

Many studies define stability as the absence of blocking pairs, which means no two agents prefer each
other over the current assignment. To achieve stability, fairness and efficiency, researchers design choice
functions that determine assignments based on specific rules.

For example, I have read the paper “Stable Matchings in Practice: A Constraint Programming
Approach,” which introduces a constraint programming-based algorithm to improve daycare allocation. It
optimizes assignments by reducing the number of unmatched children while maintaining stability. Another
paper, “Achieving Balanced Representation in School Choice with Diversity Goals,” focuses on fairness in
school choice. It proposes a new choice function that ensures balanced representation across student
groups. Instead of traditional graph-based methods, it uses a flow network model, improving efficiency.

Through these studies, I learned how different algorithmic approaches address fairness and efficiency in
real-world matching problems. I also gained insight into how mathematical models can be applied to solve

practical problems.
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“On the lazy training regime of simple ReLU networks via approximate spectral decomposition of
the fisher information matrix”

Building on the existing work of Prof. Takeishi and Prof. Takeuchi, we approach the problem of training
ReLU neural networks using an approximate spectral decomposition of the fisher information matrix. In
particular, we observed the link of such models to the Neural Tangent Kernel (NTK), and will be writing a
paper to explicitly describe the NTK in this setup. Furthermore, we prove that outcome of the trained
neural network in fact learns the input x in layers, starting with its norm, then its directions, and then its
interaction terms within the vector. We aim to submit to a machine learning conference such as NeuRIPS
or ICLR later this year.
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Topological radiogenomics based on persistent lifetime images for identification of epidermal growth
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factor receptor mutation in patients with non-small cell lung tumors. Comput Biol Med. 2025
Feb;185:109519. doi: 10.1016/j.compbiomed.2024.109519. Epub 2024 Dec 11. Erratum in: Comput Biol
Med. 2025 Apr;188:109860. doi: 10.1016/j.compbiomed.2025.109860. PMID: 39667057.
https://pubmed.ncbi.nlm.nih.gov/39667057/
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“Exploring the Copyright Protection for Artificial Intelligence-Generated Creative Works”

Copyright protects works that are original and independently created by human authors.

However, the emergence of generative Al has introduced new complexities, raising questions about
whether Al-generated works are eligible for copyright protection. In 2023, the U.S. Copyright Office
granted copyright protection to a comic book that incorporated Al-assisted images, but explicitly excluded
the Al-generated key images. The Office reasoned that the author, having used Al to generate the images,
could not exercise full creative control over the outputs, and thus those images lacked the requisite human
authorship. In contrast, also in 2023, the Beijing Internet Court in China ruled that an image created by an
individual named Li using generative Al was protected under copyright law. The court found that Li’s
intellectual contribution—specifically, the careful selection and adjustment of Al settings—demonstrated
sufficient originality to warrant protection.

To better understand the role of Al in image generation and the challenges surrounding copyright
protection, it is essential to develop a more comprehensive understanding of generative Al models.
Furthermore, a nuanced grasp of the legal and ethical foundations of copyright law is necessary to analyze

this evolving issue. Future research will involve an in-depth investigation into the definitions of copyright
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and relevant judicial decisions across different jurisdictions, as well as an exploration of the technical

mechanisms underlying Al models and the principles guiding image generation.

Building upon this foundation, the next phase of research will systematically compare international legal
standards regarding Al-generated content, identifying both convergences and divergences. Parallelly,
technical case studies of leading generative Al systems—such as diffusion models, GANs, and large
multimodal models—will be conducted to clarify the extent of human influence versus autonomous
machine output. By integrating these legal and technical perspectives, the research aims to propose a
framework that can more accurately assess authorship and originality in the age of Al, providing guidance

for future policy development and judicial practice.
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Ho Ka Long Keith

Information criterion based pruning scheme in regression

Ho Ka Long Keith
LRI PR 24E

% ABERH44 : La Trobe University
WHEHR : SFI64:8 H19H ~4FI64:10H20H

1. ZABBIcowT

I worked collaboratively with Prof. Hien Nguyen of La Trobe University on a penalized
information criterion scheme for thresholding regression coefficients. La Trobe University is
a partner of Kyushu university located in Melbourne, Australia. I belonged to the department
of mathematics and physical sciences during my stay, and [ am grateful for the opportunity to

meet researchers from a wide range of disciplines.

2. FEBNE LR

Building on Prof. Nguyen’s expertise in weak convergence and empirical processes, we
developed an analytical approach for selecting a thresholding value in regression problems
that is both efficient and model selection consistent. This collaborative effort aims to
produce a high-quality paper that we intend to submit for publication. The problem at hand
required a deep understanding of theoretical statistics, and the discussions we had played a
critical role in guiding our approach. Together, we focused on creating an analytical scheme

that justifies the common approach of many practitioners when using regression analysis.

The initial weeks of the internship were dedicated to daily discussions and an extensive
review of relevant literature. This process helped me build the necessary intuition to design
a general framework for the paper. During this time, we mapped out the core ideas, and as
we gained a deeper understanding, I began drafting the manuscript. Throughout this
process, I maintained regular discussions with Prof. Nguyen to ensure that both the proofs
and the underlying theoretical intuition were sound. Given the complexity of weak

convergence, we also spent a considerable amount of time carefully reviewing textbook
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proofs and academic papers to ensure we were drawing on the correct theoretical insights.

This meticulous approach was crucial, as even minor misunderstandings in the proofs could
have far-reaching consequences for the model's validity. By the end of the internship, I have
completed the proofs for the main theorems of the paper, and [ have also constructed a first

draft that will be polished in the future.

To provide a general motivation of the research, I will include a short extract from the draft

below:

“Amid the rapid advancement of neural networks and machine learning in recent years,
regression models remain irreplaceable due to its simple and analytical nature. When fitting
regression models, if sparsity is of a practitioner's concern, a common approach is to set
some "small and appropriate" threshold J so that a "reasonable" number of parameters get
removed. Despite being almost universally used; this thresholding procedure has not
received proper theoretical treatment. In fact, the thresholding can be inefficient if 0 is

too small, or it could remove non-zero parameters if § is too big.

In this paper we propose a penalized information criterion-based method for picking &
among any finite set of thresholding values. We analytically show that our choice is optimal
in two ways: its chosen sub-model minimizes expected risk, and it is the largest thresholding

value to do so.”

Beyond our main research focus, we engaged in daily discussions on a variety of other
mathematical topics. These included approximation theory and the Adaptive Ridge scheme,
which we studied as a majorization-minimization (MM) algorithm. We also explored the
potential of combining MM algorithms with BRIDGE regression to enhance our
understanding of regularized regression. We believe that integrating these ideas could open
new possibilities for improving regularization methods in statistical modeling. This aspect of
the collaboration was particularly exciting, as it requires expertise across several areas of
mathematics and statistics, and we anticipate that it could serve as the foundation for future

research projects together.

Outside of my direct work with Prof. Nguyen, [ was assigned to an office that I shared with

two other researchers, one specializing in differential geometry and the other in
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mathematical biology. I had regular, informal discussions with them about their work, which

gave me a broader understanding of different research areas in mathematics. These

conversations helped me to see the intersections between seemingly distinct fields and

52



IV semv -t &

broadened my perspective on mathematical research. In addition to the intellectual
stimulation, I also formed strong personal connections with these colleagues, building
lifelong friendships that I will treasure. This experience significantly expanded my view of
the research landscape and has inspired me to think more broadly about how different

mathematical disciplines can inform and enrich one another.

Working with a new professor has been a transformative experience, requiring me to adapt
to new styles of guidance and collaboration. Prof. Nguyen’s approach to mentorship has
been markedly different from what I have previously encountered, and this shift has pushed
me to broaden my academic horizons. I have found my assumptions and ideas challenged
more often than usual, forcing me to rethink and reassess my logic. This has been both a
demanding and enriching process, as it has sharpened my critical thinking and made me
more conscious of the subtleties in my reasoning. Through this, I've grown more adaptable

in responding to feedback, which has enhanced the quality of my work.

One of the most valuable lessons I have learned from Prof. Nguyen is his methodical
approach to research. His ability to conduct thorough literature reviews and identify key
connections between disparate works is particularly impressive. He has a unique way of
weaving together insights from various sources to build a cohesive understanding of complex
topics. I've gained new appreciation for the importance of foundational knowledge and the
role that literature plays in shaping research questions. His meticulousness in exploring links
between different areas of study has inspired me to adopt a more integrative approach in my

own work, seeking out connections and patterns that may not be immediately obvious.

I am also proud of the personal growth I've experienced during this time, especially in
stepping out of my comfort zone. Typically, I tend to be more reserved in academic
discussions, but working with Prof. Nguyen has encouraged me to engage more frequently
and assertively in intellectual debates. These frequent, high-level discussions have proven to
be incredibly valuable, often sparking new ideas or reframing how I approach a particular
problem. I've realized that these interactions can propel research forward, creating a

dynamic flow of ideas that wouldn’t be possible without constant engagement. I hope to
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carry this habit of active participation into other aspects of my academic journey.
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Looking ahead, I am excited about the potential for further collaboration with Prof. Nguyen.
His professionalism and depth of expertise have not only made this experience rewarding
but have also motivated me to continue seeking opportunities for joint research. I am
confident that the skills and insights I have gained during this internship will serve me well
as | complete my PhD studies. Additionally, I am eager to apply the strategies I have
learned, such as maintaining frequent dialogue and cultivating a deeper understanding of

literature to my future work.

4. zoftt (EEED)

I am grateful towards JGMI for supporting this invaluable experience, and I look forward to

sharing my experiences from this trip to my colleagues in Japan.
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