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The focus of research in Professor Ton’s laboratory centered on employing deep learning techniques for

weather forecasting. This involved developing a predictive model via a deep neural network, utilizing data
gathered from the Ito campus at Kyushu University. The dataset comprised records taken every 10
minutes throughout 2021 and 2022, including seven variables: temperature, humidity, solar radiation, wind
speed, wind direction, rainfall, and pressure. Our objective was to predict these parameters using a deep
learning model.

Initially, the data underwent preprocessing to segment it into training and test sets and to perform
dimensionality reduction. We selected a Multilayer Perceptron (MLP), a type of deep neural network
characterized by its fully connected layers, for our model. Our investigation focused on an MLP
configuration consisting of an input layer, a hidden layer, and an output layer. The model’s parameters
were updated through training using a stochastic gradient descent algorithm and a squared loss function.
The MLP’s structure, including the number of hidden nodes, and the optimization of training performance
via the learning rate hyperparameter, were determined through k-fold cross-validation.

Our final model demonstrated promising results in minimizing squared loss on the test set and uniquely
excelled at predicting all seven environmental parameters concurrently. These findings were detailed in

our published paper, highlighting the distinctive strengths of our methodology.

Eﬁgﬁ"ﬁﬁ*ﬁ’ff‘ B o <R 7T AVKRNIIR B
PANE BN B 2 BT DB 20T 32 2K JEEIL B O E Z L L, > 2y /8 — DT 1 <
TR E Lo 72, FEIET 25 =D OALE THATH OITBIC 74 2L L7z iU E Al 2 LT, =2 D
CFA TN A — AE SR LGBI TS 2RV BT LTz AR O HIBI L 7 3347 B iR e i oC
TNV ORI B TR B L TNV EREL LT 5% B L5y —v TOET A2 W T 7V O IR
LKrm Eses,

ﬁg%?% 7 sefiAva— KEEBESEISEBE  Ta Viet Ton
Bob S T MR S B R TR RO I AL LT BB £ 71z >R o T B
2B D BB © P B U CHER B SRR W T B L e b st b L R S BF 2 (R 5
BRROROTE) LRI (R R ORORT % £ ORISR, TR 22812 X 35 5) % 20
ZUT o7,

1
H
22
I
i
fl
.
T
7
)
v
7
i
L

Hollg R D2

i Heflra—  RFEBELENTEDE i Eid

B R AL O BUE T — 2 IR LT REHI R M 2T R o TR AR T —2IE AN 2 E B 0317 7E 52
AREMED D B, Z 2 TUEINEURETVE WS 2L T RN L2 L% & O T R OHEE LI ATV 2, 8
FEARETNMZBOT MG OZDOUEH 2SR R BL ENAIN— 8T A=RIT L o> T R L DGR HIHER
ENTVBD. ZNL OB W5 HOFETH 5,

28



1.
3
5
I
fi
£l
%
z
z
Y
v
2
#
&

IV g—p =

stflxva— REEBES AT MEEEEN e TP fli—

EWINALTERE % R 3 )8 8 O BEER I AL A ORI HUD LA 72, X0 BRI IZ R AUE v — g 0355 O
Za—INV Ay NI =212 81 2 B AL BUZReLUZ Fl W23 &2 D WO BEER Z IS L T2 1S ML B R DS TR TE
LG WA TR IS BTN S VRO HER EL TS, 22 TIE ML BUIReLUZ i W23 & TH DT
RBOFEBIN NSO Z ER BRI 2 2L 2l AT 5 R IF R L h o 7. ReLUD JEREE R E D &5
1T 20035 DIRETH 5,

2 s— KRB AZEPDE  Ta Viet Ton

We introduce a new SDE model to investigate the dynamics of schooling predators attacking schooling
prey in an obstacle-free domain. This new model differs from that of our previous work since schooling
predators will be considered not only one. Many techniques developed in the model can directly be
available to analyze their solutions, including asymptotic behavior and numerical computations. And the

rules of behavior of individual animals can be described precisely.
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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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During the last semester, I learned some basic concepts of matching theory, including definitions of

stable matching in various models, and algorithms that can find such stable matchings when they exist.
Weekly seminars with my supervisor involve in-depth discussions on papers and lecture notes. In different
models, stability is defined in various ways, often with different additional conditions. In our seminar, we
discuss how these models work, why they are rational, and whether we can make feasible generalizations.
Whenever I encounter difficulties understanding papers, my supervisor always helps me solve them.
Recently, I have been reading some papers on algorithms in matching theory. As mentioned earlier, our
goal is to find a stable matching in a matching problem, which requires a reliable algorithm. In fact, there
is an algorithm based on Scarf’s lemma in linear programming that utilizes pivoting to find an optimal

solution, which can be viewed as a stable matching. I have built a Python program on my computer to
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implement this algorithm. Hence, my plan for future studies is to conduct more research on matching

theory. The first step is to run the program with various datasets and analyze the results. Of course,

weekly seminars will be held in the next semester, and I will read more papers on matching theory.
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Our work builds on the recent paper “Approximate spectral decomposition of Fisher information matrix
for simple ReLU networks” by Takeishi et al (2023). The current research direction is to employ the
Neural Tangent Kernel, first suggesed by Jacot et al in 2017, which gives a description of the parameters
at initiailization. We hope to employ the methods suggested in that paper and those that follow to
approximate give approximate constant eigenvectors of the FIM, which will drastically simplify the
theoretical understanding in this area.
In the future, we are also hoping to employ such methods to analyze the generalization error of these
FIM predictions and possibly display double/multiple descent phenomenas. Doing so will justify the

efficacy of overparameterization in neural networks and can open up a horizon of research opportunities.
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Egashira M, Arimura H, Kobayashi K, Moriyama K, Kodama T, Tokuda T, Ninomiya K, Okamoto H,
Igaki H. Magnetic resonance-based imaging biopsy with signatures including topological Betti number
features for prediction of primary brain metastatic sites. Phys Eng Sci Med. 2023 Aug 21. doi: 10.1007/
$13246-023-01308-6. Epub ahead of print. PMID: 37603131.

Hollg R M2

N T2y ERUER 2N o VS T RS2 0/ A T ) e

PR B TR 2 0B JiiE D3 % A5, Recurrent Neural NetworklZHiD ATy 7D F—RIZFH S NWTHEE T3
TVTIRLERA LTS, ZOR BB RO AL LBL TV AR IZZORMEICEHLT
Logistic mapIZxf UTHIRFE 21T 5 712 RNNOEE %175 BRI b N p BAFTHNZ AR MVEEEHIR S5
S DU E A3 Bparameter TIE R W E R FFO HEMER L 72, 72, Logistic maplféb 53 XDk
RLTERDOZHALMA HENIEHTESLLIITLTWD,

33




Sduerrogan ! on ANNual Report

fgg% j%%” s a— e P TR
HERADOER - THREDD L NN KRFEOR IR ATAE LIS NIe T — 2 X—A % H#E L $SLIFE Study
LIEEND OV M AT VD,
BAEMIZZ BRI SN T EBORBEFEDOT L ETEH L. DR EORBITE R E SN TV B3O IED T
DAL DR ETHRLEOHEBZRERE TV,
FERI BB OEL AR DLELZETHA DL AL D TEMIRL o T0D I LR EDHEIVICHETR T
& PHSEE1LHICFI S Wi HRERE R OEMRZITTRAL — ey v a v ER D HKRET o7,

ﬁﬁf *Eﬁ}ég Sl - KRR T SO SO B
S O R B LTI 55 o 72 AL £ LT3 1) 2 T bR B S Rk & RSt S k1
ST MATLAB% i W EHE 150 I 25 5 D & 5 2352 B 2 LT U 3 0 % B 7o B 1
SR U 72 B B 728 2 B D — 25 300 = (KT 2 > T2 S 1 SRS O B8 & S 0 BBt
OISR 2 5 2 & T i T KA FIPER e 0 LT 2 2 A EEC b 5,

Hfil s/ H =Ry =a— bV 2F VX —EHBEH %I Nguyen Dinh Hoa

Although the current traditional Kramer-Kronig (KK) algorithm can recover the phase information of
the signal with a relatively simple hardware structure, it can achieve complex orthogonal signal
modulation at a lower cost.

However, there are currently some complex calculation steps in the KK algorithm. Higher computational
complexity will increase system power consumption.

In order to reduce the system cost and operating cost, the goal of this research is to reduce the
computational complexity of the traditional KK algorithm, thereby optimizing the existing KK receiver.

During the research process, mathematical tools such as Mitchell approximation were tried, but the
results were not satisfactory. Finally, Fast Fourier Transform (FFT) was adopted to replace the Hilbert
transform, and the system energy consumption was reduced by flexibly adjusting the FFT size.

In the future, KK receivers will have wide application prospects not only in optical fiber communications,
but also in energy-consumption-sensitive underwater optical communications and satellite free space

communications.
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Copyright protects works that are original when independently created by a human author. However

the application of generative Al allows a new approach to create works, which leads to problems that
whether the Al generated works are protected with copyright. In 2023, the US Copyright Office granted
an Al-assisted comic book with copyright but Al-generated key images are excluded. The office explained
that the author who used Al to generate images cannot fully control the output of generated works.
Therefore, copyright of generated works is not granted. However, also in 2023, Beijing Internet Court in
China ruled that an image created by Li using generative Al is protected under copyright law. The court
found that Li’s intellectual effort in choosing and adjusting the AI’s settings demonstrated the image’s
originality.

To better understand the role of Al in image generation and the issues of copyright protection, a more
comprehensive understanding of generative Al models is needed. Additionally, it is necessary to
understand the nature of copyright from legal and ethical perspectives to better study this issue. Future
research will include investigations into the definitions of copyright and related judgments across

countries, as well as the technical details of AI models and the principles of image generation.
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