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The purpose of this course is to help students understand machine algorithms correctly so they can appropriately apply

machine learning. Students will also learn the essential elements required to improve the algorithm on their own.
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[nitially, students will learn how various machine learning algorithms are designed mathematically. They will
subsequently intensify their understanding by actually coding algorithms using Python. At the same time, they will

imbibe efficient machine learning practices by using libraries. Practical learning, such as data preprocessing and tweaks,
will also be introduced.
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By imbibing varied concepts for the implementation of deep learning, students will be able to utilize deep learning to
accomplish discrete tasks. They will also acquire the fundamental knowledge required to follow the rapid progress of
deep learning.
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Students will learn the details of neural networks and will become aware of the techniques utilized for deep learning.
Furthermore, they will be provided concrete examples and computer experiments by Keras library to apprehend the
architectural design of accomplishing various tasks. The purpose of this course is to ensure students acquire the
knowledge needed for deep learning to achieve more involved tasks.
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Predicting the introduction of future regulations is essential for the development of Al systems for social

implementation. In this class, students will learn how to detect triggers of the introduction of regulations through an
overview of the social acceptance process of advanced science and technology from the past to the present.
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The course will overview of the ethical issues around the social implementation of artificial intelligence systems in

society with real-world cases. Successful participants will learn why these issues require ethical considerations via
basics of ethical theories. They will also discuss laws and regulations in Japan and other countries.
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The purpose of this course is as follows:

(1) to develop the fundamental skills required to perform data analysis
(2) to foster advanced skills in implementing machine learning methods taught in classroom sessions of the Machine
Learning course

(3) to evolve practical abilities to utilize machine learning via various methods relevant to data analysis.
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This course includes introductory, primary, and supplementary topics. Introductory awareness involves hands—on
exercises conducted to support entry level students. Primary subject matter concerns the implementation and
evaluation of the methods explained in the lectures delivered in the “Machine Learning” course. Supplementary material
refers to hands—on practices relevant to the utilization of machine learning. The first few lectures will be devoted to
introductory awareness. Subsequent lectures will alternately attend to primary and supplementary topics.

$2251HE / Course Schedule

[1]:Introductory topic 1

[2]:Introductory topic 2

[3]:Introductory topic 3

[4]:Primary topic 1

[5]: Supplementary topic 1

[6]:Primary topic 2

[7]: Supplementary topic 2
[8]: Primary topic 3

[9]: Supplementary topic 3
[10]:Primary topic 4
[11]:Supplementary topic 4



[12]:Primary topic 5
[13]: Supplementary topic 5
[14]):Primary topic 6
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This class (project—based learning 1) promotes a social implementation project that utilizes artificial intelligence and
data science.

Together with the project—based learning 2 in the fall semester, students will learn how to develop project concepts,
utilize related technologies, and promote intra—team communication.
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This class (project team training 1) is combined with project team training 2.

Playing a set role in the project team, students will drive a variety of processes for research/technology development
and practical application, and will also consider various issues related to practical use such as data privacy.

The following projects are tentatively listed as this year’s projects:

1) Al application and big data analysis in professional baseball

2) Al application in the field of long—term care

3) Virtual Classroom (Metaverse)
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This class (project—based learning 2) promotes a social implementation project that utilizes artificial intelligence and
data science.

Combined with the project—based learning 1 in the spring semester, students will learn how to develop project

concepts, utilize related technologies, and promote intra—team communication.
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Playing a set role in the project team, students will drive a variety of processes for research/technology development
and practical application, and will also consider various issues related to practical use such as data privacy.

The following projects are tentatively listed as this year’s projects:

1) Al application and big data analysis in professional baseball

2) Al application in the field of long—term care

3) Virtual Classroom (Metaverse)
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The purpose of this course is to lay the foundation for research and development. Students are expected to set their
research theme in consultation with their supervisor and experience the process from research planning to reporting
results. Students are expected to learn how to proceed with research activities and to experience the frontiers of
advanced research.
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Each instructor provides research guidance to the second—year master’s students. Students are expected to acquire
advanced technical knowledge and advanced information gathering skills and also to acquire comprehensive research

execution skills such as problem solving skills and presentation skills through research activities.
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The purpose of this course is to lay the foundation for research and development. Students are expected to set their
research theme in consultation with their supervisor and experience the process from research planning to reporting
results. Students are expected to learn how to proceed with research activities and to experience the frontiers of
advanced research.
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Each instructor provides research guidance to the second—year master’s students. Students are expected to acquire

advanced technical knowledge and advanced information gathering skills and also to acquire comprehensive research
execution skills such as problem solving skills and presentation skills through research activities.
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The purpose of this course is to cultivate a perspective that gives a bird’s—eye view of the entire data science field. As
the accumulated social digital data and scientific data increase exponentially, advanced data science technologies are
becoming important in various fields. In this course, students are expected to learn practical examples of data science
and the mathematical, statistical, and computational techniques behind them as a bridge to specialized learning and
research.
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This course consists of introductory lectures on data science for beginners in data science. It introduces examples of
how data science technology is used in natural sciences, social sciences, and business, and explains the basic ideas and
knowledge of mathematical, statistical, and computational technologies used there.
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You can see a whole image of Al, and find the best field to research.
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A large foundations of Al are introduced as different topics for each lecture. Each lecture is independent, Fundamental
theory of Al should be reconstructed by each audience.
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The aim of this course is to learn elementary topics in statistical data modeling, including Maximum Likelihood
Estimation (MLE) and Maximum A Posterior (MAP), Bayesian inference, and related topics.

ZEDNE / Course Contents

BETIIFIZLL T DI TR OV T2,
1. SESERMERIAMEZ DFFK
2WX%ENMH%EA%X%@
ARB AT DE B
4 IRE3A OHER L5
The main themes of this course are:
1. Probability distributions and their properties
2. Probabilistic inference: MLE/MAP/Bayesian inference
3. Supervised learning of mixture models
4. Unsupervised learning of mixture models
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After completing this course, students should be able to:

—explain the concepts and terminology associated with complex network science

—understand and apply general complex network science methods for data analysis

—choose the appropriate data analysis method for particular phenomena and data

—understand the limitations of data analysis due to assumptions embedded in the method, finite resolution of the data,
sampling bias of the data, etc.
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This course provides students with the fundamentals of data science, particularly complex network science techniques.
Students will learn the concepts, techniques, and tools needed to analyze various types of real-world data.
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As digitization and DX continue to advance in the world, the technologies are constantly evolving. The goal of the
course is to provide those who do not have a science or engineering background with the necessary skills to learn the
latest information technologies on their own.

In addition, the course aims to provide students with the basic knowledge and skills necessary for [T-related jobs, as
they will be required to have IT knowledge other than Al when they are involved in [T-related jobs in the future.
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This course covers the scope of the academic field called Computer Science/Information Science, from computer
configuration, programming, algorithms, basic knowledge of network and information system development, cyber
security, cloud computing, etc.
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This course deals with the mathematical aspect of machine learning through the review how we describe problems

mathematically and through the instruction of mathematical techniques used in machine learning algorithms.
HEDWNE / Course Contents
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For better understanding of the machine learning class, this lecture introduces basic ideas of mathematics such as
vector, matrix, derivation, probability and statistics. Outline and solutions of optimization problems, to which many

problems are boiled down, are also introduced. If you are not from department of science or engineering in an
undergraduate course, or you do not have an experience on numerical calculation using computer program, this course
is recommended.
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After completing this course, students should be able to:

— explain the concepts and terminology associated with socio—econophysics

— understand and apply general socio—econophysics methods for data analysis

— choose the appropriate data analysis method for particular phenomena and data

— understand the limitations of data analysis stemming from assumptions embedded in the method, the finite resolution
of the data, the sampling bias of the data, and so on.

HEDWNZE / Course Contents

Fhas R BE LT T — 2 A = AD B FIEE MR 35, s RIF BRI ANk 2 03T — 2%
VT T DB B LT DR SR T FEZ T 55,

This course will provide students with the foundations of data science, based especially on socio—econophysics
techniques. Students will learn the concepts, techniques, and tools needed to analyze various types of real-world data

related to socio—economic phenomena.
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The purpose of this course is to learn the theory of computer science and to understand the systems and services used

in research and business.

ZEDNE / Course Contents
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This lecture explains the basics of computer science and deepens the understanding of both hardware and software of

computers.

In addition, the application of the learned knowledge to reality will be introduced using loT systems as an example.
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Overview theoretical backgrounds of moral reasoning systems
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Successful students will learn theoretical approach to moral reasoning. The first half of the course will be preparatory
with a crash course of propositional and predicate logic. The latter half will be devoted for overview of modal logic and
related logics.

$#Z5HA / Course Schedule

[1]:Guidance; Introduction to symbolic logic.

[2]: Classical logic; propositional logic

[3]: Classical logic; predicate logic 1

[4]:Classical logic; predicate logic 2

[5]:Modal logic 1: syntax and semantics of propositional modal logic 1
[6]:Modal logic 2: syntax and semantics of propositional modal logic 2
[7]:Modal logic 3: completeness theorem of propositional modal logic 1
[8]:Modal logic 4: completeness theorem of propositional modal logic 2
[9]:Modal logic 5: overview of applications of propositional modal logic
[10]:Modal logic 6: predicate modal logic and its applications
[11]:Modal logic 7: non—Kripkean semantics

[12]):Moral reasoning 1: desiderata and trials

[13]:Moral reasoning 3: proposals and limits

[14):Wrap up
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The aim of this course is to learn various topics in natural language processing through lectures and assignments.
HEDWNE / Course Contents
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1. Basic approaches in bag—of-words modeling, including TF-IDF and document classification

2. Elementary applications of natural language processing, including document similarity estimation and sentiment
analysis

3. Elementary methods in deep—learning—based natural language processing, including word embeddings, transformers,
and LLMs.

##EFHE / Course Schedule

[1]: 7 A DRIV ET IV
[2]: BASFELBZ BT DRITLEE
[3]:FrE°v 27T L

[4]: HEE~ZML

[5]:PyTorch AFH(1)

[6]:PyTorch AFH(2)

[7]:PyTorch AFq(3)

[8]: HHGESHIA H & FI H U7 &G 34T
[9):LLM %M > TH %

[10]: Transformer (X5 7 F% ANy ¥A
[11]: S5EET L DL A

[12]): Transformer IZ LA EEETV S
[13]:LLM (2 LD T ANELLE O G
[14):PEFT ZA{#i-~7- LLM O finetuning

TERHENDE¥ 51 / Teaching Methods Used




RS (FE EH %) DEFE / Study Required Outside of Class

E AFAN (NUFREE) O O 7GR LA O TE T okt D ]
[EPN 23 TN —T R TAAT AL T fX—h
Fe - 52 - SR O FENOEE S sk OF] AN FH -7 — VR —2
WG VW E

FADRENFIZOWTITHH TR O EE B2 TTEL TR,

AR RN 5 - 2 / Evaluation

A O P

S EEES 100% REA~OBMEEHEIOLR—1:100%

T% Ak / Textbooks
2E LW / Readings

MAIRFE L fh 1T Text HINEEE

RO LA A — 2t 2022 9784274229008

IHHER it KEFESFETT VAR HRFimtE 2023 9784297136338




VER% :2024/10/02
£ H=22—k: VR466

ANTHeEfS R

Social Implementation of Al Technology

NI Z&f )1 fif— (UCHIYAMA YASUNOBU/ URAKAWA SHINICHI)

Bl B AR E S5 N THBERHFAZE R}

AR 2024 BH=—F% VR466

EFRE INAT VLI A R E (2 FIR)

i s ) B

B 2 BEF YT AIR6300

fFRSEE A AGE ¥R s

JBAE X 6% 7 15 Bl Ha— Rk

(R B 4RI BREE D R Guide [ZH#L T DR H R CTHERRL TEEW,

SeEHE

R E v & JEIEXS Gk AT LD M - i e R BIE AT rT R H — B ) TR L T<7E S0,

_ ” — (BIEEPIEHIERL/ No | AU T A 4523 60 BAL

Bk FT system for cancellation) HIFE &AL B

R 1 Lo Bl BIZER B IL, - FRER OB O D07 5- 58 (DP) R HH ik it _ﬂ‘ﬁﬁi@ﬁff(CP) 2D
EN ﬁ)ﬁ?:ﬁAL IREESIVCOET, fF IV 2T b~y CHERTHIENTEET,

ik

BEEDHBEIE / Course Objectives

AFRETIE A TIEEADDIFFEB R A THEFESE D TAL HEA 528 12OV IROIE BIZOWTHLOE A
NDIDNTIe b2 HEE T,

AR RSO H AR T A OBEfRIE, ALWFZERRFE D KAHE THD

72— 1 THENZ AARIZTZ 2 —X 2 THIEITES (LN EWIT20)

SEF O AT LE Al AT DT ERIC E 2D

Al DREA LRI NIZND DA LTS

*ALIE DX AZRIPNEZRNWEE S—YTH 5

In this class, we aim to be able to talk about the following items regarding “Al social implementation” that will bring the
research and development of artificial intelligence (Al) to fruition in society.

+ Understanding Al social principles and guidelines is a major premise of Al research and development.
- Japan that was late in Phase 1 can be recovered in Phase 2 (must be)
« A decisive difference between a normal information system and an Al system
+ The social impact of Al will begin in earnest

+ Al is an important part that is indispensable for DX
BEDWNEA / Course Contents
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After lectures on Al social principles and guidelines, the environment surrounding Al social implementation (information
systems and Al, characteristics of Al projects, Al human resources, latest trends in DX and Al, distribution of data /
learned models) In order to learn actual examples of social implementation of Al technology, we will introduce examples

from various companies that are making advanced efforts by inviting guest speakers. Then, based on lectures and case
studies, group work and discussions will be held on various issues of social implementation.
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This course aims to help the students deepen the understanding of the recognition theory and the algorithm mechanism
for various types of data. By understanding the lecture contents, it is prospected to enhance the ability of adaptively
applying different modeling techniques and recognition algorithms to real-world tasks.
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This course introduces the recognition theory, data modelling technology and the algorithm mechanism for various
types of data. The lecture focuses on the introduction of both traditional methods (feature extraction, data modeling
and classifier) and deep learning—based technique, and talk about the real applications including image classification,
segmentation, object detection, action recognition and anomaly detection. In addition, some advanced techniques based
on the recent research and publication would also be explained.
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The aim of this course is to learn advanced topics in statistical modeling using Bayesian approaches, including MCMC,

variational inferences, and related topics.
BEDWNE / Course Contents
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This course explains the methods for posterior inference in Bayesian modeling.
Topics to be covered in the first half of this course include the elementary expositions of MCMC, the implementation of
MCMC in Python, and practical coding for posterior inference via MCMC.

Topics to be covered in the second half of this course include the fundamentals of variational inference, its application
in natural language processing (ex. LDA), and the variational auto—encoder.
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In this class, we will learn about quantum computers, which are considered to be important technologies for the future
of artificial intelligence and data science. Starting from the basics of quantum mechanics, we will learn the basics of
quantum computing, introduce quantum annealing as an advanced topic, and experience the execution of quantum
computing in a hands—on format. The goal is to understand the difference between classical and quantum computers and

to gain knowledge on the latest topics.
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In the first half of the class, we will explain the introduction to quantum mechanics without assuming undergraduate
knowledge of physics. This part will be a lecture in English. In the latter half of the class, we will give a lecture on the
basics of quantum computers, running quantum computers in a hands—on format, quantum annealing, and key issues in
the industrialization of quantum computers.
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The objective of this course is to recapture the relationship between traditional financial theory and Fintech. The
students will be able to think for themselves how the finance system will change in the future through learning how
Fintech’s technology is currently changing finance compared to the past.
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The guest speaker who are active in the front lines of Fintech’s industry to give lectures. Students will be asked to
make a brief presentation after having discussions in several groups based on the content. Please see Course Schedule
for the planned speakers.
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This course deepens the applied skills of data manipulation and analysis using Numpy and Pandas, as well as the basics

of object—oriented programming and web scraping.
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Advanced data processing with Numpy and Pandas
Applications of classes and object—oriented programming
Fundamentals and practice of web scraping technology

Programming creation tasks (independent tasks and presentations)
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This course aims to provide students with an understanding of the basic concepts and fundamentals of the Python

language and programming skills for use in research activities
#EDWNE / Course Contents
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Basic concepts: lectures on basic programming concepts (e.g. variables, data types, control structures).

Introduction to Python: introduces basic Python syntax and usage.

Using Python packages: learn data analysis and text processing using Python with exercises
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The goals of this course are to

— be able to understand and explain the technologies and theories of Al.

— be able to understand and explain matrix/tensor factorization and its applications.
- be able to understand and explain sparse modeling.

ZEDHNE / Course Contents
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This course deals with case studies on matrix/tensor factorization and sparse modeling at lecture sessions. It also
enhances the development of students’ skill in matrix/tensor factorization and sparse modeling at hands on sessions.
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This practical session will correspond to the course on “Deep Learning” with the aim of making students acquire a

sense of the ways in which deep learning actually works and the specific situations in which it can be used.
BEDWNE / Course Contents
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Using the frameworks of TensorFlow and Keras, students will apply the content taught in the course on the topic of
“Deep Learning” on specific cases.
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Understand more advanced topics of deep learning based on the basic knowledge of machine learning and deep learning.

This course also gives a broad overview of the development of deep learning techniques to solve more specific tasks.
#EDWNE / Course Contents
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Deep learning, which has made great strides in the last decade or so, has been developed based on theoretical studies.
Therefore, in this lecture, we will develop the ability to understand and improve models and methods based on the
understanding of the theoretical mechanism of deep learning, and the basic ability to actually implement the method
designed by ourselves. For that purpose, we will take up some important theoretical topics and experience numerical
experiments and implementations after understanding them. We will also cover some specific task models to understand
how such careful analysis is applied in actual development.
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To develop a broad understanding of the ELSI (ethical, legal, and social issues) concerning Artificial Intelligence. In
particular, the course aims not only to recognize ethical and social issues, but rather to connect them to institutional
and legal policy thinking for solutions to these issues.

HEDWNE / Course Contents
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The course will cover a wide range of ELSI (ethical, legal, and social issues) around artificial intelligence. Since the

instructor specializes in law, the course will address much legal issues (e.g., Al rights subjectivity, Al and copyrights,
Al judges, Al and politics, etc.). However, legal knowledge and background are not assumed.
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The purpose of this course is to help students understand the theoretical aspects of machine learning and deep

learning. This course will also prepare students to learn new concepts and algorithms from scholarly literature.
HEDWNE / Course Contents
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Using a few chapters from “Pattern Recognition and Machine Learning” (M.Bishop.) and a few chapters from “Deep
Learning” (I. Goodfellow et al.), students will learn the basics of statistical machine learning theory and will be
introduced to the theoretical aspects of deep learning.
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This course aims to help the students deepen the understanding of the mathematical theory, various related
techniques’ mechanism of deep learning, and its applications in different visual tasks. By understanding the lecture
contents, it is prospected to enhance the ability of adaptively applying deep learning algorithms to real-world tasks.
#EDWNE / Course Contents
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The student in turn lectures the contents of the selected chapters from the book “Dive into Deep Learning” (Aston
Zhang et al., After Chapter 4) including the basic theory, related techniques of deep learning and the detailed
implementation methods using python programing. In addition, it is also possible to survey a specific topic being related
to the deep learning such as attention mechanism, self-supervised learning, adversarial learning, transformed, diffusion
model and so on, and give a talk about it.
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After completing this course, students should be able to:

—explain the concepts and terminology associated with data science

—understand general data science methods

—choose the appropriate data science method given particular phenomena and data

—understand the limitations of data analysis stemming from assumptions embedded in the method, the finite resolution of
the data, the sampling bias of the data, and so on.

—develop an approach for the analysis of various types of real data

—recognize the importance of empirical analysis based on real data

—understand the need to interpret results based on domain knowledge
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This course will provide students with the foundations of data science. Students will learn the concepts, techniques, and
tools needed to analyze various types of real-world data.
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The purpose of this course is to lay the foundation for research and development. Students are expected to set their
research theme in consultation with their supervisor and experience the process from research planning to reporting
results. Students are expected to learn how to proceed with research activities and to experience the frontiers of
advanced research.
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Each instructor provides research guidance to the first—year master’s students. Students are expected to acquire

advanced technical knowledge and advanced information gathering skills and also to acquire comprehensive research
execution skills such as problem solving skills and presentation skills through research activities.
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The purpose of this course is to lay the foundation for research and development. Students are expected to set their
research theme in consultation with their supervisor and experience the process from research planning to reporting
results. Students are expected to learn how to proceed with research activities and to experience the frontiers of

advanced research.
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Each instructor provides research guidance to the first—year master’s students. Students are expected to acquire

advanced technical knowledge and advanced information gathering skills and also to acquire comprehensive research
execution skills such as problem solving skills and presentation skills through research activities.
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Acquisition of cutting—edge specialized knowledge and advanced information—gathering skills, ability to conceptualize
research, and comprehensive research execution skills including problem—solving and presentation skills. For research
themes that promote research through joint research, students will develop the ability to smoothly handle joint
research, such as communication skills between researchers. The goal is to acquire the ability to promote artificial
intelligence and data science projects in academic fields or society after completing the doctoral program.
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Students receive guidance from their supervisors through meetings and proceed with research activities on their
research themes. Depending on the progress of the research, students will give a talk at academic conferences and
submit papers to academic journals.
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Acquisition of cutting—edge specialized knowledge and advanced information—gathering skills, ability to conceptualize
research, and comprehensive research execution skills including problem—solving and presentation skills. For research
themes that promote research through joint research, students will develop the ability to smoothly handle joint
research, such as communication skills between researchers. The goal is to acquire the ability to promote artificial
intelligence and data science projects in academic fields or society after completing the doctoral program.
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Students receive guidance from their supervisors through meetings and proceed with research activities on their
research themes. Depending on the progress of the research, students will give a talk at academic conferences and
submit papers to academic journals.
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Acquisition of cutting—edge specialized knowledge and advanced information—gathering skills, ability to conceptualize
research, and comprehensive research execution skills including problem—solving and presentation skills. For research
themes that promote research through joint research, students will develop the ability to smoothly handle joint

research, such as communication skills between researchers. The goal is to acquire the ability to promote artificial
intelligence and data science projects in academic fields or society after completing the doctoral program.
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Students receive guidance from their supervisors through meetings and proceed with research activities on their
research themes. Depending on the progress of the research, students will give a talk at academic conferences and
submit papers to academic journals.
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Acquisition of cutting—edge specialized knowledge and advanced information—gathering skills, ability to conceptualize
research, and comprehensive research execution skills including problem—solving and presentation skills. For research
themes that promote research through joint research, students will develop the ability to smoothly handle joint

research, such as communication skills between researchers. The goal is to acquire the ability to promote artificial
intelligence and data science projects in academic fields or society after completing the doctoral program.
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Students receive guidance from their supervisors through meetings and proceed with research activities on their
research themes. Depending on the progress of the research, students will give a talk at academic conferences and
submit papers to academic journals.
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Acquisition of cutting—edge specialized knowledge and advanced information—gathering skills, ability to conceptualize
research, and comprehensive research execution skills including problem—solving and presentation skills. For research
themes that promote research through joint research, students will develop the ability to smoothly handle joint

research, such as communication skills between researchers. The goal is to acquire the ability to promote artificial
intelligence and data science projects in academic fields or society after completing the doctoral program.
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Students receive guidance from their supervisors through meetings and proceed with research activities on their
research themes. Depending on the progress of the research, students will give a talk at academic conferences and
submit papers to academic journals.
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Acquisition of cutting—edge specialized knowledge and advanced information—gathering skills, ability to conceptualize
research, and comprehensive research execution skills including problem—solving and presentation skills. For research
themes that promote research through joint research, students will develop the ability to smoothly handle joint

research, such as communication skills between researchers. The goal is to acquire the ability to promote artificial
intelligence and data science projects in academic fields or society after completing the doctoral program.
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Students receive guidance from their supervisors through meetings and proceed with research activities on their
research themes. Depending on the progress of the research, students will give a talk at academic conferences and
submit papers to academic journals.
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This is a class that fosters advanced expertise based on a wide range of knowledge, and through a cross—disciplinary
teaching system, aims to help students acquire academic comprehensiveness that will encourage long—term and
continuous development of their research activities. This is a seminar course taught by the student’s co—supervisor.
The goal is to acquire the ability to solve problems from a multifaceted perspective through exposure to a variety of
research fields.
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The theme and method of conducting the seminar will be determined in consultation with the co—supervisor, and study
and implementation will be conducted accordingly. The exercise consists of the following contents.

(1) Theme setting and literature survey

(2) Planning and implementation of exercises

(3) Analysis and evaluation of exercise results
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By experiencing the characteristics, significance, and appeal of each field of artificial intelligence science, you will
understand the research methods and diversity in each field, increase your interest in artificial intelligence science
research, and grasp the overall picture of artificial intelligence science.
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Multiple faculty members from diverse fields will give lectures on cutting—edge knowledge, research issues, and research
trends in their respective research areas. Participants will discuss and exchange opinions on commonalities and
differences in research methods in light of their own areas of expertise. By being exposed to diverse perspectives and
ways of thinking, students can reconsider their field of expertise from a broader perspective and multiple angles, deepen
their understanding of specialized knowledge, and develop interdisciplinary thinking skills. By cultivating a broad
perspective and thinking ability in artificial intelligence science, students will acquire the ability to tackle the diverse
and complex research challenges they will face after completing their doctoral program.
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A class to develop research presentation skills that are essential for research activities. In preparation for presentations

at academic conferences in Japan and abroad, we will conduct presentations and question—and—answer sessions in
Japanese and English, aiming to be able to make presentations that are persuasive even to audiences whose fields of
expertise and interests do not necessarily match. Gain a wide range of knowledge in artificial intelligence science by
listening to presentations on cutting—edge results from various research areas.
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Each student will make at least one presentation on their research results, and will receive guidance from their
instructor regarding the structure and content of presentation materials and slides. Students who are not in charge of
presentations listen to the oral presentations and ask questions, and the presenter answers the questions and engages
in discussions with other students and faculty members. Students will acquire the skills to understand the key points of

research in research presentations on various themes, so that they can ask appropriate questions about presentations
in adjacent fields.
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A class to develop research presentation skills that are essential for research activities. In preparation for presentations

at academic conferences in Japan and abroad, we will conduct presentations and question—and—answer sessions in
Japanese and English, aiming to be able to make presentations that are persuasive even to audiences whose fields of
expertise and interests do not necessarily match. Gain a wide range of knowledge in artificial intelligence science by
listening to presentations on cutting—edge results from various research areas.
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Each student will make at least one presentation on their research results, and will receive guidance from their
instructor regarding the structure and content of presentation materials and slides. Students who are not in charge of
presentations listen to the oral presentations and ask questions, and the presenter answers the questions and engages
in discussions with other students and faculty members. Students will acquire the skills to understand the key points of

research in research presentations on various themes, so that they can ask appropriate questions about presentations
in adjacent fields.
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The aim of this course is to learn elementary topics in statistical data modeling, including Maximum Likelihood
Estimation (MLE) and Maximum A Posterior (MAP), Bayesian inference, and related topics.
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The main themes of this course are:
1. Probability distributions and their properties
2. Probabilistic inference: MLE/MAP/Bayesian inference
3. Supervised learning of mixture models
4. Unsupervised learning of mixture models
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After completing this course, students should be able to:

—explain the concepts and terminology associated with complex network science

—understand and apply general complex network science methods for data analysis

—choose the appropriate data analysis method for particular phenomena and data

—understand the limitations of data analysis due to assumptions embedded in the method, finite resolution of the data,
sampling bias of the data, etc.

BEDWNE / Course Contents
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This course provides students with the fundamentals of data science, particularly complex network science techniques.
Students will learn the concepts, techniques, and tools needed to analyze various types of real-world data.
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After completing this course, students should be able to:

— explain the concepts and terminology associated with socio—econophysics

— understand and apply general socio—econophysics methods for data analysis

— choose the appropriate data analysis method for particular phenomena and data

— understand the limitations of data analysis stemming from assumptions embedded in the method, the finite resolution
of the data, the sampling bias of the data, and so on.

HEDWNZE / Course Contents
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This course will provide students with the foundations of data science, based especially on socio—econophysics
techniques. Students will learn the concepts, techniques, and tools needed to analyze various types of real-world data

related to socio—economic phenomena.
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The purpose of this course is to learn the theory of computer science and to understand the systems and services used

in research and business.
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This lecture explains the basics of computer science and deepens the understanding of both hardware and software of

computers.

In addition, the application of the learned knowledge to reality will be introduced using IoT systems as an example.
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The aim of this course is to learn various topics in natural language processing through lectures and assignments.
HEDWNE / Course Contents
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1. Basic approaches in bag—of-words modeling, including TF-IDF and document classification

2. Elementary applications of natural language processing, including document similarity estimation and sentiment
analysis

3. Elementary methods in deep—learning—based natural language processing, including word embeddings, transformers,
and LLMs.
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The aim of this course is to learn advanced topics in statistical modeling using Bayesian approaches, including MCMC,

variational inferences, and related topics.
BEDWNE / Course Contents
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This course explains the methods for posterior inference in Bayesian modeling.
Topics to be covered in the first half of this course include the elementary expositions of MCMC, the implementation of
MCMC in Python, and practical coding for posterior inference via MCMC.

Topics to be covered in the second half of this course include the fundamentals of variational inference, its application
in natural language processing (ex. LDA), and the variational auto—encoder.
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In this class, we will learn about quantum computers, which are considered to be important technologies for the future
of artificial intelligence and data science. Starting from the basics of quantum mechanics, we will learn the basics of

quantum computing, introduce quantum annealing as an advanced topic, and experience the execution of quantum
computing in a hands—on format. The goal is to understand the difference between classical and quantum computers and
to gain knowledge on the latest topics.

BEDWNEA / Course Contents
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In the first half of the class, we will explain the introduction to quantum mechanics without assuming undergraduate
knowledge of physics. This part will be a lecture in English. In the latter half of the class, we will give a lecture on the
basics of quantum computers, running quantum computers in a hands—on format, quantum annealing, and key issues in
the industrialization of quantum computers.
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The goals of this course are to

— be able to understand and explain the technologies and theories of Al

- be able to understand and explain matrix/tensor factorization and its applications.
- be able to understand and explain sparse modeling.
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This course deals with case studies on matrix/tensor factorization and sparse modeling at lecture sessions. It also
enhances the development of students’ skill in matrix/tensor factorization and sparse modeling at hands on sessions.

$£221HH / Course Schedule

[1]: A Taseo Bty (1) 538 (hf 1)
ITHN R EHERS > AT DA~ DG

[2]: A\ Tased Bt (2) : 3E (kL)
TN REMEES S 2T I~ DS

[3]: AT HnRED B (3) -7 e (FF 1)
1180 i LB B~ DI H

[4]: N THEnse Bl (4) -8 (FF F)
11803 P LB B~ DI



[5): N LEnse Al (5) afFe (K 1)
TG REMEEE L AT A~D S
[6]: N TZngeo 4l (6) : ¥ (Ft 1)
TG REHEEE AT A~D S H
[7): N ToEnse AT (7) GiEFe (B 1)
ITHN DB 2T e FTA IR —
[8]: N T Znsed 4l (8) itz (A1)
AR—=2ZEF V7 DIk

[9]: A TZnpeo £l (9) : 5 E (B1T)
AIRN—=AET VT D HEHE

[10]: N\ TEneEDHEAf (10) 5EF CHAT)
iy AT ]

[11]: N TEnREOHA (11) 5% 3% (A1)
ITHN A RS LA I

[12): N TEnsEOHEAf (12) 58EF CHAT)
AN—ZE TV 7 LURSE 7

[13]: N TEnEEOHANT (13) 3 E (A7)
A= AT TN 7 L IRE S

[14]: A THEnaEOHA (14) 5H% (A1)
I/ A NR—= 2T ~DJER

ERENA#2E )1 / Teaching Methods Used

W AFAN (NTREE) OfF O JE FRLAS O WIETE Bkt D 1
Ml A\ FE & TN—T %K FYARTI AL T f_R— |
ES NS FNOFE S gk OF BONFEE T 4 — VL RT—7
ERWFILE FHWRWTE

BREREEN (FE -EEE) DFEFE / Study Required Outside of Class

A2 e P A N S SIE ¥ = A N Y b AV N
python TR/ SEEENSTEAIL,
FRAR LA )75 - 2/ Evaluation

g D Fr
PE SEIA 1100% LAR—RORRE (FZ O EMES 3 - i L8 - ) — A3 — RO/ 8) D DR A BN B
4%:100%

T %Ak / Textbooks
2% CHR / Readings

Z DAt / Others

(1) (2). (3)4). (5)(6)., (9)(10). (11) (12). (13) A4 IFFNZFN1H TEFLUTHAREMERHVET,

ARH L, LRSI ICB a0 —2AU =8 A Tho, R OZ#EE L. s OZ #HE LV E ERm
W ARNEH AT HIEE BFEL LD 2 T AR L HE SN T BTRR RO 38 0 AR oK A 32
KT 2,




VER% :2024/10/02
B Ha—K:WR516

REFEEE1L1(D)

Seminar on Deep Learning 1(D)

L) BE2A i SetE (ISHIKAWA SHIN-NOSUKE/ HAN XIANHUA)

Bl B i@ 50 N TInGERL LA TR

PR R AE L 2024 BH=—F% WR516
A EO R EEFN T

RETEHE AT (BRIALTAY) REIZHE (MR FH) | 325613 X106 = - X107
EOFH A

B HhAs 4 FKF

AL 2 BEF YT AIR7600

RS A AGE ¥R 7 -3

JB A& 6307 1 B H o — R

RN B Y AR R I BRAE 25O R Guide (2 HB#EL WD ELH £ THERL TEEW,

SAEIRE

PR IE & JBIEX Gk AT LD L7 - A SEBHBIE AT rT R H — B ] CRERR L TIEE0Y,

. . — (B ILHIERRL/ No | AU T4 423 60 HL

LT system for cancellation) HIFR X SR B

i 4 1 o B B ¥F Eji\ ESUIE ﬁ%ﬂ@ff&)é%fﬁi‘ffﬁ% (PP) @%&’ﬁf%ﬁ'@%ﬁ‘ﬁﬁi@ﬁﬂ (CP)ITH~

X AVFaT A BICRESIVCOET, GEII VX 2T A~y CHEGRTHZEM TEET,
i

REDHEE / Course Objectives

AP E TRE T SRS T 5 E R B Th |, RIEFE D EBRITILE D IDIZEMEL , W2 BAR)S i T
TEDDINNTONWTDRERZHIHOTHIEE AL D,

This practical session will correspond to the course on “Deep Learning” with the aim of making students acquire a
sense of the ways in which deep learning actually works and the specific situations in which it can be used.
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Using the frameworks of TensorFlow and Keras, students will apply the content taught in the course on the topic of
“Deep Learning” on specific cases.
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Understand more advanced topics of deep learning based on the basic knowledge of machine learning and deep learning.

This course also gives a broad overview of the development of deep learning techniques to solve more specific tasks.
HEDWNE / Course Contents
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Deep learning, which has made great strides in the last decade or so, has been developed based on theoretical studies.
Therefore, in this lecture, we will develop the ability to understand and improve models and methods based on the
understanding of the theoretical mechanism of deep learning, and the basic ability to actually implement the method
designed by ourselves. For that purpose, we will take up some important theoretical topics and experience numerical
experiments and implementations after understanding them. We will also cover some specific task models to understand
how such careful analysis is applied in actual development.
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After completing this course, students should be able to:

—explain the concepts and terminology associated with data science

—understand general data science methods

—choose the appropriate data science method given particular phenomena and data

—understand the limitations of data analysis stemming from assumptions embedded in the method, the finite resolution of
the data, the sampling bias of the data, and so on.

—develop an approach for the analysis of various types of real data

—recognize the importance of empirical analysis based on real data

—understand the need to interpret results based on domain knowledge
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This course will provide students with the foundations of data science. Students will learn the concepts, techniques, and
tools needed to analyze various types of real-world data.
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