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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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Initially, 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



BH = —F : VR106
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.
PEEESTRI(BEEEETEE : 14) / Course Schedule
1E:=a—=I02y F7—27 AM
2108 2Ny 7T ag = a v L HEEOr, HECH KRS
3 FELD 720 D4 I TR
4 0] 2 FJgEE 74 77 ) — A ¢ TensorFlow, Keras, PyTorch
5[0 : H{RT — &% L BHRIAB =2 —F 4 v F (CNN)

6 1] : Keras iIC X 2 BHIAHR =2 —F VA v b DFELR

ThH: BHAB =2 —TNA Yy PET—FT 7 F ¥ TH [ v

8 : Keras ICX 2t 4 T —F 7 27 F v DFEM L TERED HEK

9 : RINT—X EHFHRI =2 —F 4y b

10 [9] : Keras I X 2 il =2—F 4 v b DFELE

11\ : 77 vy a L Transformer

12 8] : Keras IC X 2 7 7 v ¥ = VIO I

13 [8] : Transformer & KB FFEE T L

14 [6] : HuggingFace Transformers IZ & % Si5€ 7 /L D 5% & F|H

WEH X B BES % / Teaching Methods Used

e : O AFAN (N UE AE) OffH 1O LR D U T O ]

fifl NFE : TN — THFR : TAAAY Y ay - T4_=F
i - KE - KER : FNDEE S D FI : BHFEE - 74— FT =2
ERwFhd HuzuwiiE

PEERRIN (P8 - B8%) 0%F / Study Required Outside of Class
B O B, R & AIERE D EERE, Python, JEAEHY 7 BlAI#E1E
AT i - B (BUERHE S X5 : 011) / Evaluation

P R D A

Vo EES 100% ZEIFEEOLFR—1:100%

7 % A/ Textbooks

ZZ3(#R / Readings

EEEH

ARIEIZ. 5 R LOEBEREZEH T 2 EFRBABICLI2EETH 5,




YERK : 2024/03/22

SRR AN O fi

Ethics in Advanced Technology

K E #57 (MURAKAMI YUKO)

Bl 2024

FFH BE A0 NLFIRERH £ TR}

BlH = — F& VR111

VL - *vo4v (BEFVITAL V)

BEVREE (FRFIHE) Rz il ) BELFENTXET 25613 A301 ZHEOF A
Ml RUEES

SR TR

BT 2

BIHF vy v 2t AIR5310

fHHSEE - HAGE

R G

JEIE &7 H B & 5%

(RS e 24 R IS RS A D R Guide ICH# L T A RIHRTHER L T Z 3w,
FAERE -

fthAHREE T JEIE g AT LD [ EEL - Mt FEREIEATF M E —8] CHEREL TR 3w,
JENE 1k A

F v 7 A VI3 60 HALHIRNRALE -

ARG L OB - BEZERIE . S - TFRRIOE ® 2 £ 578 (DP) S EHREMRK 078 (CP)
Hox, 7V Fa b biciEINTHES, I A YV Fa T4 - =y I CHERTE 2L TEET,

M

BEDHEE / Course Objectives
Ik OBIHEPE A TR, HHAFEELHIET Al V2T LHFKICATRTH B, CORETIHEELSHEEICES
FeinPl AR Ot AZAw 7 e v 20 E 2 L <. BFEA DA% ERAT 2 FikzFE 5N,

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.
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7 [a] : Supplementary topic 2
8 [1] : Primary topic 3

9 [a] : Supplementary topic 3
10 [A] : Primary topic 4

11 [A] : Supplementary topic 4
12 [A] : Primary topic 5

13 [A] : Supplementary topic 5
14 [a] : 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.

BEDHNAE / Course Contents
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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.

BEDHNAE / Course Contents
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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.

BEDHNA / Course Contents
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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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BEDHEE / Course Objectives
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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.
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main themes of this course are:

N=
BA
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1. Probability distributions and their properties
2. Probabilistic inference: MLE/MAP/Bayesian inference

3. Supervised learning of mixture models
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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.

B DHNZA / 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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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 IT-related jobs,
as they will be required to have IT knowledge other than Al when they are involved in IT-related jobs in the
future.

BEDHNE / Course Contents
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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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BEDHEE / Course Objectives
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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.

BEDHNA / 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
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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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Introduction to Social Informatics
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BEDHEE / Course Objectives

e - REYHEOHEECPHMI R 2 M 2 2 & the - REVMHEDO T — 20 FELBRT 5 2L, BIR®
T = 2L CHEY I FEZBERTE 2 X5k 28, ONMFEDIRERT — X DFFRE - v 7
AT AR EIWCER L 727 — 20 ORAZEEST 2 2 L2 HiE L 35,

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.

B DHNZA / Course Contents
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This course will provide students with the foundations of data science, based especially on socio-econophysics
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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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BEDHEE / Course Objectives
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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.
BEDNE / 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 IoT systems as an

example.
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Artificial Intelligence and Philosophy

K E #57 (MURAKAMI YUKO)

BARRAERL 2024

FFH BE A0 NLFIRERH £ TR}

BIHa— V&% VR446

EIRE - *vIA4y (REIAVTA4 V)

BEVREE (FRFIH) REEx il BELZFNTXET 25613 D601 BE M,

Ml RUEES

SR B

LR 2

BIHF vy v 1 AIR5100

fHHSEE - HAGE

R G

JEME &8k T 1% BHH 2 — P&

(RS e 24 R IS RS A D R Guide ICH# L T A RIHRTHER L T Z 3w,
FAERE -

fth A ER R E P JEIE &k AT LD ThaAE - T ERNEERTFIRIE —B] TR L T 723w,
JEE IR

F v 7 A vIRZE 60 BALHIR N REH :

ARG L OBE ¢ RIRERIE . FE - IR0 ED 305758 (DP) SEEHEHER O S8 (CP) 1
Hox AV FaTLFCHEINTHET, dHlllzH ) ¥a T4 -~y 7ICHERT LB TEE T,

% -

BEDHEE / Course Objectives
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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.
PR (REEEE : 14) / Course Schedule

1 [8] : Guidance; Introduction to symbolic logic.

2 [H] : Classical logic; propositional logic
3 [H] : Classical logic; predicate logic 1
4 [8] : Classical logic; predicate logic 2
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5 [A] : Modal logic 1: syntax and semantics of propositional modal logic 1
6 [1] : Modal logic 2: syntax and semantics of propositional modal logic 2
7 [8] : Modal logic 3: completeness theorem of propositional modal logic 1
8 [1] : Modal logic 4: completeness theorem of propositional modal logic 2
9 [n] : Modal logic 5: overview of applications of propositional modal logic
10 [1] : Modal logic 6: predicate modal logic and its applications

11 [A] : Modal logic 7: non-Kripkean semantics

12 [9] : Moral reasoning 1: desiderata and trials

13 [A] : Moral reasoning 3: proposals and limits

14 1] : Wrap up
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The aim of this course is to learn various topics in natural language processing through lectures and assignments.
BEDANZA / Course Contents

1. bag-of-words €7 VIC X 2 FARN 727 % 2 b oo#r (TF-IDF, XENFEE)

2. HASHELH RN 2)6H CCEMBTERHE, EH7)

3. WEYHEICK 2 BASHELH O (HEEH DAL, Transformers, LLM 7z &)

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.

PSS HREK : 14) / Course Schedule
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BEDHEE / Course Objectives
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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 (AI) 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
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- Al is an important part that is indispensable for DX
BEDHNE / 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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Special Lecture on Recognition Technology
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BEDHEE / Course Objectives

BA e T — 20N 2 — v Bk - RS 5 7D HER AR, BER o XA = X LB 2 @A D 5, Z
Nk oT, T—2%7 V) v 7Hfl - FB# 7 3) X L% EdE0FEICEIRWITSHAT 2802 5 ico 0
50

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.
B DHNZA / Course Contents

AR CTIIRA 27 — 2 205k - BT 5 2ol €7 ) v /BN 3T 5, FICHERZXRICL 7
(CHEIRERREAN (FREdiht - =7V v 7, 28R ) B LI OHREFEFELZTYIL. BEEER. 27X v T
—a v, PRk, B L RERA R S OICH IO WTREMN T S,

B4 Rlik 2 A7 R EBT 2 720 O R OEAM - FiExk FEAHRSCCRIER X Zoic s e dhic, AT 5 v
AT LR T 258 ICHER TN E A2 HHCHEm L KA TR 5,
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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.
PEEESTRI(BEEEETEE : 14) / Course Schedule
1] ERAA X 2B L0 TR OoEAS - U7 v —
2 o] - KRR ¢ SHHFIE
3 [m] « EHRERE © A TE- >R Edh 1
4 0]« EREEEK ¢ AR TE- >Rl 2
5 [m] : EHERERR - {K%ﬁﬁﬁizﬁ >Rk
6 [nl : BHEIRFEH © 7 — X DHEHENT— > Sparse coding
7 8] ¢ BHEREEE 0 7 — X OHEHENT— > Sparse coding & IEIRTiE
8 [n] « E{RERE - BIEEE 1
9 In] : EHRERE  BRIE A 2
10 [8] = Pt « BRIESE L 1
11 [8] = O)RRRHY « BRI 2
12 (8] = iy E] - RIEAE L
13 [m] = BEEERH
14 (8] : 245

WRIWABRESRE / Teachmg Methods Used

e : 74N OV UK &) ofEf : O ECLAS o B R B o (i
LRSS : TN—THR : FARA Yy ay - F4_—}
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Statistical Modeling 2
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BEDHEE / Course Objectives

ZOFHTIE. MCMC &0 L. ~A XWRT 7a —F I X 28EET Y v Z7IC o0 CHREN R FHD

Bz HEE 3%,

The aim of this course is to learn advanced topics in statistical modeling using Bayesian approaches, including

MCMC, variational inferences, and related topics.
BEDNE / Course Contents

ZORHETIE, RAXNET Y v BT 2 FESMOREEZIS .
Rl FROM2 O DI v 7Y v 7 %iT ) FETH 5 MCMC IZOWTEFRT 5,
B Tld, FROMOHEE 2 Rl LR & L TERL S 2 20w IC oW TRER T 5,

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
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application in natural language processing (ex. LDA), and the variational auto-encoder.

PEEESTRI(BEEEETEE : 14) / Course Schedule
1 fiEhET ) v 77 1 ofEH

2 [a] : MCMC AF] (1)

3 [a] : MCMC AF (2)

4[] : Python i X 3 MCMC (1)

5 [1] : Python i X 3 MCMC (2)

6 [a] : MCMC D%k (1)

7 8] : MCMC D EE (2)

SHE :EM 7A=Y XLDEE

9 [nl « 225 HfEm (1)

10 8] = 2253w (2)

11 [7] : PLSA

12 [a] : {&7ER T 4 U 7 LEdsrik (LDA)

13 : Bt —bzva—x

14 [A] : Denoising Diffusion Probabilistic Models

WEH X B BES % / Teaching Methods Used
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CM. vvay” (), tH # G, BH 2=k @3, o mz &R, A #ha (BN, HH A
(BER) <2 — VR B E T ALk 2012/2/29 9784621061244

% Dt/ Others

2,3 HFOZE RO EF 1L T 5 DT AFAlhE,
https://www.microsoft.com/en-us/research/uploads/prod/2006/01/Bishop-Pattern-Recognition-and-Machine-
Learning-2006.pdf
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Special Lecture on Quantum Information
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BEDHEE / Course Objectives

AEFHETIE, ALHREBLUVOT =2V A v 20RKEEZ 5 LCEEAFEMEEZONTWEIETI VY2
—RICDWTHER, BTNHEOEErORA X — L, BETEIROEMEZEV, BENGEEL LTETT =—
Vv Zefnl, T LTCRTEIROFETZ AV XA VB CREET 2 2 & 175, WM REEEL 0EW %
g o MFT 228, BLXURHOGEEICOVWCOMA 2R3 L2 HFEL T2,

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.

B DNANZA / Course Contents

BEDHIPETIX, BT NH~DAMIC OV T O %, VPR OB Z AR ICE T I1CiT I, kb, Av—
MIRFETOHR L 2D, WEOHRYET, BFavva—2oficontoifR, ~vXrvigick &
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Tavea—2ofER, X LTETT=-)v7, BFavva—2oEELICET 2 FEDMHZIT ),
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.
PEEESTRI(BEEEETEE : 14) / Course Schedule
1a] s BF~D A1
2 o] - BAHE~D AT 2
300 B NE~D A3
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1401 gL TE I 22 ?2HELHE BFavvya—2oEEICHITT
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Special Lecture on Fintech
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BEDHEE / Course Objectives

{RAfEN 72l & Fintech & DRARZIEA BT L 2 HEEL 32, K L e~ CTHITE Fintech DHEAfTIC X o T
BB EIEDL I L LTV EERI L ZM LT, FEROBMY AT LB LED LI KD > T D,
ZHEBHTDHETHLOEZOLNDL L HICHDL L HEL T2,

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.

BEDHNA / Course Contents

0] Fintech DM DFE R TIHEEL T2 7 A M Z2PEHELZ L THHH, ZmEICld. ZOoONAEZHEIC,
W OBDIN—=TEGPNTT 4 ANy v avifiof bT, l#ARKRE Lz, F X i#flio
FREICB LTI BERE 2 2,

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
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Schedule for the planned speakers.
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410 : i ATHIE—EE GR%EH)
5[0 @ RiZE~D Al IEH VR —vaEFatt EGE R
6] : AHNY 7D DXERE AFIET7 4 F Vv 70— 7 DXEHRE WS
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11| : @t A7 456 H 72 Fintech  NTT 7 — 2 REWERT =/7¥774 7avdrxv b [LER
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BEDHEE / Course Objectives
F#3% Tk, Numpy % Pandas % filio 72 7 — B OHT, 472 =2 MEH T 027 1Y 79 Web 227 L
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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.
BEDANZA / Course Contents

Numpy & Pandas IZ X % &7 — &2 WL

7 I7AEA TV =7 MEM TR 77 v I DIGH

Web 2 7 L A v v 7 Bifli o BaffE & ik
HEMZRPEICL 2 7177 LOfFRRE FR

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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BEDHEE / Course Objectives
Z DFEMETIE, Python SFEQEAMEG CHEEZ AL, MIUEEICHA T 20D 70 /7 I v 7RIz Fic
D5z e HHIELE S,

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.

BEDANZA / Course Contents

BEAME: 7077 v 7 oRN e (B 7— 28, §iliiifhEse) Z#HEL 7,

Python A[: Python DEAM 2 3CGE L T EZ ML £ 3

Python ® %y 7 — Y OFH: BEMEZIT WAL Python 2o 727 — 29007 ¥ A ML Z 2 E 5

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
PSS HREK : 14) / Course Schedule

L[al :8A: Fv 25 3y L3 ? Python O (1)
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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.

BEDMNZ / 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.
BEDANZA / 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.

BEDHNA / 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



FHH = — 1 : VR521
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.
PEEESTRI(BEEEETEE : 14) / Course Schedule
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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.

B DHNZA / 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.
BEDANZA / 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.

BWEDNZA / 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



FHH = —F : VR711
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
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-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
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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
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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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(1) 7— <& & SCHkaR A

(2) BEOFHHHRIE & Ehi

(3) EEFER O & EHll
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.
BEDHNAE / Course Contents

JEEFEIZFBEDOWIFERICOWTARC L TRIDERZIT WV, BREE - X7 4 FORRPHEICOW
T, HYHLE» L DIEEZZ T 5, RROEY TR WAL AEER 2 THM 2T, EREFIZEMICE




FH = —F : WR310
2B LT, IHrDEBEFECHEORA THEmEIT ). BEEHEO R IO L TH Y22 o
X900, BRAGT —~DIMIRARICE T 2MEDKRA v F 2T 2 XX L2 HIC0T 5,
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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D HEE / Course Objectives

ZOFRH TR, RAHEE. MAP HEE. ~A4 XHiGi7e &, MatE7 Y v 7ic 0w THAN 2 RIH 2 ¥ 5,

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.

BE

DMAZ / Course Contents

1.
2.
3.
4.
The

TIEFICUTD XS REHICOWTET 2,
T F I MRS & Z DR

RAUHMEE . MAP #EE, ~ A XHEN
REDHOHEEID b H

B oA OB 7 Lo

e
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



FHH=— 1 : WR411
4. Unsupervised learning of mixture models
PEEESTRI(BEEEETEE : 14) / Course Schedule
1[a] : filg=R - frat o EE
2 @ ZIES AR
3 [n] : IS
4 [l = IEBLISME
5I) 1 ~AXMET ) v 7 OIRE
6 8] : LIHNARIC X 2~ A4 XETY v 7
70 ERSEIC X N4 XET Y VT
8 [u] = A XHEH
9 [m] : FEBI ) A fE
10 [ = T A
11 [8] 3R AT T A DOHEN D Y £ H
12 [0] - BESHET VO LYE (1)
13 [ - BESHET VOHEANE LYE (2)
14 [o] « FJRH) 2l e 70

]]

WEH X B BES % / Teaching Methods Used

e : O AFAN (N UE AE) OffH 1O LR D U T O ]

fifl NFE : TN — THFR : TAAAY Y ay - T4_=F
i - KE - KER 1O FNDEE S D FI : BHFEE - 74— FT =2
ERwFhd HuzwnriE

PEERRIN (P8 - B8%) 0%F / Study Required Outside of Class

B OB IIATE £ COREQHMAHHR L TH I abNDEDT, XOEOEHEETICIIEHLTHLC
&

FARRH 7 - % (SR 7 X5 : 11) / Evaluation

TH R D H

FEEEE 100% RES~OSINEEEB O LR —1+:100%

7 % A I/ Textbooks

ZZ R / Readings

Al BGE ~ A XHEEwIC X A E AN BEER 42— 7 v 7o) —X) Bk 2017
9784061538320

CM. vvay” ~x—vaiemyes (B REHR 2012 9784621061220

CM. vvay” ~x—vFZabemyes (7))  REHR 2012 9784621061244

% Dt/ Others

2,3 HFOZE RO EF 1L T a5 DT T AFAlhE,
https://www.microsoft.com/en-us/research/uploads/prod/2006/01/Bishop-Pattern-Recognition-and-Machine-
Learning-2006.pdf

EEEHR

AREH I, BEARERIERRICET 22—V —METH 5, BRUHRREOZES 3. IR OZE LY
R, - AFAZHIfTT 22 L2 HEEE L9 2T, AGHEIEREICOWTH | AR OZHEE LV
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Complex Networks (D)
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IR
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BEDHEE / Course Objectives

EHEA Y V7 — R OREESP R e RS 5 Z b M v N T — ORI T — AT FIEEREE T 5 C
&L BRCT =2 IG L CEY M FEZBERCTE 2 X 51k b 28, NMFEDRERT — X DFFERE -
YV ITNANAT R EIGER L 727 — 20O RA 2 MHES 2 2 L 2 BEE L 3 5,

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.

B DHNZA / Course Contents

EHEA Y P T — 7RI L 72T — 2 Y A = ROEMBRFER R T 5, BRABET — X203 2RI
DL 73 LGP AT FiE & 5
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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.
PEEESTRI(BEEEETEE : 14) / Course Schedule
LIl oy b7 — 27 OFeE (BREATH, X8, PRt 7 9 22—, Am, Ay 7 —2%F—7)
2[: YV ELAY P =P L RE—ANT =AM Ry VT =7 (CHSMERT Y VM, TATva L=
4ET N, RE=AT =N, Ty AtuFyVETL)
3 R =7 Y =%y T =7 ERBHHB] (R F0A, NFER, BRALAY bA T, NToNr - TN
— bETL, ESEILER, FHER R B BE)
4] 2 Ay P 7 =27 DERKRT AT Y XL LTEENE (EESTRR & RS EERER, mEy, S—alr—va
v, HEEE, BRI~ oM, 7R~ Mi5)
510 : Hulk & PageRank (RERATHN, BEKY, ~ova 7R, Efs, 7YX Lav+—7, RKEHXZ L,
RFFEE, A—VITAEEANTE)
6lal: aIa=F4iE (AIa=T AT ATY XL, £V 7Y 74, ENGE UL, BEN)
78] LD - (bR A v b T — 7 RN L WS DR
8 1] : NetworkX D fifivs /5 & fff 7 =4l
9 [n] : EHER v b7 — 2 RIAEICBEE L 2SR EHIEAT (B )
10 [6] : Python(NetworkX) 0 5% (CE¥EEE 27 7 2 2 —{%%, H.0k)
11 [8] : Python(NetworkX) ®5E#H (F#HT#EROMR, % v F 7 — 27 D)
12 [a] : Python(NetworkX) ®#E (2 I =2 =7 4 43#7)
13 [a] : #MEA v b 7 — 7 fRT D SRR
14 [8] : GHER v b T — 7 fENT DR AFEH

G N B /S / Teaching Methods Used

& : AFAN OV U 4E) OfEH] 1O ERCLAA O ETE T B D ]
T\ AR : 7n— T IR : TAARA Yy av T 4=}
KL - FEH - KR 1O FHOEEI M OFH : BANFEE - 74— T =2
ERRwIFn AW TE

PEERRIN (P8 - B8%) 0%F / Study Required Outside of Class
FHOREOHREIIGL CTF A MEREEHET L2 L 2D 5.

FARRH 7 - % (USR5 X 5 : 11) / Evaluation

P RLD B

PEREEG 100% 7 [EFEEO LK — F:100%

7 % A I/ Textbooks

SZ R / Readings

Mark Newman Networks (Second Edition) Oxford Univ Pr 2018 0198805098

Albert-Ldszl6 Barabasi Network Science Cambridge University Press 2016 1107076269
Albert-Lészlé Barabasi v b7 — 2784 0k - b0 - ZEOBREE T -2 2 LB EHLTHLWT T a
—F 7R 2019 4320124472

Ernesto Estrada and Philip A. Knight A First Course in Network Theory Oxford University Press 2015
0198726465
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HHEAS, SR S Yy P — 2 KR LICHE T EfURMERE 2010 4764903636
FHME  Python T#&4 v b7 —20H A — 2otk 2019 9784274224256
MeEif, wEERsh, SREIR, AR Python LHEMEA v VYV — 7 W —BARMET — 202507 o —F—
EAREARE 2019 9784764906020
http://networksciencebook.com/
% Dt/ Others
1~7 [ KPE, 8~14 BIZFEELHY 3 2,
FEEHEH
ARIH X, B EHEEHFEICE T2 a2 -7 —7RHTH 5, RIFRIEOZEE L. AR OZHET LV
FREE A - AF AV HIT 2 2 e 2 HEEL L9 2T, BERHliEHEICOWTh | B OZHE L Y
I REROKHEZ SR T 5,
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BEDHEE / Course Objectives

e - REYHEOHEECPHMI R 2 M 2 2 & the - REVMHEDO T — 20 FELBRT 5 2L, BIR®
T = 2L CHEY I FEZBERCTE 2 X510k 28, ONMFEDIRERT — X DFFERE - v 7
AT AR EIWCER L 727 — 20 ORAZEEST 2 2 L2 HiE L 35,

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.

B DHNZA / Course Contents

ey - BRFYHAICEE L 72 T — 2 4 = v RO BN FEEET 5, e - RIFHRIC AN DR A 75
T — X g s BRI I L T R T R ik R 5,

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

PEEESTRI(BEEEETEE : 14) / Course Schedule

1] s IERL A & O RRBRIE R (BHEE & ARA, TR EBIR. R mBIs, 1RHE(L L RYEIE R

2 0] @ AR B ORGE (FRHVERAE L EHEIXHE. 7 v X2 LT 2 b, 2 voxZ 2+ Y v 736 IEAZAHEE.
HRE, 7 4 v ¥ v — OIETEIERRE)

300 FRAORFHERIROMT (R 7 v vt & fa8orfn, W OB, sk - o~ — 2 Mk -

%)
4la: R¥opqn (v 77—, A7 —V V7. _XFER. artae 7 - A I TRE. &ALE. Hill
DHETE )

5[ : SNS 'y 757 — & LB E 1 BERWOHT EDA, BASHELE, f v &2 720747 - FT—=% - 74
2T T4 —vav)

618 : SNS vy 7/'7 — & LBt E 2 OBEERMENT, vy 7T —Aonfi, 72 722X ) v )

7 :SNS vy 77 — X LA E 3 (R P VERET L, HEEHOIAL X7 P v, KITHEME (PCA, t-
SNE))

8l : 772740 (HCHBL, Z7—NT7V—, 777 ZARIC. Ry 7 A« AT VT 4V 7 RIC)

9l s ~F ot ERHTHEIE T L (ACHBLERAER, Fv 2 b - XTATATDARTFy 7R TV
X L FEELRE)

10 [0] : BRIERERSIENT (RES & 557ER. BOMHBE, X7 —2x~<27 b, 1/f 7 4 X, B, K25 o Rl
B oo~— MEE, MBI

11| SRS o¥EET L (F v XLy +—72, ACEEET V., $IBRRIITHE, SElis o R, 2
HALEL REERD
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)

14\ : #t4 - BFe Yy 77— 2 23R L 7=i5eS41

G N B /S / Teaching Methods Used
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EREL . HEDCRER, S 2L Bilig ooy 77 — 2 A BAZEGE 2014
4535787158
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BEDHEE / Course Objectives

SHHEBERIZOES A F ., R EVARATHHAINZ L AT LR —E R OWTOHREZED 3,

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.
BEDNE / Course Contents

HEHR RO AR L, HEEOAN—F Y 2T - V7 VY 2 T OMHID O IR TED B,

F . FAFHEOBEE~DFEHRICO VT 0T v AT L% HlICBETOHEFICOCTHENT S,

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.

e E ST

14) / Course Schedule

IE:A4viraexrrayv
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BEDHEE / Course Objectives

CORHCIIAASEIHICBE T 24 b vy 7 2BR L IHEELZE U TFER,

The aim of this course is to learn various topics in natural language processing through lectures and assignments.
BEDANZA / Course Contents

1. bag-of-words €7 VIC X 2 FARN 727 % 2 b oo#r (TF-IDF, XENFEE)

2. HASHELH RN 2)6H CCEMBTERHE, EH7)

3. WEYHEICK 2 BASHELH OIS (HEEH DAL, Transformers, LLM 7z &)

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.

PSS HREK : 14) / Course Schedule

LM : 7% 2 FDR7 P AZERET IV
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48] - HEE~ 7 b oL

58] : PyTorch A (1)

6 1] : PyTorch A (2)
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8 [n] : HGEHLA S ZFIH L 72 G 7
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10 [A] : Transformer I X 5 7 % & M 34
11 : SFEET DO LL &

12 [8] : Transformer iC X 2 SEET Y v 7
13 8] : LLM I & % 7 % & b FLUE o FFiff
14 [A] : PEFT %f{# - 7z LLM O finetuning

WRIWABRESRE / Teachmg Methods Used
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BEDHEE / Course Objectives

ZOFHTIE. MCMC &0 L. ~A XWRT 7a —F I X 28EET Y v Z7IC o0 CHREN R FHD

Bz HEE 3%,

The aim of this course is to learn advanced topics in statistical modeling using Bayesian approaches, including

MCMC, variational inferences, and related topics.
BEDNE / Course Contents

ZORHETIE, RAXNET Y v BT 2 FESMOREEZIS .
Rl FROM2 O DI v 7Y v 7 %iT ) FETH 5 MCMC IZOWTEFRT 5,
B Tld, FROMOHEE 2 Rl LR & L TERL S 2 20w IC oW TRER T 5,

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
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application in natural language processing (ex. LDA), and the variational auto-encoder.

PEEESTRI(BEEEETEE : 14) / Course Schedule
1 fiEhET ) v 77 1 ofEH

2 [a] : MCMC AF] (1)

3 [a] : MCMC AF (2)

4[] : Python i X 3 MCMC (1)

5 [1] : Python i X 3 MCMC (2)

6 [a] : MCMC D%k (1)

7 8] : MCMC D EE (2)

SHE :EM 7A=Y XLDEE

9 [nl « 225 HfEm (1)

10 8] = 2253w (2)

11 [7] : PLSA

12 [a] : {&7ER T 4 U 7 LEdsrik (LDA)

13 : Bt —bzva—x

14 [A] : Denoising Diffusion Probabilistic Models

WEH X B BES % / Teaching Methods Used

& 1O A7AN OV 7K 4E) offiA :O ERCLAA D ETE T B D A
i\ FE : TN—THEK : TARAy Y ay - TAR—]
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ERvFNDHCRWTRE
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&
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SR / Readings

R b Python T L9 2 <4 THEMSE A #2022 9784065279786

CM. vvay” (), tH # G, BH 2Ex G, o mz &R, A #ha (BN, HH A
(BERR) v — vk & B | AEHAR 2012/4/5 9784621061220

CM. vvay” (), tH # G, BH 2=k @3, o mz &R, A #ha (BN, HH A
(BER) <2 — VR B E T ALk 2012/2/29 9784621061244

% Dt/ Others
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https://www.microsoft.com/en-us/research/uploads/prod/2006/01/Bishop-Pattern-Recognition-and-Machine-
Learning-2006.pdf
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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 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.

BEDMNZ / 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.
BEDANZA / 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.

BEDHNA / 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
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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
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-recognize the importance of empirical analysis based on real data
-understand the need to interpret results based on domain knowledge
B‘%%@ H% / Course Contents
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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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