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An overview of the theory of the spectra of graphs is given.
Spectra of graphs have quite a wide range of applications,
including Google’s PageRank algorithm as a famous example.
The topic is basically about how to handle and use eigenvalues
and eigenvectors of certain real symmetric matrices, so students
will be able to deepen their knowledge and understanding of
Linear Algebra. The course provides an introduction to the theory

of spectra of graphs and then discusses more advanced results,
such as applications to coding theory.
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This lecture introduces typical mathematical models on some
physical and social problems observed in nature and in events
which are basically formulated by a system of partial-differential
equations, and also teaches the numerical methods based on the
finite-difference method for solving the mathematical models.
Each student is subjected to make his own mathematical model

and submits the computational result as the final report.
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The term ""computer architecture’

"

means the concept of
designing computers and is also its philosophy. This course begins
with the basic principles of computers, and then talks about
instruction-level parallel processing, vector processing, parallel
computing  systems, and their control mechanisms.
Supercomputing techniques such as vector systems and

accelerators are also reviewed.
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This course reviews high-performance computing systems
from both aspects of hardware and software. The course talks
about the importance of parallel processing, parallel system
architectures, parallel algorithm design, parallel programming, and

performance evaluation methodologies.
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Partial differential equations appear in models describing
various natural phenomena. Except some special cases, in general,
solutions cannot be written by using concrete known functions. In
this course, we deal with a basic theory (existence, uniqueness and
regularity of solutions) of elliptic equations on composite media.
Necessary tools in mathematical analysis (functional analysis,

Sobolev spaces, real analysis, etc.) are prepared.
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Algorithms now play a very important role for the reliability
and efficiency in several social systems. This course focuses on
design and analysis of algorithms from the viewpoint of
theoretical computer science. We deal with parallel algorithms,
approximation algorithms, randomized algorithms etc. We also
show some applications of algorithm theory to practical problems.
All materials will be prepared in English although the lecture will

be given in Japanese.
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In highly reliable information systems, theory-based methods
are playing important roles. This course focuses on mathematical
modeling, problem-solving methods, and analysis methods that

are useful for designing and evaluating information systems.
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This course explains various problems of computer vision and
their solutions. The problems are basically inverse-problems in
which we wish to estimate some information about an object or a
scene from their image(s), such as the categories of objects and the

three-dimensional shape of a scene. Students will first leam a
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series of fundamental concepts, and then study a number of
approaches to the problems of computer vision, where the main

focus is on deep learning methods.
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The aim of this lecture is to obtain the basics knowledge and to
know the latest trend for intelligent control systems.

Lectures on robot kinematics, robot vision, and feedback
control theory will be given. Lectures on building blocks for robot
vision systems such as image sensors, image processing and visual

tracking will also be given.
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New mechanical systems using advanced mechanisms are
being developed in a range of areas for medical care and welfare,
space exploration, disaster rescue purposes and so on. This course
focuses on the motion control design of increasingly advanced and
complex mechanical systems. Students will learn fundamentals
for non-linear system analysis and control system design methods.
First, phase plane analysis methods and Lyapunov methods are
introduced as the main ways to analyze non-linear systems. Next,
non-linear feedback control system design methods that can be
used for mechanical control systems with non-linear dynamics.
Finally, students look at several control system design methods.

This class includes some exercises using MATLAB.
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The general goal of this lecture is to learn a foundation of
programming languages and its applications. For each academic
year, the course focuses on one of the following topics. The
topic (A) will be given in 2021.

(A) proof theory of the intuitionistic propositional logic and
proof-theoretical interpretation for various concepts in syntax,
semantics, and implementation of programming languages
(Lecturer: Atsushi Ohori).

(B) programming methodology as an application of the
implementation technique and theoretical foundation of
programming languages (Lecturer: Katsuhiro Ueno).
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Applied Fluid Mechanics
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This lecture will be given on the fundamentals and applications
of multiphase fluid dynamics and numerical analysis related to the
fluid dynamic phenomena with heterogeneous interfaces,
gas-liquid two-phase flow, phase change, cavitation, and the
fundamentals of turbo-type fluid machinery such as pumps and
turbines. The main topics to be understand are as follows. 1)

Flow pattern and classification method of gas-liquid two-phase



flow, 2) Fundamentals of two-fluid model, 3) Modeling of
dispersed multi-phase flow and numerical analysis, 4) Modeling
of liquid atomization 5) Classification and role of fluid machinery

6) Generation of cavitation in pumps.
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Management of Information Technology
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Physical Fluctuomatics
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Applications to many fields in engineering like control, signal
processing etc. and in information sciences are in mind through
the lecture course for the basic knowledge of statistical machine
learning theory as well as stochastic processes. Brief introduction
will be given to methods for applications like statistical estimation
etc., and to the relationship with statistical-mechanical informatics.
We first lecture probability and statistics and their fundamental
properties and explain the basic frameworks of Bayesian
estimation and maximum likelihood estimation. Particularly, we
show EM algorithm as one of familiar computational schemes to
realize the maximum likelihood estimation. As one of linear
statistical models, we introduce Gaussian graphical model and
show the explicit procedure for Bayesian estimation and EM
algorithm from observed data. We show some useful probabilistic

AR (AR R 3 50

models which are applicable to probabilistic information
processing in the stand point of Bayesian estimation. We mention
that some of these models can be regarded as physical models in
statistical mechanics. Fundamental structure of belief propagation
methods are reviewed as powerful key algorithms to compute
some important statistical quantities, for example, averages,
variances and covariances. Particularly, we clarify the relationship
between belief propagations and some approximate methods in
statistical mechanics. As ones of application to probabilistic
information processing based on Bayesian estimation and
maximum likelihood estimations, we show probabilistic image
processing and probabilistic reasoning. Moreover, we review also
quantum-mechanical extensions of probabilistic information

processing.
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English Communication 2 B}
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The objective of this class is to acquire reading and listening
skills that can help students succeed in various business
environments. A strong emphasis will be placed on reading and
writing for the TOEIC test. There will be a strong focus on new
vocabulary acquisition, increased reading fluency, and improved
listening comprehension.  Through regular vocabulary tests,
reading and listening exercises, and extensive reading, students

will improve their business English.
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Space Robotics
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Study engineering issues on space robotics.

Fundamental knowledge on space environment and spacecraft
designs are introduced, then some advanced topics are elaborated.

Orbital mechanics, angular motion kinematics and attitude
dynamics of a spacecraft are studied.

Multi-body dynamics and control issues for space robots and
manipulators are elaborated.

Advanced topics include (1) reaction dynamics and control of a
free-flying space robot, (2) vibration dynamics and its suppression
control of a flexible space robot, (3) impact dynamics and
post-impact control when a space robot captures a floating target,
(4) teleoperation and telepresence, and (5) mechanical simulation

of micro-gravity environment.
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Socioeconomic Network Analysis
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Various socio-economic  phenomena, such as human
relationships, spread of rumors and infectious diseases, human
mobilities in cities, transactions between firms, international trade,
can be analyzed as networks. In this lecture, we introduce theory
of complex networks, which has been developed rapidly, and
discuss its applications to socio-economic analysis. In particular,
we study characteristics of network structures, e.g. small-world
and scale-free properties, dynamical processes on networks such
as spread of infectious diseases. Furthermore, we introduce
network analysis methods such as community detection and

implement the analysis using some software.
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Steven John Bretherick (F&7Eh5#5)

This class will allow students to master the techniques
necessary for giving effective presentations. Successful students
will be able to 1) plan, write and deliver an approximately
10-minute presentation on a technical topic 2) listen to, analyze
and evaluate contents of presentations given by others. Students
will practice how to consider needs of their audiences when
planning and designing a presentation, and how to refine ideas to
be "worth sharing." Students will also practice basic techniques
such as body language, eye contact, and intonation. In addition,
there will be practice in spontancously asking and answering

questions.
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Topics in Mathematics 2 H{if
R I
H AH)

An overview of the theory of the spectra of graphs is given.
Spectra of graphs have quite a wide range of applications,
including Google’s PageRank algorithm as a famous example.
The topic is basically about how to handle and use eigenvalues
and eigenvectors of certain real symmetric matrices, so students
will be able to deepen their knowledge and understanding of
Linear Algebra. The course provides an introduction to the theory
of spectra of graphs and then discusses more advanced results,
such as applications to coding theory. This course will be
delivered in English.

Computer Hardware Fundamentals 2 H{if
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Both computer architecture and LSI technology will be lectured
for better understanding of modern computer systems. The lecture
includes

* Logic design of ALU, memory hierarchy composed of SRAM,
DRAM, NAND Flash, and HDD, and control units with hard
wired logic and microprogramming.

+ Structure of computer systems using processors, memories,
input/output devices as building blocks.

+ High-performance computing mechanisms such as pipelining
and parallel processing

+ Issues and tradeoffs involved in the design of computer system
architecture with respect to the design of instruction sets.

In addition, research topics on state-of-the-art LSI technology
will be also presented in the lecture.
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Game theory studies how several intelligent and rational

F_gﬁ

individuals make their decisions. In this lecture, students will learn
noncooperative game theory, which considers the case that
different players have conflicting interests and they interact with
each other. [ will introduce the concepts of matrix game, extensive
game, repeated game, Nash equilibrium, Subgame perfect
equilibrium, Nash bargaining solution. Some applications in
economics will be illustrated for students to deepen understanding
of the essence.

1 use Japanese this year. I also provide my English lecture
movies recorded last year for students who expect lectures in

English.
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Econophysics
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Recently, there is an interdisciplinary research field of
econophysics, which analyzes economic phenomena with
methods developed in physics. In this lecture, we study basic
topics in econophysics, particularly related to phenomena in cities.
Specifically, topics such as complex networks, nonlinear
phenomena, and scaling are studied, and their growth and the
generative models are introduced. We also review data such as

human mobility and SNS, which are recently available.
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Internet and Information (In-)Security have been developing in
tandem. In this lecture, the Internet technologies and related
information security aspects are discussed. Students will learn the
philosophy and the basics of Internet technology and will also
develop an insight into the associated security concerns. The
underlying theme will be the weakness of the implicit trust model
in information networks that is widely used. Each lecture will
focus on one aspect of the Internet, will discuss at least one related
attack, examine the corresponding trust model, show its
vulnerability, and demonstrate how the vulnerability is utilized in
the attack. Also students will gain hands-on experience during this
lecture. There are no pre-requisites for the lecture. Students are
expected to bring their lap-top for hands-on experiments.
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Network Security Practicals
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Our goal is to introduce you to Data Science. We will provide
you with a survey of the fundamental data science concepts as

well as step-by-step guidance on practical implementations. You
will get a comprehensive understanding of the different data
science techniques that can be used for prediction and for
discovering patterns. You will also be able to create a

general-purpose analytics process.
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Python, the programming language, is considered a pioneer of
the coding world. Unlike programming languages like R, it
supports  structured programming, functional programming
patterns, and object-oriented programming. Python is an all-in-one,
unified language capable of handling running embedded systems,
data mining, and website construction. The reason for the growing
success of Python is the availability of data science libraries. In this
class, we will learn the basic commands and syntaxes in Python,
such as list, dictionary, class, function. The goal is that students
manage to understand all the fundamentals in Python so they can
utilize this in more advanced classes using Python. This class can

be considered as a prequel to the Training Camp I class.
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Data Science Training Camp I
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The reason for growing success of Python is the availability of
data science libraries for aspiring candidates. These libraries have
been upgraded continuously. Many libraries are available to
perform data analysis::

- NumPy is important to perform scientific computing with
Python. It encompasses an assortment of high-level mathematical
functions to operate on multi-dimensional arrays and matrices.

- Pandas, also developed on top of NumPy, delivers data
structures and operations to change numerical tables and time
series.

- Matplotlib is a 2D plotting library. It offers data visualizations
in the form of histograms, power spectra, bar charts, and
scatterplots with minimal coding lines.

In this lectures, we will utilize all those libraries to perform
some analysis and machine leaming on simple datas. Prior
knowledge of basic Python syntaxes is necessary for this class.
Complete beginners of computer programming are recommended
to take ""Big Data Skill-up Training™" before the attendance to this

course.
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By project-based learning on a team, students will learn how to
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handle and analyze big-data. This course is designed for students
who have experience with computer programming. Attendees are
recommended to take "Data Science Training Camp I" before the

attendance to this course.

SRT—4%% 2 H

Applied Data Sciences
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In addition to numerical analysis and computer science a s the
academic foundations, practically what kind of problem is solved
in what way based on the data science is essential. To a cquire
such a problem-solving ability is the purpose of this course. The
course includes an introduction to data science research of
economics, biology and ecology, each of which is taught by the
expert | ecturers.
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Practical English for Data Science
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Partial differential equations appear in models describing
various natural phenomena. Except some special cases, in general,
solutions cannot be written by using concrete known functions. In
this course, we deal with a basic theory (existence, uniqueness and
regularity of solutions) of elliptic equations on composite media.
Necessary tools in mathematical analysis (functional analysis,

Sobolev spaces, real analysis, etc.) are prepared.
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Algorithms now play a very important role for the reliability
and efficiency in several social systems. This course focuses on
design and analysis of algorithms from the viewpoint of
theoretical computer science. We deal with parallel algorithms,
approximation algorithms, randomized algorithms etc. We also
show some applications of algorithm theory to practical problems.
All materials will be prepared in English although the lecture will

be given in Japanese.
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Natural Language Processing
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In highly reliable information systems, theory-based methods
are playing important roles. This course focuses on mathematical
modeling, problem-solving methods, and analysis methods that

are useful for designing and evaluating information systems.
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This course explains various problems of computer vision and

their solutions. The problems are basically inverse-problems in
which we wish to estimate some information about an object or a
scene from their image(s), such as the categories of objects and the
three-dimensional shape of a scene. Students will first leamn a
series of fundamental concepts, and then study a number of
approaches to the problems of computer vision, where the main

focus is on deep learning methods.
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The aim of this lecture is to obtain the basics knowledge and to
know the latest trend for intelligent control systems.

Lectures on robot kinematics, robot vision, and feedback
control theory will be given. Lectures on building blocks for robot
vision systems such as image sensors, image processing and

visual tracking will also be given.
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System Control Science
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New mechanical systems using advanced mechanisms are
being developed in a range of areas for medical care and welfare,
space exploration, disaster rescue purposes and so on. This course
focuses on the motion control design of increasingly advanced and
complex mechanical systems. Students will leamn fundamentals
for non-linear system analysis and control system design methods.
First, phase plane analysis methods and Lyapunov methods are
introduced as the main ways to analyze non-linear systems. Next,
non-linear feedback control system design methods that can be
used for mechanical control systems with non-linear dynamics.
Finally, students look at several control system design methods.

This class includes some exercises using MATLAB.
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This course will give the student an understanding of
information storage technology and information storage systems.

The components and operation of information storage systems
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will be discussed, with a focus on magnetic recording devices
such as hard disk drives and magnetoresistive random access
memory etc. There will also be lectures on coding and signal
processing for information storage and lectures on micromagnetic

modelling of magnetic devices and structures.
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Information Contents
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The general goal of this lecture is to leamn a foundation of
programming languages and its applications. For each academic
year, the course focuses on one of the following topics. The
topic (A) will be given in 2021.

(A) proof theory of the intuitionistic propositional logic and
proof-theoretical interpretation for various concepts in syntax,
semantics, and implementation of programming languages
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(Lecturer: Atsushi Ohori).

(B) programming methodology as an application of the
implementation technique and theoretical foundation of
programming languages (Lecturer: Katsuhiro Ueno).
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Applied Fluid Mechanics
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This lecture will be given on the fundamentals and applications
of multiphase fluid dynamics and numerical analysis related to the
fluid dynamic phenomena with heterogeneous interfaces,
gas-liquid two-phase flow, phase change, cavitation, and the
fundamentals of turbo-type fluid machinery such as pumps and
turbines. ' The main topics to be understand are as follows. 1)
Flow pattern and classification method of gas-liquid two-phase
flow, 2) Fundamentals of two-fluid model, 3) Modeling of
dispersed multi-phase flow and numerical analysis, 4) Modeling
of liquid atomization 5) Classification and role of fluid machinery

6) Generation of cavitation in pumps.
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An overview of the theory of the spectra of graphs is given.
Spectra of graphs have quite a wide range of applications,
including Google’s PageRank algorithm as a famous example.
The topic is basically about how to handle and use eigenvalues
and eigenvectors of certain real symmetric matrices, so students
will be able to deepen their knowledge and understanding of
Linear Algebra. The course provides an introduction to the theory
of spectra of graphs and then discusses more advanced results,
such as applications to coding theory.
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Mathematical Modeling and Computation
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This lecture introduces typical mathematical models on some
physical and social problems observed in nature and in events
which are basically formulated by a system of partial-differential
equations, and also teaches the numerical methods based on the
finite-difference method for solving the mathematical models.
Each student is subjected to make his own mathematical model
and submits the computational result as the final report.
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The term ""computer architecture

"

means the concept of
designing computers and is also its philosophy. This course begins
with the basic principles of computers, and then talks about
instruction-level parallel processing, vector processing, parallel
computing  systems, and their control mechanisms.
Supercomputing techniques such as vector systems and

accelerators are also reviewed.
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This course reviews high-performance computing systems
from both aspects of hardware and software. The course talks
about the importance of parallel processing, parallel system
architectures, parallel algorithm design, parallel programming, and

performance evaluation methodologies.
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Applications to many fields in engineering like control, signal
processing etc. and in information sciences are in mind through
the lecture course for the basic knowledge of statistical machine
learning theory as well as stochastic processes. Brief introduction
will be given to methods for applications like statistical estimation
etc., and to the relationship with statistical-mechanical informatics.
We first lecture probability and statistics and their fundamental
properties and explain the basic frameworks of Bayesian
estimation and maximum likelihood estimation. Particularly, we
show EM algorithm as one of familiar computational schemes to
realize the maximum likelihood estimation. As one of linear
statistical models, we introduce Gaussian graphical model and
show the explicit procedure for Bayesian estimation and EM
algorithm from observed data. We show some useful probabilistic
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models which are applicable to probabilistic information
processing in the stand point of Bayesian estimation. We mention
that some of these models can be regarded as physical models in
statistical mechanics. Fundamental structure of belief propagation
methods are reviewed as powerful key algorithms to compute
some important statistical quantities, for example, averages,
variances and covariances. Particularly, we clarify the relationship
between belief propagations and some approximate methods in
statistical mechanics. As ones of application to probabilistic
information processing based on Bayesian estimation and
maximum likelihood estimations, we show probabilistic image
processing and probabilistic reasoning. Moreover, we review also
quantum-mechanical extensions of probabilistic information

processing,
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Biomedical Information Analysis
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Parallel and Distributed Computing
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English Communication 2 Hi{if
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The objective of this class is to acquire reading and listening
skills that can help students succeed in various business
environments. A strong emphasis will be placed on reading and
writing for the TOEIC test. There will be a strong focus on new
vocabulary acquisition, increased reading fluency, and improved
listening comprehension.  Through regular vocabulary tests,
reading and listening exercises, and extensive reading, students

will improve their business English.
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Secure Information Communication Systems
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Numerical Analysis
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Space Robotics
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Study engineering issues on space robotics.
Fundamental knowledge on space environment and spacecraft
designs are introduced, then some advanced topics are elaborated.
Orbital mechanics, angular motion kinematics and attitude
dynamics of a spacecratft are studied.
Multi-body dynamics and control issues for space robots and
manipulators are elaborated.
Advanced topics include (1) reaction dynamics and control of a
free-flying space robot, (2) vibration dynamics and its suppression

control of a flexible space robot, (3) impact dynamics and
post-impact control when a space robot captures a floating target,
(4) teleoperation and telepresence, and (5) mechanical simulation

of micro-gravity environment.
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Theory of Linguistic Structure
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An Analysis of Syntactic Structures
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Relation between Man and Nature
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An Analysis of Verbal Expressions in Linguistic Communication
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Linguistic Analysis of Text Structure
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Socioeconomic Network Analysis
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Various socio-economic phenomena, such as human
relationships, spread of rumors and infectious diseases, human
mobilities in cities, transactions between firms, international trade,
can be analyzed as networks. In this lecture, we introduce theory
of complex networks, which has been developed rapidly, and
discuss its applications to socio-economic analysis. In particular,
we study characteristics of network structures, e.g. small-world
and scale-free properties, dynamical processes on networks such
as spread of infectious diseases. Furthermore, we introduce
network analysis methods such as community detection and

implement the analysis using some software.
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Data Science for Urban Transportation Systems
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Information Literacy Studies
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English Presentation Intensive Course
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Steven John Bretherick (G ###)

This class will allow students to master the techniques
necessary for giving effective presentations. Successful students
will be able to 1) plan, write and deliver an approximately
10-minute presentation on a technical topic 2) listen to, analyze
and evaluate contents of presentations given by others. Students
will practice how to consider needs of their audiences when
planning and designing a presentation, and how to refine ideas to
be "worth sharing." Students will also practice basic techniques
such as body language, eye contact, and intonation. In addition,
there will be practice in spontaneously asking and answering

questions.
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Special Lecture III on Information Sciences
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Topics in Mathematics 2 Hifif
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An overview of the theory of the spectra of graphs is given.
Spectra of graphs have quite a wide range of applications,
including Google’s PageRank algorithm as a famous example.
The topic is basically about how to handle and use eigenvalues
and eigenvectors of certain real symmetric matrices, so students
will be able to deepen their knowledge and understanding of
Linear Algebra. The course provides an introduction to the theory
of spectra of graphs and then discusses more advanced results,
such as applications to coding theory. This course will be
delivered in English.

Computer Hardware Fundamentals 2 H{if
B T
R e - | il (TR
Both computer architecture and LSI technology will be lectured
for better understanding of modern computer systems. The lecture
includes
+ Logic design of ALU, memory hierarchy composed of
SRAM, DRAM, NAND Flash, and HDD, and control units
with hard wired logic and microprogramming,
+ Structure of computer systems using processors, memories,

input/output devices as building blocks.

BIRRAE (2 A7 A TEHRHEE 1)

* High-performance computing mechanisms such as pipelining
and parallel processing
+Issues and tradeofts involved in the design of computer system
architecture with respect to the design of instruction sets.
In addition, research topics on state-of-the-art LSI technology
will be also presented in the lecture.
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Game Theory for Applied Economics
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Game theory studies how several intelligent and rational
individuals make their decisions. In this lecture, students will learn
noncooperative game theory, which considers the case that
different players have conflicting interests and they interact with
each other. [ will introduce the concepts of matrix game, extensive
game, repeated game, Nash equilibrium, Subgame perfect
equilibrium, Nash bargaining solution. Some applications in
economics will be illustrated for students to deepen understanding
of the essence.

1 use Japanese this year. I also provide my English lecture
movies recorded last year for students who expect lectures in

English.
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Econophysics
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Recently, there is an interdisciplinary research field of
econophysics, which analyzes economic phenomena with
methods developed in physics. In this lecture, we study basic
topics in econophysics, particularly related to phenomena in cities.
Specifically, topics such as complex networks, nonlinear

phenomena, and scaling are studied, and their growth and the

generative models are introduced. We also review data such as

human mobility and SNS, which are recently available.
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Internet and Information Security
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Internet and Information (In-)Security have been developing in
tandem. In this lecture, the Internet technologies and related
information security aspects are discussed. Students will learn the
philosophy and the basics of Intemnet technology and will also
develop an insight into the associated security concems. The
underlying theme will be the weakness of the implicit trust model
in information networks that is widely used. Each lecture will
focus on one aspect of the Internet, will discuss at least one related
attack, examine the corresponding trust model, show its
vulnerability, and demonstrate how the vulnerability is utilized in
the attack. Also students will gain hands-on experience during this
lecture. There are no pre-requisites for the lecture. Students are
expected to bring their lap-top for hands-on experiments.
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Network Security Practicals
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Data Science Basics
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Our goal is to introduce you to Data Science. We will provide
you with a survey of the fundamental data science concepts as
well as step-by-step guidance on practical implementations. You
will get a comprehensive understanding of the different data
science techniques that can be used for prediction and for
discovering patterns. You will also be able to create a

general-purpose analytics process.
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Big Data Skill-up Training
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Python, the programming language, is considered a pioneer of
the coding world. Unlike programming languages like R, it
supports  structured programming, functional programming
patterns, and object-oriented programming. Python is an all-in-one,
unified language capable of handling running embedded systems,
data mining, and website construction. The reason for the growing
success of Python is the availability of data science libraries. In this
class, we will learn the basic commands and syntaxes in Python,
such as list, dictionary, class, function. The goal is that students
manage to understand all the fundamentals in Python so they can
utilize this in more advanced classes using Python. This class can

be considered as a prequel to the Training Camp I class.
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Data Science Training Camp [
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The reason for growing success of Python is the availability of
data science libraries for aspiring candidates. These libraries have
been upgraded continuously. Many libraries are available to
perform data analysis::

- NumPy is important to perform scientific computing with

Python. It encompasses an assortment of high-level mathematical
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functions to operate on multi-dimensional arrays and matrices.

- Pandas, also developed on top of NumPy, delivers data
structures and operations to change numerical tables and time
series.

- Matplotlib is a 2D plotting library. It offers data visualizations
in the form of histograms, power spectra, bar charts, and
scatterplots with minimal coding lines.

In this lectures, we will utilize all those libraries to perform
some analysis and machine leaming on simple datas. Prior
knowledge of basic Python syntaxes is necessary for this class.
Complete beginners of computer programming are recommended
to take ""Big Data Skill-up Training"" before the attendance to this

course.

T—EARE N —ZTF v TT 1B
Data Science Training Camp 11
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By project-based learning on a team, students will learn how to
handle and analyze big-data. This course is designed for students
who have experience with computer programming. Attendees are
recommended to take "Data Science Training Camp 1" before the

attendance to this course.
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Applied Data Sciences
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In addition to numerical analysis and computer science a s the
academic foundations, practically what kind of problem is solved

in what way based on the data science is essential. To a cquire

such a problem-solving ability is the purpose of this course. The
course includes an introduction to data science research of
economics, biology and ecology, each of which is taught by the
expert | ecturers.
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Spatial economics clarifies the mechanisms of regional
industrial agglomeration and international trade by incorporating
spatial factors into traditional economics. This lecture mainly
focuses on New Economic Geography and New Trade Theory,
which exhibit a remarkable development in recent years.
Specifically, we introduce new trade theory of interational
economics and core-periphery models of regional economics, and
then show their applications. To understand this course, you are
expected to have some basic knowledge of microeconomics.

The lectures will be in English.
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Game theory studies how several intelligent and rational
individuals make their decisions. In this lecture, students will learn
noncooperative game theory, which considers the case that
different players have conflicting interests and they interact with
each other. I will introduce the concepts of matrix game, extensive
game, repeated game, Nash equilibrium, Subgame perfect
equilibrium, Nash bargaining solution. Some applications in
economics will be illustrated for students to deepen understanding
of the essence.

I use Japanese this year. I also provide my English lecture
movies recorded last year for students who expect lectures in

English.
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Various  socio-economic  phenomena, such as human
relationships, spread of rumors and infectious diseases, human
mobilities in cities, transactions between firms, international trade,
can be analyzed as networks. In this lecture, we introduce theory
of complex networks, which has been developed rapidly, and
discuss its applications to socio-economic analysis. In particular,
we study characteristics of network structures, e.g. small-world
and scale-free properties, dynamical processes on networks such
as spread of infectious diseases. Furthermore, we introduce
network analysis methods such as community detection and

implement the analysis using some software.
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Mathematical Urban Modeling
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English Presentation Intensive Course
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This class will allow students to master the techniques
necessary for giving effective presentations. Successful students
will be able to 1) plan, write and deliver an approximately
10-minute presentation on a technical topic 2) listen to, analyze
and evaluate contents of presentations given by others. Students
will practice how to consider needs of their audiences when
planning and designing a presentation, and how to refine ideas to
be "worth sharing." Students will also practice basic techniques
such as body language, eye contact, and intonation. In addition,
there will be practice in spontaneously asking and answering

questions.
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The objective of this class is to acquire reading and listening
skills that can help students succeed in various business
environments. A strong emphasis will be placed on reading and
writing for the TOEIC test. There will be a strong focus on new
vocabulary acquisition, increased reading fluency, and improved
listening comprehension.  Through regular vocabulary tests,
reading and listening exercises, and extensive reading, students

will improve their business English.

BEHERMETRIE 1 M
Statistical Systems Analysis of Complex Systems
7N ||
NI BT R HEERITIERT)
ABFR T, FpRpT—& . 227 — 4 BITIRzE
T =BT DA ST T U T DI DI )51

P

HRDEERT 2 HAL
Social Psychological Aspects of Human Information Processing
ER I

RiE)

ISFRIEREE 2 WAL
Mathematics for Applied Economics
R 1
CIEGEE= =

TR AT DRI A TOMr 5 FEDEGE H
BRLT D, BFET /M, i ET L LBk
BT MBS N D, ZRETUTONT, BRi7ett
I D UNIBORE TR L LTRY BT, B
BT R RO S B OV GERZIT O, 57
BTTREE LQX, 977007y, 7= X vdi—
DOERL, BEBHUERL NIV b =T 0 BIEHENE, 0y
FFEDE Y o\ A G LT 5, RPFFRIEEICONT
3 EAEREFORAER, AN, © 7—%&3\ [UESEEE
BERPE, ST, ) Jr— ROSHIERE, VT AT
a VORANEZ FRENGEEND,  ( DERRHEECT

(CERD) LOFEREL LET, )

EEEE 2 W

Econophysics

SN

R HARE - K 9 CEERRIET v T o TR

ITAE, A BIG A WEREO M R ATE I L O 2 1%

WERE: LMD I FEE L DD D, AR TIL, &

VAR I T DB AR & U CRGEIIBI DI R 2.5,
BRI IE, By NT—2 | IR, Ro—) v
ZRI7e EATRY LT, ZERI R v R U — L2 ORI,
BLOENLDAERGET NV, 22 EITOWTHIET 2, £7,
AR SNS 72 & IR ATRE L 72 > QN DT —Z £ 2D
BN DN T bR 2,

Recently, there is an interdisciplinary research field of
econophysics, which analyzes economic phenomena with
methods developed in physics. In this lecture, we study basic
topics in econophysics, particularly related to phenomena in cities.
Specifically, topics such as complex networks, nonlinear
phenomena, and scaling are studied, and their growth and the
generative models are introduced. We also review data such as

human mobility and SNS, which are recently available.
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Computer Hardware Fundamentals 2 Hifif
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Both computer architecture and LSI technology will be lectured
for better understanding of modern computer systems. The lecture
includes
+ Logic design of ALU, memory hierarchy composed of
SRAM, DRAM, NAND Flash, and HDD, and control units
with hard wired logic and microprogramming.
+ Structure of computer systems using processors, memories,
input/output devices as building blocks.
+ High-performance computing mechanisms such as pipelining
and parallel processing
*Issues and tradeoffs involved in the design of computer system
architecture with respect to the design of instruction sets.
In addition, research topics on state-of-the-art LSI technology

will be also presented in the lecture.

Cognitive Science of Higher Mental Functions 2 B}
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The aim of this lecture is to introduce you to cognitive science.
Cognitive science is a mixture of cognitive psychology,
neuroscience, engineering, linguistics and philosophy. Our
specialty is  psychophysics, cognitive psychology and

neuroscience. Therefore, most of the topics will be research works

in those fields.
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Internet and Information (In-)Security have been developing in
tandem. In this lecture, the Internet technologies and related
information security aspects are discussed. Students will learn the
philosophy and the basics of Internet technology and will also
develop an insight into the associated security concerns. The
underlying theme will be the weakness of the implicit trust model
in information networks that is widely used. Each lecture will
focus on one aspect of the Internet, will discuss at least one related
attack, examine the corresponding trust model, show its
vulnerability, and demonstrate how the vulnerability is utilized in
the attack. Also students will gain hands-on experience during this
lecture. There are no pre-requisites for the lecture. Students are
expected to bring their lap-top for hands-on experiments.
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Data Science Basics
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Our goal is to introduce you to Data Science. We will provide
you with a survey of the fundamental data science concepts as
well as step-by-step guidance on practical implementations. You
will get a comprehensive understanding of the different data
science techniques that can be used for prediction and for
discovering patterns. You will also be able to create a

general-purpose analytics process.
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Python, the programming language, is considered a pioneer of
the coding world. Unlike programming languages like R, it
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supports  structured programming, functional programming
patterns, and object-oriented programming. Python is an all-in-one,
unified language capable of handling running embedded systems,
data mining, and website construction. The reason for the growing
success of Python is the availability of data science libraries. In this
class, we will learn the basic commands and syntaxes in Python,
such as list, dictionary, class, function. The goal is that students
manage to understand all the fundamentals in Python so they can
utilize this in more advanced classes using Python. This class can
be considered as a prequel to the Training Camp I class.
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Data Science Training Camp I
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The reason for growing success of Python is the availability of
data science libraries for aspiring candidates. These libraries have
been upgraded continuously. Many libraries are available to
perform data analysis::

- NumPy is important to perform scientific computing with
Python. It encompasses an assortment of high-level mathematical
functions to operate on multi-dimensional arrays and matrices.

- Pandas, also developed on top of NumPy, delivers data
structures and operations to change numerical tables and time
series.

- Matplotlib is a 2D plotting library. It offers data visualizations
in the form of histograms, power spectra, bar charts, and

scatterplots with minimal coding lines.

In this lectures, we will utilize all those libraries to perform
some analysis and machine learning on simple datas. Prior
knowledge of basic Python syntaxes is necessary for this class.
Complete beginners of computer programming are recommended
to take ""Big Data Skill-up Training™" before the attendance to this

course.
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By project-based learning on a team, students will learn how to
handle and analyze big-data. This course is designed for students
who have experience with computer programming. Attendees are
recommended to take "Data Science Training Camp I" before the

attendance to this course.
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In addition to numerical analysis and computer science a s the
academic foundations, practically what kind of problem is solved
in what way based on the data science is essential. To a cquire
such a problem-solving ability is the purpose of this course. The
course includes an introduction to data science research of
economics, biology and ecology, each of which is taught by the

expert | ecturers.
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Practical English for Data Science
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Applications to many fields in engineering like control, signal
processing etc. and in information sciences are in mind through the
lecture course for the basic knowledge of statistical machine
learing theory as well as stochastic processes. Brief introduction
will be given to methods for applications like statistical estimation
etc., and to the relationship with statistical-mechanical informatics.
We first lecture probability and statistics and their fundamental
properties and explain the basic frameworks of Bayesian
estimation and maximum likelihood estimation. Particularly, we
show EM algorithm as one of familiar computational schemes to
realize the maximum likelihood estimation. As one of linear
statistical models, we introduce Gaussian graphical model and
show the explicit procedure for Bayesian estimation and EM
algorithm from observed data. We show some useful probabilistic
models which are applicable to probabilistic information
processing in the stand point of Bayesian estimation. We mention
that some of these models can be regarded as physical models in
statistical mechanics. Fundamental structure of belief propagation
methods are reviewed as powerful key algorithms to compute
some important statistical quantities, for example, averages,
variances and covariances. Particularly, we clarify the relationship
between belief propagations and some approximate methods in
statistical mechanics. As ones of application to probabilistic
information processing based on Bayesian estimation and
maximum likelihood estimations, we show probabilistic image
processing and probabilistic reasoning. Moreover, we review also
quantum-mechanical extensions of probabilistic information

processing.
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Biomodeling
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Cognitive Psychology
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Psychology of Learning and Memory
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Applied Intelligence Software
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Information Network Systems
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Brain-functional Integrated System
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Health Informatics
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Applied Mathematical Fluid Dynamics

R T

IS #w] - wm =
BURDFA A IS RO R, oy, U —H

A iR AR & OBEREHR AT

AT 4 TERENTND, HiR THAOEDEHNIIT %

RISIROPTERTRZARIT L, WA T2fl e U CORYER

FOREREIISI DI D T2 DO TE & 2 OFARLEA

F D, T L LT () OSBRI ZIEER R, 2) #

FHOTA T, Q) mREEEERA TR i) BT,

AT AT 4 HIVIEBRFRIE 2 HYL
Biomedical Information Analysis
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English Communication 2 H{if
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The objective of this class is to acquire reading and listening
skills that can help students succeed in various business
environments. A strong emphasis will be placed on reading and
writing for the TOEIC test. There will be a strong focus on new
vocabulary acquisition, increased reading fluency, and improved
listening comprehension.  Through regular vocabulary tests,
reading and listening exercises, and extensive reading, students

will improve their business English.
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Project-Based Learning for Frontier Mechanical Engineering

@R
G ESERES )

DRATLIEREEEE L a2 HfL
Mathematical System Analysis la
BRI
JRm BR

R PEmE, RR0 AET DB T, WINTH)
RIS @Y MEFREZAT O 2 L kD0 %
WIET DU T, B TR, LI L, fax
PRSI D DIFFENIA AT TN D, ATl ¥
7R pE i Sy AP = A = e B LN (N = [ 6 S
FFRAZHOUNT, MAET YA L7 EOR AR E DB
BUEH LT, flEaTT o,

DATLIERSEFE b 2 HfL
Mathematical System Analysis Ib
BER T
IS /4

7T 7 FOFFITHATONT, 7T 7 ORBENBIZLD T
7T T OIEEERRE SOV CEES 5 Z & A BT
Do

TILTY LG 2B
Algorithm Theory
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Algorithms now play a very important role for the reliability
and efficiency in several social systems. This course focuses on
design and analysis of algorithms from the viewpoint of theoretical
computer science. We deal with parallel algorithms,
approximation algorithms, randomized algorithms etc. We also
show some applications of algorithm theory to practical problems.
All materials will be prepared in English although the lecture will

be given in Japanese.
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Higher Order Vision Science
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Information Contents
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Philosophic Analyses of Human Behavior
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Modern Linguistic Theory
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An Analysis of Semantic Structures
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Theory of Linguistic Structure
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An Analysis of Syntactic Structures
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Linguistic Analysis of Text Structure
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Seminar in Pragmatics
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Management of Information Technology
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Behavioral Analysis
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Highly-Reliable System Design
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Mathematical Informatics
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Computer Structures
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Theory of Differential Equations
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Numerical Analysis

BRI

A - pEE SRR (TEARER

WA 15 « B « MR « FRRESES: -+ FHIIE T
SEOMMTOIE & I DB TR L, L OISHRES
T D, TS, (D) R TREAOZE RE, )
AIREFRE LRI, Q) MRS & dEsaw ik,
(TN T OBUFRRNT O IERE & TA~DIS T D,

aAvEa—4EYay  2HYI
Computer Vision
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This course explains various problems of computer vision and
their solutions. The problems are basically inverse-problems in
which we wish to estimate some information about an object or a
scene from their image(s), such as the categories of objects and the

three-dimensional shape of a scene. Students will first leamn a
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series of fundamental concepts, and then study a number of
approaches to the problems of computer vision, where the main

focus is on deep learning methods.
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Foundation and Practical Development of Advanced Technology
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Social Psychological Aspects of Human Information Processing
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Relation between Man and Nature
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Introduction to Critical Thinking
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Analysis of Micro Socio-Economic System
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Socioeconomic Network Analysis
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Various socio-economic phenomena, such as human
relationships, spread of rumors and infectious diseases, human
mobilities in cities, transactions between firms, international trade,
can be analyzed as networks. In this lecture, we introduce theory
of complex networks, which has been developed rapidly, and
discuss its applications to socio-economic analysis. In particular,
we study characteristics of network structures, e.g. small-world
and scale-free properties, dynamical processes on networks such
as spread of infectious diseases. Furthermore, we introduce
network analysis methods such as community detection and

implement the analysis using some software.
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Information Literacy Studies
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English Presentation Intensive Course
R T
Steven John Bretherick -(FE# 31

This class will allow students to master the techniques necessary
for giving effective presentations. Successful students will be able
to 1) plan, write and deliver an approximately 10-minute
presentation on a technical topic 2) listen to, analyze and evaluate
contents of presentations given by others. Students will practice
how to consider needs of their audiences when planning and
designing a presentation, and how to refine ideas to be "worth
sharing." Students will also practice basic techniques such as body
language, eye contact, and intonation. In addition, there will be

practice in spontaneously asking and answering questions.
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Both computer architecture and LSI technology will be lectured
for better understanding of modern computer systems. The lecture
includes
+ Logic design of ALU, memory hierarchy composed of
SRAM, DRAM, NAND Flash, and HDD, and control units
with hard wired logic and microprogramming.



+ Structure of computer systems using processors, memories,
input/output devices as building blocks.
* High-performance computing mechanisms such as pipelining
and parallel processing
+Issues and tradeoffs involved in the design of computer system
architecture with respect to the design of instruction sets.
In addition, research topics on state-of-the-art LSI technology
will be also presented in the lecture.
Cognitive Science of Higher Mental Functions 2 H{i.
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The aim of this lecture is to introduce you to cognitive science.
Cognitive science is a mixture of cognitive psychology,
neuroscience, engineering, linguistics and philosophy. Our

specialty is  psychophysics, cognitive psychology and

neuroscience. Therefore, most of the topics will be research works

in those fields.
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Internet and Information (In-)Security have been developing in
tandem. In this lecture, the Internet technologies and related
information security aspects are discussed. Students will learn the
philosophy and the basics of Internet technology and will also
develop an insight into the associated security concerns. The
underlying theme will be the weakness of the implicit trust model
in information networks that is widely used. Each lecture will
focus on one aspect of the Internet, will discuss at least one related
attack, examine the corresponding trust model, show its
vulnerability, and demonstrate how the vulnerability is utilized in
the attack. Also students will gain hands-on experience during this
lecture. There are no pre-requisites for the lecture. Students are
expected to bring their lap-top for hands-on experiments.
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Recently, there is an interdisciplinary research field of
econophysics, which analyzes economic phenomena with
methods developed in physics. In this lecture, we study basic
topics in econophysics, particularly related to phenomena in cities.
Specifically, topics such as complex networks, nonlinear
phenomena, and scaling are studied, and their growth and the
generative models are introduced. We also review data such as

human mobility and SNS, which are recently available.
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Our goal is to introduce you to Data Science. We will provide
you with a survey of the fundamental data science concepts as
well as step-by-step guidance on practical implementations. You
will get a comprehensive understanding of the different data
science techniques that can be used for prediction and for
discovering patterns. You will also be able to create a

general-purpose analytics process.
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Python, the programming language, is considered a pioneer of
the coding world. Unlike programming languages like R, it
supports  structured programming, functional programming
patterns, and object-oriented programming. Python is an all-in-one,
unified language capable of handling running embedded systems,
data mining, and website construction. The reason for the growing
success of Python is the availability of data science libraries. In this
class, we will learn the basic commands and syntaxes in Python,
such as list, dictionary, class, function. The goal is that students
manage to understand all the fundamentals in Python so they can
utilize this in more advanced classes using Python. This class can

be considered as a prequel to the Training Camp I class.
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The reason for growing success of Python is the availability of
data science libraries for aspiring candidates. These libraries have
been upgraded continuously. Many libraries are available to
perform data analysis::

- NumPy is important to perform scientific computing with
Python. It encompasses an assortment of high-level mathematical
functions to operate on multi-dimensional arrays and matrices.

- Pandas, also developed on top of NumPy, delivers data
structures and operations to change numerical tables and time
series.

- Matplotlib is a 2D plotting library. It offers data visualizations
in the form of histograms, power spectra, bar charts, and
scatterplots with minimal coding lines.

In this lectures, we will utilize all those libraries to perform
some analysis and machine learning on simple datas. Prior
knowledge of basic Python syntaxes is necessary for this class.
Complete beginners of computer programming are recommended
to take ""Big Data Skill-up Training"" before the attendance to this

course.
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By project-based learning on a team, students will learn how to
handle and analyze big-data. This course is designed for students
who have experience with computer programming. Attendees are
recommended to take "Data Science Training Camp 1" before the

attendance to this course.
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In addition to numerical analysis and computer science a s the
academic foundations, practically what kind of problem is solved
in what way based on the data science is essential. To a cquire
such a problem-solving ability is the purpose of this course. The
course includes an introduction to data science research of
economics, biology and ecology, each of which is taught by the
expert | ecturers.
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Students will leamn how to handle big data throughout project
based learning (PBL) on a team. PhD students will play a roll of
training master course students as trainer. We will have 8 times

class. The class will be delivered in English.
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