Master Course

Special Subjects

(7'ny 7 5@ FHH )
Semester
Course Subjects Teachers Credits |23-1 |23-11 |24-1 |24-10 [ 25- 1
% Collaborating PBL(Compulsory) LZ2PBL TBD 2 O
* Synthetic Seminar(Compulsory) weEEIF— 2 Intensive
All Courses *Intehswe International Seminar for EEA o 2 — R 5 Intensive
Interning Study(Compulsory)
Corporate Interning Study WA B —HHE 2
Regional Collaborative Career .
1 ! £5 H. Koga 2 O O
Workshop HGHEHE A U 7 ) g
Core Subjects
(BFEPhHEIRAMERLH)
Semester
Course Subjects Teachers Credits |23-1 |23-11 |24-1 |24-1 [ 25- 1
(A) Adva_lnced Mathematlcal Structure for 1o B S 2 M. Hirotomo 5 O
Information Science
(A) Mathgmatlcal Analysis and BT T Kimura 5
. Computation
Data Science Course
(A) Computational Science FHER SRR R Y. Hieida 2 O O
Mathematical Data Science %— A A = A B T. Minamoto 2 O O O
il
(B) Advanced Study of Artificial T e Y. Okazaki 5 o o o
Intelligence
(B) Learning Algorithms FRT T Y X LR N. Yamaguchi 2 O O
Computer Science and  [(B) Information Visualization 175 TR LR O. Fukuda 2 O
Information Technology
Course (B) IT and Innovation ITA ) _— 3 R T. Kakeshita 2 O
(B) Advanced Computer Network BFW=r v bU—7 ki E. Hanada 2 O
. : : FTV s MEM TR T .
(B) Object Oriented Programming 53 L sk S. Tadaki 2 O
Advanced Thermal Energy Engineering |2 3 /L & — T 545 i A. Miyara 2 O O
Energy and Mechanical Ad d Heat Engine Technolo TRV X — R B R i Y. Mitsutake 2 O O O
Engineering Course vanced He gl 9y * AT '
Advanced Fluid Mechanics for Energy TR L X — S |Y. Kinoue 2 O O O
Advanced Robotics 2Ry b ILRE K. Sato 2 O O
Mechanical Systems Ad d Surface Engineerin E AR H. Hasegawa 2 O O O
Engineering Course vanced surface £ng g EaGLL ' g
Advanced Computational Mechanics RS S Y. Tadano 2 O O
Advanced Wireless Communication 171 YL ABETAT A 1. Toyoda 2 o o o
Systems K
Electrical and Electronic Advanced Adaptive Systems Theor W his S AT DR H. Itoh 2 O O
Engineering Course vanced Adaptive oyste y TG = A7 SR '
L N R T S —
Advanced Hardware Interface Engineering S o A T2 H. Fukumoto 2
Nurr_lerlcgl Analysis in Biomedical B T A R 2 K. Muramatsu ’
Engineering
Bi ical Engi i . . . . N 2 va
lomedical Engineering Bioinformatics Programming A 14 S 7AYT A7 1Y Douzono 2 O O O
Course A R
Neuro-Biological Information Processing | MR (A TE ¥k T 22550 T. Sugi 2 O O




Outline of Core Subjects
Data Science Course

< Advanced Mathematical Structure for Information Science > (1 # A FEHEIE K

Assoc. Prof. M. Hirotomo
This lecture introduces cryptograph and algebra. The main topics are mathematical structure and algebric principle
applied in cryptograph.

< Mathematical Analysis and Computation > (FCHARHT FriG

Assoc. Prof. T. Kimura
In this lecture, we will discuss about 1) some methods for numerical Analysis, 2) mathematical backgrounds of
numerical computation, 3) mathematical and numerical validation of computational error.

< Computational Science > (75 R 2457

Assoc. Prof. Y. Hieida
Birth-death processes are used as models of natural and social phenomena. This lecture treats how to simulate a
birth-death process from the basics which contain mathematical background. The ability to write Python programs
and prior knowledge of probability (for example, the variance of the binomial distribution) are assumed.

< Mathematical Data Science> (7 — ¥ ¥ = > 25 B RFi

Prof. T. Minamoto
This lecture introduces mathematical concepts concerning data and computer science and provides a basis for
further study in data science. Topics covered are mathematical modeling, statistics, machine learning, etc. The
lecture describes connections between each of these mathematical concepts and modern data science applications.

Computer Science and Information Technology Course

< Advanced Study of Artificial Intelligence > (\ TE1RE4F

Prof. Y. Okazaki
From the perspective of problem solving, which is one of the important themes of artificial intelligence, we take
up important points in artificial intelligence research, give lectures on each theme, and conduct exercises based on
the contents.

< Learning Algorithms > (%3 7 /L 2V X LK)

Assoc. Prof. N. Yamaguchi
In this lecture, we will learn several learning algorithms for Al. Especially, we will learn 1) introduction to Al, 2)
clustering, 3) pattern recognition, 4) reinforcement learning, and 5) search.

< Information Visualization > (I AL Hrim
Prof. O. Fukuda

This subject explains various information visualization techniques and information visualization tools through
lectures and exercises for accurate and efficient information understanding and information transmission.

<IT and Innovation > (IT 1 / ~— 2 VfFim)

Assoc. Prof. T. Kakeshita
Information technology is necessary for building a future society such as Society 5.0 and DX (Digital Transformation).
This lecture aims to expand students' perspectives through lectures on methodologies for creating various services using
IT. Students will learn methodologies for creating various services using IT; service management techniques for
continuously providing created services; competitive strategies for protecting the created services and establishing
superiority over competitors.



< Information Network > (f§# % v b U — 7 i

Prof. E. Hanada
Today, we live in an "information network society," and information systems are the technological infrastructure.
The intentions of this lecture are as follows;
1) To foster an understanding of the various digital communication technologies used in information systems
2) To foster an attitude of self-motivated pursuit of specialized knowledge that should be known in managing
information networks.

< Object Oriented Programming > (47 V= 7 MEAT 7 7T I 7w

Prof. S. Tadaki
Object-oriented programming is a programming scheme where data and their operations are combined as objects.
The OOP enables us to make programming have seamless connections to target models. Moreover the OOP
contributes effective programming processes through abstract programming and reusability of components.
This lecture explains the scheme of the OOP with realistic examples.

Energy and Mechanical Engineering Course

< Advanced Thermal Energy Engineering> (F\— % L % — T 455)
Prof. A. Miyara
Finite difference method for heat transfer problems
+ Conduction heat transfer
* Convection heat transfer

< Advanced Heat Engine Technology> (= L % — BB £57
Prof. Y. Mitsutake
1) Engineering Thermodynamics
2) Heat Conduction Problems

< Advanced Fluid Mechanics for Energy > (it (&= /L % — 7175550
Prof. Y. Kinoue
Basic theories of fluid dynamics and fluid mechanics are given in the lecture

Mechanical Systems Engineering Course

<Advanced Robotics > (7 R v b LK
Prof. K. Sato
1) Kinematics of Robot
2) Dynamics of Robot
3) Control methods of Robot

< Advanced Surface Engineering > (£ i L5455
Prof. H. Hasegawa
1) Material science, processing and design
2) Surface science and treatment
3) Machine processing

< Advanced Computational Mechanics > (G5 7152455
Prof. Y. Tadano
1) Mathematical foundation of computational mechanics
2) Nonlinear solid mechanics
3) Nonlinear finite element method



Electrical and Electronic Engineering Course

<Advanced Wireless Communication Systems > (7 -1 ¥ L A5 > AT L fFif

Prof. 1. Toyoda
The main topics of this subject are as follows:
1) Introduction to wireless communication technologies
2) Fundamental technologies in wireless communications
3) Advanced technologies used in wireless LAN and FWA systems
< Advanced Adaptive Systems Theory > (G5 > A 7 2 $557
Prof .H. Itoh

In this class, we will learn several methods for making machines that can automatically learn how to behave in
unknown environments. Especially, we will learn (1) reinforcement learning, (2) stochastic modeling, and (3)
optimal control in partially observable domains.

<Advanced Hardware Interface Engineering> (\~— K7 =7 « A L #—7 = — X TFH5R)

Assoc. Prof. H. Fukumoto
In this lecture, we will learn the hardware interface for computer applications. Especially, we will learn about
computer architecture, Input/output interface standard, usage method, and usage example.

Biomedical Engineering Course

< Numerical Analysis in Biomedical Engineering >([%= T E#4T Frim
Prof. K. Muramatsu
Various algorithms and techniques, such as methods of solving differential equations, nonlinear equations, large
scale linear equations, inverse problems, etc., on numerical analysis are lectured.

< Bioinformatics Programming > (/X1 4 > 7 4~ 7 1 7 A F5ii)

Assoc. Prof. H. Douzono
In this lecture, the bioinformatics is lectured including the basic life science, informatics, and programming for
bioinformatics of sequence-alignment, hidden Markov model and neural networks using C language and Python.

< Neuro-Biological Information Processing> (fix /£ {4 {&# T2 457)

Prof. T. Sugi
Information processing and numerical analysis for biomedical and/or neuro-biological signals are discussed. Focus
is to improve the knowledge on neurophysiological sciences and the skill for information processing of biomedical
data.



Curriculum for the students of Data Science Course
(F—HF VA = Aa—AREFH)

Major Subjects Semester
Subjects Teachers Credits|23-1 | 23-11 | 24- 1 |24-T | 25- 1
(A) Theory of Applied Mathematics | I BT R K. Handa 2 O O
(A) Theory of Applied Mathematics 11 I B e am O Y. Hibino 2 O
(A) Advanced Mathematical Science | HERR R 1 Y. Hibino 2 O
(A) Advanced Mathematical Science Il BB RrEm O K. Handa 2 O
(A) Advanced Numerical Analysis | BT Ry 1 T. Kinoshita 2 O O
(A) Advanced Numerical Analysis II BAERENT Ry 11 T. Kinoshita 2 O
(B) Advanced Study of Machine Learning System MM o AT D K. Nakayama 2 O O O
(B) PBL on Cyber Physical System %éf% 7A AN L AT A 0. Fukuda 2 O O
B) Ad ed Lecture on Remote Sensors and - . s
(&) Advanced Lecur esensorsand ey s H. Okumur 2 | o 0
(SI(BBLSAe(;vSr;faed Lecture on Modeling of Remotely EHRET Y o S H. Okumura ) o
(B) Requirements Engineering FOR T2 K T. Kakeshita 2 O O
(B) Software Design V7 hU = TR M. Ohtsuki 2 O O
(B) Information System Security R AT Lt FX 2 U T ¢ Krim|Hori, Hirotomo 2 O O
(B) Software Quality Assurance V7 U= T B R M. Ohtsuki 2 O
Data Science Internship A ijz/:j‘/r LA LT T. Minamoto 2 intensive
Data Science Internship B iji;f{ TR S T. Minamoto 2 intensive
Minamoto, Hirotomo,
Kimura, Hibino, Handa,
. Okumura, Hanada,
i;AdvanIced Study on Data Science I g f o 2 BERIIRS 1 |Kakeshita, Yamaguchi, 5 o o
(Compulsory) Matsumae, Nakayama,
Fukuda, Kinoshita,
Hori, Otani
(iéﬁ:]\gtr}zg(rjy)swdy on Data Science II S g g 2R T |same as above 5 o o
z::ﬁr(:]\;ir:zgfy)swdy on Data Sciencelll S g 2RI |same as above 10 o
zgg\s]\ar}:gfy)swdy on Data SciencelV S 2SRV |same as above 10 o

*k Master of Science: You need to earn "A" more than 4 credits in total of Core Subject and Major Subject.

*k Master of Engineering: You need to earn "B" more than 4 credits in total of Core Subject and Major Subject.
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Outline of Major subjects

Data Science Course

< Advanced Applied Mathematics I > (& HECZF570T)
Prof. K. Handa
Certain applications of mathematics will be explained.

<Advanced Applied Mathematics I > (i £ 53R 1)
Assoc. Prof. Y. Hibino
Introduction to probability theory, especially the canonical representation of Gaussian processes.

< Advanced Mathematical Sciences I > (S(E R} “24541)
Assoc. Prof. Y. Hibino
Quantum probability and its application to graph theory.

< Advanced Mathematical Sciences II > (AFE 24F3H1T)
Prof. K. Handa
Some topics on mathematical sciences will be discussed.

< Advanced Numerical Analysis I > (BT FF7R1)
Assoc. Prof. T. Kinoshita
In this lecture, the theory of finite element method, error analysis and its implementation will be explained.

< Advanced Numerical Analysis IT > (3B A#AT 457510
Assoc. Prof. T. Kinoshita
In this lecture, the theory of numerical verification method and its applications will be explained.

< Advanced Study of Machine Learning System > (B 7& o 2 7 L5550
Assoc. Prof. K. Nakayama
This class explains the fundamentals and the concepts of machine learning System.

< PBL on Cyber Physical System > (1 1 /S—7 ¢ P H L2 27 LBHJE PBL)

Prof. O. Fukuda
In this Problem-Based Learning (PBL) class, we will discuss how to solve real-world problems based on cyber-
physical system. The student groups aim to solve problems with under the supervisor's support.

< Advanced Lecture on Real-world Sensing > (S & > o o 7 K55

Prof. H. Okumura
This class aims to learn about advanced sensors and sensing systems to obtain analog data from real world to
computers and to learn how to handle these data effectively through contents of lectures, investigation research and
discussion.

< Advanced Lecture on Remote Sensors and Remote Sensing > (S5 > o 7w

Prof. H. Okumura
This class aims to learn how to acquire various information from data and images obtained by remote sensing using
satellite sensors and to conduct analysis exercises using actual images and data.

< Requirements Engineering >(Z:k T #m

Assoc. Prof. T. Kakeshita
When building useful information systems, software engineers must analyze the needs of various
stakeholders regarding the system and plan those that satisfy them. In addition, techniques to create
complete specifications, free of ambiguities and inconsistencies, minimize the risks associated with
information system development. In this course, students will learn various techniques for planning,
analyzing requirements, and developing specifications for information systems.
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< Software Design >(>/ 7 b U = 7 g3 Fi)

Lect. M. Ohtsuki
In recent years, as social systems have become increasingly IT-oriented, various systems have been developed as
software. The hardware and middleware that serve as the foundation for such systems have also developed, requiring
in-depth knowledge of these systems in their development. In this course, students will learn the basics of design
among the various knowledge and techniques required for such development in a practical manner using PBL
materials.

< Information System Security >(f§if> 27 Lt Fx = U 7 1 Kim

Prof. Y. Hori, Assoc. Prof. M. Hirotomo
This lecture introduces basic and common matters required for the construction of secure information systems.
To recognize the importance of information security and information security technology, and to master the basic
technologies and related laws.

< Software Quality Assurance >(/ 7 k7 = 7 S PR ER )

Lect. M. Ohtsuki
In today's world, where software is used in all aspects of society, including daily life, how to assure software quality
is an important issue. Software quality assurance has been addressed since the days of rocket orbit calculations in
the 1960s. In this lecture, you will learn what software quality assurance is and how to ensure quality. Then, we will
learn about various techniques to assure software quality, especially testing techniques.

< Data Science Internship A>(7 — 4 ¥ A =L XA L Z =TT A)

Prof. T. Minamoto
In collaboration with local governments and industries that utilize data science, the internship program provides the
student with the opportunity to work in a day-to-day professional environment under the supervision of an
experienced professional and with the guidance of our course staff. This program also aims to foster positive
interaction between the student and experienced information management professionals in local governments,
institutions, businesses, and other agencies.

< Data Science Internship B >(7—# %A = 21 % —2 v v 7 B)

Prof. T. Minamoto
In collaboration with local governments and industries that utilize data science, the internship program provides the
student with the opportunity to work in a day-to-day professional environment under the supervision of an
experienced professional and with the guidance of our course staff. This program also aims to foster positive
interaction between the student and experienced information management professionals in local governments,
institutions, businesses, and other agencies.

< Advanced Study on Data Science 1> (7 —%% 1 = ZRHITFHE )
Prof. T. Minamoto et al.
This study includes postgraduation research such as experiments, reading on research paper, and so on.

< Advanced Study on Data Science I > (77— %+ = ZFHIHFZE)

Prof. T. Minamoto et al.
This study includes postgraduation research such as experiments, reading on research paper, writing on abstracts
and so on.

< Advanced Study on Data Science II> (5 — % ¥ = > A HEBIAFFEII)

Prof. T. Minamoto et al.
This study includes postgraduation research such as interim presentation, experiments, reading on research paper,
writing on abstracts and so on.

< Advanced Study on Data Science IV> (5 — % ¥ 1 = > ZHEBIAFFEIV)

Prof. T. Minamoto et al.
This study includes postgraduation research such as presentation outside the University, experiments, reading on
research paper, writing on abstracts and so on.

12



Curriculum for the students of Computer Science and Information Technology Course
(FIEEIBH Ly — AR ERA)

Major Subjects Semester
Subjects Teachers Credits|23-1 |23-1 | 24-1 | 24-11 | 25-1
,SA;S\;ZE]ced Study of Machine Learning Ty K. Nakayama ) O O O
. Y AN—T 4TIV A
PBL on Cyber Physical System > 2B %EPBL 0. Fukuda 2 O
Advanced Lecture on Remote Sensors . NN
and Remote Sensing FUF & oo 7 s H. Okumura 2 O O
Advanced Lecture on Modeling of - o1 s AeA
Remotely Sensed Data RUWFTT ) 7 e H. Okumura 2 O
Requirements Engineering FUR TP T. Kakeshita 2 @) O
Software Design V7 hU T R R M. Ohtsuki 2 O O
Software Quality Assurance V7 hU = T A RAEREER| M. Ohtsuki 2 O
Advanced Study of Operating Systems ?::F;%_T AT YAT E. Hanada 2 O
~J i
> e —
Advanced Network-based System A J; Vo7 iRy AT M. Otani 2 O
NS
Advanced Information Infrastructure ez s 2 7 A2 |V Hori 5 O
Systems
Advanced Ubiquitous Information . R o .
Environment 2R X A FWEREREG M. Otani 2 O
Advanced Parallel and Distributed NZIESE 2= N =
Algorithms = S. Matsumae 2 O O
Modeling and Simulations ETMEL YR 2L S. Tadaki 2 | O
¥ a KFm '
High Performance Computing mYERERT B R 2
JEEHE — 1
Information System Security rf’ L /iT LExal Hori, Hirotomo 2 O O
7 1 K
Fukuda, Hanada, Okumura,
Tadaki,
* Advanced Study on Computer Science m;r;;znn;);(;,léa;:;:;a,
. NSV EE =] pAS ! '
and Infolrmatlon Technology | HIRETH W L RERIAEZE 1 Hieida, Nakayama, Otani, 5 O O
(Compulsory) Ohtsuki, Kimura,
Hirotomo, Yamaguchi,
Hori
% Advanced Study on Computer Science
and Information Technology 1 FRENE W T 24ERIAFZE T |same as above 5 O O
(Compulsory)
% Advanced Study on Computer Science
and Information Technology 111 HIRETE i LA RIFJEIT  |same as above 10 O
(Compulsory)
% Advanced Study on Computer Science
and Information Technology IV HIRETE i L AERIFJEIV  |same as above 10 O
(Compulsory)
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Outline of Major Subjects

Computer Science and Information Technology Course

< Advanced Study of Machine Learning System > (F§#% %% o 2 7 L Fiif
Assoc. Prof. K. Nakayama
This class explains the fundamentals and the concepts of machine learning System.

< PBL on Cyber Physical System > (%A /N—7 1 1)L 27 AHZE PBL)

Prof. O. Fukuda
In this Problem-Based Learning (PBL) class, we will discuss how to solve real-world problems based on cyber-
physical system technique. The student groups actively aim to solve problems with under the supervisor's support.

< Advanced Lecture on Remote Sensors and Remote Sensing > (3212 > o > 7 Rid)
Prof. H. Okumura
This class aims to learn about advanced sensors and sensing systems to obtain analog data from real world to
computers and to learn how to handle these data effectively through contents of lectures, investigation research and
discussion.

< Advanced Lecture on Modeling of Remotely Sensed Data > (E R €7V o 7Kg

Prof. H. Okumura
This class aims to learn how to acquire various information from data and images obtained by remote sensing using
satellite sensors and to conduct analysis exercises using actual images and data.

< Requirements Engineering > (13K T 7455

Assoc. Pref. T. Kakeshita
When building useful information systems, software engineers must analyze the needs of various stakeholders
regarding the system and plan those that satisfy them. In addition, techniques to create complete specifications,
free of ambiguities and inconsistencies, minimize the risks associated with information system development. In
this course, students will learn various techniques for planning, analyzing requirements, and developing
specifications for information systems.

< Software Design > (/' 7 + 7 = 7 & &R

Lect. M. Ohtsuki
In recent years, as social systems have become increasingly IT-oriented, various systems have been developed as
software. The hardware and middleware that serve as the foundation for such systems have also developed, requiring
in-depth knowledge of these systems in their development. In this course, students will learn the basics of design
among the various knowledge and techniques required for such development in a practical manner using PBL
materials.

< Software Quality Assurance > (' 7 h v = 7 B RFERFim

Lect. M. Ohtsuki
In today's world, where software is used in all aspects of society, including daily life, how to assure software quality
is an important issue. Software quality assurance has been addressed since the days of rocket orbit calculations in
the 1960s. In this lecture, you will learn what software quality assurance is and how to ensure quality. Then, we will
learn about various techniques to assure software quality, especially testing techniques.

< Advanced Study of Operating Systems > (4 XL —7 ¢ > 7' 2 AT LFifi

Prof. E. Hanada
Practical study of operating systems as a basic element of information systems; lectures on their structure and
operation and system programming (programming over system calls), using UNIX as an example.

< Advanced Network-based System > (% > kU — 7 $5[0] > A 7 L FFif

Assoc. Prof. M. Otani
Use of internet-based information systems is advancing rapidly, and technology is advancing along with it. In this
course, the current state of information systems and next-generation communication technologies will be introduced,
while discussing future information systems.

14



< Advanced Information Infrastructure Systems > (5 # 5o o 2 7 L 2 R5GR)

Prof. Y. Hori
Information infrastructure systems are the foundations of the society in which we live. This lecture
will focus on the design and operation of information infrastructure systems based on an
understanding of the basic concepts of information infrastructure systems.

< Advanced Ubiquitous Information Environment > (= &' % R {F#ER 55 K i

Assoc. Prof. M. Otani
Ubiquitous computing refers to an environment in which computers are present everywhere in society and daily life
and information can be accessed anytime, anywhere without awareness. In this course, learn about the knowledge
and technologies required to structure a ubiquitous computing environment.

< Advanced Parallel and Distributed Algorithms > (3517387 /L = U X 2 K5f)

Prof. S. Matsumae
Fundamental algorithms and their properties are discussed along with learning about the basic models and
architectures in parallel and distributed processing. Students are encouraged to deepen their understanding by
solving simple exercises.

< Modeling and Simulations > (£ 7 /Lt & X = L—3 3 VR

Prof. S. Tadaki
Fundamental concepts of modeling and computer simulations are the main theme of this lecture. Fundamental
equations, phenomenological modeling and stochastic modeling are discussed in mainly physical phenomena.
And numerical methods of differential equations and visualization of results, relations between continuous and
discrete models, fundamentals of stochastic processes are also discussed. Understanding modeling processes
enables us to understand fundamental processes and expect results.

< Information System Security > ([§H# > A7 LB X 2 U 7 1 K

Prof. Y. Hori, Assoc. Pref. Hirotomo
This lecture introduces basic and common matters required for the construction of secure information systems.
To recognize the importance of information security and information security technology, and to master the basic
technologies and related laws.

< Advanced Study on Computer Science and Information Technology I - IV > (HIEEH# L4 FRIMFFCI~
V)

E. Hanada etc.
The purposes of this series of lectures are cultivating fundamental research skills, such as reading academic papers
and developing codes. Skills for conducting research and communication are improved through discussion in
seminars with mentors and colleagues.
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Curriculum for the students of Energy and Mechanical Engineering Course
(k=¥ — Lo — 2R ERH)

Major Subjects Semester
Subjects Teachers Credits|23-1 [23-11 [ 24-1 |24-11 | 25- 1
Advanced Fluid Engineering TR L5 S. Matsuo 2 @ O O
Advanced Thermodynamics BN R K. Ishida 2 @) @) @)
Advanced Mechanics of Materials MEH ) F Ry N. Hattori 2 O O O
Advanced Dynamics of Machinery KA ) - Ry i T. Tsujimura 2 O O
Advanced Mechanical Engineering PBL  |### > A 7 A T.%%PBL S. Hagihara etc 2 O O
Advanced Instrument and Control S _

S
Engineering ARIIEHEEES T K. Sato 2 O O O
Advanced Heat Transport Engineering il ok Lo R am K. Kariya 2 O O O
Advanced Heat and Mass Transfer BB T R i H. Arima 2 @ O O
Advanced Fluid Energy VAR = RV X — Ri N. Shiomi 2 O O
Advanced Fluid System Engineering TREN S AT b LR T. Murakami 2 O O
Advanced Ocean Engineering W LR im 2
Advanced Offshore Wind Turbine . o 2 :
Engineering FE B R T R S. Yoshida 2 O O
Advanced Energy Conversion TR )L X — AW B Y. Ikegami 2 O O O
Advanced Ocean Measurement MR BR R Ry i Y. Imai 2 O O O

Ishida,Ikegami,Kinoue,M

% Advanced Study in Mechanical and atsuo, Mitsutake,Miyara,|

(Eggrrrg]];/u[fsrgl)geermg ! B 0 b 2 — LEPREBIBIE 1 mai,Kariya,Shiomi,Murak > O O
ami,Yoshida

% Advanced Study in Mechanical and

Energy Engineering 1l Mk = R L — T2 RERIAFSE T |same as above 5 O O O

(Compulsory)

% Advanced Study in Mechanical and

Energy Engineering Il Fpik — R L — T2 RERIAFZE TN |same as above 10 O O

(Compulsory)

% Advanced Study in Mechanical and

Energy Engineering 1V F k= R L — T2 RERIAFZEIV |same as above 10 O O O

(Compulsory)
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Outline of Major subjects
Energy and Mechanical Engineering Course
< Advanced Fluid Engineering> (i (& T.22457

1) Fundamental Fluid Dynamics.

2) Shock Wave Phenomena.
3) Effective Utilization of Fluid Energy.
4) Application to Biomedical Fluid Engineering.

< Advanced Thermodynamics > (Z\J) %2457

Prof. S. Matsuo

Lect. K. Ishida

Lectures on advanced applications of thermodynamics to energy conversion and energy transfer processes.

< Advanced Mechanics of Materials> (#1451 524556

1) Stresses in the elastic range

2) Fracture mechanics
3) Preventing mechanical failure.

< Advanced Dynamics of Machinery > (### 71 “=%#7f

1) Dynamics of Rigid Machines
2) Nonlinear Dynamics Analysis
3) Linked Structure Dynamics Applications

< Advanced Mechanical Engineering PBL > (ff# 2 A 7 4 T.%% PBL)

1) Exercise for understanding of problems of companies
2) Exercise for finding solution of problems of companies

< Advanced Instrument and Control Engineering> (3|51 555

1) Classical Control Theory
2) Modern Control Theory
3) Robust Control Theory

< Advanced Heat Transport Engineering > (E\lifin% T 22455

1) The first and second law of thermodynamics

2) Phase equilibrium
3) Analysis of heat engines

< Advanced Heat and Mass Transfer > (BB B8 175

1) Basic of Mass Transfer
2) Analysis of Fundamental Equation for Heat and Mass Transfer

3) Problem on Boundary Layers of Heat and Mass Transfer
<Advanced Fluid Energy> (Fiff = /L ¥ —F5i

1) Turbomachinery
2) Experimental Fluid Dynamics

17

Prof. N. Hattori

Prof. T. Tsujimura

Prof. S. Hagihara etc.

Prof. K. Sato

Assoc. Prof. K.Kariya

Assoc. Prof. H. Arima

Assoc. Prof. N. Shiomi



< Advanced Fluid System Engineering > (7i# > % 7 A T 22455)
Assoc. Prof. T. Murakami
1) Computational fluid dynamics
2) Finite element method for structure analysis
3) Fluid Structure Interaction

<Advanced Ocean Engineering> (/7 T 22455
Assoc. Prof. T. Murakami
1) Sea Environment
2) Numerical Method for Load and Response of Structure
3) Design of Offshore Structure

<Advanced Offshore Wind Turbine Engineering> (£ _L B\ E T 22554
Prof. S. Yoshida
1) Theory of Sea Waves
2) Hydro Dynamics of Offshore Structures
3) Conversion of Ocean Energy

< Advanced Energy Conversion > (= /L 5 — 2585 5)
Prof. Y. Ikegami
1) Optimization of Energy System
2) Ocean Thermal Energy Conversion
3) Exergy of Energy System

< Advanced Ocean Measurement > (JF{EBRB2453)
Assoc. Prof. Y. Imai

< Advanced Study in Mechanical and Energy Engineering I > (it — % /L % — T 22455652 1)
Prof. A. Miyara etc.
+ Understand the background and significance of research.
+ Learn knowledge necessary for conducting research and develop research basis.

< Advanced Study in Mechanical and Energy Engineering IT > (4 = % /L % — TSR 5IAF7E 1)
Prof. A. Miyara etc.
+ Conduct experiment and/or theoretical analysis and/or numerical simulation.
+ Consider obtained results and present to other students and teachers.

< Advanced Study in Mechanical and Energy Engineering ITI> (Fgfsk = > L 25— T 24ERIHFZE 1)
Prof. A. Miyara etc.
+ Review related literature and acquire broad understanding of research.
* Understand obtained results deeply by discussion with other students and teachers.

< Advanced Study in Mechanical and Energy Engineering IV > (##% — % /L % — T 225 BIHFFEIV)
Prof. A. Miyara etc.
+ Develop original idea for study and summarize study results.
* Write Master thesis and give final presentation.
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Curriculum for the students of Mechanical Systems Engineering Course
(Bt A7 L Lo — AR ZERH)

Major Subjects Semester
Subjects Teachers Credits|23-1 |23-T [24-1 | 24-T | 25-1
Advanced Fluid Engineering AR T2 Rr S. Matsuo 2 O O O
Advanced Thermodynamics BT )R K. Ishida 2 O @) O
Advanced Mechanics of Materials FOBE) 5 R i N. Hattori 2 O O O
Advanced Dynamics of Machinery PR ) 7 e i T. Tsujimura 2 O O
Advanced Mechanical Engineering PBL B4k < A 7 2 T.52PBL S. Hagihara etc 2 O O
Advanced Instrument and Control Ly .
SHRE A
Engineering 180 ) R K. Sato 2 O O O
Advanced Materials Science for Engineers | #4457 5 7 S. Morita 2 @) @) O
Advanced Precision Machine KMo L5 i B. Zhang 2 O O O
Advanced Lubrication Engineering W L rrm T. Mawatari 2 O
Advanced Applied Dynamics I R T. Tsujimura 2 O
Advanced Manufacturing Processes AL PE N T 5 i F. Ohshima 2 O O
Advanced Solid Mechanics [ 4 ) R S. Hagihara 2 @) @) O
Advanced Strength of Materials ARV EE PR S. Taketomi 2 O @) @)
% Advanced Study in Mechanical and S?r:zf:—?gt%;islg;::#iﬁgi
- - 2( N ~— LAY 2 l 7‘[3 H 1 ]
(ngimuir;gilr;eerlng ! N aketomi, Tadano,Hasegaw ° O O
P y a,Mawatari,Morita
% Advanced Study in Mechanical and
System Engineering I bk > 2 7 W T RRRIESE IT |same as above 5 O O O
(Compulsory)
% Advanced Study in Mechanical and
System Engineering 111 AR S 2 T 2 T2 BIRFSE T |same as above 10 O O
(Compulsory)
% Advanced Study in Mechanical and
System Engineering 1V KW S AT b TR IR ZEIV |same as above 10 O O O
(Compulsory)
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Outline of Major subjects
Mechanical Systems Engineering Course

< Advanced Fluid Engineering> (i (& T.22457
Prof. S. Matsuo

1) Fundamental Fluid Dynamics.

2) Shock Wave Phenomena.
3) Effective Utilization of Fluid Energy.
4) Application to Biomedical Fluid Engineering.

< Advanced Thermodynamics > (Z\J) %2457
Lect. K. Ishida

Lectures on advanced applications of thermodynamics to energy conversion and energy transfer processes.
< Advanced Mechanics of Materials> (515} /) 2257
Prof. N. Hattori

1) Stresses in the elastic range

2) Fracture mechanics
3) Preventing mechanical failure.

< Advanced Dynamics of Machinery > (### 71 “=%#7f
Prof. T. Tsujimura

1) Dynamics of Rigid Machines
2) Nonlinear Dynamics Analysis
3) Linked Structure Dynamics Applications

< Advanced Mechanical Engineering PBL > (ff# 2 A 7 4 T.%% PBL)
Prof. S. Hagihara etc.

1) Exercise for understanding of problems of companies
2) Exercise for finding solution of problems of companies

< Advanced Instrument and Control Engineering> (3|51 555
Prof. K. Sato

1) Classical Control Theory
2) Modern Control Theory
3) Robust Control Theory

< Advanced Materials Science for Engineers > (#5471 512555
Assoc. Prof. S. Morita

1) Microstructural feature of materials
2) Phase diagrams of ferrous and non-ferrous metallic materials

3) Mechanical properties of industrial materials

< Advanced Precision Machine> (52K %5 T 52455
Prof. B. Zhang

1) Principle of Ultra-Precision Machining
2) Developments in Ultra-Precision Machining
3) Machine Tools for Ultra-Precision Machining

<Advanced Lubrication Engineering > (7 T4
Assoc. Prof. T. Mawatari

1) Principle of Lubrication

2) Lubricaton Regimes
3) Mechanisms of Fluid Lbrication
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<Advanced Applied Dynamics > (it /122457
Prof. T. Tsujimura

The purpose of this subject is dynamical analyses of various phenomena in mechanical systems.
< Advanced Manufacturing Processes > (4 FEI T 22455
Assoc.Prof. F. Ohshima

1) Principle of Machine Tools
2) Theory of Manufacturing Processes
3) Computer Graphics for Manufacturing Processes

< Advanced Solid Mechanics > (& {4 /7 223
Prof. S.Hagihara

1) Solid mechanics
2) Finite Element Method
3) Computational Mechanics of Solids

<Advanced Strength of Materials> ($1B}5# 5 2453
Assoc. Prof. S. Taketomi

1) Strength of materials and kinds of failure

2) Some fractographic studies and their mechanisms
3) Initiation and propagation of fatigue cracks

4) Case studies and analysis of failure etc.

<Advanced Study in Mechanical and System Engineering I> (B o 2 7 A TS5 RIAFFE 1)
Prof. N. Hattori etc.

* Understand the background and significance of research.
* Learn knowledge necessary for conducting research and develop research basis.

<Advanced Study in Mechanical and System Engineering IT > (Béfk o =2 7 A TR BIRFZE )
Prof. N. Hattori etc.

+ Conduct experiment and/or theoretical analysis and/or numerical simulation.
+ Consider obtained results and present to other students and teachers.

< Advanced Study in Mechanical and System Engineering ITI > (B o 2 7 A T 24554221
Prof. N. Hattori etc.

+ Review related literature and acquire broad understanding of research.
* Understand obtained results deeply by discussion with other students and teachers.

< Advanced Study in Mechanical and System Engineering IV > (8 > 2 7 A T2 485IRFIEIV)
Prof. N. Hattori etc.

* Develop original idea for study and summarize study results.
+ Write Master thesis and give final presentation.
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Curriculum for the students of Electrical and Electronic Engineering Course

Major Subjects Semester
Subjects Teachers Credits|23-1 | 23-11 | 24- 1 | 24-11 | 25- 1
Advanced Information Electronics on — “n
. LE |74 =7 AFFim
Materials WEERT V7 ba =2 2k 2
Advanced Quantum Opto-electronics SEFVL T o= AEER Q. Guo 2 O O
Adv_ancec_;l Integrated Circuit Process R 1 T2 T Tanaka 5 O O O
Engineering
Electronic System Design and Integration |- . on . o — ) =z peon .
Technology B AT LG R S. Sasaki 2 | O O O
Microwave Integrated Circuits ~ A 7 v ERE R T. Ohishi 2 O O O
Advanced Utilization of Synchrotron Light| T > 7 v ks v YR HEHEH AN L5455 [K. Takahashi 2 O O
Advapced Engineering of Computational L R T 2 H. Wakuya 9 O O O
Intelligence
Graphical User Interface 77 TAAN 2o A ST 2
AR i
Advanced Processing Plasma Engineering | 7' & & X 77 X~ 1.5 4F5H Y. Ohtsu 2 O O O
Advanced Pulsed Power Engineering IV AN — TR S. lhara 2 O O
Advanced Semiconductor Device . ot
M2 —_ 3 AvR 2A
Engineering AR T A R LK M. Kasu 2 O O
Microwave Circuit Design Engineering | /& B 13 5% 51 r i T. Tanaka 2 O O
Advanced Data Analysis Engineering T — X RN T2 R e S. Hara 2 O O
Advanced New & Saved Energy wr s . o et oA -
. . . RS — <F i .
Engineering - BT RV X— LR E. Nishiyama 2 O O
Advanced Electrical and Electronic e o2
Engineering X L 2
Education as Electrical and Electronic - o,
Business-person BRETRBT U 2
Toyoda,Kasu,Ohishi,O
% Advanced Study in Electrical and ﬁ;g&@gi@fg:é;ﬁ?
H P H = =] pAss ! ! '
(E(I:i(;tqrogllscolrir;glneerlng ! BRI T T ReRITL 1 anaka,Itoh FukumotoN | ° O O O
pulsory ishiyama, Takahashi,
Saito, Misawa
% Advanced Study in Electrical and
Electronic Engineering 1I BRE T L RBIAFSE T same as above 5 O O
(Compulsory)
% Advanced Study in Electrical and
Electronic Engineering III AR T LR R eI same as above 10 | O O O
(Compulsory)
“ Advanced Study in Electrical and
Electronic Engineering IV BRE T LSRRI IEIV same as above 10 O O
(Compulsory)
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Outline of Major subjects

Electrical and Electronic Engineering Course

< Advanced Information Electronics on Materials > (WE =L 7 o =27 2 ¥#H)

In the electronics field, the knowledge about quantum theory becomes more and more important in order to
understand the electron behavior from a microscopic standpoint. Namely, the knowledge about quantum theory is
required in order to understand not only the electrical and optical properties of semiconductor but also the principles
of new electronic and optical devices. The fundamental and systematical knowledge about quantum theory is
given in this subject.

< Advanced Quantum Opto-electronics > (&= L7 ko =7 Zf5im)

Prof. Q. Guo
The aim of this course is to give fundamental knowledge on various physical processes of optoelectronic transition,
in order to understand technologies for applications in light emitting diodes, detectors, and solar energy conversion
devices

< Advanced Integrated Circuit Process Engineering > (541 7 1 = 2 T 22453)

Prof. T. Tanaka
This subject starts with an introduction of physics and properties of semiconductors and fundamentals of pn-junction,
followed by a generic overview of MOSFET and bipolar transistor. Integrated circuit process technologies including
crystal growth, oxidation, thin film growth, thermal diffusion, ion implantation, lithography, and etching will be
introduced.

<Electronic System Design and Integration Technology > (& - > A 7 A% &t Faf
Assoc. Prof. S. Sasaki
The main topics of this subject are as follows:
1) Introduction to Packaging Technology for High-Speed Information equipment
2) Noise of the power supply line
3) Cross-talk Noise
4) Cooling technology
5) IC package and packaging technology
6) Interconnection technology for high speed signal
7) Multi chip Module technology

<Microwave Integrated Circuits > (~ -7 7 & SERH[E H i
Prof. T. Ohishi
High frequency and high power amplifier used in microwave integrated circuits for radar and radio frequency
communication system is mainly lectured.
The topics of this lecture are as follows:
1. semiconductor devices for micorwave integrated circuit
2. microwave integrated circuit components
3. high frequency power amplifier

<Advanced Utilization of Synchrotron Light > (3> 7 & b & > &R FHRMHARIN T 5% K50

Prof. K. Takahashi
Basic aspects on synchrotron light application, such as synchrotron light source, beamline, X-ray detection, ultra-
high-vacuum, and experimental methods will be reviewed, in order to understand the scientific and industrial
application of synchrotron light.
< Advanced Engineering of Computational Intelligence > (3% E18E T2 457)

Prof. H. Wakuya

Brain is one of the keywords of the 21st century. As an approach to investigate its mysterious functions, fundamental
knowledge on computational intelligence is discussed. Also, recent topics of neurocomputing technology,
biomedical engineering and welfare engineering are dealt with.
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<Graphical User Interface > (7’7 7« Hv » 2—H + f L F—7 = — A K5

First we will learn the fundamental programming for GUI using Xt Intrinsics in X Window System to grasp the
concept of the Toolkit programming. After learning Xt Intrinsics, we will use another GUI Toolkits such as Gtk+
and Qt to implement advanced applications with better user interface.

< Advanced Processing Plasma Engineering > (7' 1 & 2 77 X~ T 22455

Prof. Y. Ohtsu
Fundamental characteristics are introduced for processing plasma engineering. lonized gas production methods
such as DC, AC, RF and microwave discharges are lectured. The plasma applications are also explained.

<Advanced Pulsed Power Engineering > (/X)L 23D — T 22855
Assoc. Prof. S. Thara
1) Fundamentals of energy storage and pulsed power generation.
2) Pulse forming networks, switching devices.
3) Applications of pulsed power technology.

< Advanced Semiconductor Device Engineering > (Y535{K 7 /31 2 T 22453)
Prof. M. Kasu
In order to realize energy sustainable society, high-efficient power transistors are necessary. For the purpose,
widegap semiconductors such as SiC, GaN, diamond are lectured.

< Microwave Circuit Design Engineering > (7= & 0] 4 5% #1557

Assoc. Prof. T. Tanaka
In this lecture, first, students learn theory of transmission line and a method to use smith chart. Next, students learn theory
of high frequency active device and circuit by a standard schooling style.

< Advanced Data Analysis Engineering > (5 — & it T 5% 455

Assoc. Prof. S. Hara
The structure and mechanism of photovoltaic systems are explained. Data analysis in photovoltaic power systems
is also discussed.

<Advanced New & Saved Energy Engineering > (%7 + & = 1/ ¥ — T5F55m)
Assoc. Prof. E. Nishiyama
1) Fundamentals of wireless energy transfer.
2) Wireless power transfer using Microwave.
3) Wireless power transfer via magnetic resonance coupling.

<Advanced Electrical and Electronic Engineering > (B 5 E 1 T2 #)

10

5 BA i

b

=11

<Advanced as Electrical and Electronic Business-person > (EX%E 1 )

< Advanced Study in Electrical and Electronic Engineering 1 > (EXE T 28RIFIET)
Prof. Y. Ohtsu etc.

< Advanced Study in Electrical and Electronic Engineering I[> (EXE 7 T 24572 1)
Prof. Y. Ohtsu etc.

< Advanced Study in Electrical and Electronic Engineering Il > (EXE 1 T4 5IHFZE10)
Prof. Y. Ohtsu etc.

< Advanced Study in Electrical and Electronic Engineering IV > (EXE 7 LR HIAFFEIV)
Prof. Y. Ohtsu etc.
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Curriculum for the students of Biomedical Engineering Course

(ERETLS 2 —ARERH)

Major Subjects Semester
Subjects Teachers Credits[23-1 |23-11 | 24-1 | 24-10 | 25- 1
Biomedical Engineering Special Lecture | AEARE TR G | Course Teachers 2 O O
Biomedical Engineering Special Lecture I ARIE TSR 1T Course Teachers 2 O|l]O[O]10O| O
Dynamics in Biomedical Engineering RS T Khan MD. 2
Biorobotics INAFaRT 4 7 A Fim K. lzumi 2
Biomedical Sensing System Engineering = TEHI LR am A. Kimoto 2
Statistics in Biomedical Engineering = T et im K. Teramoto 2
Fluid Simulation in Biomedical Engineering  |I= TiiifA> I = L—3 3 U iw [T, Sumi 2
Biomedical Interface Device Engineering & TA > H—7 = — AR 2
Biomedical System Control Engineering & T3 AT MHER R S. Goto 2
Medical Device Design =R S SR S T. Hashimoto 2 O
Biomedical Photonics AQ;ZL)(T% ANT & B=T A 2

i
% Advanced Study in Biomedical Engineering |

£ R I 4

(Compulsory) FERIRFSE T Course Teachers 5 O
J* Advanced Study i Biomedical ENgIneering
I RERIAFSE TT Course Teachers 5
(Comnulsory)
 Advanced Study in Biomedical Engineering
il Frp S Course Teachers 10 O
(Comnulsoryy
 Advanced Study in Biomedical Engineering
v FERIAFZEIV Course Teachers 10
(Compulsorv)
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Outline of Major subjects

Biomedical Engineering Course

< Biomedical Engineering Special Lecture I > (ZE{R[E T F2FFRIGEZR 1)

Course Teachers
All faculty members of Biomedical Engineering Course give lectures in their own fields on mechanical, electrical
and electronic, and medical engineerings.

< Biomedical Engineering Special Lecture 11> (ZE{RE T 24rRIGEZE )
Course Teachers
There is a possibility that special seminar, etc. will be held. The details will be notified if this lecture will be offered.

< Dynamics in Biomedical Engineering> (= 1"/ "/

Assoc. Prof. Khan MD.
The content of the course includes the fundamentals of biomedical engineering dynamics related to the kinematics
of joints and links. Modeling of relative motion in multi-joint system concerning to the biomedical engineering
application includes to the course content as well.

< Biorobotics > (/XA A 1R T 7 AKEim
Assoc. Prof. K. Izumi
Robot dynamics and various biological methods of control, signal processing, and optimization are lectured.

< Biomedical Sensing System Engineering > (= T3] T4 75

Assoc. Prof. A. Kimoto
Imaging techniques using X-ray and electrical impedance, and biomedical measurement using electrical, ultrasonic,
and optical sensors are lectured.

< Statistics in Biomedical Engineering > (1= T3 255w
Prof. K. Teramoto
This class introduces the theory and practice of time series analysis, with an emphasis on practical
skills. Having completed this course, you will be able to model and forecast a time series as well as
read papers from the literature and start to do original research in time series analysis.

< Fluid Simulation in Biomedical Engineering >(I& TJiifAY I = L—3 3 »FFm

Assoc. Prof. T. Sumi
Fundamental theory of computational fluid dynamics and its practical applications to biomedical engineering are
lectured.

< Biomedical Interface Device Engineering > (& 1.{ % — 7 = — AMas/Riam

Fundamental device technology of sensor and actuator are mainly explained in this lecture. Such devices are applied
as man-machine interface on medical and care equipments. Especially, the interface device using image sensor is
lectured.

< Biomedical System Control Engineering >(I= 1.3 2 7 A il

Prof. S. Goto
In this class, system control, which plays an important role of biomedical engineering and welfare devices, is
discussed.

<Medical Device Design > (= BEERA 51 7R

Assoc. Prof. T. Hashimoto
This lecture describes the knowledge of fluid engineering required for designing medical devices related to fluid.
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< Biomedical Photonics > (/XA A4 AT ¢ IV 7 + b =7 AR5

This course gives an overview of fundamentals and applications in various biomedical optical imaging modalities,
such as fluorescence imaging, optical coherence tomography, photoacoustic imaging and others.

< Advanced Study in Biomedical Engineering I> (#5#5¢ 1 )

Course Teachers
To carry out their researches on biomedical engineering, students learn fundamental knowledge by investigating
related papers, decide their research topics, and make their research plans.

< Advanced Study in Biomedical Engineering II > (5:5!#f 9% 11 )

Course Teachers
To establish their research methods, students carry out their researches by applying fundamental knowledge got in
Advanced Study in Biomedical Engineering I. Moreover, students analyze the obtained research results to make
preparation for their research presentations.

< Advanced Study in Biomedical Engineering II> (45:5!#/f 2% 1)
Course Teachers
Students continue their researches by themselves. Moreover, students decide the topic of their master thesis.

< Advanced Study in Biomedical Engineering IV> (555 2E1V)

Course Teachers
Students continue to their researches by themselves. Moreover, students complete their master thesis and make
master thesis defenses.
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Doctoral Course

Outline of subjects

Course of Mathematical and Information
Science

<Advanced Mathematical and Information Science> (GH - [FH Y 1 — o 2 HH

In this course, the faculty members will lecture advanced expertise and skills in mathematics,
information science, information engineering, and data science in the omnibus style. The purpose of
this course is to get in touch with the specialized knowledge of the peripheral fields of mathematical
and information science. The goal of this course is to acquire the essential qualifications for your
doctoral research.

Course of Mechanical and Electrical Energy
Engineering

<Advanced Mechanical and Electrical Energy Engineering> (K& - 5T 3 /L% — T 54 h)

Advanced specialized knowledge and technology in the fields of mechanical engineering, electrical
and electronic engineering related to industrial technologies ranging from energy creation to energy
utilization, including energy conversion, transportation, and storage will be lectured in omnibus form.

Course of Biological and Material Engineering

<Advanced Biomaterial Systems> (4 (&8 > 2 7 A H R

Based on materials science, materials engineering, electrical engineering, and mechanics, advanced
and specialized knowledge and techniques of functional materials, such as bio-, optical, and
electrical/magnetic-related materials and nanomaterials, or the interaction between organisms and
systems will be lectured in omnibus form.
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