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BEDBR - IE Objectives and Outline of the Course

H AEEOBNIEZBENMBELRICCE LR IARICA TS HEE) 2I5AT 270 0ERMBDES & Google DU F
v Ftﬂ%@%g%%~é Google Colaboratory  (R¥R Colab) SERENEBRTT, I 5HI0, MIRICH I 2 RBROIEAGIZH2
ZEICEY . ZRENBHOMRICINOORIMZISAT 28ETITZRS 2 EHEMICLTVWEYT, THEICITEF - BRR
@15(7‘567’67; (BB, RR. £9% T4 Y - BERFEROAZRERUVETEABEL CWET, BFffEIFIE2—
RBITFHBICEITEHR

% | The purpose of this lecture is to acquire basic knowledge for applying artificial intelligence (machine learning) (Al/ML) to

master's thesis and doctoral dissertation research, and to learn how to use Google Colaboratory (abbreviated Colab) to learn
ML on Google's cloud. Furthermore, by learning about practical applications in research, this course also aims to motivate
students to apply these techniques to their own research. The course is intended to include graduate and undergraduate
students not only majoring in electronics and information, but also in mechanical, materials, biology, design and architecture.
The lecturers are comprised of faculty members from the University of Aizu's Department of Computer Science and
Engineering, who have an excellent track record in research and education in the field of computer science and engineering,
and the faculty members of KIT who explore the application of Al/ML technologies to their own research project.

Lectures will be delivered online through interactive WebEx meetings using the learning management system Moodle. You
can also use Colab to learn the basics and applications of ML, and learn how to train and evaluate neural networks (NN).
Students can repeat learning with recorded lectures, and can use Moodle's Q&A forum function to ask questions about the
lecture content and the homework that is asked each time.

An attractive feature is the "manufacturing projects" that are carried out using the information environment of the
Information Science Center and Seminar Room. In addition to learning the knowledge and theory of ML using large-scale
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neural networks through classroom lectures, you will also learn the following through practical exercises that apply that
knowledge to specific application tasks (wild animal detection, autonomous driving). (1) "Recognizing the gap between theory

and practice"; (2) “Acquiring practical skills"; (3) "Improvement of problem-solving ability": (4) "Real-world application".

v

F2BDEEBRE Learning Objectives

B | TRICH B4 BRBICATAE (BEFE) 2I6AT2BICEELNH (AITHME0FES, MEOTERL. BR. #H) O
BB, Rx—vnf. X2 —vRBOBTEBMRT 5,

FROBER LT — RN, BERE, BFERH. BREBLEREOLAER L OEEXERT 5,

BHFBOOE LT, RERET VO —FOELZZa—TLEy bT—0 L EIFROEREERFT 2,
ANTHBECRAOES TEELEMFEEFETH S Support Vector Machine. Ensemble Learning. Random Forest. K-means
(k F359%) E52BHET 5,

RE=21—7/)3% v b7—2 (Deep Neural Network, DNN) (CBS9 2 EBEEHH % ¥, Colab ZA\L T DNN 0 EHE, ¥E. F
fx1T5 RENLEBBT 5,

FEEE (Deep Learning) % [B4AHYIREH| & [B8EE] ICEAT2EE2ELC BREEEOX vv 7ORH]. [E
EBHARRFILOEBE], MERREIOELE] 2#K5,

Z | Learn important knowledge (history of artificial intelligence, problem formulation, exploration, inference) when applying
artificial intelligence (machine learning) to various engineering problems, and understand the concepts of pattern
classification and
Understand the relationship between the above concepts and applied areas such as data analysis, image processing, speech
recognition, and natural language processing.

As an example of machine learning, we will understand the basics of decision trees and neural networks, which have different
approaches.

Understand the important machine learning methods from the perspective of artificial intelligence applications, such as
Support Vector Machine, Ensemble Learning, Random Forest, and K-means.

Learn the basic theory of deep neural networks (DNNs) and acquire the skills to define, train, and evaluate DNNs using
Colab.

Through exercises that apply deep learning to "wild animal detection" and "self-driving", aim to "recognize the gap between
theory and practice," "acquire practical skills," and "improve problem-solving abilities." .

3 BAZDERE O S / Fulfillment of Course Goals (JABEE BS:&ERIB D &)

H

ES

REEHEEE Course Plan

No. 18 H Topics AZA Content

1 H | ATHsEDHE - ANIHNgEE 1L ?
- BIEFRAEE
- NIHIBEDEE
- BEHAY

Overview of artificial | - What is artificial intelligence?

i

intelligence - Related research area
- History of artificial intelligence
- Historical person

2 H | MEOERL - ERMEE L X ? (RIRATEEMIRE & RN BERE)

- BREBICBITRZANT—& (BHE). Hh (BNER. RUTHEIEE
- TRCHIT B IEAER

- Bt e EREOERE

& | Problem formulation - What is machine learning? (Solvable and unsolvable problems)

- Input data (features), output (target variables), and evaluation indices in machine
learning

- Application examples in engineering

- Consideration of constraints and practicality

3 H | ®kzol - TVE LR
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- Closed U X k
-Open U X+

- RIEEER

- IBEERR

- H—aX MER

Search part 1

- Random search

- Closed list

- Open list

- Depth-first search

- Breadth-first search
- Uniform cost search

BRZD?2

-EaAURTA v EIRY
- RRELERE
-A*TILTY X L

b

Search part 2

- What is huristic?
- Best-first search
- A * algorithm

WEERE, REAR

- WEBREBEIL?

- IH, @Es. g,
- BE—LeEH

- BiESEZNICE DK HEAREGERH
- RERDER

- REICE D HER

- REARDEET

- JFHLRFN IRERDT Y VT

WE DEAEAL

b

Predicate logic and decision
tree

Predicate logic and decision tree

Za—AYVETILLALKER
Za—JLxy FT—=7

- Za—INFy FT -7 DESE

- ZA—AYVETAEEBER= 2T LIy T2
-BER-1—-5L%ky b7 DFE

- HEY ST E BB

- HECHARE

-TensorFlow ZFW-=a—FILFxy FT—0 DEHKEFE

Jlixg}

i

Hierarchical neural networks
from neuron models

- History of Neural Networks

- Neuron Model and Hierarchical Neural Networks

- Learning in Hierarchical Neural Networks

- Computational Graphs and Automatic Differentiation
- Vanishing Gradient Problem

- Defining and Training Hierarchical Neural Netw

BHAAHZ 2 —T NIy T
-7

- CNN ok & [F3E

- CNN %%

- CNN o RZEp|

- RBFE

- BERFBHEEI X7

- TensorFlow Z MW7z CNN O EFE & FE

i

Convolutional neural networks

- Structure and Principles of CNN

Training of CNN

- Representative Examples of CNN

Transfer Learning

- Image Recognition Tasks

- Defining and Training CNN with TensorFlow

Al/ML £ [ERET S

- BITRICHET 5 ATHGE - BREEOLH

Al/ML and circuit technology

- Application of artificial intelligence and machine learning to circuit engineering
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9 B | AI/ML £ 9E - MERZ - Y& - MEMEFICE T 2 AT - #REE OIS A
- MBS L HEEDEREM
- MEMERICB T 2B FLFEEORE
- BARES L O FHEREL
- T ERBECERAVETILREIFEOS®EL
% | Al/ML and material chemistry | - Applications of Al/ML to Material Chemistry
- Relationships between material structure and function
- Roles of quantum chemistry calculations to Material Chemistry
- Swarm intelligence & Particle Swarm optimization (PSO)
- PSO accelerad Quantum chem
10 | B | AI/ML & EHEMRIRISE - FTEMERIFICE I 5 ATHNE - #RFEE 0IGH
= | AI/ML and computational | - Applications of Al/ML in Computational Materials Science
materials science
11 | B | #HE 2T 0EE (Google | - FE=a—F/Ix%xy b7—72 (Deep Neural Network, DNN) (ZF8d 2 EREER%H
Colaboratory # AL 7=38%) (ER
- Colab & TensorFlow #AWT DNN OEE, FE. HiziT5 XAFILE2EE
% | Implementation of machine | - Learn the basic theory of deep neural networks (DNN),
learning  (exercises using | - Learn skills to define, train, and evaluate DNNs using Colab and TensorFlow
Google Colaboratory)
12 | B | BWEEOIGA1-1- 7A31 | - BW : BESYORFEHLFI L LT REZBICE O YBRE - BB ERT 5,
H (&) BHRAZEY2—FE | - RELRMH: BHAAL=1—F IRy b7 —20 GBEFE, TensorFlow & Keras % ]
FICTEREBE LTERE i
- WMERERIE - Y —JL: Google Colaboratory
- RERED CHRLAEETILEIARY =L F 704
(5 X~ —s84 1% TensorFlow Lite # & A)
Z | Applications  of  Machine | - Objective: Understand object detection and recognition based on deep learning
Learning | -1- Held as an | using wild animal recognition as an example.
intensive exercise on July 31 | - Required knowledge: Convolutional neural networks, transfer learning. Utilizes
(Friday) at the Information | TensorFlow and Keras
Science Center Exercise Room | - Required environment/too
13 B | #BFEOILAI-2- 7TH31 |- BN BEEYOR#EZAE LT REFBICE O YRRE - REEBM®RT 2,
A (&) BHAPLy2—88 | - RBLMH: BEAAAZ1—F LRy b7 —7 &BFB, TensorFlow & Keras % )
FICTEREBE LTERE i
- MEARIREE - Y —JL: Google Colaboratory
- BEEE CREELALETLEIARY =L T7 704
(Z XY =31 |F TensorFlow Lite #3i&A)
& | Applications  of  Machine | - Objective: Understand object detection and recognition based on deep learning
Learning | -2- Held as an | using wild animal recognition as an example.
intensive exercise on July 31 | - Required knowledge: Convolutional neural networks, transfer learning. Utilizes
(Friday) at the Information | TensorFlow and Keras
Science Center Exercise Room | - Required environment/too
14 | B | EEEoA I -1- 7 8 | LFOEE% £
31 H (&) BHRHMFZEY 4 —& | - BEER:
BEICTEREE L LTCERE Donkeycar simulator % 1{f - 7- By ETERER
- By
B EZFARAT27-0ICREYR, 7—X0ORE, B, RO —EORNEREERL,
BESNIEL—R b IR 1EATR-ODT—REERT D
= | Applications of Machine | Perform the following exercises in two parts
Learning Il -1- Held as an | - self-driving:

intensive exercise on July 31

(Friday) at the Information

Autonomous driving experiment using Donkeycar simulator

- Purpose:




64161034_ATHIRE (BMFE) IOAHR

Science Center Exercise Room

Experience the sequence of data acquisition, learning, and inference necessary to use
machine learning, and create data to

15

B | WS E0RE Il -2- 78 | UToEE% £
31 H (%) BHRHMFEY 2 —& | - BEER:
BEICTEREEE L TER Donkeycar simulator % fi > /- BB E{TRER
- BRY:
WP EZFART 27-OICRER, T—XOBE, FE, #HERO—FEORNETREEL,
BESNIL—R Ty 0% 1ATD-ODT—RE(ERT S
= | Applications of Machine | Perform the following exercises in two parts
Learning Il -2- Held as an | - self-driving:

intensive exercise on July 31

Autonomous driving experiment using Donkeycar simulator

(Friday) at the
Science Center Exercise Room

Information | - Purpose:
Experience the sequence of data acquisition, learning, and inference necessary to use

machine learning, and create data to

JB1&515 Prerequisite(s)

H

e

ZE

RERHENLE (FF -

Required study time, Preparation and review

BE%)

B | #&%<Tld Moodle #5FA L £, <Moodle [ A& (BWFE) KA 1 2026] ICZEHFL LIV >
IE%%@EﬁE@EEﬁ’FHﬂW@#EEWéﬂ’CL\ ElRN
Moodle R—=JICT7 7 X L CTREBEERNZ ZECZE W0 ]
1) EWABLrLOSMEEDL T, BRFBEZELRXHREICCHAT A2 BIEL T, Z#EL TEIL,
2) ®ZI4 online TfTL\, Moodle Z5FH L £3, BEOKREANRZFE L. Moodle ICHEEZT DT, BEFITHILHWVES
Bh-o7zb, BTIELEZ L,
1EE~IIEBRA T4 v ceEH 3RFMEICEREL 9, HMAHRIX Moodle 2 ZEBLC &1,
4) 12 [@B~15 @ BEDEZIE CISEZEICTHET7T A3l H (%) 1KHAE~4KEABICEBFTETT, BEANBRZLUTICRE
HLET
- SEBORR
AT % Network DB, X5 LDER
Simulator A5 OENE S D EIS
Google Colaboratory(F 721 GPU) & - 7= %%
Simulator & Python %1{# > 7=#5w, RUOETEER
T | 1) Itis advisable to take this course after taking linear algebra.

2) We also welcome students from mechanical and materials fields. Please take this course with the aim of applying machine
learning to master's thesis research.

3) All lessons will be conducted online and Moodle will be used. We will record the content of each lesson and post it on
Moodle, so if you have any questions during the lesson, please see later.

4) The 1st to 11th classes will be held online on Friday 13:10-14:20. Please refer to Moodle page for the detail.

5) The 12th and 15th exercises will be conducted face-to-face on July 31 8:50-16:00 at CIS exercise room. Information about
the exercises is listed below

--Required knowledge: Hierarchical neural network (convolution, fully connected layer)
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--Necessary development environment / equipment / tools
Windows or Linux machine

Google Colaboratory or GPU

Joystick (Logitech Joypad)

--Exercise content

Understanding the network used, understanding the system
Getting the teacher signal from the Simulator

Learning with Google Colaboratory (or GPU)

Inference and running experiments using Simulator and Python

HRE 5EZE Textbooks/Reference Books

B | #%RE ;8 aE B0 . ATHEE—Al OB, SRR, HI7HHAR, ISBN: 978-4-320-12419-6
sEE;

[1] AIHgem. i BE_E \/\4%& ISBN4-320-12116-3

[2] # L WATTRIEE (ﬁﬁ* f®). BIE P&, BARK XREFZ. F— Lt ISBN4-274-13179

[3] #FHHEARIFU - AILHEE, 5%D B—EB, BEZ. #— L%, ISBN4-274-13200-5

[4] Artificial Intelligence: a moder

Bt

Textbooks; Zhao Koufu, Higuchi Tatsuo, Artificial Intelligence-From Al Basics to Intellectual Search, Kyoritsu Shuppan, ISBN:
978-4-320-12419-6

Reference book;

[1] ATHEedER. FoE H . HIHAR. ISBN4-320-12116-3

[2] 3L WATARE (;Et BER) . B PR BA SORHIFE. A — L4 ISBN4-274-13179

(3] HMARIEL U—X, ALK, #EO BB, GET., 4 —L%t, ISBN4-274-13200-5

[4] Artificial Intelligence: a modern approach, S. Russell and P. Norvig, Prentice Hall, ISBN0-13-080302-2

BEREMm D =R O EXE Grading Policy

H | 1) Homework EREL ~JL :5F& 60 ST

BRE (or BE) O, [7ALIVXLOHRBICET 2R ETAT 5] RE, B IBE~F 11 BIX. FEARICET 2HRE,
COBRBEEETRHINIE 60 =,

€ 2) Homework JSAHEREL ~NL:FES61~69 5

& (or SBE) W, LR D) ICIMAT. [TV I LORTERROE L HETHRT 51 FE, 707 7 LIEZITDULTUE Python
& Google Colaboratory #EIfE5 FETY, —MBOBEBRTIITRD AQ #FEWET GEHIZHER

i

@ 1) Homework basic level: 60 points or less

Among the homework (or exercises), the task of "complete the description of the algorithm explanation". For the 8th to 10th
classes, questions about each lecture.

60 points if you submit all the assignments.

@ 2) Homework application basic level: 61 to 69 points

Of the homework (or practice), in addition to 1) above, the task of "complete the execution of the program and the summary
of the results". | plan to mainly use Python and Google Colaboratory for programming exercises. The following AOJ will be
used in some lectures (details will be provided and explained during the lecture)

@ 3) Homework Challenge Level (including project-style exercises; for the 8th to 10th classes, additional report might be
given.): 70 to 100 points

(1) Submit a program at AOJ and strive to acquire higher abilities.

Reference: AOJ (Aizu Online Judge: onlinejudge.u-aizu.ac.jp) is an online scoring system for programming problems that
anyone can use.

(2) Participate in the "Monozukuri Project" (corresponding to Lectures 12-15, scheduled to be held on July 31 (Friday) at the
university's laboratory) to acquire application and practical skills . In consideration of students who cannot participate on
July 31, we will present online exercises.

Details will also be described in Moodle

B EE18% Point to consider

B
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