ISSN 2758-9870

SWEHUAR ML ST K22 B K5
e R

Bulletin of
Advanced Institute of Industrial Technology

W17 5

2024 4 2 H

HORUAR N P SR B R 2B R



H¥X CONTENTS

XX  Regular Papers

Ensemble3D: Interactive 3d scene creation system with multiple roles and devices
Takuya Arakawa Mai Terai Takeshi Kiuchi Tomohiro Ikeda Satoe Kojima Hiroaki Tobita «-«-«-----+ 1

W ¥ & Hug iR B o>l e Pk
Cryptocurrency and Regional Development

WA 70 Hiroaki Itakura -« 6

mp

EBEXOMETTE 2 EEGWEIET 0L R [[O0ADEHR] Bl Z2HE LT
Development planning and implementation methods of exhibition and products: A case study for the exhibition of “secret
gadgets”
FHH ZEM HWOEE W T WL A KR Bk
Tatsuo Yoshida Shogo Miyasaka Motoko Mito Yoshiro Kawakami Keita Ota Jun Ito -=wocoeeee 11

by 2BEOT =% T 7 F v kL R EREL b T v 2l RS oo Bk
Relevance of the architectural characteristics of truck products and the structure of the china heavy truck market
+ W% Zhonggi Wang - 21

Y AT AR MRIFEICBIT B HNEE oA
Survey of in-house education in IT system vendors
R BF R FE
Shuji Kinoshita Koji Okuno =«++eee- 26

NA Ty FI— 27 TH L B IHIE A & ATH IR O TN T 2 ISR OHE%R & BEE
Proposal and verification of solutions to the information gap and mutual understanding issues that arise in hybrid work
B EEF KR BT NUHE RS B e R BME R KRR Wi Ky ok BR
Nanako Ushifusa Riko Otsuka Hiroki Oyamada Norio Kishimoto
Jubei Shindo Yutaro Matsuo Daisuke Kasai Shigeomi Koshimizu «-+-+-+-+ 31

EHRBEEROWY OHH LI —C ARy MalF7F v b7+ — A
Analysis of traditional performing arts choreography and a platform concept for service robot choreography
B HEEZ AR
Masahiko Narita Hisashi Hayashi -«---++--- 42



% S SCWIEAL & AN o J5

A multidimensional model of the world history of civilizational evolutions
ATH 7o Mitsuhiro Maeda

D Word & BTX 7 ¥ 7V — 1% CCBY 4.0 54 £t Y ATRAMT 5
Publishing Word and ETEX bulletin templates under a CC BY 4.0 license
A 92 Minoru Matsui

WHGEEZFIEG IS B 25X 70 O HIE LICE 1T 5588w T
Regarding the impact of the review of market classification at the Tokyo Stock Exchange
1l {2 Hiroyuki Maruyama

TIVYA NSO TR Y2y bR YA Y MEBEICLE LN
The competencies required for project management execution in agile development
A B— =4 X LA RE R

Ryoichi Kimura Kiyomi Miyoshi Yasunobu Kino

A2 T AR T — 27 2 3 v TORKBHF L YT ot X
Case study of scrum development simulation workshop and development process
GIRRE B W i = = & XA
Mari Tanikawa Chong Ma Yoshikazu Tokoro Kiyomi Miyoshi

Preparation of case study on the beginnings of public bathhouses

Yusuke Miyoshi Shogo Kamei

A classification and improvement method of metaheuristic algorithms based on complex networks

Yifei Yang Chaofeng Zhang Wenbin Wang Haichuan Yang Yuichi Nagata

BRIE A MBS W72 RS SCOR TR/ OHEEIC N-gram & @ L7220 Fi&
Analysis method of applying N-gram for estimating factor scores of statements posted at Q&A site
#ill At Yuya Yokoyama



3t Review Papers

TS5 3I VT EW Rust I2& % Linux 754 2 F 54 1DRi3E
Development of a Linux device driver by the Rust programming language
JBJI 15— Shuichi Oikawa === 107

A comprehensive survey of digital watermarking techniques

Xuping Huang - 112

HADOREEEE (MEALERAM OFR) OBEIER : YFEFOLT ) Y TRHELSNAINVT A Ay ¥ a v PLDOER
Specific developments for the education of creativity in Japan (development of value-creating human resource): Insights from
interviews and panel discussions with parties involved.

il A EE E

Shinji Takashima Shigeaki Sugawara ===+ 117

PBL RIHFICB T LT VX A VAMBERD T Z 7 7 4 Z:2023 4EFEDFH
Practice of agile development engineers in PBL: A case in 2023
ek RS KRB EA SRk BEA il K PH % Fablanmarcelo Fernandez JK¥F 2 HE K
Yoshihide Chubachi Hiroto Ono Maki Suzuki Kento Nakayama Hijiri Hirata

Fabianmarcelo Fernandez Hibiki Mizuno Dai Miyahara ===+ 125

BRI BIT AL /) R—=Va v
Innovation in the construction industry
FiH i Satoshi Yoshida <+ 129

WiZed#  Short Notes

FDM X 3D 7Y Y #IGEM L0 X b7 v 7 AEIT X 2 KEWES OS]
Large-scale artwork modeling by lost wax casting using FDM 3D printer
it i &  Toshiharu Igarashi --------- 135

WERPLEREHIE DS AMIBY 7V 7 + VB R v b ORFRIIZE
Development of an anthropomorphic saxophonist robot based on instrument-centered design
Wil AL &R FAT TR RS O R ml R
Jun Uchiyma Toshiyuki Hashimoto Yoshio Kondo Jia-Yeu LIN Atsuo Takanishi «-«+-+-- 138

ANEENHREF ) 74 FHREEZTO»
Why do people cause information security incidents?
BLE Ht2  Masayuki Okuhara == 146



BEEHRPS IO 7= D O NG > A 7 A
Pedestrian flow control system for preventing crowd crush
NBRORRAAE JELED VEEF FOME R RS IR EE] AR
Maika Ono Go Inoue Kazuaki Nishino Junyu Li Atsushi Shibata Hisashi Hayashi

FIINTNA AR N V== 77 7Y r— a Y& L7 RSB 9 2 %8
Research on color emotion using color scheme training applications for digital devices
WU KA KB RE I Bl Bk BE
Daisuke Kasai Aya Ono Takaki Orito Shigeomi Koshimizu

5% Wkt 3 5 72D DILHLA DA
An architecture for achieving continuous learning
AN T I A N

Hiroshi Koyama Shoji Matsumoto

Reception tendency of Quasi-Zenith Satellite System (QZSS) L1S ” disaster crisis report” signal

Keiko Shimazu

* VT4 & B BIET B
Online dementia prevention
H#E8H: B— Ken-ichi Tabei

PBLEHIHRER DM 727 ¥ o — MO FM « 55—
Questionnaire survey for the establishment of PBL assessment scale : 1st report
AU BB R T AR R
Takaaki Hosoda Koji Okazaki Tokuro Matsuo

HEANBEHZ = VA Y MA T AL FOREROZORG
Proposal and design of enrollment management for working adult education
B FEOEAR R
Chisato Makino Hiroshi Hashimoto

TS FESE IR D B2 APk Lo R4
Proposal for improving the safety of stepladder work
ol RN S
Yoshihito Minowa Hideki Murakoshi



REMPUELERBTKERKTE Advanced Institute of Industrial Technology Bulletin Vol 17

Ensemble3D: Interactive 3d scene creation system with multiple roles and de-
vices

Takuya Arakawa!® Mai Terai' Takeshi Kiuchi' Tomohiro Ikeda' Satoe Kojima' Hiroaki Tobita'

'Advanced Institute of Industrial Technology
“Corresponding author: Takuya Arakawa, takuya.arakawa@unity3d.com

Abstract  We present ensemble3D, a shared virtual world to create 3D content such as video games and CG movies. Generally, 3D content is created
by multiple professionals who have different specialties. For instance, creators design 3D objects and scenes, while directors check the designs to
develop the quality. However, each task is achieved by different individual workspaces, so much time is spent combining the results and completing
the content. Therefore, we designed a shared virtual world that allows creators and directors to share a 3D scene at the same time. In the joint
workspace, the director’s comments and requests are smoothly responded to by creators. Moreover, our system supports multiple devices, such as

HMD, tablets, and PC. In this paper, we describe our ensemble3D, focusing on the concept, design, and implementation.

Keywords 3d cg; interactive cg; shared virtual world; multiple roles

1 Introduction

With the development of 3D computer graphics (CG) techniques,
we can experience rich 3D CG in countless video games and movies.
For example, software technology provides a wide variety of expres-
sions, and high-speed hardware technology supports effective render-
ing of the expressions. In hardware technology, the graphics pro-
cessing unit (GPU) has been getting cheaper, so we can see 3D CG
operated smoothly without any delay. Additionally, a wide variety of
devices that can use 3D CG have appeared; even some mobile devices
support GPU. Head-mounted display (HMD) allows users to reach
deep into the 3D world and interact intuitively with virtual worlds.
The wearer can change his/her view direction just by changing his/her
head angle. However, much time is spent creating video games and
movies with 3D CG, because content creation requires many different
roles and tasks.

The process of 3D CG content creation has remained virtually the
same since 3D CG became used for game and movie content. 3D con-
tent creation is divided into several parts and roles. First, a storyboard
is created to share the director's images of the content with rough
drawings. Next, 3D designers create scenes, characters, and effects to
complete the designed 3D world. In this case, designers use modeling
applications personally, and programmers add motion and behavior to
3D static objects. Then, directors check the quality of the content and
comment on it or request changes to fit their image. Directors must
take responsibility for whether the content is accepted by consumers
or not. These two processes—shifting between the director's com-
ments and the creator's responses—continue until the director is sat-
isfied with the quality of the content. These processes between the
creators and the directors are the most time-consuming step. Thus, it
is essential to provide an effective method for the director to check
3D content and for the creator to respond smoothly to the director's

reactions.
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work on the same scene simultaneously.

To establish smooth communication between director and creator,
aremarkable user interface must be designed, because the director and
the creator need different functions. The director's role is to browse
and check the designed 3D scene, so a browsing function is essential.
In contrast, the creator's role is to create and edit the 3D scene, so
some graphical user interfaces (GUIs) supporting creation activities
(e.g., setting and modifying objects) are needed. Thus, the system
should be carefully designed to provide sufficient workspace to sup-
port each task.

Therefore, we have developed Ensemble3D, which allows directors
and creators to share the 3D world simultaneously (Fig. 1). We pro-
vide a shared virtual world in which director and creator can com-
municate smoothly. In our shared virtual world, the directors can wear
an HMD or use a mobile device/PC to check 3D content, and the cre-
ators can edit 3D content depending on the director's comments.
Moreover, the shared world supports multiple directors and creators
in the same 3D scene, so a creator can response a director’s request
quickly. The system[1] can hold a maximum of twenty participants.
In this paper, we describe our Ensemble3D focusing on design, im-

plementation, and demonstration.
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2  Ensemble3D

Our Ensemble3D is a shared virtual 3D scene that simultaneously
allows creators to design and create 3D content and allows directors
to check and browse the content. In our current prototype, we focus
on a 3D scene creation, because 3D scenes are a base element in the

creation of video games and movies.

2.1 Ensemble3D design

Our approach has two features that enable seamless and effective
communication and collaboration between directors and creators.

One feature is that our system supports multiple directors and cre-
ators in the shared virtual world. Storyboard[2] effectively provided a
shared workspace that allows a creator to sketch animation content
and a director to check the drawing in a 3D scene. However, the sys-
tem only supported a single creator and director. In contrast, we de-
signed a unique workspace as a virtual 3D scene that allows multiple
directors and creators to work on different tasks. Generally, many cre-
ation tasks and processes go into content creation, so multiple creators
create content more effectively than a single creator. Although many
systems share 2D documentation and drawing workspaces across
multiple users, 3D shared workspaces are not as mature.

The other feature is that our system supports unique communica-
tion in both the virtual and the real world. To enhance collaboration
and communication, we provide two communication models. One
model is a collaboration among creators and directors through a vir-
tual 3D scene in which 3D scenes and objects are shared. In this col-
laboration, multiple creators design and create 3D objects and scenes,
and multiple directors check them interactively. The other model is
oral communication among creators and directors in the real world,
through a meeting space in the real world. In this case, directors give
comments to each creator directly, and the directors can see both the
results and processes of 3D scene creation. The 3D scene is directly
changed by the creators' activities. Additionally, creators can check
directors' behaviors. Fig. 2 shows an example of how a director and
three creators communicate with each other. The director comments
on a 3D scene, and creators modify the scene depending on the com-

ments.

2.2 Creator

The system provides the creator's GUIs, which contain predefined
3D objects to support the creator's activities. The creator's workspace
is divided into two areas, a shared 3D scene and GUI areas, which
supports the creator's activities, including creating and editing objects
(Fig. 3). In this example, a director (represented by a white avatar)
joins and browses the scene. An orange cube appears above an object
when a director sees it. Thus, here the creator understands that the

director is focusing on the house.
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Fig. 2 Creation by two creators. When one creator sets a new

building, it appears in the other creator’s workspace.

2D bird's-eye

view

A x x x =

n =] =]

-

Avatar
(Director)

. Multiple Avatars

Fig. 3 Director’s UI: Each director browses the 3D scene and is
represented by a simple avatar (top). If multiple directors attend the

same 3D scene, multiple avatars appear (bottom).

In the shared 3D scene area, creators can select a viewpoint from
both 2D and 3D views. From the 2D viewpoint, they can see the entire
scene in a bird’s-eye view and can set 3D objects roughly. From the
3D viewpoint, they can see the 3D scene in detail and can adjust the
position, scale, and direction of 3D objects.

In addition, a creator can see other creators and directors who join

the 3D scene. Fig. 3 shows a simple example of two creators sharing
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the same virtual world. When one creator sets a new building, it ap-
pears in the other creator’s workspace. As in this example, two crea-
tors can share a task, and each participant can recognize what the other
participant is doing just by seeing the 3D scene.

The system provides some GUIs that contain predefined datasets
and edit functions. Several types of object data (such as 3D models
and 2D images) are included in the GUI area, so creators can select
an object from the datasets and put it into the 3D world. After setting
the object, they can edit it by manipulating transform sliders in the
GUI area, such as by changing position, size, and rotation. By contin-
uously using these manipulations, creators create 3D scenes. Alt-
hough our current prototype does not provide modeling functions, cre-
ators can import external 3D models and 2D images and use them as

a part of the datasets to create a 3D scene.

Fig. 4 Multiple devices and participants: directors can choose
HMD or mobile devices to browse a shared virtual world (top left).
Multiple participants share the same 3D scene (top right). When a di-

rector wears an HMD, his/her avatar does not appear (bottom).

2.3 Director

The system supports the possibility for multiple devices (e.g., HMD
and mobile devices) to browse a 3D scene. The director's workspace
is divided into two: a 2D bird's-eye view and a 3D scene browsing
area. Through the bird's-eye view, a director can see the entire scene
and where other directors are. In the browsing area, the director can
move around the 3D scene and change his/her view angle in order to
see each object in detail.

A director appears as an avatar when s/he joins a shared virtual
scene. Each avatar is represented by a simple shape and the user's
name. If multiple directors attend the same 3D scene, multiple avatars
appear at the same time. One’s own avatar appears as a blue shape,

while others appear as white shapes. Through the avatar's position and

Advanced Institute of Industrial Technology Bulletin Vol 17

angle, creators can know where each director is and what he/she is

looking at.

l 4

Lol N Swiilll

Creator "
Director

Fig. 5 Ensemble creation: A creator and director communicate

with each other and created content interactively.
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Creator Ul (Multiple) g=

Scene edit module

- Send manipulation data
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- Receive director’s data

E - Send scene data

Scene browse module

- Receive scene data

- Send manipulation data
- Receive director’s data

Fig. 6 Ensemble creation: A creator and director communicated with each other and created content interactively.

Our system allows users to browse the virtual world with both PC
and HMD (Fig. 4 (top)). With a PC, a director can manipulate arrow
keys to move forward, backward, left, and right. With an HMD, a di-
rector can browse the virtual world with a joystick and look around
just by changing his/her head direction. When a director wears an
HMD, his/her avatar does not appear (Fig. 4 (bottom)). In this Fig.,

an orange cube appears above an object when a director sees it.

2.4 Example of 3D Scene Creation

Here, we demonstrate how a 3D scene is created with our system.
Unlike conventional systems[3, 4], the director can check both the re-
sults and the processes of the 3D scene creation. Fig. 5 shows how the
creator and director create a 3D scene. In Fig. 5 (1), a creator (Fig. 5
(1-left)) and a director (Fig. 5 (1-right)) attend a shared virtual world
and use different Uls. The director is represented by a blue avatar. If
the creator sets objects in his/her workspace, the objects immediately
appear in the director's view, because they share the same 3D scene
(Fig. 5 (2, 3)). In Fig. 5 (4), the director requests that a building size
be changed, so the creator changes the size interactively. Finally, the
3D scene is created (Fig. 5 (5, 6)). With an HMD, the director can
browse a 3D scene naturally, so he/she can change his/her view in the

scene just by changing his/her face direction.

3 Implementation

Fig. 6 shows the overview of our implementation, which contains
two user interfaces and two servers. As our system allows multiple
directors and creators to join the same 3D scene simultaneously, every
manipulation by a participant is done through the cloud server.

In the user interface parts, we implement two user interfaces for
directors and creators by using Unity[5] to achieve our design. The

creator interface provides template 3D objects (e.g., houses, trees,

buildings) for creators to design a simple 3D scene. Unity also sup-
ports multiple devices (e.g., PC, smartphone, tablet, and HMD), so
our system can be installed on multiple devices without special set-
tings. For creators, the server stores their manipulations like creating,
transforming, and deleting objects. For directors, the server stores
their path, or how they moved around a 3D scene.

As for the servers, we use two cloud servers to achieve a shared
virtual world and support multiple users successfully. One server rec-
ords scene data and participants’ behavior logs. In terms of scene data,
the server stores 3D models, materials, transformations (e.g., position,
size, and rotation), and environmental information (e.g., lighting and
camera). In terms of participants’ behaviors, the server stores both di-
rectors’ and creators’ manipulations. The second server handles com-
munication information to reflect each participant’s manipulations in
the shared virtual world. AS found in simple tests, our system can treat

twenty creator and director participants in the same 3D scene.

4  Discussion

Although we have not finished practical user tests, we discuss our
system based on the comments and reactions we have received
through our demonstrations.

Our system allows multiple directors and creators to attend the
same 3D scene and create 3D content effectively. Our design concept
was well accepted by observers. In our system, a director who wears
an HMD can experience a creator’s manipulations immediately, as the
director’s comments are quickly implemented by creators who share
the same 3D scene. Furthermore, our system can support a wide vari-
ety of collaborations. Generally, the number of creators and directors
varies depending on the content. The quality of a PC game is higher
than the quality of a smartphone game. Our system can flexibly con-

trol the number of participants, so we think that our system could be
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useful for a range of games, from simple smartphone games to com-
plex PC games.

In our current prototype, creators can only use template 3D object
data. Although our system can load and use 3D data created by other
modeling software, interactions in our system are limited. Materials
and effects in particular are not supported. Although our target user is
non-professionals, simple interactions are needed. We are planning to
develop our system to create a more complex scene and co-create con-
tent with simple interactions[6-8]. Also, navigation techniques are im-
portant to move a target and focus area quickly. We will combine our
system with other interaction techniques[9] to achieve more natural
navigation.

Some visitors commented on online communications. We were pri-
marily concerned with content creation in a local environment, where
directors and creators are in the same room. Although we provide
online communication options by integrating with Skype and Face-
book, directors and creators have to use different workspaces. Due to
this gap, users have to see both workspaces. To achieve more natural
communication between the virtual and the real world, we will de-

velop our system to support both in the same workspace.

5 Conclusion

We described Ensemble3D, which is a shared virtual 3D system to
enhance creation and communication. In our system, multiple creators
and directors could share the same 3D scene. In the joint workspace,
the director’s comments and requests were smoothly responded to by
creators. We discussed the design and implementation and then
showed how to use our system.

After developing our system further to provide more effective in-

teractions, we will evaluate our system through practical user tests.
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Abstract

Along with the development of blockchain, there is an urgent need to respond to social issues. I would like to explore the social impact

from the perspective that blockchain will change from centralized to Decentralized Autonomous Organization (DAQO). The "Yamakoshi Residents'
Meeting" has established a DAO in the former Yamakoshi Village, which suffered significant damage during the Niigata Chuetsu Earthquake and is
now part of the Yamakoshi District in Nagaoka City, utilizing NFTs to enable people living outside the region to participate in community development.
Specifically, they raise funds by selling art inspired by Nishikigoi as "Digital Residency Certificates" to individuals outside the community through
NFTs. Furthermore, those who purchase these certificates can engage with local residents in virtual spaces on the internet and collaborate on gener-

ating ideas for problem-solving.

Keywords Cryptocurrency; Blockchain; DAO (Decentralized Autonomous Organization); NFT( Non-Fungible Token); Yamakoshi Village
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Development planning and implementation methods of exhibition and products: A case study for the exhibition of “secret gadgets”

S S e ME D R R Wk YT ORI ok gk T
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Abstract

As part of the PBL project, we planned and held our own exhibition to display the results obtained through PBL activities. By holding this

exhibition, we gained a lot of knowledge that will help us hold future exhibitions for followers.

Keywords exhibition planning; project-based learning; reskilling
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Relevance of the architectural characteristics of truck products and the structure of the china heavy truck market
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Abstract

Since the beginning of the 21st century, China's truck market has been rapidly expanding, especially for the heavy truck, which now

account for 70% of the global market. However, the composition of the Chinese heavy truck market is quite different from that of the passenger car
market, creating a situation where national brands dominate. Through an architectural analysis of truck product characteristics, this study clarifies the
reasons for the formation of the Chinese heavy truck market and discovers the dualistic structure of the Chinese truck market, a market structure in

which price and performance coexist.

Keywords heavy truck; china commercial vehicle market; product architecture
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Abstract

This paper summarizes the results of a questionnaire survey on internal training conducted by the authors in February 2023 for IT system

vendors in Japan. The survey results have been statistically processed to exclude information that could identify specific companies. It is clear that
many companies are aware of the challenges they face in both new employee training and subsequent employee training.
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Proposal and verification of solutions to the information gap and mutual understanding issues that arise in hybrid work
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Abstract  After the corona disaster, “hybrid work”, in which office workers and remote workers coexist in the same workplace, has become main-
stream. In-depth interviews revealed two new problems: “information gap due to deterioration of communication between office and remote” and
“colleagues’ information cannot be accumulated because they cannot see their faces”. In response to these problems, we devised a countermeasure
based on three elements: a 360-degree camera, a hologram device, synthesis of skill information and the person, and demonstrated its effectiveness

through user tests. Based on the above results, we propose a new future workplace.

Keywords hybrid work; hologram device; skill information; transactive memory system
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Analysis of traditional performing arts choreography and a platform concept for service robot choreography

B HEE M AE!
Masahiko Narita!” Hisashi Hayashi !

VRN BE SE R R B R%E  Advanced Institute of Industrial Technology
‘Corresponding author: Masahiko Narita, narita-masahiko@aiit.ac.jp

Abstract  We are conducting research with the goal of utilizing the accumulation and knowledge of traditional performing arts for communication
between service robots and humans. We have already modeled, developed, and evaluated OSONO, a robot based on Joruri puppets, and proposed a
method for systematizing the choreography of Ningyo Joruri based on "associative model" that derives the choreography from the acting script of the
performance. On the other hand, Noh has influenced the performing arts since its inception, and also incorporating many performing arts. Therefore,
we are interested in analyzing the choreography of traditional performing arts, including Noh, and its application to service robots. This paper proposes
an extension of "associative model" to analyze also Noh choreography commonly, and, a research story on Noh for the service robots, specially, we
introduce an early plan of a choreography platform that utilizes traditional performing arts for communication between service robots and people.

Keywords choreography; service robot; joruri puppets; noh dance; traditional japanese performing art
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A multidimensional model of the world history of civilizational evolutions

AiTEH FEi
Mitsuhiro Maeda!”

VHURERT BESE AT K2 BERY: Advanced Institute of Industrial Technology
"Corresponding author: Mitsuhiro Maeda, maeda-mitsuhiro@aiit.ac.jp

Abstract  The purpose of this paper is to seek for strategies of overcoming systemic risks of the modern civilization, by examining a long range
dynamism of the world history of civilizational evolution. This paper tries to establish a new multidimensional model of the world history of civiliza-
tional evolutions by following four preceding studies. The first is the Endogenous Modernization model based on ‘augmented household’ analysis
developed by KOMABA school in 1970s and 1980s which explained that ‘augmented household’ is a nucleus entity of modernization. The second is
the Future-oriented and Past-oriented Model by Shumpei Kumon. This model describes the world history as an alteration between two different types
of civilizations. The third is the Independent-brain and Collaborative-brain Model by Tsutomu Oohashi. The uniqueness of this model is adopting
methods of cerebrophysiology in an analysis of civilizations. The fourth is the Brain Functional Analysis of Civilizations (BFAC) by the author. This
analysis shows three different types of civilizations according to mainly activated parts in the brain. This paper seeks to figure out a new world system
theory by arranging the agglomeration of the above preceding studies in the framework of the Central-Peripheral Model of the world system by
Wallerstein, and finally shows a new dual-layer dynamic model of central civilizations and peripheral civilizations. In this model, an initiative of civili-
zational evolutions will be brought by an encounter between central and peripheral civilizations and transformation of central civilizations conse-

quently brought by an encounter.

Keywords civilizational evolution; endogenous modernization; ‘augmented household’; Brain Functional Analysis of Civilizations (BFAC); peripheral

civilizations

1 KWFE o HBY & B E

AR, HIERHE S R BS K oF LI RMEICER LT, Zh
LoFITiZ, OB D Sy F7 — 27 TIIIHLET 2 2 L AT
ERVERRDIDOIAA LS v, ZNOLOEKRAMEDS 1%,
ZORIFIERCIADHEZ Db DICH Y, FN b ~DAKKEHY
XD 7= @it IERSCIADREE Z D b DTk 3 5 a3 44
BTh D,

AR CTIE, 2D XS i AOHEZ D b D IR T 3
BRAEMEZ LR XHDO > 2T Iy 7 - YR, EIER, 5H
BRI AL CE#HEIN TR Y AT Iy 7 - Y22 LTI,
Bz E, HIBREREIFE, §0F L wiEfE, MR 27 aics T
ZEEE & FEE EE (Fa - s F T R) LORIERDH
%,

AEIE, 2RO XTI v 27 - YR IZ~DORIED DI
ERSCHOEIEZ O b DICH T 2 AN MG B0 ETH
& ORI D | GERAOHE R . A O S sE Lo
EHR s cBwTigA X5 T2dbDTH S,

MZvide 23CH S FEfflofGE L & bic, Z 0EEARI i
EEZLET T, 202z, K oREIc X >TEL S
R E o PR, $EAR Ak 4 R ZBAICTEIG L, YO fE
HEEBT2b0THB T b, XHDENL (civilizational
evolution) &MEXRZ &R TE L, AL, B oFEL &
bic, ZoEARNZEEEEL S LT Tt LR 5,
WEARSCIA DAL 1 EARSCIHZ D b D A3k EZERT DK % 7B
DHDHILATH 5720 O THHITIE RS e R WA %
ELDbOTH 2 L IFBBICE v, —J5 T ERSUHD XX
HTHh 2L, »2RERAFE Lot XSSz b DL
FERED XA F IR LRWBZ L2 b EBHEICH
T2\,

AWFFED, MEEILGERCHS A2 AT Iy 7 - U R
7 ~DOMIFHETH BICHBED ST, FhEH O CHEL hE o i
TRV, coBEBICX 3,

Received: 2023-10-29; Published online: 2024-02-29

ERSUAPREEML TS24 DY AT Iv - YRIIC
ML T ZZoicid, HOO XL LToiE2 2 X &,
YR X 42 2 L RSB B, A0 BRI, T
DML DITETEERH S I L, % D720 DB 2SS 2
ETHB, DX ME EED 320 0FERE LT, KB
Zeld. HME OSSR BlO SR I Y M, MREEGRIZ. &
RXABIEAZ B AT I v 7 - YR ZICRILT 220D X
ST E R T NRIER W, Ewd 2 Th B,
HEF 2RO RICRE L THRE 2K T 5 2 & 3@y Tdh
2L i3FEZ bNE NV, EROCHE . AFEEUT M O SCHHE LS
oM EicEE  GERCAE W RREOIHICHET 2 2 &k
LR~ SRS, AR, SRS 24 0 RS HiER SR o
XHOHETD X4 F I XL ZML 2o, BRI RO
MEMA2bDTH 3,

R CIE. BEICEE < o SCIRMEL s BLICBE 3 2 e Tt 9E 0356
KINTETWE, =, TLbD% BT, A
DL DML D JTFMEIT DI AT EREE LTREES N
TW3LEEARY, TOLDARIFETIE, 2% DREAT
IO EZE+oicEE 22o0b, TF AL LTIE, FHEOH
L SCHRE L SRl o SR I Y A T,

AfECiE, 1, AFESI - CTD
WFge D AT D R i 5,

B, XAHIES K OMREEOBCBELEFETE T35
MR CTH 2 —FH. ZDHEMC D TEFFH—INzd DB
H5ERBTOHCRRICH B, ZODEITIIFRO R Z I E
ZTH L WSO SR Lo REEICHE D 5 & 3, &3 IEfE I
2 O SCHHEL SR BT ZE O RFEIC B RENICILD Z & BT
L% b,

AHFFE AL - T L2 SCHAMEAL SR B SE 0 REE I3 BARE < H %,

AL, W EFRE, AXBRTFE DY 3 [EEGFAIR] 1 X
> T 1970 FERFKICHIE & 2% ZHSCHEE BB o R 381 aT
D, ZOWHHAOWFFERE IR L5 - ASCRT - eI = AR,

Feits O SCHEAL S8l

48



RRBIULEERMAERKT

X LT ois GED KEewonTw320, AW
Tz NE, [4the] % RASCAME R & s,

2000 FITAXEFIC X 0 EHRES (Infosocionomics) & \»
SHT L WA I NS &, [BSFIR] D% RHCH
S EE, 2 OEARWNLRE X TR BEEST 2 2 D07 73U
ML BEoETAREL Lot B1DETFT AR, O
Xt & ERSCIHOHIPA (16 HEACH X LARE) 1ICRAE L 72 1
KFERILET AV TH L, H2DET VIE ABTFIC X 5T,
EBMISCOA & Rkifm B XHD 2 M oM RIc ko TF &
WONTEETATH D, BBIDHE2DET NI, HHRIELSY
g e LCRIZEDR S 0 i & e AR iF52id. 2020
ERICERESFONIRE LCoIGHBERTE S (Applied
Infosocionomics) PRI NTLED Z L TH b, AWK TIZ
T NEFHT YT XA LSCHAECR L, LIRS,

—77 1980 FEALARE, [Bi5~AIR] & ko AR % K
Wi T, KIBHE Z0WiE /A —FickoC, MEDS R
AL SR B DR A HE D STz, & DRFFEAEE AR, 2019 42>
5 2022 FICHF T, BAEFEO AR OER (F2) &
LT EEeDON, T2 TRINEMECHELEE D
BUSCEHL-b 0%, AWfgECld, HERCCE R, L0
B

HUERSCIAMEAL S LI . SCIH D RFFE I R 2 % R I8 A $
2EVIMDTCL=— 7 RIjiEimERD DDOTH B, FiR
T % SCHHEAL S B I LAY 72 % R W ST E(L SR Bl o TR 0 b
DTH Y., [EGFIR] ©% R HSCHMEL LB & BRIED v
bDTHDELEDZILNBTEL, 2D &H b, 2022 FFITiE,
ko oo B 0 3 FH SR S L sEBlic B W CH W b s
2= — 7 KR ERNICER L, 20 EHRD (?) 585
FIR] BT 5% R SCIHE(L S Bl oo M A A BER 3 5 SCIAE
sl & U C i aE SCH 4 4T (Brain Functional Analysis of
Civilizations : BFAC) 23Ffl#h & 41,2022 4F 9 H i % O #klE 28,
HAGE & 38 TR AR X L7z (3 3), & 2 T3, ke
DB A B HE 3 M CIRZ BB REINT WS, ThE
ARIFZEClE. MEBERESCHAD AT SCHAME L sE B & o 5,

PLEo X5, KifFgeid, [4 =thi | % R0 SCtE(L s,
HHE S r e 7, Biffio 7 24 L SCHHE(L s, ik
% 2 S B D 4 o o St LB & e fTiffge e LT
BEE L, Z o ET, B0, DRI X > TH L A
ABYATIv ) AZICHT B 720 O NER Lo &
A FIXLEFIAT 2T A%, MEERE AT IC AT E D& IE
EMAZBZEICEoTHETIZILICRIMBEADDDOTH S,

AR TR T 2. 20X Az CHEER%Z, 7m
— SV N AR SCHAEAL SR B & 55,

LU, 4 2 0 JefTHFZe S O AE SCRA ST D BESE % i~ | K
W7 — N VAR SCIRE L SR Bl B X 5 % TR T

2 T2 L CoLITHE

2.1 M4 4k ] % RE SO L8]
M4 2tk ] % RISCILE B L 12, 1970 FAKRDAKE, |
HRFHELE (FrEit2s5) 2 e LR mIciisEss

Advanced Institute of Industrial Technology Bulletin Vol 17

W &z, BOTHERZ BT L T 2 % R0 SUHMEL £ 7 AR5
TH 5 [BGFIR] OXCHEEBcH 5, RENRTITRE
1979 IR I N L LTOL S| TH L7120,
AFECIE (4 2thax] % RSO R & A,

[4 zH& ] TRENTYBZEAN RS ZHSCHEL B O
Ez2HE. [K1]0#EY TH 5,

O ERBEER EFEEE
- EX(L
plin v | oid T 1.0
BAERE WNED En
EXit Efgle  ERIE i
3-0v7 A - SEFTE
EFE(E ;
iR
CERTERLR
Al
TRAE
FTALSYU—

IRAFE-4E
L 17 b
FRAR
1k A3 EEF
I XL TOA 2t ENCES

1 [XBE LToA THE] OZRMTEELEE (B
(XL LTS THE]
http://ww3.ctt.ne.jp/~seijiham/ishikime/hist/flow/ieshak.html)

[4 2t ] % R SCHEEBLZ O b DDV TiE, fillfE
(FE4) KT~ L Z2ATHEDT, T T, Rtk
U CHRAIIC 7' a — oS 0 N AR Y SCHE AL SR 81 388 2 Rt o
AEERHLCTEBELZELET S,

[4 k& 1% R SCHELSEBlOR KD ERIT, LK (5
Tb ?) HAECHEREY HO TV HEAR (Linear) 7 XA
SR LT, % %M (Multi-direction) R EF A %ER L 72 C
ETH B, HANSCHHMELEBICZOR Y s w» i, Efft
KEWT, RRETHEEI -0y SCENER 72T YT/
77 A, %, I —u v fDillo g % E BN T
Wz LpknwZeickhd, —H, 2RNETLICKD &, 5t
DT YT /T 7Y A, ERSCH & 3R o7 Sl E
AL, HRE2 Y - F T2 REENRRINE L LD,

TDZEE [M1]TREINTWS &I IC, EEELDRIRIC
MEICHNL TV S,

B EZEsE R, il & EELZIRIEE —o& e LTifk-T
Wb, —J7. MU THSHEIR] ©H o> T OB, afift
. BEEA, EEL. KTEHRLo 32082 0HEETH S &
LT, W EREOWRAFICEREZBX TS (E5), # EFEEIC
Xzt EF T, HERAL & BEEGESOEBERE X 3,
Thbb, EELLZNAKOER, BLU0ZENEXX2ICES
il & . Z %L X B IR Ripthy v A7 L OB S5
FERfLIcEENSE ] (E6HLWIDDTH D,

(4 the ] R0 ERlIC X 5 & EElLDYFY
A3, BRASCHELRBTEzZ LWL X o Ica—a v K
B %R L7z &9 i N EEEZEZ T Cld e <, B0kl

49



RRBIULEERMAERKT

DEEDOTTRENED H 2 2 ik B, [[K1] TlE, YR
FHLZAARMRE 2B e § 23 ARDEENL GEMRIL) %,
EMEZRMEELE LT, 2—ny O AFENEEL L Z
oK THBL LTWE, VHEOEEL, GBS, W77
NIEs DK O, HRKE D 1979 4 1ZE/NEIC X 5 SR
PRI REKINZBETH o722 06 [ 2] BMfFEhTn3
booHEOEFEN D . HARRMKIC, EHTRANEELORIE
ZBDTEAR VL ETBERGARINTH B,

FREREL E R3S HICBW TR, 2o #EED 2 D%
DRBORBELZEE 22, 2o LI BRAFICOWTIIE R
HOVBFEZTLIIBETE R\, —J7Z OSCIHMELEBLIL, FEE
{tixz o 3 —1v v Yt (Europeanization) %# &3 %D T
Biawz bR L, EELolsza—ua vy Lr bR
(unbundle) L7z ¢ AEELRBERLFEDL. %R0
LB OBEELBORNA v 7Yy —2avThH b,

BRI SCHHE L B BLIC S DR Y EROCHHE £ A ERIE =
—ay NANTHLLh o BT REEERART 24
LIE A TCHRITT 33 —u Yy SADU- 2R FDEE
PEEE S 2 L ATREIE I a2 B i B, ThicH LTl o5
LI RMEDEZFEZEATLZZLICID, ALIZZD L S 7k
FERE 2 & RS, HE O FE T, A O Z W 2 a1k &
WO XA DED MR ER T 27200 B EoEMIT %
BrZLENTE S,

IR, XHONEREL, Th 3., SCHDHERIZ, BEliE
PP BNEMCREOHE B RESHEERICT 5T
HEMET 2 LItk >THEBET 2, [K1] TREhATHD
A DAL DRRER L. £ THRZ D X 5 e NEREIC X TRl
BEINTni,

ERSCHIC D WTR ERZA T, [EESCHO Bl A+
53C. IO BAT 238 < | MARIFEHIAMKIA & LTy <
WBT 7Y AReT YT oK. BERERIZE A0, 200
ZODOBIBHH—%2EVHT LT ORG TlERV, Lz
T, BELLIEREEILOBH L EM L LT, E¥lLEH
& L 7= 58HER 2 BURIIRE — 035817 L, Z NS UTHikt L
TEEFEALRD ZREEA oL I, EREFMAIREY, 2 LT
Wi EftE o KRR (REAL) B w5y +0dH0 5 3
A9, 1G@E7) LT, —\NicTY7 /7 7Y aliics
F 2 PN 7 AR O MEFR T O W TSR 72 RIR % R L 72,
[4 zt&] oNAER, NENERLoHEET, TBWEEE)
FERPZEMBGIHE & T2 EMANERICEYLT 5 Z Lic
STOAARETH Y, ZhiztERohca—my XL HRICE
WCORERLAEZLZFHHT I 0TH 2, HL, THHER
et —ficaE, MADEMD, B¥0ERT 2 ) X220
TCTHRMWEHTH Y, EBITZENTRVOPMETH S, L
PLLNONDOHZNEY 20004 BH-7-L5IcEBbNh
3, 1233 —uavy ThoT, 2 TREMENREOMEL
LT TEBEEMMA ) BILPlicEa s nsz, Z2LTh 51
SOPINBHATH Y, 2 TIRERNEBOMEL LT 4
B ERAEN | ALl Tz %, UTCHALZWwE
By, cowdFntd hu—iaEa, EEtiaLr»oo
Wikt EicHizicfE0 EFohiadhided v, —fox )

Advanced Institute of Industrial Technology Bulletin Vol 17

— M X BN AEZELLA LI LIEITON2HEBIR%E I
horliEbinsd,] FS8)

(K 1] omd &, mRSCHIE, ABEHSCA L w5 STHD
HEALIE A & 476 LTl H o g ot il 3 2 & & 72 5 723
BCH 3, EARSCIARIE L 7= & & Gl B SO IZE S I AR
Y20 T3, HYORR, mF IO TERENLD
YHOHEAL ZFE T T oty THBL R, OERTZEZ 3
Th 5,

EHE 7 AUE, GERSCHT & v FT L Wi o ST, fEsk ol
BiEHS U R cNEMICRAE L2 L TH B, B AU
DBREL, ZofBMe LRI Nz TRy, Zhid,
FRMESFENE L WIF L WERHOKER L 2 5
A AERNICRESE I N D Z L IC X o CORTTRETH b |, HUBK
EChE2H7ZFENNERLZ, 10283003 —v v o
HTHO. DI 12BHEAD [ ] THotz, L5004
] OFETH B,

HAIZ, Y BTERILDA =T F 4 TR e 03T —
0y STREARVS DD, HEMORAHEES I v a (fi) &
OB L > T [4 =] &) FEIVEESE) 5 & L RBSI
ETBHLVEFREEAR L, ZhERILOHEEE S 726
L72tEZ23LnwHZLTHS,

To X, 4 otke ] L R0SCHE B T4 2] &
WO ENHEEL 5, (4] iconwT 4 #4e] i, Th
nbhid. 4] w)FEE, AEEF AT 2REROD
OB O EZ)ILL X =0ICHWS, Lizdd-T, [4
T FFKME family TlE A, ZREFEHLET250TH b,
() FKfEi35eht L 2 A HRERTh 2 L 3 E b w0 Th
3, % DERT A T EFKIEL T HRICEKNT2LERD 3,
() % oREDORPHBEREORIL, 4 HEMORFKAIR
ARoPlicTER G, | (E9) LIS, COFHERE
Z CIBAEHRESY 1k [4 =] % augmented household & JEER
T 5,

ZENTE U ED XS Al 4 k4 1% 2R SCHE(L SR LI,
Q0 HILDSHICBWCTHY M EHTLLFERLDEA 55,

[4 o] BHE SN 1970 ERKR B VTR, #HRD
hea—u v SBANTIRAARZ T ANER I L 2 T
BZENRTETCEY, o777/ T7 Y A#EEIZ. TVT
NIEs (W&, . Hil. v v AF—1) okdic. HEo®
D ERBET 2 LIC X VAERNEZELO A EED 5 2 L2
TE 5, LT 3ERIZ. HICICHEN R o2 BbND, —
7745 H TR, FHELEMIR Eoe o2 a I E D .,
IEARCHDH T E 2 AL DBITIZIETE i) DD0H 5,

EHFIFZoRRAE, FHI3PEREwIBETRATWE (FE
10), ERXHOHHE DM TH 22 —u v AL TR/ T
FreEZONEZRmAHE 1LER. 7YT /77 ) hEa—n
y NSNS o E Y 2T o bR MTREME 3B T i
WEHDD, TNEEHTELZIDEF, I—1 vy SANDOHZ FIE
LLsFo7: TESE] FFThh, o7y 7/ 77
NEOMR Y AT LFG S bzt 2 2 L i3°%
BWEEZLNREEZSE 25 MR LT, EENY
T, FHR AEFC-UBEDL LT LEHER Eot s

50



RRBIULEERMAERKT

AT L, RUEZRICE > THEKE 2 ERESR (economy) T
B, TR LMLz HEET 2 2 L Lk 5 REBE 3
EfRTH 5,

20 tHACHIZ. BT T OIEFA R BHFR IS T T Yo
FOT 7 ) AHBOERBPEHTH 072720, 7 - T
BAMAENZIRY @T 22 L2 BOENA v ) r—v a v
& L7z MDGs (3L =7 2LFAF¥H : Millenium Development
Goals) 2% 2000 4FiC ESEARS TS Lz X 5 i, ik
AHUER EAECIEFICER L TWw3 L ISV WRTICH -
776

—7J7. MDGs ® B (R AL (1 H1 Fa25 &y FRMT
AT BH) & 2015 FEiCiF 1990 £ (HFEAO D 47% (19 &
2,600 JTN)) DEFLTET B L) BlEEERE Wz LR
EBGEAIC L VL GE 1) Sh, BROHETH % SDGs
(Sustainable Development Goals) 23R & 417z 2015 A b i
BBl FT o THUBIC W T D IET AR F R A ER X
N3 L5y, SHTRAKMERFE ORI 2B OH 2
M & B T, ARSI I H D GRARE 2SR B4 T oMb
BV CIEFICHRB LTW3 Z L 2R T 2L HRTE B,

SHTE, HREEER LR EHEEL T2 D TH B,
TOXYRUT., ERHOHEBED I —1 votiz & b5 <,
TYT /T 7V AR T HAROERAL ST SN AT AL
Thh, thoecotigortiia —m vy N2 IEHEAD
[RER DIMERBERALTH 2 I E R, &) bR
FLCHENEET 2085 IconCik 9 B A 0E
L7t oTWnW3,

ZOMEICHL Y MA 72 D AR AR T8 3HmEik] <b v,
i, UToXs%ndboThs,

[ 4 =fhee | % F R SCIE L s BLIC X v, NAERBERAE I,
IEROCIA% HH 5 | FEAVRES) T 38 % SEEBIHF A & 3 % ki
MR RERD) SAERICEAH IR L IC X o TERT
%, I —my NoHEHELZZEMAB, HRTIE [4 ]
BENCHLTZ, LnwH L ZA2ETHNERERAAL T4
] T 1979 ozl 2 A TH L, ~HEHIE. LT
Xy, BRSO T VT /7 7 U AFEEIC BT ERSCHA
5 FRAREEh FE & & EMBHRA & F 2 L EM A NAEN
WHEKRHBEINZAREMNELH O (o CHALSN DT VT /T 7
VAo % e s T NAEMERIL2EET 2 2 & AT
X5LEXD,

HAD [4 ] A, HARMA OEERRE, SULRRES
FoTHBEINZHABED DD TH S Z L IZHEEV RV, —
H.HERUSNOT VT /770 AHIEO% K DRI EWTH,
TN ZENFFOEFAMAICHEEINTE T b T
I 720,

(4] &2NHEME OB, BB A F BB
BERTHILEIDLTH S, 4 tke] ofdibic L,
(4 =) RGN A RN ERTH Y, Thw X
ERCHEHE Y EME R VBRI LT, TYT/T7)Y
71D Z S LRI EFBERE 2 TRV ERCldh vz
W, ERSUAZREI BER 3R VS hr ozt I N5,

FH T, BRI EHRESBERILET ADOE,A L 0D

Advanced Institute of Industrial Technology Bulletin Vol 17

WERCEMERL. 77/ T 7Y Aorn s BRI+ T
BYEEB 2 SENURERAT & L, 20w 2 1A %4 5
MEMERD, R LTCENOERNEHET 27T/ T7Y
A FNEMERLEHEET 2 e B TE B EE LD,

AT B ERESEE LT T A DB ARDRB I, AL
BoBREEOEZ ST TH 5, inRILBROFREL X, ¥7 v
A (Geddens, Anthony) @ [FHIFHIILIL (reflexive modernity) |
DFE 2 S BERESFE R CICAE RS CHRIRLEL 72 b
DTH Y, AR, F—oHEE R, [MELHRVIEL.
HottfRorfft s EEE 3 2 cRET 2, L vwic b Th
%, —EHERMEOFEALEZ T T vibRE ) —v - 7 4
— AR, —ERERIMER L 22 7S5y - 74— L,
SRS, HToMBR ECTr Y —v - 74— FIZHEEFEFEEL
T\, 79TV - 74 —AFiIcBWC, [MELAED, #@E
frioniziEffbz EEZ T3 TH L WiEE oL R
LCTW3DTH 3,

COEZTTEML. FEHEUTO LI ICEZL B,

ERALRERAICGER S 3 720, 1t GERSCH) 3B
Wbz tichs, Bikd 2 X icERtaSERbeT L
T oF 2 HFICVHL T, BRHADFIC, a1 HiEH %
WAL+ 2RBEERELTWS, b, FERMWEEE) TR % EN
HIGIRRA & 5 2 EFSER & 72 - CHEET 2L IE, 45
MiNroORHEHOERILTH L LIChs, 20D, FHELE
boT (R RRILEF LTI, RHEOEEDZ & %,
JRHERE, LR bl EEEH L WEE IR oI
B Th 2 ERMOKERMD H 5 —77. FFE O R ot o #e
EICBWCOREMTH 2EMOKERMb B L Z LiCh b, B
i, MR EEOERILA D 2 FE O RICEET 2 £ TIAER
HERT D aDro72bD0D, HEFHEICEFEL YD TZ
DEMEETRTZEICARIKERDIVFLZ Lich D,

DEDXSREZFICEDL  UTDO200KIEE X5 Z
EBTEBLL WS DD [ I3FHENR] ONETH 3,

B1oREE, T4 2ts] PREoREEETHLELT
W3 (4= i3, TErICFRMAEE R % EMBLHFEA & LT
A ZHEET 2HEN & LCoMEEEZR- L= 0D, Fh
I, ERESEERILETFATE S 20 Hid8 T X4 L 0Bl
DERAD HICRE S N-BHRTH Y ALK OER[LD 21
AT X4 LORE~EREEST S LIk e, &%
OEMEE IV, FERE LTHARM S L Rk oaR %
TNAEMICIX | BMCHEETE R VL) ICE->TETVWEDT
Tk, o0 ThH 3B,

FB2OWENE. TET ST 7 ) AR BNENICE A TES-
WH MO I iZ, A DG OERILOEE D 20 T <
SEALTHoRIIcETIEZEN S AR L ZHEHET 2
BERE LTOMELRETIHSIRENTH b 0D,
ERSCHAA R BRS & e\, MEAA 21 il T X4 L~ &
Ik 22 ALY T X4 L~ LER L ZEEICE. 20 b izt
WCERACHEE DI ER & LCOMREZ R7=T X 51k 3D T
FZawh, EWnwHb0ThH3S,

A TSI TREINTVLEINBIZ.BEEICE ) LB 1T,
16 IR a —m v N CIERSCIIR ARG L. % DROTLIC

51



RRBIULEERMAERKT

B RN R RO Tl ey NicEWTHEN
7= B o FE T A T B BEBh 32 3 & R FIHLHIE I & 3 208
RACDKGEME LCHBEL 222 L 3 EECTH o7z, W5 T &
KOs 200, 19 AL HRA B IEE & LT EWAHE | 3
DERAL % BRSA L < DARE, 19 LA 132 & 20 HEACHISH O HAR
ICERERESR T, F72 20 iR ICERLE KRB S22
CEBTELREREREI, HRCBWTHHICEEN TE /-

[4 2] &wv 5 EMAFBNEES) £ 5 % ERRGIEA & 3 258
RALDKEME LB THEMICHEEEL-C L TH B, &)
ZEAFIGEER Y, 2oz, HEAD [4 2] 2w Tit,
N AERESIEHR LU 20 HACHEF 0 EE UM 0ERILD

ISR L CHEMICHERET 2EEE TR EN TR, 2. T
T/ T 7 VAR THBAICEENTE T 3R, NLZiE
AL D& COJRTHIC B\ CFBIRES) I 2 % L FIHH E A &
T2ERMOKERE LCHET 222 B/ET 2ME LR
INTWZRW,

INLOZ e bEHRIL, SHRAMLoFHEERSS 21 tHid
NTEL L~EHEATITE, HEABZ KB %7 L7 20 HEfd -
7 X4 LR OERILE TR 2 BHE I MAIND L) ik
ZIIELT, B OTYT /T 7Y hk&d, ZNEFMAIK
BATE LS TBWAER E8R A2 EFRGREA & 3 2018
{LOEME LTHEET 2 L ) Icx 2 aREERH 2 L LT, i
RSCsE B AERBERILIE, T4 &) 2R L2 X 91, i
RXFOHHOPEI —a v NN OCHARZFICFFEDO S DTl
BV EDTYT/T7IVAHKRPBEHL T DTH D
& LT, ZOET V% [Global Endogenous Modernization | &7
e LT L (E12),

2.2 HHE S HrfRbe 7o 20 il 7 24 4,21 i
TR I VA

&tk & ¥ E 1k £ 7 &+ (the Modernization Model of

Infosocionomics) . [BUGFIR] OEE X v X—D— AT [4

THR]DEHED AT D2 0XEVFBPHEELZDOTH Y,

2000 EITACEIEABAE L, 2005 Fic HAERN %S (HH
&4 (Society of Infosocionomics)) 23a% 7 & N7z &t &
%2 (Infosocionomics) DWFEDOHFEZHTETNLTH 5,

Bt T riconTld, IBAERESY S
web (¥ 13) OFAZENT 2L, LTk Iick 3,

HERESFRERILET L &1, 16 g F LKA
oEhE %, BRI BusoB %), EXL @FoBi%) LU
W (V—v v OHE) 03 00FHx0ES IS LD
I, ZENZENoF) PR ORE L & ekl Ttz eic
L0, HEEROEENIRELEL TV 22 ZET
NTh B, Ziix, MBS, R I CRARR O 7' 7 &
A%l 3,

ERIZ, 16 iR IXIChB S Lz, 16 HACHEIEA 5
18 g iFoMlic s W TiE, FHEERLE WIBE (BRIl
1), 18 fHHfd i & 20 A I oMM IC B Tz, BERER
LS (ERMN) 2% % Lo, 20 tHidE2 513, %
AEZE L W EE (BRI 2EEEZED TV S, BRI
BT 35 HoRkiz, EEel (BRESRL) of3VamEm e

Advanced Institute of Industrial Technology Bulletin Vol 17

EREL FEERLL) otBiFme: oEETH Y, Ho LT
bEMED LT ERERD G EhtE @iz 5o Tidvad b
Do, MRy 2FLIcE VTR, BREREZFTCERAL. b
EREGCIFHLVRY 74 0B E b WETE L VEEEZ
DXLV DODOH B,

PEZEAL X, B4 18 A I BlAs X . 18 AL 1E D 5 20
AT A F T O WA, FTEESE & v D TERE (BB 1)
BT H D, 20 HHECIED S 13, HIBEEEHEL & v O IBEE (E
EA) 2PEELEZED T 5, EEMICET 25 HORRIE,
BEAL T (rBEE L) oA & BRI (GHIREEZE(L)
OHHFH L DEETH Y, o ETbERED LT b FrhpE
AL Z X AR o TIEW 2 b DD, HRAKDFFD
B A RIET O3, EEES T TR, HREEEL L
WHOFHTLWEXoB X MEcEhwEELEA IO X ck
DoodHh 5,

HEHLIC D W TR, 20 AT ITUE, Eaako 7 2l
PHERRRA L TAERIL I S ERLTWw3, EF A I,
22 RIS S IIERIL U ENE Z LithbeEXDL
nN3bon, SHICEWTIELZSZ EIZE AR,

21 oS5 HIZ, REVEEICH 3 BREZR & HIRFIEIC
H LR AERIDOMA G DS, BBV ICH 3 ikl &
WS IC B 2 FIReRFE L oAt b, KOHBERMH b 22
BEicE» Vw225 2 EMILo 3 o0E 2 0EE L LT
bitd, &35bDTH 5,

HHAEERILE TV IC DWW TR, EHIX 2021 F 12 HIC
A e o LE CHRIE R HRRBHR Lz A THD
GE14) BB B A B Z L idE LA AR ICBIR T 5.
JeR DR A WAL T B 20 IC BRI IC O T D ARRE L
Tw T & e d 5%, R CRIBEICE 20k, EEtEaEER
fte=7roRTHERILD 20 A YT X4 208 21 Al YT &4
LOXHTH B,

HEtESFERteT A0 20 g ST X4 4 & i3, 19 g
P b 20 AL T EN G L T 2ER{ELOREITH Y. BUA
OE)E FEREFERZFHLTH Y BFOH) & 135 1 EHEA
(F @O © automation) DD | REFEH G UE
2REFEFEMBTLTH Y, FHHRL (V—vrrifl) oB% i
REWRB LT o2 )RHTH 5,

HHREERZERMLTT AL OKE R L 2 DD, 52 fEE
{t. (auto’'no’mation) PE 2 TH 3%, 1 REELEMDHE 2 X
PEERM O IXEEEMD. Znb i3I d AR A,
HE. BHES DA = T T4 TR R BMEDE 1 EEAL
(automation) DJFH & LTIAOLNDZBDTH B —F, 20 it
TSI AIDBZENODA =TT 4 7585, &<HL
WEREDFEFAL T H 55 2 EEFE{L (auto’no’mation) 23FALE & 1L
TWb LT LERTH S,

[(X2] 3, HwEazoflters roRFoHEDI B,
HIEEMAND I ODE,EY e T L Db DTH D,

52



RRBIULEERMAERKT

Industrial
Revolution |

Industrial
Revolution Il

Industrial
Revolution Il

2 BERASFERLCETVICET2E 1 EECOREER
(B8 AXBEFEEEHIRENL)

B 1 REZEEMIT, RSB - SMEE PO T2H1E
i GHBEHE) ., M BT 203558 27 (220
JAED) ROSRE - 4 v 7 ZEEEZTLET2HE 3 FE (KR
H) o5, H2RE¥XEMT. BR - BLPTEEPLE
T2HE 1 am (WHREmR. Tv 7)) —f#EEshL LT
2% 2RI (EERmN Ry —v X - E@EELHLLE TS
%3 RmE (KARME) 25K 5, 20 Hid 7 24 L &, BF
OEXICBALTIX, 205 b8 1 REXEFEMo 3 /mEsteH
2REEFEmOFOE 1 /N (BER - By RUE2H
i (72v 7Y —REEE) OAEIET,

AR LT 21 S N7 24 L& id, 20 HHACEIE 5 21
L ENR e T 20YLDRETH Y, BURDEI IO W T
. AR H 5 ERES R & S O 2R~ &
M2 ) MEEREHRD 200 ETOEEFRCNE 2 AT
%2,

BFOFZICOWTIE, F2REXEEMOE 1 HH (BEXR -
HALE ) RO 2 R (72 v 7)) — R ELEH) i 2 <
F 3R (- e R BEER) 2P ERE, TRICMAT,
B3REEEGOSE 1/ (HEFH) AR L, 453
REEFMOSE 2 fFHH (REFH) dHHAT L LLRD,

BWIREEEGONBICO L TIZBEEICHERES ¥ 1k
WTHEIZMA SN TWE L ZATH Y EIIIMHEEL 2D
DD, SHo ZATIR, BlEmEEZ. 720t/ 2y b7
—74t. FE2R/EIE DX (FYEAL - FPITVRTF—A— 3
V) LEINTVEDOTARIEDS Z Ik,

BFOEE TR, ThoiclaT 21 i ¥ 7 X4 4Tl
% 2 FEZEL (auto’'no’'mation) PRI 2 L I T3, 52
PEZEAL &%, AN L EZEAL (intelligence-centric industrialization)
DZLThHY, by, FIREEEME TOFE 1 FEEN
(labor-centric industrialization : automation) IZXf Lt 3 2 & T H
%, NI, 21 HREPIBEUB R caW OIcEm I LT b v v
Fa7 )74, FH2HMFFREOHMLZIEE X THEINE,
AT <o AL QLA AD 234, 3R5T. fRIES L E CB b
2HLBBIGTA =T T4 TERIVEOEENTH 2,

B SFERE T L OB CIE, 3 1 REEEMIER
FEER - BRMPEE R L & 325 1 JeHl. MRAEREZE - R L2
DETEZHE2RERVEE -4 v 7 7EEX%FLET2HE3F
M2 LY, 82 REEEMIT, EX - BLELEELPLLE T
2F1RME. Ty 7Y —REEELRLE T IE 2 /HHMAT
- R e@EELFLLTIEIRH»LELELTED,
ZOMYIcHTIE, F A VBIFD Industried.0 #isF, fthd €7

Advanced Institute of Industrial Technology Bulletin Vol 17

NEBMMEDOH BET AL IR o T3, 3 REE ML, H
1VRHEZFY 2L,/ 2y b7 —21{L, % 2RE% DX, %3
RHIHABESACERHE LTHu3d00, 2hbic2 0T bl
TERAINL w2 EXORER L BAMICTHENL TV DL
72 o Tty

—J CREMREEFERILET AR T 5. Al EXEICHE
T2 4H, Hi, BEELTOT I vRADA VT T4 TR
5. &L H L WBREDEELTH 55 2 #ZHAL (auto'no mation)
DEZFH T, hoFEcrR+IICERI L TH AL, 2=2—7
TdDERoTWn3,
F2HENOE X HDORIEICOWTCIE T Tl % T
2b 00, Kk e ok, ERLD 20 g T 54 L
KRBT NTWind o 7258 2 O KBRS 21 Al 7
FALTEREINS, L) L PEREAERERFO,
DEo X 57 20 i 07 44 208 21 i 07 X4 2oxf
xR TLED DR [K3] Th 2,

nationalization T States Building
Sovereign

I N N i G N ol 1
)

Il :Nation States Building

g States Building
Integrated

Industrialization I :labor -centric (automation)

I centric (autonom
intelligence ation)

Informatizati

b

3 BHRESZERICETIVICE T2 20 tHIS/SF XA L& 21
LT ZA L (K AXERFEEEHIRENL)

20 AL ST X4 L& iF, BUA 0B & B3 2 IR, P
EREREH, —AHOERERTH D, RFOB X ICHET 2
AU X, DRSS 1 REEE R GRSBEEY - SREMPERE R Pk
TAE P, WEEE BTEAPOLTAE 2 RE AU
B A v 7 IEEERTLETAHE 3P KUE 2 REE a4
FoBER B TEAPLETZE1IRE,. 7Y 7Y —%
HEELPLLT2HE2RmOMETHY, —FFr—rvR-&
MPEEAZTOLLETEEIRE~ONEBLEE 2 5, HHtte
FHERMETAMICEWTGERXAZ L Z 2 L SN A DH)
ZED3AREDIBD 1 2THLERL (V—vrfl) 0B
EARRAL L Tuvin,

IR LT 21 g 87 524 4813, BuRoB % icBI4 3
FREEE LT, EREREXRO AL L THAEFER D B A
BEAY 0 %, WEREAH 2 ONRFOF X ICBET 2HETH
2, F2REXFEMPOBR - BEL¥LEXTLETIHELR
f., 7y 7Y —REELHLLE T 55 2 FmEoHEEILG] %
BeEEBEAHEL LRI DO, ZNHLICMATH - X -
SRIEEE PO L T 28 3 [ ~ONE, HICILH 3 REEE
wmEE1RmAT Y 20t/ v 7 =274t 2 B2 DX,)
PEEL 5, MATHBDE 2 FEXE/L (auto'no’mation) ~D
MIGbBEL D,

FHIC 21 WAL YT X4 LClk, BUuROB X, BFOH) X i

53



RRBIULEERMAERKT

A TESIL (V= x ) o8B EcHitd s bRELE
%,

ko k) Attt agmfibe 7 v 0 RiuEREOE 2
FHEz L L 21 DS HTIZ T4 2] oFEICOWTIL,
UToXIcEHET 22 LRAHETD 5,

NEAR T O BB BUR 2 EIG L 72 2081, ERERER., 5
L EREFRERICHE RS < ORI iR 2 B L, )
WHEE LT e THh 2, [4 k] BT w3 k5,
BB X, 8% < ORI OB K O E % | #8111
BB LI N TRV 2b DD HAKRADZ OHEEFE%E TR
HELCwZ (M| OREEZEFCZTEROHEEL T o
7o T4 2tte] AL, THEELD o DttalEtE2 2 2 ot
BHOD 72 & i FEEEE LAz 3T, (1) BuAmK—. (2) fid
DU RATFL (2 ITHB e 27L) oFEEl, (3) 4£FELH
o (FHH OFREML). (4) HEOHIE. (5) R
I e BERFIOFE, THotz, TN D DEMIIFEEL Z EE
KT 2bDTIRH LD, 2hs BEDBES ICEELEAIAT
NebObDTIEARL, ZOEKRTE X L ARTERMFICTER
Vo, 2D XS AT AFCET 22 E ) I H A
St lra—vy PECEINAZREBIHoZEWS Z
ETHB.] (FFE15)

¥ 7o KA RGO HARPER L 2 BFERE L S O3
R LTI (4 o 288 LCEY EF7-AARRAEL »

S RABICERT 2L Ick o TG Lz, T DHEIL,

1970 ERUIC I HARMERE AL & LTt RIicz o otk os 6 s
INT M4 THBIH L THE LI & R IR L 5 2 BEFE T,
HHRHN. HeHFoRH., SENEE. SENRIEHES L
H e 420 THARWRE 13, BEARD RN CHmE 2
B PHBTEN R R LoD b, A v N —[HofE 0 & ok
e LTolgmz RIEICH L & < L, 4 R HI %2 HAER i il
ftLzdbochy, @I () K4 = BREEKE EEIC
AW ARG AICHBER L 2b DAk B TESL, Th
I, REERICEVIRERE 52 K5 0BG e AREL 2H

T B LKL e, & SRR R ROE T XA 1,

20 OFEMMEZ R T 2 & &b ic BENOHRIGEE (EE L |
A4 TR EET 2 LT, RELABEREZRF-oCniz, /T
RIS AT 2 BB~ O# R RE T % 2 2 1T 2 7=t 7
HTH -7, (FE16),

(404 2 BREE~ D EIGHE )] % B A 1T fifi 2 7= tE 2T &
LI A DHIEER P ZNICE > THERI N 2 AR
X, LALAa2S 20 KUK E K Z0REET &
B B LiciI T ERsH 5, EENMDKRIIORE %
HIET 2L LTk, —A%7%zY GDP 2R3 C &l
HY. ZhiF 1990 ERPIFEIC HARRHFRE 3 L2 Ho T
—77. 2020 FERICIZ 20 O TR AR LT3 (FE17),

ZOFERE, FiiEwiaEfRbe T v 20 T £
A LE 20 T T X4 LoD FEZ T bIRIcEIN S,

19 AR LA, HAZH R % 38 L 22 FEH1T, 1315 20 fiHid
RTXL LD FEEEICHY T 5, IR T L, 20 T &
ALOFEESE LT, B 1 REEEG GRXPEE - SREIMEX%
Hul e 325 1R, MHERESE - B 20 L 325 2 R

Advanced Institute of Industrial Technology Bulletin Vol 17

KROE - 4 v 7 FEFEERLE T 25 3FH) MUK 2 RE
¥¥mhoER - BHLFELELHOLLETIE 1A, TV T
V- RELEEEZPLLTZE2RAETH S, —H. 21 g T
XA LOTEFEFIT, H2REEEGOEIRATH 2 I —E
A - BRIPESE R O 3 REEEGOE 1 RHTH 57 ¥ 20k
S Ay b7 =LK O 2JRETH B DX TH 5, 5 HDIRI
ERD L. PR REE. TYEMEL Ay T =24k
KO DX 22w T, HARD, o CTEMFATE, T 7Y —
FEGEE TR X 5 A FUCHEZ 3R E R T TH Y, 220
ZORMNE T4 ] RT3 HANRE Ntk s, &Ik
TE5ZEICRHYOEEED L LWL T2 2GR0,

B+ . Global Endogenous Modernization (B3~ % ZEEH D&
o 1icid, B wEfbeT v B 22 BT 2HY 0
HH2AH 2 /252 LIIAAEETIE R W,

few TRELD 2 13, SRR 0RO JSHEER O B ic
KoLy, BRFRCRIICHREZ 2T L IB#EYCiE Xk
Vo ZORFBOKGELIC O WTIE, BE, EEPRISREZHD 5
UG O R f 2 %% & (Global Society of Applied
Infosocionomics : Glo-SAI) % 77 v F 74 —24& LT, HAEL
MW FEREBASE & LRI 2 P CcH %,

2.3 Bediti ¥ 7 24 L SCHHEAL S

AW AMEIL 3 2 SeATIFFE D5 3 23, Hifii ¥ 7 X4 L e
fbshicd 2, Znid, TH5FR] 0o —HTh b, fHlthay
DEEE TH 2 DB FD, [HGEIR] ofkEskT 2 o0
HMEHICHELZ DT B,

ZoEIZ, UMTD Lo ickhoT w3, XHDHELOEIK %
B DS ICE S & T A1 LRI S DD 7z 7 S
BHEAHTC TR B EAM T X4 LRI, EE O Fi o
7 XA LIBT3 R T H 2PN (IEHALIEREE S Lo
Ao NEic x5 ¢ 3. AMOAEETH 2 IR DREE R 2 H
T2DICHVLNIHEMOER) Imx <, b5 1 >0HE
NTXA L LT, DIEAN (Ao, BTH AR oL
OBV HF XD DEEHT 5720 ICHW b5 HifTo
hR) 2FTETHB, 2NICX Y, XHDMELD ST
LT, IR 2 RE X ¢ 3 X CRkERBSCH) o
&, DR Z2FE S 230 GREEMECH) 0220
Flrardseenh, AXBVER, 2T AR cM
Brhwidrichseds,

TOXIBREZHCIEMEMU, AXEFIZ, LTo k5% X
BAEL D 3 N Zond, 551 B, [RkfERE o L% b
DX I EA O 22 I KT 5 1 2 & TH B, 5 2 NI,
LEERE R O % b 2 ST LB O ZEIC K 5 |
TETHD, B3N, [HORMRIZ, REORFICEL 72
W SCH o B E 3 5 [3fbEdy ] 2332 L 72 2 CCBHOR
FIAFUL R YBZ 2)] 2L TH 3B,

MR Eic o E CRlRZ L 723X MTo X S i Ih s,

IR =2 AL o SCIHIE, 565 1 IRt H v, 2 il
RXETH Y, F 3BT OLENRICHTH 5, LHIFRMTZREE
DXL, BB 1WA T b | 5 2 2RI T L 7=
THLHTH 5,

54



RRBIULEERMAERKT

LI TIE, BT O A SCA Y H e Bl < b 5
&b, ERICI ORI A O ST IC 2 5 2 L BT
Mah, TNEEFEXHEEATWS, ZDORFEXIHD 23T
R L . Z ORICIZHT L W EAT 220 5 o SCHA ASH B4 72
LT ENFRIN, ZNEBASH, LFFEATHS

DIEZHES 2 e AFHOSTHEIIU T X 5

WWW-

A X iU EALH?
ALY A3 RAXH Bie
4 Bl 7 &4 LXPEALRE (it AXETFEEEDE

#1)

ZOXHENMRBORIIICNT 2HmARKDA v 77—
a vid, DIVEAT. LI MERORRTH B, ZoMEORR
IC &Y FHCUHE RS L R U A T & LT &
TIT e AlREIC R 2 DA b, IR EICEET 2 5% <
DRV AT LT 2 HEL S CHE LTRR 5&H
B, M 72 % R I SCHREL R Bl 2 RS 3 2 < L 2SRRI 7x
%,

ARSI FAZE L, iR N2 kR Tch b7/ vy
— &k, Ao EHRLEEREICEF 2T AMoBT 2
SRR D —UIEHE T2 2 &2l ZOABEICE S &5
FRAAT 2 -0 A oMUl R (BEED) @ g 2 3
DTHBEEZTDE, 2D X RigaEZ R oRi i3 i
Ffichd s, LrLarb, NEOEARH L Z84TE, 20 X
S RABIER H o b DA T TlE R\, AR D IME D HHEF I 8)
FEF 20Tk ABoNML, B S EIRULEEEAE i< 8) % #
FC. ABOMABRBZ DD DR EEL &5 LT 570 0HE
MaFRE O AT L FHME LTIRARNETH L, T
RE iR+ 3 2 & <L A Bl %
[NRDOKAEZZEEL X5 & LTIThbh 3 BENRFRED
%] CTHBTLickY, ZoBAONKICIE. AROIMID
HE (B o5& b dhid. Ao NE o IGHRUEERE 0 %5
EbHD0THDL,

NEIAHETIC L > TBE #2005 E LT, ARosMilot
BOGRED IO AR o Nl oS RLEERED 2 o022 2 &
XY, LEFICBE L TR EToOXHO M 2 Mi#E T 5 2 &
BTELLEZOLND,

DXV OLRIEAM OBEZ 0T R iE. 1980 FRWITHICH
AOBFBREE OV S IC X o CTHEI N, IBF
(adapteering) DEZ T HH 5,

1980 FRWEHD HARDBUEFRH ol <id, HRAEHOR
FREIC R s BAD Lic, BARED %7 6 AR 0w
THHBICHEL LS e T2ERH o7-, TNOHLDALIT
1985 FEICHfE d B 2 & & 7 o T L = SRR E R T @L
W) 22 0kooat LEd 2 EL Al T —<%T A

B IND,

EFRT B LI,

Advanced Institute of Industrial Technology Bulletin Vol 17

M- FEE - BRI ICREL., YO HAROREDOHBE L ED T
A%%ﬂé\ﬁﬁﬁﬂéﬁvﬁﬁﬁﬂééﬁﬁt\%n%nm
BT, HAFKOF - kit &R oA HIE S iz,
I, ABFEDEBE E LTSN L ZEESRE BN T,
NXBFCLoTIRRENAZDDTH S, ZONEIR., T¥
(engineering) OXEETH b T A0 HBEEUIAT S
DD LT, FOMAEREAT 2701 A0SR
PHRET27-00FHEOERTH 201 LT, HEFERED
REZFE5DbDE Lz LT, 20N HREO R CHEWA%
ZZTE 3 LI AMoNEicE E#T. Sz Db 0 %
EHL T EDICHOONEFHEDERRTH L L I NS,
FEiESFEIA TR, ol olat v, B oMl
DFEEE LT, [LEPLIRFE~] L) 2 =4 Y38
bNBTEtot (E18), [TELLIGE~] £1v) Zn—
Ay OBEE, YROEHILITO L 5 ICHFEL 72,
HERXHR INETCI—ay XL THEEINTELZDD
D, FEEE LT 1980 FERVIBEHOK S ICE W TIZE L DY 2T
vz VRJICHEHBETRI L E 0TS, ZOWAN LR
Kix, 2—1 v XAPEMAT LA L LTELEL2HAIL
otz b A\ OME - 2 5 HBE ZE T3 ClE L
72T, 2 OB ABISIC KO K M AR BIRT 3 72 0 I SRR IC
HABREZ TEWICHE VIO L 20 TH D, £ ORE, r?
HERIREE I3 AR o MRS 2 TH M A RE 2 Z R TE 2 R1E
375 moT LT, 2DD5ERDLNE DL, Qé’kﬁ%
BIZERURICETE 3 3225 C. BRREOIREE
ERIS5DbDE LT, INETIRHEEE ST AR
BBz DREHET LI L TH DL, ZD=0ITIIIGF: & T
L, ifHLTW S e B0 EE A3, —HILFIConwTid, H
Ketho T 3REOEHICEVTIIEEICH> TS DAL
BHREFRINTETEY, ZNOERFT LTV T EDBRFED
TIc o CHEL 5, BIH. SHERTHHICKD HiTw»
200, ERXHADEE 2, T¥L2HMbARnwI —m v A7~
KENDLZDOTE RV ICHICER 2L 0RMRAEHMT 2T
TASEZERCHOES ICEWTEHERKRE 2R -3 L9
L2528 THD, Pk ZEZEIc, HANZ, 20 X573k
RXHDEHE D /m =NV =2 a v DA =T T4 75
STV NIEE LRV, EWVWIbDTH B,
JGHEDOWZDRBIEIC O W TIIAWE T3 2 2 b3k
255 DD, KFFEOMEEHD L IZ IEFEDEZSTHBFRIEL.
ZNHADLIEMN L LU IcE T 2 1 ooiffbiEe L
THRY FFonz e, 2RITHEIHTHM AT X4 L
UL R B SRR X 7 Z  BEEAEKE Fo,

2.4 H R SCBH AL SR B

ERE TE9SAIR]) 1C & 2 SCHAME(L L BT gE & M C IRl 1%
WEREE S AR L =B 2 E C°H B RIBTI L 2 DT EE I
— 7, R, FEEHYEE ERICLTEME O
LBl OREFUCHL D MHA 72, KAEJT X, ML 2 B R Ic
EWTE Y, Tz ofMNERIAFE Tl SRR,
HEAWLECTH o 12 12 O ICHFT K FHE LR R 2 H
PoK D [BgG2R] iIcix&Ehan v, HLUKEN X BT

55



RRBIULEERMAERKT

Honflaicbw ik, BESRSLRESRISICEALE LT
ML TH Y., BESHEICE T, W B L g
ERREF0E 2 2R LTH 0. [HBEIR] ok &
b NS IZHE A > 72,

KEENIE 1970 R X v EOERCHRZERLTE T
D, Z DERF OIS 2019 £ 5 2022 FE 12D F THEEIED
ATIEERI o #E GE19) L LTRY 06Nz, 22 TR
INENED I B, CHENERL e LTIE X 51 5 859 % R
22ClE. HIERSCHAMEAL R BT, LIRS, T hid, ARTFZE Akl S
254 ORATISECTH %,

KGN HEBHR O [RlE—HER ] oFFICH VTR TV 5
NEIRLIEICEH 3 720, A% Tl SCHEL SR ELIC B 3 55
DORERY EFD,

HBRSCIAE L Sh Bl o IR K DR . ST % | % DA
DKE R HOEEICE WA T 2 MR IC X > CTHHET
3, twHTERTH B, ZONERIT. ETOBEEZMAD
DHEARMNIT IR SCA T ISR S I Twv B,

HoTEzTAaNIE, CHEAEEL T 2 5k, Thzh
D% FZSCIEA B BLO R OR B2 2T b D TH 5,

[4 fher ] 2% R0 SCHMEEELIE, K O E %48 5 £
THhIEEROEFMEHFEATH Y, chizd s [AH]
ERZZENTES, HL, T&EFKERZ OB OICHBICTE
TEZIENTE LD, EFREREFOHLSETHY, D
DHRAETHY, TOEKTOLED [BMH] Th2 2 L x5
Lz, (D2 FREFCEZNEREOBESRIEL, <K
ZNEE O EFBHFE 2 IGT 5, BEA DX, FREMIC
ONWTED L) BRIEEHSL 2 ICTE L THS 5, ] (FF20),
WS L 12, Z NS TFEAEEE T3 (instrumental activism)
THEXATHB L IN3B,

Biflioc 7 &4 LML T, Bl 24 L Th B,
Feffiox 2 24 iy, YR & O AH D, o & H
O SCHZ VIR % AL & 2 2 RS HR M B SCHA & O T %
X EEEARCIAD 2 o FERICHEINS, §5 %
TH AL, Hfffe i3, NREBET 2G50 FHREDOZ L TH
b, Fhelaircs [BE] & LCofESEETH 3,

TS ITHR L CHERSCIAE L S B < id . ST o JE8Y % e 3
ZHERE LT, MEEEOD D /T BT T30 TH 5,

HERSCIEAL ST . SCH O SR % i 5 REE D & b
FHIoONWT, 3ODBEETLERLTCVWSE [Tty Mg—
FAYT VR~ T v XLT 7R & =T, THEARRIRN N
—BEHE AT T 7 R OT 2k — B | = T TH B,
INHLDIH, XHOHFRERET 2003H%ED 200 T L
Th b,

ENEFN2 ODMHREED T AR H 5 DT, 2 X 2 THEF4 D
DOXHADIER AR EINZ D& D EHFIFMZERTIET AW
720 5 T <. NS BB U 2SO IR, A RIMERE) & B
fEfEGFAN O A G bE TEE SN L . RN FE L §
AR O A ADLETHEE XN XHD 2 HHLH 2 &
INd, AiFOHIE. M, ¥ —tka, NV Bk,
A VvAXHETH L EIND, BEDHNIL, ¥ 2 A — VI,
PAESCH, ERCHHETH B L I b,

Advanced Institute of Industrial Technology Bulletin Vol 17

MR Ic B EIEH 20D, 20X 5 ICTHOER % 2 2124y
BT 22 L. RUOZ O—7 % BERUIN 8 f O BAR (AR i & I
ST A D 5 77 & A RER B B OFEE AR 15 I & s
WA 22 &, Biffi v 7 24 20O & K& 7l
FEEFFO LB 2 5, MUK T & BE A O A S b
X VI OS2 Db DL —HT 2 DTIEARVWELTSH,
WA E1d ., DRIETIC L~ 3@ 2 i Bl & Bt o & v
bOTHDBEEZLND, %72, NMMERED & B A5 o
MHAGDLE X, ONERoOMEZob DL KT 2D TlEA
WeELThH, AELZOHEM e Bt S Vb oThH B & F
Zbhbd,

L LT, INEEED B 0 TR E b NEHOXHE 2 2D
HRNCHFT 2 2 Lo TIE, Biffios 7 X4 o 50t L s
EHERSCIRMEAL SR I Rk o i 2 EE H L TwWB L R3 C
LDA[EETH B,

B, KEE ERCAPERLTCWE 2T Iy 2 - )
A 73 HEBL T & BRI I D A B b & S ik AE
DH Y HICKRRET BEETH 2 720, ARSI D EAR 7
BEMBET 2 TRIENL ORENRMBRIIRAETH S L
L C. NS RSN E) & B AR o A4 G b2 ic X 257
LW~ EBITIRELZEERL TS (GE21), ZhicH
LCARRFZE I, T & v 5 FREmIC & - T 3B RSCIA AR
HOFRARN S MR L 2T X TV AT IV I - VR %
RRLTWL Hikimiz el T2b0TH 5,

3 g HBE X r A & 7w — Y
WA iy S B Ot AL s 8

3.1 A BE STHA 5347

LU b o JefTiFZE 2 R IC LT, ARFZEIE. S %Z &3
B AL % FEEA 3 2 SCHAME L s Bl o RESRICH Y M T, B
AH 7R R 13 IR BE SCIA T IC T O S IE & N 2. 72 EC. [ 4
e ] SCHESREI R Sz, b & RLOEED X4
IXLICE ISR AT LOMERXBAT 20 TH 5,
IHERESCEASM T X, AABE 51T X 0 R & = IMRFE O IF9e R
BABEERMBICHRT 3L Ic X o TEE P MBEICHEL
7o CHHEAL BBl B 3, RLE DRFZERERIC D W Tk, KiET)
DFME, Bric [ &S0 (F22) kLl Tw 53—, Itk
BESCHASM T o & U 5 IMRF: O WFZe A AR 11, 253 A3 M4 ELR I
BHL-b0LhoTEh, KiEHhoRLAZD T E Tk,
B RE SCH 3T 1, TBIGFIR ) o Rl % % < % R 193CHsE
BolocThh, WHOHEMEZZHE L, Th o PHEICH YR
BEoMNEEZ R o CELZZET T L RS, ZoBa0
DRI DFTEICE VT, IMBERESCIHNHTIZ. Z 0% D@ Y | K
WReED B Y HRMEICT 5, MERED B » HIc X o> T DM
AT 2L 0 FEmEvRAT 2 2 LicowTid, KigH
DHERSCIAHE & [FRCH 3, Z DEWKICI VT, MBS
IR IX. TEUS2IR ] D% ZAYSCASHEL & | IRl O WFE R %
A EICGE AT 2 HIER XA EL L o4 7Y v PO
borlichsd, HL, XHOEMEZHRT T 2 MEEDH H /5
23, HUBRSCHASE B & BRRESCIA T Tl R & (B 2,

56



RRBIULEERMAERKT

JBERESCIA AT OREIE I, LT X2 %dboTH B,

T CHEZREA QTR CTERT 5 MRS CHS T T I3,
XL IE, AV AT LICBWTHAF v ZMRER B2 TS
HIEDOERR, LEZIND, HAFVRICOWTIE, VF¥v—
FO-v 4Ly vyOrSEW¥EoEZ Tk | [XHoHT
AT BRI LT, FIfBITE) & 585 L. FICATE) % P &
L] BHRNF VR, EELE, ZOEBEWRICE T EZHAAF
ZDOKRER U FHAET AT LB WTRIEI NS X 5 IC s
INEHEIN TV I D AHEOREIXHATH 2, LT3
EERTH 5,

IS EE SCIH T A3 C D X 5 e N F v REEEEICEE D W2 X
BDEFEERITS DI, HER FIcES 5 24 B8N o X % |
AIREZR R D LI’ 5> L T 2720 TH 5, % RISCHEL
Sk ER FEROBEMOXAER I C kb, 2D,
XHADEFRIC DT, FrE DA Z B I & < FFli L 72 0 B2
7T 2L DROHFINED DBMBEL D, %R
B owmE R ENFNICCOMEICKERTFE L2 - T
ECEY, ZOME, Hifi-v7 X4 L CHEEBIC ST 28
HEEABYHO X 512, @FEICE VT, SERXHZ T2 T
by, ERHZEE T 23 —v v SAZTBXHATH Y
Z NS O M I SO IS AETER 3. % ST AN 2 2T,
KEATH B L INAFEEEBRICTNLZCHE LTIZED
LN 2 72% K ORIER, ERCHHE L FE O E LTk
ODNBELHIICh-oTETN S,

— I 7 SRR IC B L THW S T w2 XD ER L, YWE
HIEHEY £ 72 LR RFE O AL & - HI BB I E %
FELDDERS>TWS, LALASL, XHoHICIZ, IR
XHE R T2 ARRERBCHHD X 5, ok e Y S
ME - REEERZEET 200 AT, A TERWICZ
NOERELZVDIODH Y, WF & I L LTEFflic
Hb, 20D, kDL ZXADEERIT, XARBICE T
XL L TRz 2 eComaflEicksv»C, 47, »oR%0
BEEEZD > THEEL T IEHER boThiFniEihd
e\,

DT EHs, MRS CIZ, = F7—F -0 v 4
NV DHBENFDOEZTT BENCTHNF v ABEEEDO Bl
DOoXAEERT 3, e 27 L DK B ICHIATE 242 LA
CATEIZMHI 3 2 L i ERTOH N> v AR 1L, Yha
VAT LDOHL. RIBICE > TARAIR, poRkEEOEE %
Y 2EFETHL720. 20700 HE I, HER o
LELTOHAEYATFLICELWCHD CTEEAD D L LTHF
T2, COXIBREREITRD T LT, LA DL
BHZHFICHRS L OO EHEARET LI LN TEDL EFE X
52HDTH 5,

IHEEESCIA T TIE, 2D X 5 TN F v ABRE % 7z T
SHIEE, BIS I, WER T 2 I REDE W IC X > TU T D
3ODEMBH B LT B,

95 1 JEBUAGEEEE (3. o BRI, SRR A E HRAL A & 5 A
L. FICATE 24081 LRI fTBlicm2 bt hidh ok nwo &
Z (R Gl iS4 2] e wnwibDThsd, 2Dk,
R B ICH CATEh &2 3 LA TEhc b i hid e &

Advanced Institute of Industrial Technology Bulletin Vol 17

mweZ ek [HE Gil) Tiifsd 2] cticXoTH A NFV
ZHERER 72 LT WA XD Z & &, 55 1 AR RSO, &
32,

oMo HICE VT, fEY AT LDEINZIRI.
v R T LONBROZAFICS U CTHICH 722 8E Gail)
EHEL, TS Lo THBDOBBICHEII L mF i T v
Rk T s ey, XHOFEREIERERE L ER D,
— T, Hi-nlEE GeE) 2HET 2 L Ak, AMoE
Foh I RESREERD DLW DIF TRV,

FEEDOMERE Z INBR B DR E DAL L MU 2 2 & i3 K
Ficfilicd 3 L 3BICE K OB ¥EE » S ofafix %0
TW3LIATHEHDOD, FHLREMED D ICEHACTHLRE R
FHH%E TS L COMKEEIL. RIEAR O DDOTH LI LD,
KIGHT R O RGBSE R L BB S 2 Ex b b, £
TR B oS 2 V2 b lE, 7V XL T 7 & RK.
EMEEN B BEEICIE W,

SEFCCHIE . EARMIC Z 0B OB B,

52 BBINERE X, 2 K DEMIN 2 I 2 =7 4 LI B4
BV ATLICBEVTHOVOLNRTWE A ANF Y RADHTETHH .,
HIERSCHASEBICE 5 54 F 7 v RIMEEREICIE VS D TH B, Hl
B [FIhATENIC A2 WA SATEN Z 09 3 | iR %, o
FICHl®IAT O TH 5, HdATEIE, KN RS o EEHE
ThireEzbNS,

ifEfk% & LCid, B2 I a2 =T 4 BREVEH 22T T
BAZMGE, FREOBEEKRL2BDOBH 5, 2D X5 %ffi
kRl AE L (74 P 7 vy 2annid), @ik
Z D NN 1 MBgEED X S ic, —4BEEIC X > TR E ik
&b, ZoffifEithFRoRTHEICL > T, £E [HENWIC]
A TEI~m 2 WHETE 2R T 2 0Th 5,

—EHDAD BT > THB T HEIC AN F v R
BRESRIEINRZ L WS 2 Thh, —R, CoEMoHD
TARNF VR, mEHICRZ3b00, BEIZ, 20Xk 5k
B R DDA DITERICH 5, Thid, 5 1 FARMHERE
o THRICHEZBR VKL THIER S N, 52 FER R
HE L W5, M REDFN RIS A BE R D TH 5, T,
RO K E b SMEE koT w2 25, Hllke
X, FXLL ZCTEIMMERRDEDIAR LD TH S, —JE
Teld X . R AMEAR R 2o AT N TLEY &, 2D A
% Dk, P2 T 2 £ ©, [ ABEIIC ] YRR O HED
BRI INEOITHZR VBT E20TH %,

MRBRRESCIA T Tl UL A, RIBEF DL  OWFSERK
HAWE 2 GHNII 22T 4B T2 MEZRE (VbW 3,
<V ) A% OfEE R OMOIARICEE LR EZREL T
20T BEVIEFEZ B,

T2 I 2 =7 4 ICB T B REERE L. wEFEEFMCOH
AELEERETICET 2 XHDE 277 T, A L& FEF D
BHE LTlbn g 2 bid/l, B2, RKAFEE LTXHATD
23 —uy NANICKoTERINIRE DL LTRDbNLT,
— i BERE ST 12, 2 s, RSk e LCENT
WhHEWHEMEBAT, XHOHF NF v R RO CEE AL D
DTH B EVIHEERT,

57



RRBIULEERMAERKT

M RE DBl Cc L2 & | SIBRERICB WL, RIMFTRE
FTi L KIIBRE R UG E G2 TCOMOIRE (&
) ABEHLTE o, 20X 5 ICEEMANEEL L Tw IR
RETIE U THlifEAR R DEOIAAR DKL T 2 L EZ bN B, i
fER R 2D IA T I 2507 % R CTHET 2 7 O ITRINHT R E
DEEHEL WILILAZLEEZLND D DD, YHHNITK
Wi o B TR 2 -7y P LTHENELT A i}
AAHETH D, 2D DI ERMOEE AP LETH B & F
Zbhd,

G 2 2 =7 4 THIEL 2 T v 2 AR 2 oA
720 OPURERES, &AM EZ T T 2 20 OEAFHIE Eo
Fhe& oo &, MERESCHS T cix U Fisfb i & )
(Cultural Elements Enforcement Measures) & P35, U1 & 1.
VF%—F - F—F VvV ZDRIEB L7 meme (I —2) Wi
S2OICHABREEZ BT 2MRTH 3,

ERXHDIH DL K DIEHI T I 2 =T 4 BT, BS
D, F 722 ONEHER B O HLERZEREHNEAR & Z ks
T&, ZNOOPRERI, ERACHL ZRKES EL DD
AL, SMIRICHT AN F v AR R THIETCH Y, XHTH
228l b, AP OL S DEHMaTIa=T 4 LIEIEND
RV AT LR ZOFEMOIHICHY L, FA5PERFEIOSF S
(A Ttha] b ohicibd 2,

Plbo 2RI A8 2 Z &3, Hilii° 7 24 L CHHEL S
MOHIERSCHHRE E AR oS Wb D TH B EF R 5,

5 1 JEBUISEE ST X, Bl ¥ 7 204 2 SCME L sSh B i B 1
B RFeEMBE (PR ST K OV HER SCIA S B I 351 2 iEBK
Jiod — BB SRNZ OSCIHIC S 3 5 & TR E 2Bl i3 7w, %
7255 2 JEAUMBEAE SCIA I, i€ T 24 LU E L sh LI 30
ZimEEME LR ST & OCHIERSCIASEBLIC 310 % 4 ik
M — BEME A TR SO L IR WA B EZFE o T Wb LA 2 &R

— 7 CHBERE ST O K & 2 Fetgid. DUT o5 3 FaTY ik
RESCH 2267, BRI 3@ E 2 b A o L TH B,

9 3 MEAINIRAE L (2. bW B P T v ANIREETH B,

b7 v AMBEREIC O W T R T 2oz, Ao
B OWCHEHICEET 3 2 & BRI L 7 5, IR TR T
T, icfin Xy, KfghoERERLRICEMT L
Tk oT, BMOREEE, RINHTEE ., KIS I OikEE D 3
JEfETIRAT VS, CNERRT 2L K510 X 51k %,

ABFHRE

l PN UL EN
Bzt

5 INBE BRI ICH T 2 OBEET L (Ml : KIBATE
EXH) #EEHNRH)

Advanced Institute of Industrial Technology Bulletin Vol 17

RofEiconwTiz 3 TIR A, T -bkREIc o WwTiZ 34
Bz TFsb00, MFR 11 oERERICIR AV, BIH,
55 1 SRR RE (X R MHRT B BT B 3 2 iRE. A 2 SR IR
VIR R W B 2 M AR 5 3 FETUIMHERE 12 MR Ic B 5
MHHERE, L\ DiF Tl v, 5 1 FEBIMEEAR 1. RMHT R B
DG 72T BT 2 BEEE T B V| REHT R E O B HRE i
RELIERC L3 TE %, o 2 FAUNMKEAE 12, FFE OfifE k% %
KIMHT R E o fEEi#fE c oAb boTcidd b0, ko
XYL, 2ok i3 E mls s Uit igiE
ERD BRI D, TDT &b 2 BRI, K
o7 B T oD S T S IR L C U3 7 < L BRI BE. & IR 3L,

Insichsa<, Aoz, + 7 v AMEEEE & I3 5
B 7 AR BE DS ETE T 3 2 & DNRI ¥ O H I X > TR &
NTETW3, KIEHROCZDWEE /v —7d, b7 v 2k
BEEIC O W T D ENZERREE LSBT TCE TV,

KighohEsE srrn—7o—8TH 5 HEHERIZ, SV ED
PRERECTHAET 2 7 Vv RBRICOWT, 27T 2, [
WElF v uFr o vizERohc, HEO»=b% L >THKE
N2b0D, NEELEOEHBEE B L OBE ETH» 5 R 4L IC
SHREFOBEHBETREICAY, LIZLITKRMT 213 L5057
POV RBEMMICRE L DORMOBICKD 2 & v ER
b0, % DEEMOREIL. AFIREORHE 2liin, B X
— AP EE LoD LHEP RGN ERC T h 5 EH
4. YREFORBORE, WHIREo TE, BERE, B
BENE. IR, PRAL - SRR o RIE, HEE. Fuih
ARETH D, b, FI7VvA2LOEIGED 7 a b a L RfEN
LTk, BUKE, REEEHER, HilE20 2057200
FIRE TV a— VRO O L. Eic X 0 B DA ICH TE
KR%, b7 v AEBRERIGBLC, FRHEEEZELDDb,
% gk, TR, EHEAR EERFRA D] (FE23).

CoXS7k b7 v ABRIT, IR, Rl R BAE kR
<o AHDR Iz e b o 4 v & T 2 IR R o & i
ToTHRELTWBZERMONT WS, BIb, 7V 2HR
b, ARSIz S iiEED 1 DL B2 Z &8

KEE TE LA ITBWTIE, F 7 v R ICBES 2 MEE
O Z ML V5 Z TR, ITF o & 5 Iciiild 5, &itEo
EFIZ, [RYT 4 7EBzLAOEMEE L, &XMOEE)
ot LCHilfEs R % FiE T 2 N o Lo fTE) (EFEE2 &)
TR | ©d 0 B E R [ & I iee % &
ISR % SO AN GEEIBIC B3 2 £ 7 7 I VAFEIEMER
EHROHEIC Lo TR I NV AT L] THDE (FE24),
ZDOXIRIEEZ, UTO LI B A A= nic ko TREEIZ
5, N2 MASRE & LT, TIKE] &, 22256EK
Wi BB 2 NEIRTINGER 2 & 8 TE 2 7 3 ARBh PRI 2
Dy PEREELTNS, ZOEMEDMEKIC X o THITERTEFIC
RFE & 0 2 HAEEREN: O @XM FIEFTRETH 2 2 & I3EH
EL X5, HTdh. BERE (R 2 o AIMATET 2 32 7048
e LT INZE )T Iv (K=o V) fEBED ALO B
BRIX, * 0N IE WM % 2k & 2 2/ERIC X > T, Rk
AETICFIE T 23R E. C2iCd o 2 b Lt <L —7 4

58



RRBIULEERMAERKT

Ve v AT LKEREICTER D) TN R 2 R T B 1R W R,

(FE25).

WHic, 2O EMAKN AR GERICOWTDH, LTFD XS Iicik~b
nNTwa, IZhid, UL AT L R & & 55 A 72 ERETTT
T LET, BRIEL O DERE VDI UEEERD > 27 L1
AN X > CTEBET 2 RS IR T & 2, FANn 7w IaER
DXALNTz B 2Tz 2 72— OB SR DT Y 2 F T
WREHLANY eV Py —HORBEEOER L LI, 20X
WEHIL DA, EHic, BRI REARERE LT, #
WM EAFMRERZ D 0 NEAK OB T I8
PNFTATRAZRANBFEBIRBIRE D725 9, 1(FE26),

FERABIOEHETIR, T/ 7 I AFBIHEAREE R L W)
LRI > TWD, THIFETERTICHARTRRT L 72,
MRED = & Tth b, Ao FIciz, B—v FAr7 4
v F=o I VEOEFIN PR AR E b 72 b TR R EDH
TEGEET AEERMED o T3, ZhiE, ARSIk
STERTIIOTEARL, £ETNADLIfiboTWwE b0
THY ., ERSCANDFZEDRIC D Z OFEREITFTEL T 5,
KighzHkic, ToEEEzRLEZb 0 [K6] TH 2,

o —CTER I N, wbw b [TMANEREE] 28 A-10 [
MIcRE XN 2 MBR NI ZE LT, KBIic, Bik% 7 5 KK
FRE ORIBERTEF I I N3 DTH B, chicky ., ALk
FAFLIR L 72 £ 9 7, @D  WERIN AR O KRR b 72 6
Ih3,

PN DL SR

B A - Rt 2o o SR
10182 ERS
HHFEE
Rith

b B Bl B ]

6 b7 R BkEE (HE : KIBAD [FEXB] 2E2EHRA
1)

b7y AEKERIZ, BT OERCHD X i, £ oXHICE
WTREEICHEBE I N TE Y, RO ANL BTN 2T 5
LIRBDTHICR>TWwa, LLAadb, b7y 2 ukEER
FEED XS ICABDKAICEREINTEDDTH Y, FiED
FHiE 25 CLIC kY, COEBEIIEE LT L. AL ZE
ECr I v A EKBE T 22 LN TE B, BlEIiC, Kighez
DILFEFFFEE A3 1980 FANLAREFEMIICHIE L2 X S icy A v F
FT DAY ETIE FARENEMRIC T 7 v 2 KE%EZT 5
HATHEAEE T T» 5,

—Ji. KIBH L % DREEH 7 — 73, EREH, BLY 50
ANY BOPEIERIC B L CER » ORI HKET S b T
VRABRICOWTHFICHE - IR RE A BT CEZICH H
Phbod, TREXHO 1 >EME LTz 32 Lidil,
N B ld, Seik o A R — BEE R SRR CCIH O BRI E 3 5 b
DELTWDS, THIFHBRCHABRBlLICE T 2 XHDIRZ T2 X

Advanced Institute of Industrial Technology Bulletin Vol 17

ML7ZbDTHhELEZ2LNS,

MBS RESCIA T C IR SCHDIR A 3 R 720, b 7 v 2
RIZOWTH AW % T3 & s, MMEEEESCIASHT I,
HoNF v ZAERE DA IC & o TR AL T 5, e X
TLICEBWC, RAXFHE LS, FHWICE 7 v 2k T
L7 DI I NI L, N v A BERE & B2 IR At
SHIEE, MHEXAL LTIRAZNETHDLLHEZ D,

b Ty REERIC X B AN v ABERE L BUE CHIST 58 1
R, MIRZERES o UL THRILIEE ] I X > TRED
fili i A % % Moo S A $5 25 2 FHABUMGRRRE L 1T K& (B 2 HikT
EREIND, EFNIC AL BERTr 7 v 2 kB ix T 521
£ 0 fEA O EIRALIEBERE & £ 7o RAULIEHERS o o I BT
X, HoED [ 2HET LI HikickoThH
NF Y ABERER R I N T VB DT WND, &5 DAtk
BESCHA T ARG T H 5,

EOETHARL. ANV EOEHRN I 2 =T 4 DAL L
QR L 5 v RKERE LT W B b Tk R, JEICG U THE
KEETH 2, —J. FITHEETH o TDHEADEHRUIEHERE
Z TG OFICERE X & 2% L7 A %X, R 7
ANDNFABBOMEF I EB T 2 o Cid /e . EML koA
BE, RT3 ad, EBCHS QMM E LT 2 X
ICHRDZDTE RN LEEZLZ L, BETHEILEZDITT
b7, TFEOMERRPEOATN-20TH R, &
HMefofArzoETAOMMAE LT#E#EI L LI
RLEDTH B, ZZiBTIEFIME, b, FlE, 7L, B
DAL LTEZZ B2 FEMEKROMMA 2B S
2X5h30THL, 2o [EARME B 7~ v 2 HHE
X AL, EWICA L BERTE 7 v A EBEE T 2720108
X 2t AHIE 2% 3 M EAE ST H 5,

32 XA D E 2

Ll Eo X5 2R ST ic, T4 =tha] %R0
fLEECRINTVAHRAL RAF LD /e —NY) ¥ —v g v
OHMAEBEANT LIV a — NV NERSCH
LSBT 2 2 L AT O TH 5,

Z D HBD 7z DI RAFERESCIAS AT IC N 2 2 55 1 DIBEIEA, XL
HOERTH %,

Sek ol b | TEOEIR ] DRl % 38 < &% R M SCHE(L Sh
KBEWTRBE K DBEMOXHAZKS L ickd 2o, XHD
ERICOVWTREE ORISR EREI NS, & D70t
BHOHTIE, T F7—F -0 74 LY vOSEMFEDE 2
HaER, XHE, [HEP 27 a5 wT, KEOHMITE %
RLAMCITE 2GS 2 & v 5 HoNF v 2 EEH B 72 335
FEOTYATL], LERLEDDTH S,

Le2Ladb, SOERDPIHEICOWTITER ZMETOR
HAH 2, Flfth, AT, &k, FFEOMAHBEKES T 2 AL
RZLTW3 ZERAHEE LT3, 2oAACKABEKOE
HEEEIRICLT, Ao %2 TF2 L 2bTICHL DM
MAokzEmT 2 enflechdy, HOOMAZEA &2
TTHMMADHHEARI®II LT LRt Tchr s, L
ALEBb, 2OXSICHLORABEMSHEZLTED, 2D

59



RRBIULEERMAERKT

FNEMADWABEE N X ¢ 3 2 Lt BRI 2R &
T2 -HoXHITENTIZYEVFOZ L TH L), Zhic
B e WD % T B,

B LSO B 2 T 210 2 > Tt X v —Bidhar
HxEHEXREHDERLDEICR S, ED XS HENEBEDX
o chEE 3L LTh, MLz AR EAAE 2% 5 LTl
WICEET 2 2 B TERVITRAZEBICUAZERTRE T
» 5,

% ORI IR, AEEE U T AR oA S5 AR D ik &
WO EHRAIS RS I A S Wz AR T 2, L v fTh
RO EFR L ET B, ZOTEDAH=XLITDNTIE,
HREigEs MEHeAE] GE27) Kk, FETH¥ e
L2560 RETY oM EEZ2 RMIC, 2o TRBICE
HLTW3EZATHE-0, ZoliafboitAoz &%, #
BB I o T, HELEERT & &35, SHEifLiZ. AR
A ETER %2 FCIdificB T S e WiTATH L7720,
ZDEODOHER DDV FICL>TXHEERT S Lk
D, P ORWEREHET LI LR TELIDOTRAVA L
Zzbhd,

sifbo@fE e 3, TEBEARBIck 2L UToko%d
DTH b,

ANE DAL & HIEE B L CANEINZERZ O DI, B
Wk GO, WK (F) 20 b D Th b, 20bi3Hfi s,
BT E N WR Y i3, BT [72720 K07 v,
RERI L7, BEOHBOMY | TH B, 20X 57k [AkK
PN @R m v [Be e LTHAREWIEY | TL2 %
WITFEI WA WA R T CEMEEYH L, 2hb
a2 A2 Db DE LTHERT S &2 b NOFFoEKE
HAcd s,

Zn Tk, ot xn, BSEftsh, a b S LTEREX
NTVRLIHRED, fMHPLOREEZRL TR0, ZdZ LA
B33 D3H500, HBLTRIZEDI I LD DEDD,
a b NEARE L OBMRIIM, L) 2D [EHEAE] ©
FLT—<THEDDD, ZITERENITIFZBEALR N, X
B2 b EER Z &3, v AT LN TOEFICE
WT AR, (7272 Eomhiz v, BEXRX L, #ED
BEEOM Y ICEENIET 3 2 & 3R ISR L DL X .
a b NOREINEMESCHENRTEETCHELENWHI T LT
» 5,

FiC, 2N O EBOMSIE, 2N, Jl 4 oFikT
FELEINZ2DTIIRL, BIERRNAEZ DOV AT LICE W
TIFbNd, 2D LS, B AT LMK %TE 5 W D5 i
ftoiw s (H2HED, HRLWIET LT Y X L) 2HET 5HE
R B DY 2T 5 e, Flz2INERSCHIC B0 28R EE,
FEHICB T 22 NI NOFHE OB R T LETH Y,
— At L C#E& 848 (Social Philosophy) &EWERZ &ERTE %,

TOXIBnERFICEIE AP TIE, CHE, THEav =
TLCENT, YA AT LNICEE 2 AL D, YEds
VATLATHREINTCW S, DHitoED 5 A2 RET 2 K%
HaRBEDOY AT LTH LB REMIHES T 2 720 oWl
KROHIENA v 7 IR0 Fv—] LEERT D, YINA v 7

Advanced Institute of Industrial Technology Bulletin Vol 17

AL Z 7T v— L3, YR BEICE D RIS R RIERIC
K2 DI R E YIRS BTHERES) < 5, HlER
AV 7 IR 727 F v —id, BBk CAEmER)
RNICE 2 2D IR E R BIEH - (LFD) EHIEETH 5,

INLDOYNA Y7 TR T 7 F v —RUOHIENA Y75
ANTIF ¥ —DBHEREERT S LIk Y, Uty AT 4
TlE, YR BRcE S otk sfkii s nd c L e b,
COEBRTIE, SCHE T, Fl—ott&BEZIE LUiERREE
3, EwIEKRICE TS B (epistemic community) |
ThHsrZ LT b,

3.3 HEBH YR E LT o XL

BB T 2 CHiBk E T2 2 h o SCHZSE 2 Z T Tw
384 FIXLENENCHHT2ETALEBESTZ L
AFEOHNTH S, CNEFTICRTEARZ L 2EAT 3L,
HAWZBARERUTOL S mdbo L s,

[4z#E&] TN T VB Z L 2T 2 2B 0727
XHOEFRIC X B L, XL X, HEEOHSEME, donE
AHOBFZDZ L THE, bODEZFTOHRE LT, Hiffi-<o
KA LOCHEC B2 2 Biffi o 7 X4 o (W ELAfT, O
B 28 E&T20DTH B, TNEFND T X4 LOEHFIZ,
ZTNWRFEEDDDDEZFTORZOThCHEINE, 72,
Db DDEZIjIF. NG U =FE O RtEEE % & 5 LR ik
L72b D& 7%, HERSCHH S8 25 250 2 BB - B (A7
WFZNIIGL72d DDE X F %, 7220 - BEE AR
ZNRIGL7Z2b00EXHEEE, Tt W o Bl %
K3 %,

—%. BUIM. fFEotsBBicEonwcisr 274 ko
Ba RiEBEHT 03 e, RN TIRELAMEICER T2 X
S5 & BiRIE, JFEIICET 3 2 LA TE RV, XTI
W RTIv 7 - VRIDPEENDEDTH D,

COBE. VAT I v YR EAEALF L ZHIEICYH
YXHEBEET 20 TR, ThifftsesceickoTy
2T Iy - VR EERT S &S kSR, XHHO L, T
5,

D lobsiaxaitgicd 3 &, XHOEDOHNEIZ, HHL v
BB b i niE, HLWHAHEDOEA T 2 <, S
EHORMBEL, &KW, THELich?d, YATFIv s - UR
7T 272008 L WHEli AT 2 &, Al A E A
T2l Z20bDiE, AFFROMRMEIICIES 3 & THDHEL
EEWLARV, 2ok, Ao BHICHKRLAZ, v 27 1y
7 VRZIENT B [Ny F7 =2 kXIG] KBER W,
NI LT, bODOE2TAKEZ, (kb 02 bR Lz
GEEL7) dbD~EETHTZ LAY oMETH B,

ZNTiE, HEREOURIRED X I L TIiTbh 3 D,

—EIIC X, BB SCHBRE E T B FRICE VLTI, Y%
HRVATLZDD D, ZNICHE I pHitoB Y F, I HIC
W EN%EXZZ PR OCHIERNA v 77 A 77 F v —Iik
HAHEE Lo M8 (Gnertia) | #6 L. £ hEnicl
BER D EATEY, ZNENENICEIRT 5 2 L IIRH T
o, NEBICEW TR L AR At BRI 7 Lo

60



RRBIULEERMAERKT

BEIDHY, ZoWwIZ. T LTS Tidb L., BeolE
WCRB OB EABEIND L WHINENREAF I A LT
TN TELZ L ZERT LB TE 5,

[ 4 fhe ) % R SCHE LBl & Hiffio 7 24 230
k. WEN KRB OURRORSZ R LT b, Z i,
Al i, THD, TOEKRTLLIAIE UTDXI%
lThLEEING,

bODEZF tERBELIZ, ZohIcEE L ALICE 5T
. FICHSBZ D XS BRI CThDEFEZL TS
CWVWI L RHAETAIEREVWLDTH B, F DR YM R
STy miFnE, EnUNOHAEMICH-oTHDEE X B
e EBBEDIAPHENDDTHDL, T, XHD YR T
Ty VAZICERALTH, RBHEEEE T Ll
HERT L IRk D b D DFE 2 77 &Mk L. %1 < 2> 0 Frsl o Hiffiha
%, HiHEOEAZEOMKE IV RT LI T50TH D,
REFICBITIRILD X5 aRBORE Ly a v 723 T,
HEEHEEZABEL. DOOEXHELABLLI LT L iR
2

ZDXIRKERY ay 7B E OMEIC X >T, NEW
CHdzbINb, WnwHIZLTHAb,

DX VHEAM T X4 LCHE BRI W TR T W
5L D 3 A AR IRT & 1A, [RERmE

D3 % b DS IV ELM D B BRI T %o |, 55 2 B,

(5@ 45 B o b % b 2 ST 30 BT o 220 ic R oh 3
5.]. H3INMIL, [HORKRIE, FEORRICEL 7ZBLHF
XD FELICAET 2 [t 23328 L 75 CUHDRAR
AL TREOBZB).] TH3B,

COHE 3N, NEN RSB OURD 4+ I XL %k
RTLDTHE YAV 7 IA T2 F»—DHLICX B4
WERE OB, FIENA v 77277 Fy—0%lick 3
HEVATLONANF v ZOBREFECIE AL, TRfFE] 281
ANt EBHOUREZ b -0F. wH e ThD, HD
i ofEic kY, [CARKEEL Lok B (Ofifko
Fiim) dbdolor ] ERffzLicky, AL#EATH
EANZPIE LT A& BE2SR CUHDEL) . 7213
WE CHORE) $50ThHD,

o CRE, AR I CHDEL B oUmm e L
TRAZTWE &2 A, HEBHOUNR L 3. B4 ol LT
GHOBECL->sTI O 2 DEEEZZ T 2FONENFHITE
EAMALIIARETHAIDDOD, BERIICIE. BT ALZDH
K ATHIC L o TITbNBEZ L e 5, B oBdbizH3 L
LS BHOURICEL LT L A2 hitaBEombic
BRZ DR Rn ik, NEB BT, 24Y AT
AT AR, BlEELF ) v 2 %L L oflRRLTW S,

R OUR I, Yt BMc Ko Hfifbodh caRE
LT AL, HRENICEHRL L5 Elrdsceicko
EHINDEHDTHDL, ZOWRD 7' mw ZADERIT, A%
HODELZHARBMOFEEEZDONEZHARL, 22oZ D
SO BEEERH T L WS [RAft&] thbs, 2o [Rft
|13, ISR CRAET 3 D Tld e <. A %
HLTWwaLUE, #FFETZ LV L 2R 2T LD

Advanced Institute of Industrial Technology Bulletin Vol 17

BEEHHET 2 X AR 2T 0GR HET L 2 LBk
MEDOHWTH 5,

ZD X RMB L AT LOEEDOT AT 4 T, [4 2tks )
% S W SCHAEAL SR S OV Bl o8 7 24 2 SCHAMEL s 23 7R L
TWw3, 2z ERRISCHER D 3R I0E 3 ICH 5 & 51T,
e osEIc ks [5fM4%] Th 3,

3.4 MR 27 L5RIC X B ED NA1L

BRICEINAHEILZ, ok (A E] 20203
BEAENEMNICHHT 2T LVEBRERT L TH S, AL, &
TOXHIZ, X TRALBET 2 LiCkd, LWIFHHTH
%,

[B5R) ORFE2E AT T, C oI LT,
Y+ — 7 —ZF 4 v (Wallerstein, Immanuel) DTHFL S 2 7 450
DB Y | B4 B SCHAES L. B 5 SCH I3 21T 2
—H. H5XHITER, FiEL, BH LT IHE Lot
AT LOREE %, Fl (core) =JEA (periphery) Hi& THE x
2Zlickyxnd 5,

A —T—AT A vOR AT LTI, R X T LA
WCHUL & LD 2 D OB & FRE T 5, LS R % K 4 1 d)
18 (inclusion) L TWBEER o —NY) ¥ — 3 v LIETHh
%, QUAICEINT WS O EFME W GERCHTH v | ayR
XHZLEALTEI —1 v ot 0w RO N Hiix, @k, .o
LT, RaxtRofolZ 0 MtoB Eic@ELTwo
Too BT 2fllCH 2L, EROEF v X7 L ic BT,
WICHEINZTH 3 ALEHERLET S, LI DRZD
MR R T LEROBURNA v 7V r—va v Th b,

oL =fAottRy 27 L offE iR, HRESEE R
ETFAMCEVWTHHEI N TS, BB X 3, 113K
BRI E LCHEREZE 25, 2 YBorbo X
R, Bigo®E (EFRM) BP0 ThozRRIich o727
DTH 5,20 HILHEICIE, RPEOHERMIIBOERY 7 137 % 32
MLz L2LAaDS, FLOSEEMEICK T, 5l EHi
JiA7- 2 3R E R O Fe i LEN . 51E e & RERICERE
TW3EFRICH B, & LT, 1970 FERUCE, HRRH (Fa—
NABERER) OEER, 20X REREFETAVE IR D
DIEHEL 2T NIEh b E 435 NIEO CHrERRFKRRE
New International Economic Order) D ZEVENSEESE A 2 150D &
T 3% oHHTERS L, HRERFERILET vic X h
. 2o XD RetEE O % EEEAZEIC X 2L, fR{toXR
RifiAaRFoB % (E¥l) ICHmER L z7zoIicHIicf < &
I olzbDTHEE NI T LItk b,

VA — 7 —AT 4 v RUCEHRESEERLE T Lo R v
AT LEEOHNRICOVTIRINU LB ALV L ET 5
DD, A& ORGRCER R MIT, AFFIZ. 2ok dk
b =EA D% 275 % CHOBEENCIER L, R 27 2023,
LA & A D 2 0 T O AR HIGFE T 5. £ 72
O E LD 2 > DM o SCHIC X > TR S 1
ZIREBMR L AT L TH B, LREZZLTH S,

VA — 7 —AT 4 v RUCEHRESEERLE T Lo R v
AT LGERCHZ SHICB W THBREINEZD D TH S D

61



RRBIULEERMAERKT

T, MR R T LB CTEFEET 23, b4 R L
I 2 ERADHFIEZ I m#A T s, ChBREE%E R %I
WEL., Ik E2fE LR CHTELE ) L LTwiDTh S,

— AR U, Jeak o M BRSTHA s 5 O B RE ST A
Ez A EBE s, MRy 2T oI, FULSCHH & A
HD 2 20RO NHOEREZHE L. TNOMEFIC L > TH
KENHHR AT LOBEERRET L, VrA—TF—AT 4V
kREREEHER{EE T i, FLOEIIZSCHOHEWE &
LTZLNT WS 7, Fdofiliz, f.OrfEE L 7= Cic
EEIND LI T AET S, L aEE 3 5 S
FEZZZXHOEWT L LTIRIEZ LTV AR,

it LTARIIZE Tk, il %, b & 3Bl o R o SCH
DHEWFE LTHET 5, Bz, P& izl oER oSO
HuFe LT, MRy ZFAICEWCREAROEE L L<lb
nN3zelns, R 2FalcB i, HE, fLUXEE
JEASCHD 2 00RO XHANBHFEL TwE I L L b,

LSO E RASCHO R KD EIZ, 7 —N)¥—va vic
b5,

EVHEETH DS EEBENL R EV DO T A 7 A X 4 NI
DT, BEADIF LIFEDRS T, L IHIHRERRL 2, B
STk, BaoditEE —Eofi WRY) CREL, %
DRI HEH T2 2 L IFBAIFI I N EHDO T4 7 A XA4
ADZETH Y, JFEAN T L IZ. B OEGE % —EDHF
KIRET DRV HFIIBELE LT 2EYDF4 7R %
AnoZlThd,

KAES 1L, 1980 FERHITHIC Z DL E LD H 0 J5 I EA
L. Banigtts, A& T R BEL, ido
PR EEESRISICBWTHREL /2,

BEL T Ha L id, YA S X T L0378 5 By HEipH % —
EoHIHICE® XY LT EMEETIHEDI L TH D, £
D7=DITiE, BREAO NDOWMHI A EE L FEL 5, HiA
ST EERT 20k, [HIRY ) & UCEE L 7= Bl
FAAEZ 2 HFAOMAEEEZMFI L 2 ClEdhabhvwi®Th
%,

A Tt L 1T, Btk a s X7 405 5 HIRR#HiPH %
REIHERLCwZ T rEMA AT a0 THD, &
DILKIF, YRERH, EHL X5 & aigoFERE DM
T, BBEM O EA LRI EET LR B,

AR OIREIZ, oA THE. FERSTHEEOET
NMCHEHDS W XD A E 2 3R TESE, W) LT
H 5, SO HHPHZ &Y 2 b —7E O#iPH 72 0 IC RAE
L. ZOHNHDOH-EL AT LLIITELZTHEMLAVWI S
LT, BT DAL AT LICHL DXHAE AT 2
EH5IlZ 23720 ix Ly (BApF) LwiEKRT, /e
— RNy ¥ —vavliliuwXHE, Fr—NY) ¥ — g v r i
IS M ICHERE L Cfho M 2 R4 ICEBL LS 895X
HTH 3,

WHEOMBR Y 27 L THES LTV B XA, ZFm—~Y
¥—vavT3XHAETTHY, ZOoHVFERFLTHE L &
nazerb, FHELFTHAMO S m—N) ¥ - a3 VT3
XWHZ Z ZCEFROXXH, SRR L T 5,

Advanced Institute of Industrial Technology Bulletin Vol 17

Ry 2F LR, FiC ko GEE XN 2 PO XHR D
D, ZFNREMORE L L ICRLICELZEELTNL, &
W XA FIXLE, RO R Y 2T LFROFREERE YIRS
FIobDTHY, 2 ICEFHMEIE RV, R T LARIC
B BXXHAD XA F I XLk, FOSCIAE W S IE— D SCHHIC X
STHLAEEZAUEL T FTo—FatEoboTh b,
FAHRC AT LOMED ., PLOLELO 2EREEL 75,
NI A O SCHIXEE S, Bidothay 27 L3R E
fLEE2RVEEL TS R0,

~ The World System

CORE
(CORE Civilization)

Periphery

=7 2EWEY AT LILBTZFLXPO I/ O—NY =
3> (H8: EEER)

Rc&zXdic, ZRWSCRELRBIOFICIE, 20087k
ZEMOXHEES, T0—H%Es/a—")¥ -3 vT3EX
B, b5 —f% 7o —N"Y)¥—vay LRV, &L T&M
LCW2b005 5, iz, HiBRSCHA S # < I3 sEsioin - B
TS I RE SCHA & AR - TR (R 17 A B E SCRR o 2 D D 4R
RO SCHHZ 2T T 2, AT (BEROIN - SR (AR 7 BB RE SCHA)
OB M, a2 A— A, ERSCEH. LI NTEY, Fh
LABICHT 2 REARFHII 7 e -V =2 avT i
HTHrZLThHY, 22 TEIPLXHOEES &ML
WERZZENTE S,

HBROCHAE B O K & ek 1x, B VIELTw 2D | B
BSCASECIISUHE LTI A OGNS Z &AM TH - 23T,
vl — N BOEL AT LR, BEEIC e — ) ¥ —
Yavl AW ERERINTHAEXHTH S L LT, &k
Jio « FEAW AR T A I RE SO & LT S bic i flA 72 2 & C
H5, OB CHL, LRSI EZ MY & 5 5 dul SCH o ff
AMRWEEOKRBICHE o0, BIEZRL LTX DFES
ZEHNTETHWBEXATH Y, 22T 5 A A L B
MEDENE RS 2 LA TE S,

Biffi 87 X4 2% 2 ST RS $ 72 2 oo FR o ST, Bl
HAEME (BT SR LaEEE R ORI
XHEETS, ~HIhbimAedra—"Y)+¥—va vy
BZLERERFHMETZLDOTHY, LDICZZTE Y hL
XHTHZ ERDZENTE S, BRCADERICH R T
x0T EERE LA SXHTH 3 FHECCHT
Hotre TITEIFEHLIIARTLEL F ) X Hpsiil©
HY., EEROMAPELMETH Y, ZoIic, figihs
Mz IR L XS e T 2EAERF>Tniz, 4 27 L
SR INHIE T4 RTLDHR (K= T [ RF—
L) EIEEND &2 A, FRiEa—F > T KEDHDI, 77

62



RRBIULEERMAERKT

YAk —E 264 v FAY T ETRATY,

INiCH LA F AL clE, Ry xFLoHic, 7
O—RNY ¥ —2avdRIEESHEOERE LTV SFLY
BADREEL ZAIC, Za—NY)V X -2 a vy LAV L E2LHED
PEm e T2 REAHO R A HET L2 L TH S, FLLXXHHAD
R Cld, RLAWCESLT 2R OXARFEREL, AT Iv 7 -
YRZICHERELTRILL, RATHEBEL TV, Z20%II3,
WP OARES L, RO E Hw 3 X 51ckhb, &
D X5 PO RFE &3, BEIAHAR, 2 nE nFKE
Lo YRA73Iv 727 - VRZICERLTGREL L., PR THELT
WE ZDORICH 2 EIIKARBERKT B, v Rl AEE,
HFULSCHA D REE L A O Rl o 2 g E ot R v 2 7 4 %
Z25bDThH 5,

(Central Civilizations )

\ V,

( Multitudes )

cultural revolution (transfiguration) )

>P?r|pnera\ Cwilzations Y
l |
evlution I

\ J

X8 2EBEEOHR X T L (HH  EEMER)

RO E 13, Zu— Y ¥ —2 343 FEERDT (&
PasRE])) C A EAMALE L T2 XHTH 5, Mikas
ST ORI S 3 & 5 1 FARIMBERE ST CRINFT R &
R IMEERE SO 1Y T 5,

FAXHHE I, Za—"Y¥—vaviihn (BAyTF (&
PEERE])) LT H %, MHERESCEI T O A IR S T8 | 5
2 BRI R RE SCHE (SR IMBRE SCHA B OV 3 R AU i # E SC A
(b7 v 2ABABERESCH) 1ICHHY 3 %,

IS &% FHSCHHEL = 7 v Cld, RskEr A
L EBABIAD 2 D0 HMOARRIN TN EH DD,
MiFedicro—NY ¥ —vavrERNRETELELTEBY,
W e bICPOLOXHATH L LICh B,

BOBELTWE@ED, 20 i comflicsnCit, 7'm
—N)¥—vavl, FERNERNRTEERIICE >TRAIC
A% BT 30 TS E LT Z S h B T 28
HoltbDD, ZOBOWMEDHERICL Y, S HTIEHLICH
ERFRESHMAERICTZRECHEZ D IEHOCHE LT
ZBREDKRE CHEL LT3, FrcARfFR IR, A& EH0%E
ZAHICE o TXAEEZREL T B 720, JuLICI L I &
LBEMEIEALZb 00, ~JERKOHE LTRZG VWD D
Lo Tn3,

PLERNRTE 2, HHEBEoTT v, HlES¥S RHSCH
A ' 7V, EERE SCEI T o SCHH o FE R & OSSO R OV
AXHOMEZ L OBfRIZ. UTo XS BN,

Advanced Institute of Industrial Technology Bulletin Vol 17

Rt AESCBAS T > 3 BEY]

OF 1EEXH (KRHTEHE (Ba/ERE) XX9)

S
(BHE) % 1ELXH
(#5%R) 5 1HLXH
OF 2 A (SHRIBAETER)
b
@B IMEKH (F5 > AR
9 XEADFER & G IER - BEOSCER (R 0 EEIERR)

NS SCHIE(L D 3 D 3 & LTk~ 72 [
OWIBD A T3Xfbdedy | BFAETZ] LwH X4 F I XL
1. 22 TRAFULITIA & I BNICHEE LT 3 B & o #sE
ko, POLSUHICEEAZSRKET I L2ERL, Zh
% [fbfia) &R 3,

PSR (38 L LT/ e —RNY ¥ -2 a v T EDT,
REBIRICRIISCIH E #EE T 2, 2k, REBIEEE. LI,

— AR (28 L LT/ e —RN) ¥ -2 a v i
WO T, REBIRYIC LS &G T 5 ATREME IR, e —
V= a v LC&E 2.0 E ZENICERET 2 EE1
Vo INE, ZEIEE, LS, 2 LREEETH 5T
b, B Z %ol - F oL s, Alb 7a—
NY¥—va v LaWERIHRFLHHE of#EIC X - T,
Fizicra—n"Y¥—va 33X (b 3EOHLTHA) i
ERTLZEHD,

UL SCH CRREMTSCIA R e R ERTISCH) 1 T35 18
TURNHRE SCHA ) CRBNHT BB o =GRS IS RESCEH) <& 0 | B
SCHRE T8 2 JETI MR RE SCHA ) (R RINESRESCH) F 7213 (58 3
FETUASRESCEA ) (b T v ABMBRRESCHA) CTH % 72 HL3CHA
DSRASCHICHEE S 2 &, Fl0 TR MHEEEE 213 + 7 v 2|
BaEiIcH & W, B, HAERA LT 2EA&EHE CUH) ot
THIEELRELFOLICAY, ZOME, HAELELTY
ZHICEEARLEHEEMZ 2 CCHDEN) 2, b2 H BT
OXHEBMEL CHERFT 5L bk d,

LA EfRE+ 2 ick o THELBHLOXHDZ D &
S ABEOEFESED L &, [RIEERERIE]. &ML,
PER I EEMBEBEDTFAE T SR S > o 72 L SCHD A & 23,
D CRREREZ TEa L 728 CH & ot BARZ L
HETRENEEZMIET S, tWwH2LTh2,

GG, FOHBAREN TS 2551k, T4
RIS RERHIE | 13O R ICBI T 2 SR 2/ < 720, RRKE
MBSO 2 & KB AESCH~ O SCHO R 0 2 & 7 2 1]
RS E L B,

—F. ROXCHANEERMB AT 25T, T2
BRREREIE ) 12, BIEE O CHOTEHIL 2 Bk < &, 2FEEED
EHA RO CHE, 2IRELRED LD VL, Thb
HfH, SR % B0 3A B IEIRE O & E 1R B SCH o
L 72 0, KL THAF v ZDFIES L 2 EEEm
SCHA D & KRB MBI SCHH~ O R 02 & 7 2 A[REE & U
5,

63



RRBIULEERMAERKT

DEo Xl zsBEdscickh, Bk EickiF 23
X%@Lm%miw:%mié%fw@%%aw5%W®E
IO WCIRYEDEZEE N TERLEZ D, D

LEWTEEUTOLI RETATHY, EHIZN%E, 7o
— NVINAERSCIHE LR EL, LIRS L & L,

CZETHRRCELZLEDENICAZD DD, 'm— oL
ERSCHEL TR OB TIIUTO L) R DTH B,

Flic, X%, HAEHE LTiR2 3, ZoAotaR
ﬁau\kﬁﬁ%%#akﬁénthﬁ%(#%&%@ao)
[fift] T 3BOERN LD DDEZ /DL ATLDI LT
» 5,

5200, oML % XS RRIEO BRI X VR 2 5, SCHA
I 0E BRRESCHA 3T I 35 T3 1 Y B e SR, 55 2 Y
MR RE SCHH S OV 3 FEBU B RE SCH o 3 BTN BRI 32 X 5
I, B4 RBERSEET 5. XX, B S & IidHl oM o A
EOMBIC XD H O IXZNLENCIHTOEE D H S M 75
o7z, B O OSCHDLINT 2 th4 AR B 3 2 AR 2 B2
REPEEN, ZhicL>-THEBBZOb 0 ZRFTI T2, %
D LB DR - 2 3 XHDME L L2 b b, AXEFI
XM E AT EREZ, CCHOEEcHET ) UG
Thb, LTz ar, fbfmeix, 3L koM
DR % BT 3,

B3I, ZOEMBALTH AL 7Z%% 0 RITHTRIC S TH
B2 EoL 22000, oD E OMIE (AN B
DE S XfeHidy) R4 TFRET B &, dUL A & RIS
D2 O0HMOIANFEICHFEL T IR Y X7 L4 2 HE
T2 LICL YA 5, HRoFICIE, FOSCHD R L A
WA D Z R AETE L Wi 37 i e, L2 & T 3
oS bHLXHIE. (SHEFFIOE9) [JEREAR D fﬁAJi
DXHATH b rv—N)¥—vaviZoRENER
P (X28) ELTwb7z0, KoM EZEELTITL 2D
‘#ﬂ?#n %@LE?F%&ﬁTﬁAJW@X%T%6H

AR E R THET 22 L b, TOMEICE T, i
SCHA U — R I A RESCHR AT © 5 5 8 1 BRI iBRRE S T
%é~ﬁ\%@i%_kwfi%ﬁ*”2%ﬂm%%imko
5 3RS AESCHO WA BEE L T 5 72 o, Hul I
WTIE, AEFAT [REMEE] &R, E&@ﬁé%@
B3 2 iRIEN 2 KA CUHim) A4 Eh, SCHO L2335
INB, PO E OFREIC X B RIS O O\
T, PE— eI i3 B £ 72 1 EBIN B DR 2T X
JELASCHP I S N2 HPBEFHINTELELWED S fb D
D, EH IS & 5 TH LI & oif#iE X EE 2l

PWTH L EEZT D

Sthiz, 2oETFTAREIC, EBOBEL Y Tk 72 EHI
WFFZICH Y fHA T W 2 & & L7z,

T

H 1 AL, 1979 4. BUF, ARRCix 14 =tk4x].

H 2 : Flftho ZEHER TSCHAR .

¥ 3 HiHTER, SCHS AR &R SO o #E(L — IMBERESCRA ST IC 1A)
I} C, ERISE ik, 2022 4. Mitsuhiro MAEDA “The Civilizational

Advanced Institute of Industrial Technology Bulletin Vol 17

Diversity and the Evolution of the Modern Civilization — Towards the Brain
Functional Analysis of Civilizations”, ERISE Press, 2022.

4 pTHEFERE, 7v = S NAERE AL — SDGs "No One Left
Behind” O SCHARIARHL, SKUSCHR 7 fE SR A A DI 16 5 1
1O, O E LSRR R AR 4, 2023 4 1 H.

ES AR, X oL L FLo [ &A% | NTT HikK, 2001
iE

H6 1 A4 ks, pl29.

H7 1A Ttk4, pl6ed-165.

¥ 8 1 A4 Tth4y, p153-154.

F9 - 4 ks, p212.

F 10 - I ETHTER. 8 3 e —8mt — >+ — v v 7R

BEE O ST SR 2 5, TR PE SR R 22 BE R AR B 12 B icis

A, HUTHR LR S AT BB AE, 2019 4E 1 AL LAF 45 3 #rart .

H11:20154E 7 A 6 H.2015 FEHEFROBER AL HFREALDD 14%
(8 {% 3,600 i N) TH 7.

12 ATHFEHE 12023 .

i1 13 ¢ https://erise.info/

14 0 HARGEROE, AR +RTHTER, IO A-Fe ik

B B IEBE AR O FE R, ERISE K, 2021 4F. 3CEEMIL,

Shumpei KUMON + Mitsuhiro MAEDA, Applied Infosocionomics — A

Manifesto of Informatized Society Building in Developing Economies,
ERISE Press, 2021.

F15 0 4 k4, pal7.

F 160 4 tl4y, pass.

¥ 17 © World Economic Outlook (IMF).

H18 1 BHFEE O AETH o 2 HEH I, %ﬁﬂ DIEFH IS 5 E
RIVFATIBNLTED, % OMRRICHIET 2 A 2137,
Ao ESF 2T 2 i) i %%@éH%@X% cX 3.

119 © Filfth o B EHER DLEﬂ“rﬁJ AT, BlE—HuER.

20 1 4 =4k, po6.

21 Flfh o KA - HiBRES 28 [8], 5 EE A FIRE, Vol.92, No.3.
2022 % 3 H.

22 1 K& 12002].

23 B - IEH - K, pl97.

24 1 F & ST, pl12.

¥ 25 1 F & ST, p407.

26 ¢ 3% & SCHH, p407.

% 27 HREIRE, Bkl A - R EEE RS T, APEE, 1983

2 & 3Lk

 EHRSE DB AEEH S, XHE LTof ois
JRNGiAE, 1979 4F.

2. KHES, it REHER SO ). & BEE IS H TR ICER,
2019~2021 4¢.

3. HTHZFEH, XS ERIE &E SO 0L — iR KR T i 1)

IF T, ERISE A, 2022 4.

4. Mitsuhiro MAEDA “The Civilizational Diversity and the Evolution of
the Modern Civilization — Towards the Brain Functional Analysis of
Civilizations”, ERISE Pres, 2022.

5. HTFEFER, 7w — S PAERBEUEHEE — SDGs "No One Left

Behind” @ SCHAGRAYAR, HUSUER SZPESE BN R F e K FAC AR

16 %5, SRS BESERAMTR PR, 2023 4F 1 A.

NICHE, A DAL & AL, NTT Hilk, 2001 4.

A7, 58 3 FHLfGR—SRld —F — > v 7RISR o 3

WIS s, BORHL R R A BE R AACEE 12 5, HAUAT

SERESEEANFE BT, 2019 4E 1 H.

8. ASURP, RIFHFHE, WMk FRE LEIC 51 2 W
2SR D fiE I E, ERISE 1, 2021 4F.

9. Shumpei KUMON, Mitsuhiro MAEDA, Applied Infosocionomics
— A Manifesto of Informatized Society Building in Developing
Economies, ERISE Press, 2021.

10. bz 3, WAHR, B - HW N, BOERERABEAM,
*)ﬂ&ﬁﬁl(f/\ﬁﬂl:@ék%ﬂ HIRF £, 2013 4F.

11.  Edward O. Wilson. Social Conquest of Earth, Liveright Publishing
Corporation, 2012 4.

12. JHEMRE, Bike ANE — R 2 ko T, HIGE)E, 1983
.

~ o

64



RRBIULEERMAERKT

Advanced Institute of Industrial Technology Bulletin Vol 17

FEED Word ¥ ISIEX 7> 7L — b2 CCBY 4.0 74 Y ATRBT 5

Publishing Word and IXTEX bulletin templates under a CC BY 4.0 license
ST
Minoru Matsuil”

T BURUHRNT FE R TR 2B K% Advanced Institute of Industrial Technology
"Corresponding author: Minoru Matsui, xerroxcopy@gmail.com

Abstract

The advent of online open-access papers has drastically reshaped research communication. Since the first publication of The Bulletin of

Advanced Institute of Industrial Technology in 2007, its design has remained the same, leaving much to be improved. Here we show its redesign
process and what it offers to future authors and readers. The new KIEX and Microsoft Word bulletin template design offers more efficient writing,
formatting, and publishing experience. The bulletin is now fully electronic, and the authors may choose and apply a preferred Creative Commons
license. The templates are publicly available and may be modified and redistributed under a Creative Commons BY 4.0 license.

Keywords bulletin; paper template; IXTEX

1 3L DI

FEII R EAEN, 2 Q3EIC—ETITT 2 ¥ T
BB, BRI EERERTORVIRER L, PR LTR
DONBEVWI R LIELIED 2, PV TFLFY LT
HEDONBVIEHZW (o b ZIFHABHPE R EH L
L B B E T T 2 C L R H O Gch B L EL
T3 [1]D. ZD-ORERIER LTHY Y F S THE
B2 dTERY limbo XBPND Z LI 5, ERILD
HEIEB L LTHIN25E, HEEBREER LR L CHE
L. WL, HARTERIZS M &\, BURHR SR R KB R
RIGACTE (LUF TASACE ) 1. SUntERL R KR
(AR TR @ 2006 FORZDOBFICHE 1 BOFEITI Nz [2]
M. ZOBROER DML —HEBULERET, 2022 FEFET 16 4F
MICO o TREMBEBORARNRERIIEZEINTIRD - 72
[3]. 16 FERIOUEE - HBFREOZ(LE 51, AEHEIC TR EE
BS3EMNHUDES IR TER, S0, i BHERERE
(ZEE B ¢ LTARERBEOMRNRHREZERLTF > 7
L— bR R EEELI-OTHET %,

RA2BSEORHT, KELDITUTD 3 MEERD LI
e U7z, 1) $hRMb. EEvEL;2) BTk, 74 v 2RO,
F =T 7 e 2Lk ;3) 7L — FOFHEAMM, TH 3,
LIRT, 2R 2oV THHAT %,

2 R, EM&AEAL

AETIE, 2023 D 17 B2 ORI 2H 7> 7L — o,
H7 7L — b o0BRHAZTIEL, ZA5HED X5 IHH
bt BREICHES T2 LG TE 20 %2HHT 2,

ATeX bR 5> 7 L — MR O

[HidE 5> 7L — Tk Word MRZEIPHEZI R TV (X
1-A)e FHRETF > FL— P Tl BIEX BT > FL— F 2H =i
fERR LECAR L7z (I 1-C ¥ B, Word fRE&®DE=EN—Y 3~
[5]. IATEX HAGERD Overleaf 7u = 7 b [6].  IATEX HGERK
@ Overleaf 7H =7 | [7]. IIEX I2 & 2 BEHHHAO KA
WA ADEL . B 2 EAREMERNEZE L MT
& %728, Word JRICINZ T WIEX fRE BLE ST 2 FHNH - 72725 T

Received: 2023-10-29; Published online: 2024-02-29

Hb, LU BIEX BIc—ALLTLES & WX (ZHIFAD R
WIEHRR U D B O EITETETDH %72, Word iR 5l
EEHELE (K 1-B), HRDOEEZN ST ITUIERFDOL ¥
7&7 4 —=N%&GHNS Word 7> FL— 1t WX 7> 7L —
FEEfES S Z L MR TRV, BIREX R Word MREETIE.
RA T T 24 RIp TR OZER CREIZR) 3FFALDD .
FEACR—O@FELZZ L5 kL (K 1-D), /2L, &
ROMERBREERD 2 DOPEMT > 71— b 2R - BHL
TV DRFHP D270, ZEWENITEENLETDH 5,
MR R NET 212H T2 - T, IAEX 4 2T Word &
D HENTMERER ATV A2, FEix Word DIE 528 IATEX £ b
K D7D ORERDP L, TR ITRELLZHED DR
VEREENATVWS [8], iFWVZ., IATEX 2—¥—%, KIEX O
ZI—HFL VT 1 - PEHROEZ T H b S 3D TR A
BV Z B FARHCHREIN TV S (“A striking result of our study
is that LaTeX users are highly satisfied with their system despite
reduced usability and productivity[8]”). IATEX iciHh =R
LoTE, FRBHALY 22T NELZHET LG
Word THET 2 I DRERICIZ LD SWikRZRET 22D
HH52rEZX, BKIXRT > FL— b EHAET2 2L, 5
FFETIC. AR ARX e FiWVWT Overleaf ETHEL 7 [9],

AXHEICEDEWVWRA T T o1 RDEA

[HftE 7 > 71— hTld. Word fHED MS P B Century
BERATT7 24 AL LTHREL Tz, Century &4 &V v 2
KPR R—V FEDBT 7 4V P THESNTESL T, @MiXDXA 7
7 2 A RZF LRV, Word TidA &V v 7R R—)L FRD
RABEINTOWARWRA 7 = 4 ZEREMINRHE (70 — 2K,
M4 2V v 7K fakeitalics) £HWVWS) IZLTA XY v 7RO
Hellh, 2oy P2@EPLHRLE TRV MMEORHET 3
BREXHE I N TIE W 225, FIRERIR D FAZBF 2 NETH 5,
H7 > 7L — bt TiRFic. 2EHO5IAERNCBV TR %
A2V 7 /RHERE T H2RELWVWSIEEDN D o772, Century
DRHADHEIFE LN BRI D 572, ZDTD, 4 XY v 7K
ER—NVFEPHEICHBEIRTWEZAL 724 R, 12223
Times New Roman (£ 1 ) DIZ 5 MECHEICT <, FifdE
@ Word 7 > 7L — + TS & Times New Roman % %A
L. &/ AR—2R12Z Consolas %A L7z, Windows ik L <

65



RRBIULEERMAERKT

A: V16D

R EUH—RT —LDOFFHF LIS
23

itHiBfg

Non-random design process of Pokémon TCG
Matsui Minoru *

Abstract

The autual eluton esearch
s design. From a design studis perspecti

rogan i useul for quanttatively explaining complex cestivs
e fon process

Tevietacly g Boever, cltut tanemscion theos have o modeled the process o5
Tandom movely mvention. Here we. show how the design process and its resulting real-world

‘and introduces cultural variants to the population from the design pool.

Poké

ORI
LT TL LB EAR,
L ZORME LAY

1 Eesi

FORE LA, At
AL
AL,

s h RTIYA

PEOT A DERLEREORHOUL
SXADRMAEEDAREX TN, KGE W MUK ROBNRERRINR T 3%
- "

MEFORROME

UL SA a1

PR TS AP
PPN

1206, 20 0B .

D: BLCOEH WA b Lk

T e s T

0 oL

75Chlal. ATS SRRTIA

SRORRACRAIRRLTS, Petroski ZATHO  FORADDRILE LT 0LV HREEINLET

BEIEEOATS w0, gty tee

L), Steadman i < as,

[er 2 X"
o, FHres L

A T RO Norwan & Vorgmbl1s K0T, %077 Py (XIS

R 3R <

caseLis. = ’ =
Wb, o FHELTIEEL, EOMENT

DRBIRAE N EH—KOF 5t

AR SR T AR

11 BRI A P ONTREART S BT BB CRY, DL OB BTAT
*

B: v17 WordJilt D ALK

SnBTRRRWRPRAT

b st o ooy Bk e 17

AT e H— K7~ LOIET v X Bkt
e

Non o dsign process o okémon

B

Minoru Mot

B sttt Ty
Cmmeioning ko Mot Mewa msaeepySpmaon

bt

Keywords. cultralcvoltion evluton f e Tokémon TCG; s s

1 wLsie

ShEsON DAL LA, ot

5ETEEG X DIBLIINGETED, WHLET A bR
BRI CILEN 10784 X 55U E MU B b2 T
FraTna,

Advanced Institute of Industrial Technology Bulletin Vol 17

C: v17 TeXHi (ja) DAHKRHI

AnpRRRMATRAS A

FrEY H— ¥ —0DIT v X nds

Non-a

i deign procesof Pekéron TCG.
B %

EREIRRL TS el e el
ST -

Kepword. calural evlution:exehaion o desig: okémen TCG: clurs ansmision

A5, L URRIERID 76 2 E ORI
R XIGULPORAP SRAL X5 27515 1 I
SARLOATHORIS AT 5 bIIT, LORMR  AIBALETH D, MO E7 5 LRI LA

1omUsE

Prrsre.
ReTARRIRARIC (s ey as ot
CRmESROARY A Cow 1] . AR

Bresn-FreL GIFE
72 TC0) BRI S TAAF ¥ -0 HELTED BT

£ CEORERNITE S E DI SOTREVD LN
srovalil swcacakey, 2uTosNonks RN RN
ERBIEIETSSEL S, MDD EOMNRALED e 7k LTNRL. ORI - TCG o

o £h E3oToREET Ko7 hECRIBEERTADEN
B85, LLONMRIAITON FELENTSONCERE  Wibichtid s, ARTRIZ— 5HHTED, BIEPRE
PEUSHRTBY 4THE (1) ALBORIBRITSE ORRE B XERITY 320 RSN
D3TAETAOMAMBIEIAL CoL Mk @, Kp—x e TR e

e Db it Cernmere
ML 14, Sesman (R0 SRR RO 3

#

BEABIOPONTHE LT LEAIN IO AL B
RS FEEREMIRRE D4 < 3045

07 04 ABBOTL 0L B DETHIT <8 THE,
AR T UM K7 % 51— K=o (T

o
Tk M AR 13 0
DR BT B, EPE B TR 1, BEFD
EROMLSEUHIRICS 52 L &, MLDT0E2D
IR S, R - RK - RO £ 7 =X L5

wre TarFx-0—MELTLD
BB, HT 2790 F v A KERTEIIAIE REH
IO E MR RAMBIAEY R 77 FAK
HI TSN FOFFA S EERT B 2 AHEMMEE
REMABLaLSruELCARL LORRAEHLr<

R 3 ORI £ SRS 79 Lk B3k AL
RIS B £ S AXUF P4 ¥ FORTA bR

FoF-sesbern
S ey 35 H5. TR 73
B0, BT ALOBME G VT TALRITE S

LT3, Peroski EATS THo%H
KAES 0TI S £ RIILL), Sesdoman IO SR
EORMEAILERD LIS T bR L ORI,

KT TR
B iabova P AOURME G HREERT S
creamEys,

. TIVATL AN, Lngh BIHOSED

Asn7 17
RO Norman & ) e

AoEE DTS A TmerTEEE
TRk Chows CAmamMATE Y. Nt

AR 1) 3 G 7 212, AL B0 S B
EIERETERTHD, WAOMATEORUNKS ST
1. Bentley & (1], [15],[19] RIBREFE Y S Kimura &

o e
[ER

() B AL LRRIRED
L. ST culural defe i & > TEL 3 KO TR
WL EFAEL, KONDT— A ORI L7,

EoTrL

HOMS £ X N ORI

itz Tar (216l ZRARORHEE
CARRLACERE, Lo ML et
ESVE N, WA KA LEINN LR AT ES (17)

L N
HOm—Vny bALRIMERE TS, £V 2y HEH
BIDR=27x> b7 Y XAKE 1 MIBEEG, EOMIHIR
HLTHBLBRERNT 3, L - EOREE (U

P .

) <l cxoThET

BELRBE (13] TEL, b -
ORI, WSRO WA

e 20
BNTELTE, COE %Y IAETIA k> THI

SRR ORI OIS B
CREET SRR, & LU
FOERE EDERNO SR LTINS SN X

! P
1OMH RO NROBEENOERS  ATE (18], 3

, Bonvy 5 (23] 18 FUCTErTY

HORGORNTHBLWLTEILHIV,  TPALRKLTE, Bontley 613 TNET > X LBEHAN

05 X DHGEIARE LTRoTO B, 009 2 47 E—
EPAENED, WIS SHILHALTIY—F 3R
B T R e

E: v17 TeXh (en) 7~ 7v—F

Langrish 123103 HtE0 BRI 23 - IR OBBAL
BEELIL A7 ~<=7 4 7 ERIDRAS Nomman & Ve
TR S5 3 P
AYMEERERS DL ATHEE LA, ShORS CHM  GAEBY 34 T AL, EALISY 5 RN
SHERATED WATFALTCAFOWFLLRRN  KEIING 7043 TH Y, WA OBIRLTEOMEARAD
BRICLML 2 6 D15 DS < HSHIL AT 1 Bentey B 1] IO MIRE IS 51 5 K
RO MBEOHIMET T F A<~ R 2 LR
RIL. BT el a5 CEL B XILOD L
L. kitto 7
A EoTEL sk
BRI S KL 5T, GUNEERIERT  LHELE,
OFMOERE LITLIR-T E2DHIG, TGELTOR  LOWLEFA<iis s —EOMMY A X N ORALE
IMRBBIGE IR b RE, Ll EMHMLTI L XIS 30 N0 Z—Y 2 Y Lo XOMR
THEbEIIE R, HERROUBEE A LAAT N
7S, AP~ LCREREBRENTUC  FRIEROZ- 2 x Y b5 Y FAK | BIKGED, £0
BBERUDE LEBLISITHES, by AV EIUD  RRALTO SRR R 30, 4 L < ROl
FAF—OERLAFEORIOMR ¥, BIWELILO K CAIERE) THRNET 0 €A1 L5 moMELTI
CHRBERRIEHIET 5 5 RARNERHENND % o>To L CREC—E LB 1S EOEDIFOXIE
POHERGEL AL, B, REORAPLHREN  RERIL, LRLENTEET S, SORIRTYTART
OB SEROERT 3 L ARDVTIE, SECMAHEL 7k X > TR RS RAKIEROMENFiL <3
ROOLEMHOY 50T 4ORTSTHICHEORNT AR T LA AT B(8L (212
BELEET B LHB, Bentey {23112 Eu3450E00e
R ERA T LTS SR A LRELTI 3, Benley bRTNET Y FLLEAR

Gr-vay

F: v17 Wordii{7 v 7'v — Mk

anEzaRRRR AT

A E T H— 0 LT EREETL

Non andom design rocess of Pokémon TCG

Minoru Mt

ey

—

pe

b

i —

1 oRE®E L Bty
: REL R SR ST

SAEDONTIORIRES

5B 3 Bk S

AL AR S

ot
SR DO

e83t i LMY

)RR
10 Sckd S S

TN Namia &
Vb

SECAm Y
e S
LERVTE El:

i ;
T e
bib insr e s

Hesfin s

EheteR e £
Pt
FOTIAERR T a DT T

(it (e

bt £ A 4?»‘0’!77}0"

i
bR F e
GALLELIER

kol

S
0

Pt L]

SnpAR BRI

AIIT bulletin format: English version

USSRV ———r

Minoru Matsui® - Kyodo Shippitsushal - Saishu Shippitsushai’

bt .

g e

& i et e, ol a¢

o . cetas o e,

s

Vo

e o g, o s Sl a4 T, (ko)

Keywords ywond;kywond ewonds (i S beywords)

1 Introduction

References.

vt @
Iscing it Suspendiee ¢ enim urpi. Morb o maximus vl

s c diam solladin, o omare e e,
Nam viverra nunc e,

s magna veltrpi
quam egotcomm
Suctor phareza

mperdietdolor ne et nterdur

Literature review

Nl lcin i s, e vl
amet euemod nullaroin port e ek

ncidant ol a mperte Pl vverta gt v,
dignism s bibendum non,

Pracsent varkus urnaaget b acni, sod ucibus arpis s
g roi et e ey, Do et

lum i i, o0 it amet uctoraliquam, e som
ot e 1]

ARETARBWATRAS -

£ GEOM, WAL B, SONTE, (BTHEC, TO%XTY a2 EELECCBNL) FL-TEES Y S 1XTIHO
HURL>LTIE L L, [SFHOR ) SL>E0k0L A7 1T 7”/]»»;[:3!1:4»!'1-]&174""»aan o
e i e L L D0 TR RS T E

SRR e, WS O MRS MR E1E. L SR A ST L CARE R IR
RPSE AT AU BB S

fmL<vs,

UK CRRT B <A ¥ 7 4 3 KoR A4
o (ool 9p0) EHNT S, < OR5 A Ait, RIS
nEMORS AL LB, TFE . boaEx
SAROBTE bic LY LTS
 doe koA ¥ 94 72— F-uAT B 2 date E%D.
fmction(s) (- 1) TS & function(x) {x + 1} £ 43,
COXFRIAREENLE OB LRETOBRD
7Y T MNT B LITFAEA LT CRBAS A LOR wpe ®
prey

Word O ARG UL 4 £ 2T
- HergozyeLTaNLTy . LbL Ay

[t arh-resioirarge

0= 3 e

OROM. FINA> 2103 MRRIY SMROT X1y 2AE0D. MET 2R 1 ARERYHY S,
b S hra e 1 O CRRL, SRR SR 17 L RRRS SR R R

I e il S (xxnmmiLuleiﬂuLleswmﬁ

GRS EORDLA 75175210 LT 5 AN REL, RRBCIKTADH I Lo L COMEHET SIERRL

e B

e o w03 0 wr
i KK s o5 e
ARARR (502) "o o 20 »
a0y s REw) o s e

B1 A: 2022 FEEFTORSRET>TL—k Word 7 71 LEBWHBRROEH [4]. B: A LEILKRET. 2023 FE

‘u%ﬁfu L.ﬁﬁﬁ TLT.:ZK?:%E;

Word ik 7> 7L — b ZER L THEIR L 7Bl C:B LEKIC. XFELEMNA WX IRT > 7L — b2 AL THIRL7fl. D:B £ CZERGHETL
Bl MMICERZHZDDOD. —RLTHMTH S LIZRLBVEEICBE TV, E: RFRERXA BTEX 7> 7L — . fIXAOTYFL—

LD B R TREZREZ LTHD. EXOMHERIC

X Mac LD Word 24 YA b =L $23L ZhH6DRA T T 24 A
b A VA M=V ENDZTD, FWCRA T T2 A RERY v
FL7Z2DA VR =T 208370,

Word fiR7 > 7L — b EHOWEHEX 77—+ 77401
WCHRICERINT WA AR ANV EHA LS
ARANERZ L EMPICERL THELTBLT, SHEED
ZNOEFTNTHEEIMHEO IR L THETIE. BENRIXF
BTATAETCHLIEL N
T3, L LEBICE. RZAANET TAUTIEITEMEC
D, FIAZEDEREIZNT LD KRB0,
VRE Y BTDIT, ARA NMIDEREKRED

TARDEA TRy +RE

EENRTIDNT

REELTWS, F: KDZFREE

{Tjo

247ty FhDOE

WHFETREIC A o 7c Word kR T > 7L — ~ OREERAD IR,

bDDAERT DT8R LIz, 2Dz, 722 2L TD
KL THHEINDZZeRDHD D224 FPAREEH, FiERY
WCOWTEY Yy LT ZBERL, MIEERHEEORA XA VEERL T
WEEZ T, TRHIZDWTHAX L FBRIC, B Times New
Roman, *ﬂ)'@i*ﬂ)'(&% TI7xAREBBEEICERTIILD
TE, T2, MIXZA T 724 R EA T 7 x4 AT,

FUXFH A RIEETHDREIRELID DT PICKRELRAZS
A2 H B, ALD &S RPNIBLFEYF A4 ZTHIUR, Fl - K&
477 24 AR RETETOMEDLFH 4 XOTMEEZ 2 FT
RSBV, LhL, EADOXFHAX (B 15pt ZERAL
7o) b5 Tl EL D, Adobe InDesign @ &7

AR IE,

66



RRBIULEERMAERKT

®1 FAT>IL—+TERALEZATIZA1RO—8, 7> TL—
F77MILTERLTVWBRZAILERF T, ERIILTLWEWVWHBE
RABICE>TREBEBLSIBZAZAMILEZEF. BIFBZREIZASIILZR
FTRRL. BEDERATREBLEVWTHSESZARTILIZIRET
R LT, TimesNR |& Times New Roman. TGPagella i TEX Gyre
Pagella, TGHeros (3 TgX Gyre Heros T&% %,

Ver Y7V  ELRH#E R T -k AZ) 9k B Fk
s Al MS P G il Bt
H  Word K Century  Design123 Designl23 Designl23
AL fitl MS P EXEH Aef123 ARAT B
s il AR et il Rt
174 TimesNR  Design123 Designi23 Design123
Word FLH L il BIr vy Kt B&&t Agf123
K Avrial Design123  Design123  Design123
i a—F Consolas Designl23 Designl23 Designl23
e il i KRR kG [NA] it
¢ TGPagella Design123  Design123 Design123
TeX L il R/KAD R/t [NA] s&&t
K TGHeros  Design123 Design123  Design123
a—F Fira Code Design123 [NA] Design123

b BERES. IATEX DRISFOERE R i 23R - BRX A4 77 = 4 AR
BN FH A A e Witz 2, LHL Word TIEZ50o7
HEBRTERWD, MDD LBRELELIELRTELM
XEAT T2 A RERHATEIEPEELY, ZOkD, I
LTH7 Y7L —rTHRAZA TR MS P B8 (EBZRX4 7
724 ATHH Y RMENS 2 L3S B) T HHEEF
32281l F£/. MSPHHBICIE R -V RIERBHEZNT
Wi WS, JEIHEICIEAE IR TVW S B ERTWS, 5L,
HHFNC AR I N TV 2 R—L FKIEE I R—L FIKTH 2 70,
WO 7 F 2 P ZHICR—IL MET 2 MK FIcEh 3
DTHEERPDBETH B, ¥+ Z7RZHHATE & OffD Sl
¥ v 7 YT Arial ZERA L. 22— FiZid Consolas, #zizid
Cambria Math 2%/ LU 7=,

IATRX FRCUIR  BAEH%Z & & & U7/ BRBARA & | Palatino 2
172 TX Gyre Pagella ZEANL X4 7724 2 LTEHAL
Joo PRV ZRICER 2 ATy 7 2de e LR KAD
¥ v 7 ¥ Helvetica 1217z TpX Gyre Heros ZERH L. 22— FiZid
Fira Mono. #32iZ New PX Math 2#f L7= (R 15H)., %
7z IARX IR TIEML Z A4 T 7 2 A R EZA T 7 2 4 A THT
DRXFY A4 XDEED 51Tz,

IATEX Jii-Word BRI D & 4 77 = 4 2 DR B & IR L
TipoTze IATEX IRTIE. ARZELKR D Overleaf OiHTHR TrX
Live TH 3% TgX Live 2022 TEZIIHHTE 244 S 7= A X%
FIFAL. Word fRTIZ Word ICNEBF 2774V R4 T 724
ADHEFA LIz, 7272 L. EEDOEMEITB VTR AR/
Aoy v 7, FiraMono D& RBA—F VYV —2ADRA T 7 =4
A%, Palatino/Palatino Linotype % Helvetica 72 £ ® OS #&# D
RA T 724 ZBFHT 2210k o THREE KR BISEST
ThIwnwZe el

TUTL—b - BEBBEOLT. mmEt

[HiCE T > 7L — FOHED L F 74 > ot idIER IcHiE T,
BEKRD A Z A L OIEDMAIREE OB ITIN TV, ¥
HET YT — TR KD ZEREBRPAREIC R o 72 (K 1-F),
72 21X Word fik - IATRX fREB HIZBWVWTHa—Fryry 7
AYF7A4 A= RREZEZGTHHTE S XS ITHIMIAX AL
FERL. ROBIOFIEFH»OLHADLFEY 4 X, HOKX,

Advanced Institute of Industrial Technology Bulletin Vol 17

M%7 ay b3 2BOFM R A ZRES X F O E TEHERERE
LR L, £72. Word 2o 725 CHEICB W T E 12
MR ZRERATDDO T X A L OEIDIABLDFRER., F v
T¥a v eMROBEESE HESBOFEWS, BAOHAHE
BEWTOWTS Tips & LTRiiB L7, FEMlICOVWTRERD T >~
TL—= b7 74 NBBRLTIELWY [5].

BENHMO5 | AR ONE

[HRET > 7L — FTRHED, 2RI 505AEA 2R
HALTW, MBEOSIABRCHES IKEFEETTI+ -~y T4
VT RIEDIRL, HEMREREE L L, T~y T4V
IREFERTI2HDRo Tk, FHET >~ L — FTIIHE
DERZHEL. HREVD, DT L b TWS5HER
TH2V 77—V 7—HROY 717>k (PLOS ) %4
L7z, Citation Style Language (LAF CSL) 2 EFE LT
%728 [10]. PaperPile % Zotero, Mendeley ® X 5 72548 D STk
BHEY 7 o2 7RERMS LIRFCHRISSERZEREL
72D 74—y bTEZ X515, AEX RICBLTIERRIEN
P& 7z citation-style-language Sy o — [11] ZFIH
T35 EMELTWVS, TgX Live 2022 TOFIHIE W < D5
DD 5O THERPLE (WX ROBEEME [5] ifd) 725
TEX Live 2023 TR L TW3, Word IR TIXAMEECHRERE Y 7
P27 ERFHALT7 4=~y b3 222 HERE L, BIRX T
BET 2D, .bib 7 7 4 L% citation-style-language
Ry r—=YENLTHAT S 2 CHIABRO 7 4 —< v 74 &~
ORI BELTE, RIS HETE S,

LUR®D 6 e &3 25| AR EEE LT,
k1 AERBEOISRER TR 2, EihsBEL, A
XTIk (Matsui, 2022) % (1) T [1] 2 LTEIHT2 5D
EEELT, e ZXAPARS AV O FLDT 77— 7 —
HREZDEMITEB LR NDRA L 7,
%tk 2: HABOXMADFHEC ROV, FIXRA 77 = 4
ZIZEA RV v ZIRPBEE LR Wz, HAGED STk % HHE 25|
322 e PHEINZARARLBECBNTIEIXLEAD /AL 12 5
SIAERIEAREYTH 5, 722 21 IEEE BRI 2 0&BICAER
L7zw, RELEOERD5IAFRIZ [EEE ERiTiiwizo, [
FRICEBL 720,
&k 3: CSL BRI TWB Z L, CSL I3 OXHERY 7
P CIEFREN L 20D 25| AR FETH 2, WRRFIHAE
AT ATIVICERINTED, HARAY v —RXEERY
7P eAVTEBEMOEAZBH T4 -~y FTEZ LS
2%,
%k 4: CSL ETHAIcEIhT0wBE 2, 72k 213 SIST-02 1
K [12] EHABE O IR EELTEB ., HAGEIC & 2 @355
HE [13,14] 7 Df N2, CSL EDFEE [15] B8R 14T,
a7V EOIET [14] EFET AR L DB B DR
L7z,
&4 5: URL ® DOL H#ERENB 2 &, APHBEICHRBI NS
TRy =« 7R CEIHI N EHAR D D, EiaEt v T
ETHRLLIT L T5201cd URL/DOL 2&£RT % & 5 2EX
BHEE LTz,

67



RRBIULEERMAERKT

ZE6: AV —HBY Yy —FATHRHAINTVWE Y, CSL 54 7
) ETHEIC R v F s Z e SHFTE. SIHAEOFEM
BRYZ a2 TAPFELTED., BRIICIZZDO~Y=2 7 V5]
T E2IHRTEBHERNEREL /=

3 BT, 294> xDHEAL.
Fd =777k 2D HEE

BFk

H 16 BETOIHRLETIE, A¥Y 2 7V 4 MR ERAT
BXREMLTHER—YD PDF 22 L TED, 8 T2 M
PRIF IR % BRI U CREAR LT 7z, SRBBARR O 31T 120 5 TR &
AZMZRESEFOXY v bRV L, 17 SLEOH
B O IIMRIBAR 2 BEIE L CR2ICE L L T2 RIS, &
X% WA 7- PDF OECATIRIENE SRS IR KXV v b
VML TRELE Lz, 20D DIz 1 #3¢% 1PDF & LTY)
DL, 22 Y7 LAY = 7% A4 P ETRIT S 2,
12l 72,

S41t > ZAOBEEE

BBV TR, S OEMEMIIARELICIRIE ST 2 0FE $EFF
FRLICHXENHT 2 Z oA TED L XN TWe, FiidETlX
EEEREZRRE ST 2d D L7 LT, Creative Commons 7
ALY RAEMNETES X51T L, R¥EILER Google Forms #%
HTHR T 212, $XTD Creative Commons 7 4 £ ¥ 2 (&
R BR-R ; R For-FREA  RR-FEE -
R-IFER-BER L) OBIRICNZ, [Creative Commons 7
425 L) HEIRTEL L5,

F—=T o7 U 2D

REMEHRNCRITT 2L FAy LT MEHwB L, &
BORRMAHR U, FEDZEM LR Fi8 3 ERcRl%E ]y
CWSWHEERD, RELEDHITERV, A—T V7 7R
WD [16] ERCHIZ LAOEE TF7L 7Y > b IR
% (B BIROD & 5 ITHEE 2 MR C E R WEE LI
LBB37H, FLT) Y b Tho L dS i), ARSI
1 Bh b ARPEREH DS 16 BETIXRTHETREY = 79
A4+ RiZRAEhTn3 [17] 2. TTRA-F 772l
TWBEE AR BBRVD, WL DD DREND - 7=,

¥, MXOELPES. F—V— FLPHME, X PDF DY
VIEWVS R RXRT = EAPAREY 2 TH A4 M ARHEROD
CiNii[18] IC® BRBRIETIIERI N TVR VDR MENEL
Google Scholar 72 ¥'2» 553 PDF 27 7t AT I3 &S HEH
HFE)T ResearchGate 72 ¥ ISR T 21020,

F iz, AREHEICIE ISSN EEHRE ATV TS DOI 28] h iR
LRTVWRWDIT, MERL TRARNERCZFIHL TS, d L
URL T3 < DOI L2tk LiawsHERTHIUX, ZDFY
DB DAIANBEET 72 2F B IERT,

XBI2, HEIBIEBINZ TR TORERIB VL DD PDF
YLTARER S0, XA EEFERELOLL, ¥
PEZCLTHHBEICLTD, e BT 2B Y ZimY
DR=IEHER—ID PDF 5 YD HFREPETL 2 (ZDR

Advanced Institute of Industrial Technology Bulletin Vol 17

WKCOWTE BROBE A LO—RTHRIRLE),

Y =2 TR TH PDF Ak v b LRWVERSUIMD THLIZL <
HEAUCLL, ZOMIHEELRVWE S > THMBS TRV, Z
NS ORIE R RIS 5 DA J-STAGE NOFHEHTH 2, +—7
¥ 7 7k R5EL LT J-STAGE 1I2&# 7 % Z L IZFM AT PDF
ADY 27 ¥ DOL OGS EKT 272 DIFFICEBIRKED, 5§
17 BRI THEERO ZHHod & J-STAGE NDOE# E BT L
Tes, FEEMEICE D 2023 FEEFOFEBITERD - T2,

SEOETSRBIHRBICTITTORS

2023 FEIX J-STAGE NDEEMNEIAT X0 o 72728 2024 F
ELRRICR BB & ko 7o REFRSUIMA S 13V 2. T web;
therefore l am 2 WS BENDH 3 [19] 512, v 72N LT
MPFMENT I ZHFVLERIAEL 3, BHRETEY =2 7 TR
RLUTHBAY PDF KIEERICT 7L RATERVED, FohlH
VWTHHRIN TRV AARDIKREICH 5, SHROFTWE
UTHRABHORERLDED. =7V 7 7 RAFELEHEE
LERTARELFEZ D, Fhey FT7 A== v TOR LD
B b, FPEZEOEMICOWTEHART 217> 3~ (authors’
contributions) Z#%H [20] & L. TEHEEIAREZHA, KK
IROFERONEERKR L) EWVIFLMRTRIZRNELEX 5,
FHRIC, A= 4z R2HEL, BRREICHVWET -4
DOFHAREMREICOWTEIRT 22> a VHHHE [21] e TRE L
EZ 5,

4 S L — O HEEM

BRA2ZSHRAREOHLET > L —rDEANY -V a vk
RENHNDHED P EHICHE - BHAIHATE % X 512, Creative
Commons 4.0 BY 74> R (R 4.0 EEZ A€ R) T
WKAB L [5]e D72, 4V ADBEHX 28X DT
YL — P UWEF— P ICHEMRT AN TE S,

FWERL DT Y T = b 22— ofEDIAAD, iz nwT
YU — b L EEERT 20 R BEEAB L TRIETO
HEBIZE > TRIENR L W3 ED RV, — AT, BALEH#S
SDRDEPLBTIZEDMBEINCHETE S LHICTRLUTHE
ZOMVHEARTH 2 EIICHER S, REFBRICHIFE T EHRC
FEAT LTV D ISEREBE DS, FAT /iR BB L2 Mat L7z b 2 1iiée
XEMBICHIT LD T3 —Be BudsnTd 3,

2 & LWk

1. HAZHMMYER. OGS L O ERFEONT 3 AR it AARARER.

2020. Available: https://www.jcss.gr.jp/journal/plagiarism.html

2. B EBUMT R A e K 2 O B BROG: E SE RN K 2 B K %F; 2007. Available:
https://aiit.ac.jp/documents /jp /research_collab /research /bulletin /2007 _
bulletin.pdf

3. BURUERILPE ERMT R A BER A AAC . BT BROUHT 3L PR SE BT K 272 B¢, 2023.
Available: https:/ /aiit.ac.jp /documents /jp / research _collab / research /
bulletin/2023_bulletin.pdf

4 MH RrEVH—RE—2DIET ¥ & L 7RFRGHEE. HRTHR L BT K
2EBERAACEE. 2023;16: 91-102. Available: https:/ /aiit.ac.jp/documents /jp/

research_collab/research/bulletin/2023_bulletin.pdf

5. Matsui M. AIIT Bulletin template v17. OSF; 2023.
doi:10.17605/OSE.IO/JRITD

68



RRBIULEERMAERKT

6. Matsui M. AIIT Bulletin LaTeX template v17. 2023. Available: https:/ /ja.
overleaf.com/read /nphzcgzvdqbf

7. Matsui M. AIIT Bulletin LaTeX template v17 (en). 2023. Available: https:
//www.overleaf.com/read/wdmbfzjxxnvk#3ba8fe

8. Knauff M, Nejasmic J. An efficiency comparison of document preparation
systems used in academic research and development. PLoS One. 2014;9:
€115069. doi:10.1371 /journal.pone.0115069

9. Matsui M. 2023 4 Ji£ #c 2 J5i f: #d 2 @ word & LaTeX 7 &~ 7 L — b
Z CCBY4.0 7 4 £~ XA TR F %. Overleaf. 2023. Available: https:
//www.overleaf.com/read/qmgjzxyyhrnc#8c0479

10. Citation Style Language. PLOS citation style language. Github; 2019. Avail-
able: https://github.com/citation-style-language/styles /blob /master/plos.
csl

11. Lee Z. Citeproc-lua: A Lua implementation of the Citation Style Language
(CSL). Github; 2023. Available: https://github.com/zepinglee/citeproc-lua

12. SIST (Bl iR B ) . 557 5 2 FH A WARP. 2022. Available: https:
//warp.ndl.go.jp/info:ndljp/pid /12003258 /jipsti.jst.go.jp/sist/index.html

13. FHERURHR FUER AT SIST HHR. 28 ko #dl v & &75: B2
FPIEERTTERTELUE (SIST) OFEH. RHEARAIRELFERE; 2011 Mar. Available:
https://warp.ndl.go.jp/info:ndljp /pid /12003258 /jipsti.jst.go.jp /sist/pdf/
SIST_booklet2011.pdf

14, JRIZAT BOE RS2 B0 4 AR, b o i 07 S 003 5 1 2 748 2 JRS ik
D =77 SIST 02-2007. 2007 Mar. Available: https:/ /warp.ndl.go.jp /info:
ndljp/pid /12003258 /jipsti.jst.go.jp/sist/pdf/SIST02-2007.pdf

15. Citation Style Language. Citation style language SIST 02. Github; 2021.
Available: https: / / github.com / citation - style-language / styles / blob /
master/sist02.csl

16. Farquharson JI, Wadsworth FB. Introducing Volcanica:The first di-
amond open-access journal for volcanology. Volcanica. 2018;1: i- ix.
do0i:10.30909/vol.01.01.i-ix

17. TRFRACEL. SROGUHI AL PE RN KA BT K. Available: https://aiit.ac.jp/research_
collab/research/bulletin/

18. CiNii Research. R % € ¥ 1 — R 7 — L DI T ¥ & 1725345182 | CiNii
research. Internet archive. 2023. Available: https://web.archive.org/web/
20231029161958 /https://cir.nii.ac.jp/crid/1520296818739573888

19. Xie Y. I web, therefore I am. 2012. Available: https://slides.yihui.org/2012-
stats-web.html

20. Springer. Editorial policies: Authorship. SpringerOpen. Available: https:
/ /www .springeropen.com/get-published /editorial-policies

21. Springer. Perspective, opinion and commentary: Availability of data and
materials. SpringerOpen. Available: https: / /joems.springeropen.com /
submission-guidelines / preparing-your-manuscript/ perspective-opinion-
and-commentary

Open Access This article is licensed under CC BY 4.0.
® To view a copy of this license, visit
~ http://creativecommons.org/licenses/by/4.0/

Advanced Institute of Industrial Technology Bulletin Vol 17

69



REMPUELERBTKERKTE Advanced Institute of Industrial Technology Bulletin Vol 17

WHGEFESERGIFTIC B T 3 TG0 RE LICEBT 32 i onT

Regarding the impact of the review of market classification at the Tokyo Stock Exchange

il iz

Hiroyuki Maruyama®?’

VRN BE SR R BERE  Advanced Institute of Industrial Technology
2JhiE K% Takushoku University
“Corresponding author: Hiroyuki Maruyama, maruyama-h@aiit.ac.jp

Abstract  Stock exchanges that buy and sell stocks exist in various countries around the world. These stock exchanges undertake various initiatives
to enable investors to buy and sell stocks in their own markets. The Tokyo Stock Exchange, the largest stock exchange in Japan, especially Tokyo, is
also undertaking similar initiatives. In this study, we investigated the impact of efforts to review market segmentation. In particular, we compared
stocks that moved from the Tokyo Stock Exchange First Section to the Prime Market and stocks that moved from the Tokyo Stock Exchange First
Section to the Standard Market. For the analysis, we used the difference-in-differences method to analyze the impact on trading volume and return.
As a result, although there was no significant change in the return, it was confirmed that the trading volume decreased by moving to the Standard
Market. This suggests that a review of market classification may have made standards more stringent in the prime market, and investors may have
shifted their buying and selling there. This study is an analysis of the Tokyo Stock Exchange, the largest stock exchange in Tokyo, and deals with
important factors in the industrial aspect. Therefore, it is thought that it will make a major social contribution.

Keywords Tokyo Stock Exchange; return; trading volume; market segmentation
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The competencies required for project management execution in agile development
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Abstract

Agile development, which provides value to customers in a short period of time, is useful in an era of change. The purpose of this research

is to clarify the ability required to promote project management in agile development in order to popularize agile development. Therefore, we con-
ducted an interview survey with practitioners of agile development and analyzed it with the help of the qualitative integration method. Furthermore,
we identified the characteristics of agile development by associating the analysis results with the body of knowledge shown in the 6th and 7th editions
of the PMBOK Guide, and considered the ability to realize those characteristics. From the analysis results of the interview survey, we extracted the
following about the ability required to promote project management of agile development: (1) Ability to focus on continuous growth of the team and
actively participate in the project, (2) Ability to actively challenge uncertainty.

Keywords agile development; project management; competencies; qualitative research
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Case study of scrum development simulation workshop and development process
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Abstract

In recent years, more and more organizations are adopting agile development methods in the field of software development in order to

respond to rapidly changing business environments. In transferring to agile, it is thought that organizations with inexperienced people need support
to create a mechanism for understanding and introducing agile. Therefore, we have developed a Scrum development simulated experience workshop
which was developed for the purpose of learning while experiencing Scrum development for those who are inexperienced in Agile. Besides, verbatim
transcripts of workshop interviews were analyzed using the Qualitative Synthesis Method. This paper introduces the practical results of the workshop

and its development process.

Keywords agile development; lean; simulated experience education; case study
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Abstract

The purpose of this paper is to provide an overview of the history of sento, and to examine the viability of sento in Kyoto, the birthplace

of the bath, from the perspective of business succession. Some public bathhouses have been forced out of business despite being beloved by local
residents. Interviews revealed that although demand for sentou still exists after Corona, the presence or absence of a successor has a significant

impact on the survival of sentou, whether or not they go out of business.

Keywords business succession; public buth

1 Introduction

The purpose of this paper is to first overview the history of the sento,
and then discuss its viability from the perspective of business succes-
sion, focusing on sento in Kyoto, the birthplace of the bath. The origin
of the bathhouse was the free public bath by temples for the purpose
of purification of body and soul and for missionary purposes, such as
treatment of illness, and it had a strong religious flavor. Later in Japan,
steam bathing, in which the bath and washing area were separated, hot
air bathing using earthen cans (Yase no Kamaburo), and hot spring
bathing became widespread and could be seen in many places, but
bathing was a luxury for the general public. As the phrase "to be
treated to a bath" symbolizes, the word "bath" seems to have origi-
nated from the practice of wealthy commoners treating their neigh-
bors to a bath.

The practice of public bathhouses, where people bathe for a fee as
we know it today, dates back to the Heian period(794 —1185), and
descriptions of machiyu can be found in Konjaku Monogatari[2](Ta-
les of Ancient and Modern Japan). In the Nichiren Goshuroku [6],
there is a description of a bathhouse called "yusen", which indicates
that machiyu had been established in Kyoto since the Kamakura pe-
riod. This form of bathing service, in which common people paid a
fee to bathe in the town, spread during the Edo period(1603 —1867)
as a combination of steam bathing and hot water bathing.

The bathhouse appeared in Tokyo in 1591, before the Edo period
(1603 — 1868). At that time, bathtubs were for one person, with a slid-
ing door that opened to allow entry and closed again, and a narrow
space like a cupboard, filled with hot water up to about knee level and
used for bathing only from the waist down (gyozui), with steam to
steam the water (llustrated book: The bustle of Oedo"[4]). For exam-
ple, " Morisada Mankou [3] " states, Although the cupboard bath is
rare in the three capitals (Edo, Kyoto, and Osaka), it is often found in
public bathhouses in other countries. I once took a bath in Hyogo
(Kobe). We have also seen them in Yakutou (medicinal baths) in Edo.
The bathtub is very shallow, and the water is barely a foot deep. If you
only kneel down, a sliding door is used to prevent the hot water from
leaking out. The bathtub is very shallow, and the water is only a foot

deep.

Received: 2023-10-29; Published online: 2024-02-29

Fig.1 Public Bath (Machiyu for Edo period) source “Shokunindzu-
kushie shi'

In order to attract more people, improvements were made to the
bathhouse, such as enlarging the washing area and venting the water,
and by the Edo period (1603-1867), the prototype for today's sento
(Figurel: Public Bath) was in place. In the Kansai region, on the other
hand, the bathtub was a Goemon-Buro (Figure2), in which a cast-iron
cauldron was installed at the bottom of the bathtub to heat the water,
and a wooden floorboard served as a lid, which was pushed into the
bottom with the user's weight when taking a bath. This type of bath
was widely used until the Showa period (1926-1989) as home baths
became popular. In "Tokaido Chu Hizakurige," there is a scene in
which a man takes a "Goemon Bath," but does not know that he is
supposed to sink a wooden plank into the bottom of the bathtub, which
is too hot to handle, so he puts on geta from the bathroom and pulls
out the bottom of the bathtub, forcing him to pay for it. The scene is
called a "bath" in Kansai and a "yuya" in Edo (Tokyo).

In Edo, the cost of firewood for fuel was high, and in addition, it
cost 200 ryo (about 26 million yen) to dig a well to secure water for
each steam bath. Therefore, to save money, the general public would
place a washbasin in their backyards and fill it with water in the morn-
ing, then bathe in the evening when the water was warmed by the heat

of the sun.
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Fig.2 Goemon-Buro
2 Current Japanese public bath-
houses

According to "Rekisei Joso Kou [7]," bathhouses first appeared in
Osaka in 1590. Also, according to "Sosoro Monogatari," the first pub-
lic bathhouse was established in Edo the following year, in 1591. The
Law Concerning Special Measures to Ensure Public Baths states that
public bathhouses are "indispensable facilities in the daily lives of res-
idents" and have played "an important role in promoting the health of
residents. So what exactly does it mean to say that public bathhouses
are indispensable facilities in the daily lives of residents?

Taking Tokyo as an example, which is relatively easy to obtain data
on, for example, according to "Deep Reading Ukiyo-buro" [1], there
were 499 bathhouses in Tokyo in 1803, 523 in 1808, and 600 in 1814.
At that time, only men's bathhouses in Edo had a second floor, where
people enjoyed chatting, playing Go and chess, and selling tea and
candy while resting after taking a bath. The number of public bath-
houses in Tokyo was 602 as of December 2016. Incidentally, due to
an incident involving a samurai fighting in a public bathhouse, samu-
rai were forbidden to go to public bathhouses. According to records
from 1693, the population of townspeople in Edo at that time was ap-
proximately 350,000 (excluding the population of samurai families
and temples and shrines, which were not included in the population
survey), while the estimated population of Tokyo in 2016 was 13.6
million, which is about four times larger. From these data, it can be
inferred that public bathhouses were an integral part of daily life and
functioned as a place for communication during the Edo period, as
baths were not always available in the homes of townspeople and mer-
chants.

On the other hand, the fact that Kansai was a "craftsman's town"

with a thriving commerce and industry seems to have increased the
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need for public bathhouses. Currently, there are 680 sento (public
bathhouses) that are members of the Osaka Public Bathhouse Associ-
ation, but about 50 go out of business each year. About 40 member
bathhouses of the Tokyo Public Bathhouse Association also disappear
each year. Live-in workers come from all over the country to work at
the bathhouses, but there are no bathrooms in the houses. Did they use
public bathhouses to clean off the dirt from their work? This is much
like a laundromat. In some cases, condominiums have shared washing
machines, and households that do not have drying equipment when it
rains use laundromats.

Thus, the explanation is that public bathhouses would have been
necessary in the days when there were no baths in dwellings, but since
dwellings with baths have become the norm, public bathhouses are on

the decline.

Table 1 Basic statistics for public bathhouses by region source
"SBCPHRB'

vear  [Number of public bathhouses [Number of customers per day [Distance to nearest public bathhouse | Average price per customer
b} 12163 4134615385
195 12108
80 12181 5
179 15115 291.8079096|
% 1150 401 0869565
0 10857 §726190476]
81 111.09 800]
160 11206 671.25].
i1 11354 757522123
142 13045
69 87.14
67 94.26
% 165 6458330
u 1512837838
p 1216666667
% 170173913
18 [YTSIRII
I 1260666667

0 2089714286
89 167.0674157)

3% 149.3035556| 1

5 1608133333

2 1365 1.81

4 129.3265306| 1203061224)

However, Table 1, which shows the average daily number of cus-
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tomers by regional block from 2002 to 2017 (source: "Survey of the
Business Conditions of Public Hygiene-Related Businesses [5]" by
the Ministry of Health, Labor and Welfare), shows that the number of
customers is growing in every district in Japan. How can we explain
this phenomenon, in which the number of customers is growing de-
spite the fact that the number of public bathhouses is on the decline?
A decrease in the number of bathhouses does not mean a decrease in
the number of customers per bathhouse, since there are no more com-
petitors. In other words, since demand is not declining, deteriorating
business performance is not a reason to close a store. However, if pub-
lic bathhouses function as a place for the local community, even if the
number of customers temporarily declines due to the Corona whirl-
pool, the familiar customers will return. Rather, it is more natural to
assume that the lack of improvement in the working conditions of the
public bathhouses is the reason why there are no successors. However,
there is no case in the published data that investigates whether there
are successors or not. Therefore, we will attempt to clarify the situa-
tion by interviewing sentou operators in the Kansai region, where sen-
tou originated and have a long history.

Around 1970, wood was apparently used to boil water. Therefore,

it was necessary to remove soot from the chimney. Figure 3 depicts a
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ladder for craftsmen to climb to the top of the chimney to remove soot.
It shows the hard labor of the time. I asked the keeper of the public
bathhouse about the reason why they had to remove soot. It seems that
if you don't remove soot, the fuel consumption is low. In the old days,
public bathhouses used wood (waste wood) for fuel, and tall chimneys
were indispensable to burn the wood efficiently. Burning wood causes
soot to accumulate, which weakens the power of the fire. Soot re-
moval is essential for public bathhouses because it reduces the power
of the fire. The job of removing soot from Bathhouse chimney(Figure
3) was to brush in from the top of the chimney to the fire opening and
remove the soot, which was apparently done several times a year by
a professional sweeper. I wonder if the blower also had an effect by
sucking new air (oxygen) into the combustion kettle for the amount
of smoke that rose up.

Most modern bathhouse facilities are boiler water heating systems
using kerosene or heavy oil, so there is no need for a tall chimney for
smoke exhaust. However, the tall chimney of a bathhouse has sym-
bolic significance, so some bathhouses have installed chimneys, alt-

hough they are not necessary today.

1

Fig.3 Bathhouse chimney 50-60 years old in need of soot re-
moval by Photographer:deceased Kazunori Miyoshi

3 Hearing on Kyoto's old public
bathhouses

Kyoto people consider Kyoto to be the birthplace of the public
bathhouse, and it has always been a city of artisans along with Osaka,
with many weavers, Ohara women, and tofu artisans. And even today,
sento (public bathhouses) have taken over the sento culture and func-
tioned as places to refresh the body and soul and to communicate with
local people. Recent research studies have shown that soaking in a
large bathtub, which is not available in the home, has a beneficial ef-

fect on the immune system and beauty, due to the effects of heat,
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buoyancy, and hydrostatic pressure, while soaking in a spacious bath-
tub, free from daily life, to wash off dust and dirt, is hygienic and

pleasant.

Minoru Muranaka (Kyoto Heirayu Owner) says it is a good idea.
Although it is said that people are moving away from public bath-
houses today, with young people spending most of their time in the
shower instead of soaking in the bathtub, the area around Heian no Yu,
where Muranaka's family runs the business, has long been home to
tatami mat and furniture craftsmen, and is located behind a Kyoto uni-
versity dormitory (Yoshida Dormitory), so there is potential demand
for such facilities. In this sense, the conditions of no baths and crafts-
men living nearby are met. However, Kasuga-yu, which is the same
distance from the university dormitory, went out of business several
years ago. In this sense, we would like to clarify the difference be-

tween the two through interviews.

=

Fig. 4 Night view of Heian no Yu (at Sakyouku)

Interview #1
M.M. (Kyoto Heian Yu &)
2023 0629 listenerY.M.

By using natural groundwater, the restaurant opens at 3:00 in the
afternoon. They close at 24:00, but cleaning begins after the last cus-
tomer leaves and they work until after 4:00 in the morning. He cannot
support his family with just the bathhouse alone. He works part-time
at Aeon from 9:00 a.m. to 5:00 p.m. as a dual job. He sleeps about
four hours a night. Since he was a student, he spends his time from
6:00 pm to 9:00 pm. Other than that, I work. He goes to the gym, has
dinner with friends and family (now his wife), and leaves the watch-
man to his father. My father is an old-fashioned person who is not
very sociable. Because of this, I follow up with the customers when
they leave. The public bathhouse has been renovated, and cleanliness
is the first priority. He takes great care in replacing and disinfecting
the hot water. So I don't want to have to close the store for a week
because of an outbreak of legionella bacteria, which is the talk of the

town.

91



RRBIULEERMAERKT

Fig. 5 Beginning of business at Heian-no-Yu(p.m.3:00)

When the shop opens at 3:00, the clientele are all regulars. The
combination of hot water (115 degrees), a sauna, and a kinky water
bath of groundwater; to increase the clientele, we place old-fashioned
bottles of coffee milk, fruit milk, ramune, and cider, which are popular
among the regulars, and offer seasonal offerings such as a bath with
sudachi (a Japanese citrus fruit) medicine, a bath with mikan peel, and,
recently, natural mint.

Since there are many boarding houses without baths in the vicinity
of the university, the restaurant is often used by students, but it also
rents a parking lot for guests who come from far away. The parking
lot is the former site of Marusan Shokudo, a restaurant that was pop-
ular with students but closed last year. [ am the only son. I feel that I
have no choice because I am the heir to the family business, but when
I was young, I often quarreled with my parents about why I had to
work so hard. But I intend to continue the store as long as customers
need it. | want to preserve the traditions of Kyoto and support the local

community.

Interview #2
S. T. (retired from Kyoto Kasuga Yu &)
2023 0731 listenerY.M.

A dry sauna and water bath at no extra charge are also provided in
Kyoto's public baths. Although this is a student town, it was not very
crowded and tended to be used by people in the neighborhood. There
was a coin-operated parking lot nearby where several cars could be
parked. The facilities are old, but they are cleaned frequently and
neatly. It was open until 24:00. Even if 80 people a day visited the
restaurant, the monthly sales would be about 1.2 million yen. If energy
costs and other expenses are subtracted from that, there is almost no
profit. However, in order to continue, they need to replace the aging
boilers and machinery, which will cost at least 10 million yen. The
cost of fuel oil is also high, and the 440 yen bath fee alone is not
enough to make the bathhouse profitable.
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Fig. 6 Kasuga no Yu (Sakyouku)at that time in the shopping
arcade Current chimneys are found in Kasuga no Yu.

Although public bathhouses receive subsidies, taxes, and preferen-
tial water rates, they are unable to change their fees. As a result, even
if they wanted to hire part-time workers, they cannot, and the elderly
owners are forced to do all the heavy lifting, including cleaning. In
general, public bathhouses become exhausted trying to do everything
as a family. They are so occupied with running the business that ser-
vices are put on the back burner, and they told that their children
(daughter and son) don't want to take over because it's too harsh. Be-
cause there is no successor, along with physical limitations and aging
facilities, the public bathhouse closed in November 2019. He then
closed the store while he still had the funds to demolish the facility

and changed his policy to real estate management with students.
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Fig. 7 Kasuga no Yu in the days when it was open for business

These are the interviews we conducted with the current and recently
closed bathhouses in Kyoto City, respectively. Some bathhouses be-
come popular by renewing their facilities if they have a son who will
succeed them, but it is clear from the interviews that it is quicker and
more profitable to switch to another type of business (landlord) than
to look for a successor to renovate or renew the facility in the first

place. And unlike Tokyo, Kyoto Prefecture does not have stores that

92



RRBIULEERMAERKT

set a separate 'sauna fee,' which may tend to make management more
difficult than in Tokyo's public bathhouses. However, Kyoto is a
highly populated urban area and every sento has a sauna, so it can be
said that the city is benefiting from the sauna boom. If there are no
saunas in public bathhouses in the area, it is to be expected that it
would be even more difficult for them to survive as public bathhouses.
We therefore turned our attention to the depopulated northern region
of Kyoto Prefecture, Nakatan (northern Tamba region and southern
Tango region), to make a comparison with the "hinodeyu" in the fish-

ing town of Nishi-Maizuru.

Interview #3
I. T. (Hinodeyu in Nishi-Maizuru)
2023 0820 listenerY.M.

It originally started as a public bathhouse run by the town. It has
been in operation as a public bathhouse since the 1890s, and was run
by a different person (Mr. Yoshida) at the time. My grandfather on my
mother's side purchased the property, and it has been in the family
business for three generations since his grandfather's generation. In
the old days, the area was crowded with fishermen, and there were
more than two dozen public bathhouses in Maizuru, but now there are
only two. This is the only remaining public bathhouse in the fisher-
men's town. It is located in an alley at the end of the moat where boats
are moored. Because of the daily income, there were three liquor
stores in this small area, making it a very lively place.

The water is pumped from a well and heated with heavy oil. The
water is submerged in bincho charcoal. The operating age of the bath
facilities is over 100 years. There is a parking lot nearby. After retiring
as an elementary school teacher, he helped with the family business
and took over the public bathhouse from his mother. Every day, from
polishing the tiles to heating the baths, the work is grueling physical
labor. The bathhouse is open from 4:30 to 8:30 p.m.

aiii
[

Fig. 8 Beginning of business at Hinode Yu (in Maizuru)
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4 Conclusion

In the past, public bathhouses have been said to be losing their pop-
ularity due to the proliferation of apartments with bathtubs. However,
the number of customers per bathhouse has not decreased as more and
more establishments have closed down their bathhouses. Nonetheless,
we interviewed three Kyoto sentou establishments to find out if there
is another reason for their closure. The interviews revealed that the
survival of sentou depends on whether or not the problem of succes-
sion can be solved. For those bathhouses that have no successors, we
can conclude that it is difficult to take over the business without the
cooperation of relatives who have been involved in cleaning the bath-

houses since childhood and know how the bathhouses are run.
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Abstract Optimization problems aim to find the best solution from a set of potential alternatives while maximizing or minimizing key metrics. Cer-
tain optimization problems exhibit impracticality in deriving exact solutions due to the intricate or colossal solution spaces. Metaheuristic approaches,
inspired by natural phenomena, employ strategic, often stochastic, search processes to explore the vast solution spaces of optimization problems, fre-
quently finding near-optimal solutions within a relatively reasonable computational timeframe. Nonetheless, the "No Free Lunch” theorem asserts
that no single algorithm can excel across all optimization problems, thereby necessitating meticulous adaptation, tuning, or hybridization of individual
algorithms for effective problem addressing. Traditional methods for algorithm classification and selection are progressively found lacking in navi-
gating through the ever-expanding domain of optimization methodologies. Recently, methods grounded in complex network theory have begun to
be explored as potential avenues to negotiate the challenges tied to categorizing and selecting optimization algorithms. By mapping the relationships
and performance linkages between various algorithms and problem types, these approaches aspire to equip practitioners with profound insights that

adeptly guide the selection, adaptation, and application of algorithms to specific optimization problems.

Keywords metaheuristics; complex network; algorithm selection

Table 1: Nomenclatures used in this paper.

Nomenclature  description

TSP Traveling Salesman Problem
VRP Vehicle Routing Problem

GAs Genetic Algorithms

DE Differential Evolution

SE Spherical Evolution

ACO Ant Colony Optimization

PSO Particle swarm optimization
SA Simulated Annealing

PIN Population Interaction Network

1 Introduction

Optimization problems involve seeking the best solution from
a range of possible choices. These problems find extensive ap-
plications in mathematics, engineering, computer science, and
numerous other domains. The objective of addressing optimiza-
tion problems is to maximize or minimize a target function under
certain constraints. This function could relate to cost, profit, ef-
ficiency, or various other metrics. Such problems are ubiquitous
in real-world applications like logistics, manufacturing, finance,
and many other sectors. However, not all optimization problems
are easy to solve. Some, due to their inherent complexity, make it
challenging to obtain exact solutions, especially those with high
degrees of intricacy or vast solution spaces. For these issues,
finding an exact solution might demand exponential computa-
tional time, rendering them impractical to solve within a reason-
able timeframe.

Metaheuristic approaches have emerged as effective strategies
for addressing the daunting challenges posed by complex op-
timization problems. These approaches, which are inspired by
various phenomena in nature, such as the evolution of species,
the behavior of ant colonies, or the cooling process of solids, em-
ploy strategic, often stochastic, search processes to explore the
vast solution spaces of optimization problems. By doing so, they
can often find near-optimal solutions in a comparatively reason-
able amount of computational time, particularly for problems
where an exact solution is practically elusive due to its high com-
putational cost.

However, the “"No Free Lunch theorem” [1] poses a signifi-

Received: 2023-10-29; Published online: 2024-02-29

cant theoretical impediment to the universal application of meta-
heuristics. It posits that no one algorithm is universally superior
across all possible optimization problems. Thus, despite the gen-
eral efficacy of metaheuristics, individual algorithms still need
to be meticulously adapted, tuned, or hybridized to address spe-
cific problems effectively. The necessity for such tailored adjust-
ments arises from the varied nature and structure of different
optimization landscapes.

In the deluge of algorithms, many with their unique configu-
rations and specialties, categorizing and determining the most
apt for a given scenario has become an exceedingly intricate
task. The traditional methods of classification and selection of
algorithms are increasingly found to be insufficient in navigat-
ing through the burgeoning domain of optimization methodolo-
gies. Thus, choosing, adapting, and improving good algorithms
for specific problems have become progressively difficult, lead-
ing the research on metaheuristics into an ”alchemy” dilemma
where devising effective algorithms often involves a substantial
amount of experimentation, trial, and error.

In recent years, methods based on complex network theory
have begun to be explored as potential pathways to navigate
through the challenges associated with categorizing and select-
ing metaheuristic algorithms. Complex network-based meth-
ods seek to understand the manifold interconnections and de-
pendencies among different algorithms, problem instances, and
performance metrics, providing a more nuanced view of the
metaheuristic algorithm landscape. Through mapping the rela-
tionships and performance linkages between various algorithms
and problem types, such approaches aim to furnish practitioners
with insights that can guide the selection, adaptation, and ap-
plication of algorithms to specific optimization problems more
adeptly. Table 1 shows the nomenclatures used in this paper.

2 Related Works

Some classic examples of problems hard to precisely solve in-
clude: Traveling Salesman Problem (TSP) [2]: Given a series
of cities and distances between each pair, the goal is to identify
the shortest possible route visiting each city once and return-
ing to the starting point. Knapsack Problem [3]: With a set of
items, each having a weight and value, the challenge is selecting
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items to pack into a fixed-capacity bag so that the total value is
maximized without exceeding the weight limit. Job Scheduling
Problem [4]: Considering limited machines and a series of jobs,
each with a processing time and a deadline, the objective is to
determine the order of job execution to minimize total delay or
maximize the number of jobs completed on time. Graph Color-
ing Problem [5]: Given a graph, the aim is to color each node
using the fewest colors possible, ensuring that no two adjacent
nodes share the same color. Integer Programming [6]: Similar to
linear programming, but the decision variables are restricted to
integer values. This adds complexity since standard linear pro-
gramming techniques aren’t applicable. Vehicle Routing Prob-
lem (VRP) [7]: Given customer locations and demands and one
or more distribution centers with vehicles, the goal is to find opti-
mal routes to service all customers, adhering to vehicle capacity
limits and other potential constraints. All the aforementioned
problems are classified as NP-hard [8].

Furthermore, there are practical issues that, although their
difficulty might differ from traditional NP-hard or NP-complete
problems, present significant computational challenges. An ex-
ample is wind farm layout optimization [9], aiming to determine
optimal positions for wind turbines to maximize power output
and minimize system cost. The problem is intricate because rela-
tive turbine positions can influence turbulence effects on each, af-
fecting performance. Depending on constraints (like land avail-
ability, roads, and other infrastructure), the problem’s difficulty
may vary. While the problem is complex, there isn’t a consen-
sus on whether it’s formally classified as NP-hard. A similar ex-
ample involves neuron parameter training [10]. Training neural
networks is a non-convex optimization issue, meaning multiple
local minima could exist. Seeking a global minimum is tremen-
dously challenging, but many local minima can offer decent per-
formance for practical tasks.

There are currently popular solutions addressing some of the
above problems. For certain problems, polynomial-time exact
algorithms might exist. For example, branch and bound algo-
rithms can handle some small-scale problems [11]. Heuristic
methods tailored to a specific problem can be more effective than
generic metaheuristic algorithms. For some problems, special-
ized greedy algorithms [12] or local search algorithms [13] can
be designed based on structural characteristics. For large-scale
problems, decomposing them into smaller sub-problems is an
option. Approaches like column generation [14], Lagrangian
relaxation [15], and Benders decomposition [16] are examples.
Notably, in recent years, deep learning methods, especially rein-
forcement learning [17], have been applied to some combinato-
rial optimization problems, yielding impressive results. Neural
networks and reinforcement learning methods have been used to
generate approximate solutions for problems like TSP and VRP
[18,19]. Parallel and distributed computing methods also exist,
employing multiple processors or computers to simultaneously
tackle different parts of a problem or search space, accelerat-
ing the solving process. However, the methods mentioned are
more suited for solving small-scale instances or those with spe-
cific structures. For NP-hard or NP-complete issues, and highly
challenging complex problems, metaheuristic algorithms often
prove the most effective solution.

3 Metaheuristic algorithms

Metaheuristic algorithms are advanced heuristic algorithms de-
signed to tackle large-scale or intricate optimization problems
[20]. A defining characteristic of these algorithms is that they are
not solely designed for specific problems but provide a frame-
work that can be employed across various problems. They of-
ten attempt to mimic processes found in biology, society, or
other natural phenomena. Some well-known metaheuristic al-
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gorithms include: Genetic Algorithms (GAs) [21] are inspired
by the process of natural selection and genetics. This method
uses “chromosomes” to encode potential solutions and produces
new solutions via operations such as crossover, mutation, and
selection. On the basis of GA, two algorithms, Differential Evo-
lution (DE) [20] and Spherical Evolution (SE) [22], were pro-
posed. The DE family of algorithms has proven notably success-
ful [23], with its improved version regularly clinching top po-
sitions in the IEEE CEC competition [24]. The SE algorithm has
extremely high potential in more complex and high-dimensional
problems. Ant Colony Optimization (ACO) [25] is inspired by
the process of ants searching for food. Ants communicate by re-
leasing and following pheromone trails to identify the shortest
paths. Particle Swarm Optimization (PSO) [26] mimics the so-
cial behavior of bird flocks or schools of fish. Each ”particle”
moves, updating its velocity and position based on its individ-
ual and the swarm’s best-known positions. Simulated Annealing
(SA) [27] is inspired by the cooling process of solids and crys-
tal arrangements. Solutions undergo random alterations under a
controlled temperature parameter, permitting acceptance of less
optimal solutions early in the search to escape local optima. In
addition, the Evolution Strategy with Covariance Matrix Adap-
tation [28] has been highly praised by researchers due to its com-
plete mathematical foundation.

The broad attention and application of metaheuristic algo-
rithms stem from their many advantages: They are generally uni-
versal and suitable for diverse problems without extensive cus-
tomization. They often provide reasonable solutions, irrespec-
tive of specific problem structures or characteristics. Some can
adjust their strategies or parameters during the search, adapt-
ing to the problem’s nature [29]. For NP-hard problems or those
where precise solutions are unattainable in a reasonable time-
frame, metaheuristics can often find satisfactory approximations.
They can be coupled with other algorithms, like local searches or
greedy strategies, to yield improved solutions. Compared to ba-
sic local search methods, they tend to explore the solution space
more extensively, offering a greater chance of identifying global
or near-optimal solutions. Some, like GA or PSO, have parallel
structures, facilitating parallel searches on multi-processors or
clusters [30].

3.1 Improvements in metaheuristics

Due to their impressive performance in addressing various real-
world optimization and decision-making problems, enhance-
ments and studies of these algorithms continue to captivate re-
searchers and practitioners alike. Some key areas of focus in cur-
rent metaheuristic research include:

1) Parameter tuning [32]: This method is vital for optimiz-
ing metaheuristic performance. Adaptive methods, hyper-
parameter optimization, and Automated Machine Learning
(AutoML) strategies have been employed to automatically
identify optimal parameters. It should be emphasized that
powerful metaheuristics generally require the use of various
parameter adaptation techniques.

2) Hybrid methods [33,34]: Combining different metaheuris-
tics or merging them with other optimization strategies like
linear programming or local searches can enhance both
search efficiency and solution quality. Such improved tech-
niques have become increasingly difficult to publish in high-
quality journals, but in fact, many new competitive meta-
heuristics are also based on a mixture of various mecha-
nisms.

3) Memetic computing manner [35,36]: Memetic computing
delves into intricate formations arising from the blend of
basic entities and memes. As they evolve and interact,
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Figure 1: Some classification methods of metaheuristic algorithms [31].

they form sophisticated systems proficient in addressing
challenges. The foundational principle of this area lies in
memetic algorithms, a category of optimization techniques
marked by their evolutionary underpinnings and an assort-
ment of localized search mechanisms.

Parallelization and distributed computation: Given the in-
herent parallelism in many metaheuristics (e.g., GAs, PSO),
leveraging modern computational hardware for parallel and
distributed computing is pivotal.

Multi-objective optimization [37]: Many real-life problems
encompass multiple conflicting objectives. Multi-objective
versions of several metaheuristics, like multi-objective GAs
or multi-objective PSO, have been developed in response.

Theoretical analysis [38 - 41]: Even though metaheuristics
are largely empirical, theoretical analysis remains a crucial
area of study. This can aid in understanding algorithm be-
havior and direct improvements.

Application-driven research: New real-world applications
and challenges often stimulate the development or refine-
ment of existing metaheuristics. For instance, new problems
in the domains of transportation, logistics, and energy sys-
tem optimization have galvanized algorithmic research.

Integration with machine learning [42]: The convergence of
machine learning and metaheuristics, especially the amal-
gamation of deep learning and reinforcement learning, has
emerged as a hot research topic recently. Examples include

employing neural networks to guide search strategies or us-
ing reinforcement learning to tweak algorithm parameters.

3.2 Classification of metaheuristics

Moreover, with the emergence of more and more metaheuris-
tic algorithms, selecting a suitable algorithm for practical prob-
lems has become increasingly complex. To determine which al-
gorithm is best for a particular problem, benchmark testing of
multiple algorithms might be necessary, which could require sig-
nificant time and computational resources. Classifying meta-
heuristic algorithms based on their characteristics can help in
systematically and specifically understanding and choosing the
appropriate algorithm. Generally, metaheuristic algorithms are
optimization algorithms inspired by natural phenomena, they
can be grouped into several basic categories based on their op-
erations and features: Population-based algorithms: These algo-
rithms typically maintain a set of potential solutions and improve
these solutions through iterative evolution. The ”quality” or "fit-
ness” of the solutions determines their probability of survival
and reproduction in subsequent iterations. Examples include
GAs, PSO, and DE. Simulation-based algorithms: These algo-
rithms search the solution space by simulating a certain natural
or physical process. An example is SA, which simulates the an-
nealing process of solids. Memory or learning-based algorithms:
These algorithms accumulate knowledge during the search pro-
cess and use this knowledge to guide subsequent searches. An
example is the ACO, where ants use pheromone trails when
searching for food paths. Local search-based algorithms: These
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(a) Poisson degree distribution.

Advanced Institute of Industrial Technology Bulletin Vol 17

(b) power-law degree distribution.

Figure 2: Two typical population interaction networks of metaheuristics.

algorithms start from an initial solution and then search for bet-
ter solutions in their neighborhood. An example is Tabu Search
[43]. Cooperation and competition-based algorithms: These al-
gorithms often simulate interactions between individuals who
can cooperate, compete, or do both to achieve some objective.
Examples include artificial life and evolutionary strategies [44].
Additionally, some literature categorizes metaheuristics into al-
gorithms based on evolution, algorithms based on swarm intel-
ligence, algorithms based on human behavior, and algorithms
based on physics and chemistry [45]. Some other classification
methods of metaheuristic algorithms are shown in Fig. 1. Clas-
sifying metaheuristic algorithms by their inherent characteris-
tics can aid in understanding the advantages and applicability of
each algorithm, helping to choose the right algorithm for specific
problems. For instance, for problems requiring global search ca-
pabilities, population-based algorithms might be more suitable,
while for solutions that need fine-tuning, local search-based al-
gorithms may be better.

4 Challenges faced by metaheuristic research

The proliferation of improvements to metaheuristic algorithms
and the continuous emergence of new metaheuristic algorithms
have also ignited controversy. Particularly, many of the recently
proposed metaheuristics draw inspiration from natural or social
phenomena, such as fire propagation, animal migration, and hu-
man social behavior. While the names and concepts of these al-
gorithms might seem appealing, the pivotal question is whether
they truly provide novel and effective means to address real-
world problems. Do these new algorithms truly outperform es-
tablished, time-tested ones such as GAs, SA, and ACO? Only
when a new algorithm consistently demonstrates superior per-
formance across various benchmark problems and practical ap-
plications can it be deemed valuable. Does the new algorithm
bring genuinely innovative ideas, or is it a slight variation of ex-
isting methods? To gain widespread acceptance, a new algo-
rithm should make distinct contributions and demonstrate inno-
vative elements. Moreover, although most metaheuristic algo-
rithms are empirical in nature, providing some theoretical anal-
ysis and proof for the new algorithm can bolster its credibility.
This can help explain why the algorithm is effective and under
which conditions it might excel. Another important evaluation
criterion for a new algorithm is its universality—does it apply
across different problems or is it tailored for specific challenges?
Generally, a versatile algorithm effective for a range of problems
is more well-received. Lastly, is the new algorithm easily un-

derstood and implemented? An overly complex algorithm, even
with marginal performance advantages, may not achieve broad
adoption, especially if it's more intricate or harder to implement
than existing algorithms.

These classifications of metaheuristics also have certain limi-
tations. Many metaheuristic algorithms might possess charac-
teristics from multiple categories. For instance, a population-
based algorithm might also have some form of local search mech-
anism, making it challenging to classify it under a specific cat-
egory. Moreover, classifying algorithms into a few fixed cate-
gories might restrict our understanding of their potential vari-
ations and adaptability. Especially as algorithms evolve, new
strategies and techniques might be integrated into existing ones,
making them surpass their original classifications. Therefore,
categorizing algorithms might lead to an overly simplified per-
spective, potentially overlooking key details and mechanisms
within certain algorithms. These classification methods might
not always perfectly apply to all new algorithms or variations.
It’s worth noting that the aforementioned classification overly
reliant on the heuristic source of algorithms (like natural phe-
nomena) might not always be helpful. Some algorithms, even
if inspired by the same phenomena, might differ significantly in
their operations and performances. Lastly, even if we can clas-
sify algorithms based on their features, this doesn’t always di-
rectly guide the selection of the best algorithm. In practical ap-
plications, the performance of algorithms might be affected by
factors like problem characteristics, parameter settings, etc. Cur-
rently, there are studies focusing on this issue [46,47], attempting
to categorize algorithms from an exploitation and exploration
perspective. However, exploitation and exploration are broad
concepts that warrant further in-depth research. In light of the
shortcomings present in the aforementioned studies, some re-
searchers have proposed a more radical viewpoint, attempting to
find a unified model for all metaheuristic algorithms, and have
indeed achieved some success [22]. However, this research more
significantly advances the theoretical study of algorithms and
does not assist researchers in filtering and utilizing algorithms.

5 Complex network-based research methods

In recent years, complex systems have emerged as a focal point
of research, and notably, due to their “groundbreaking contribu-
tions to our understanding of complex systems,” the 2021 No-
bel Prize in Physics was awarded to three scientists. This spot-
light not only underscores the significance and potential break-
throughs in the realm of complex systems research but also pro-
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Figure 3: Flowchart of the proposed complex network-based research methods [48].

pels forward scientific inquiry and exploration into the intri-
cate and multifaceted networks that govern various phenom-
ena within these systems. Moreover, employing complex net-
work theory to classify metaheuristic algorithms, and even to
guide the enhancement of metaheuristic algorithms, emerges
as an intriguing and challenging idea [49 - 51], linking foun-
dational physics and algorithm development through innova-
tive approaches to understanding and navigating complexity.
Complex network theory investigates the structure and behav-
ior among a multitude of interconnected elements, while meta-
heuristic algorithms involve the search and optimization of po-
tential solutions in the solution space. In metaheuristic al-
gorithms, each potential solution can be regarded as a node
within the network. Edges, on the other hand, can represent
some type of relationship between solutions, such as mutation,
crossover, or neighborhood transitions. During the search pro-
cess in metaheuristic algorithms, their populations can generate
certain network structures within the solution space. For exam-
ple, random searches might result in a random network struc-
ture, while neighborhood-based searches might produce net-
works with specific topological characteristics. Different meta-
heuristic algorithms might lead to networks with different sta-
tistical properties, which can aid in understanding the search be-
havior and efficiency of the algorithms.

Recently, our research has further revealed the correlation be-
tween the network structure of Population Interaction Network
(PIN) within algorithms and the algorithm’s performance on
specific problems. The core idea of this research approach is to
utilize complex networks to categorize the search strategy (i.e.,
exploration and exploitation) of algorithms, thereby providing
guidance for algorithm selection and improvement. In complex
networks, there are two typical network structures: one is the
network structure with a Poisson distribution, such as small-
world networks, and the other is the network structure with a
power-law distribution, like scale-free networks. In the network
structure with a Poisson distribution, interactions between ver-
tices and other vertices are more evenly distributed and random.
Meanwhile, in the network structure with a power-law distribu-
tion, some vertices have more edges than others, as shown in
Fig. 2. Metaheuristics with a Poisson distribution PIN tend to
explore the solution space, while those with a power-law distri-

bution PIN are more inclined to exploit in potentially promising
areas. When facing black-box problems, we can conjecture the
attributes of the problem itself by running algorithms with dif-
ferent PIN structures, thereby providing possible directions for
further selection and improvement of algorithms, with the spe-
cific process seen in Fig. 3. We analyzed the training of neuronal
model parameters [52], optimization of wind farm layouts [48],
and the IEEE CEC2017 benchmark function [53], obtaining the
following insights:

1) Matching Algorithm Characteristics with Problem Charac-
teristics: The research results show that, for wind farm lay-
out optimization problems, algorithms that tend to have
a Poisson distribution PIN generally perform better than
those tending to have a power-law distribution PIN. The op-
posite is true for the IEEE CEC 2017 standard function set
and dendritic neuron training problems. This indicates that
certain attributes of algorithms may be more crucial when
solving some optimization problems.

2) Complex Networks as a Tool for Categorizing Metaheuris-
tic Algorithms: By constructing and analyzing population
interaction networks, researchers can gain a deeper under-
standing of the internal working mechanisms of algorithms.
This method provides a new perspective for understanding
and improving algorithms.

3

~

Providing Theoretical Guidance for Algorithm Selection
and Improvement: Traditional metaheuristic algorithm
selection methods usually require a lot of experiments
and computations. Utilizing complex network theory, re-
searchers can predict its performance on specific problems
based on the network characteristics of algorithms, thus pro-
viding more targeted guidance for algorithm selection and
improvement.

6 Conclusion

The application of complex networks to the realm of optimiza-
tion algorithm classification and selection not only represents a
novel, systematic method for navigating the expansive solution
spaces of intricate problems but also offers a platform for po-
tentially unraveling the deeper intricacies of problem-algorithm

98



RRBIULEERMAERKT

dynamics. The goal is to transcend beyond the current heuristic-
based paradigm and forge a pathway towards a more structured,
systematic, and theoretically grounded approach to algorithm
selection and adaptation, thereby transforming the “alchemy” of
metaheuristic research into a more exact science.
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Analysis method of applying N-gram for estimating factor scores of statements posted at Q&A site
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Abstract  For the purpose of eliminating mismatches between the questioners and respondents at Question and Answer (Q&A) sites, nine factors
of impressions for Q&A statements have been experimentally obtained. Then through multiple regression analysis, factor scores have been estimated
by using the feature values of statements e.g., syntactic information, etc. The factor scores estimated and obtained have been subsequently utilized
for detecting respondents who are expected to appropriately answer a posted new question. This method, however, has greatly been dependent on the
syntactic information extracted through morphological analysis. Moreover, this method has resulted in a number of explanatory variables and compli-
cated multiple regression equation to estimate factor scores. On, the other hand, N-gram is known as an alternative syntactic analysis of morphological
analysis. Therefore, in this paper, N-gram has been employed for estimating factor scores instead of syntactic information extracted through morpho-
logical analysis. In the analysis, N has been set from 2 to 5 (2-gram, 3-gram, 4-gram and 5-gram). Similar as the previous analysis, through multiple
regression analysis, factor scores of nine factors are set as respondent variable. Meanwhile, fifty-eight feature values including N-gram are used as
explanatory variable. The analysis result has conveyed that N-gram has shown as good estimation accuracy as morphological analysis. It has been also
shown that the application of N-gram could influence the estimation of factor scores from the viewpoint of standardized partial regression coefficient.

Keywords Q&A site; N-gram; multiple regression analysis; factor score; standardized partial regression coefficient

1 X C oI

AvEZ—3y bOoREBERICEsTHL LY 2 79—
2RI NTE Y, FoPcy EEEE S A4 b O HH
FELABMDO—EZW>T VB[], BREEIZEY A &3, 4 v £
-3y b ECa—¥FHEEPEVICERE BEZRB LD S =
12274 O—HEETH Y., A ONAE - AHRE LIRS B
BiCh b eRIFC, WREMBIAEEINZT -2 X—-22 L
THEAENBZ IR oTETWE, Y=Y %Ly T —
FUZ e HF—E X (SNS) & EbIcHHESAMLTEY, %
DY 70 E I RWICEETH B, H B2 —FER % &
T2L, o —¥rzroERMIcH LCHEE 2 EfET 5, B
SCiext LTl B &I L 2 M X2 ERE S [~ T v
F—1 BA) IGEEL, ZORIZEZITo EIEHEICHLE LT
FHbOFA v PS4 2, BA &3, ERSCCHT 3 e
JED R D v & B RE 0 E R L 2B Th B,

L2 L, BMXSEBEEINATH, 2B L b EY)
REEZEEOHICE T VEEIN L DT TIdAa\, 72, ERE
B A MIHEOHMERLR>TETWERE, LT LHIELW
BIENEBEINTWDEIDITTIIARL, #EELLIRRIND,
WY ZBEREL NN L THEEZEIRNLLHELCH
D, HAMICKEAMBEE Ao TET WS, fitoT, BRI
o LCGEYNICEZc & 2RIHAF ko 5 2 i, @Y R EE %
BHEFICRET E LD ICEL VARG EZERT 5 & v AN
WICEETH D,

FEIL, T E TOMZET, Yahoo! AERICHF S Nz 4 K
Vrvon (F—rvav, v av, BEH - ARBER, K
G M) o ERIEIZSC 12 #EF 60 ME o X o LTHIR
MM ER % AT o 72 [2]e Z OFERICH LCRF AL &
A, XENEZRTIKFrIHEOLNZ, T/, & TOEMMIE
XORFEEZHEEAREICT 2 2 e 2 HWE LT, RO
B o XED KN TE MO HEE % BRIFOHTIC X 0 3R AR72[3]. 5
MrofES, &RNICRIFAREEREN SO Nz, 5T, Hill

Received: 2023-10-29; Published online: 2024-02-29

BRESCEY) 2ME 2 s 2 L SRR A H 2 HERT 51
REtE 2 EE L 72, MGE DK T, BRI SR o B & B A7
o HBFEE BRSOEYNIICRIZE T & 2 22— F o EPUCRT
T3AREE 2R L 72[4], Z OBIEICH O % | MBI L Rt IC
oK 2 a7 L HEEE R o BERELCS U T, B & E %
REFTDFELREL 72, REFEL, a7 o FHfEICHED
FER o CICHEBfIc O ik b L BAE L FHIEE G
fifi % 47 > 72[4, 510 FFMfi0#E R, IREF LRI, Tk L v b REIF
CRIEH LB cE 322 n L, ZOKEIIERMEE DY
YUYNALERERTLIILLTLY M ET AL 2R L[S,

T ECim Uz FEE, THRREMT 25 U il L 72
MICEZREWAEFIETH L, —H T, MXFHobd 5> —fo
FETH D N-gram B L 72 FELDH Y, METORMED 5,
% 2T, AfE Tl N-gram Z XEOFHE & L THRBMEZ XD
R TS HOHETE & HTIc oW TEER S 3[7-9], & 2 Cld, X
TEM DD Y IC N-gram Z = & LCHEMA L. BEREITZ
WBLCRTREOHTEEIT o2, 2-gram (N=2) 75 S5-gram
(N=5) DEAETHMEITo MR, LOBETH BIFR
EREPFONTE Y | JRERREIT O A% H W72 856 L ks
2 L FAEREOHTEREIFLNTWS, 72, SHEKOK
FHREA~DOREN R IEERREIR R OBl HE 2 DFii L7z & C
A, N-gram Z—EDHENBH 5 L ERLTW D,

AR OWEHIIRDEY TH 5, FH2HiTlx, 2T TOHRE
& LT, IREERMIT IO w2 EUE SR A WS A& ORI T15
HOHEEIC D W CHHAT 5, % 3 #iTld. N-gram ZFEEL
LTHWGEORFEROHEEICOWTHRT 5, REIC,
FHAHicARE L LD B,

2 T RE & fid A ic B o < R SCTE
S G A0 KW TS A T
2.1 NEDOR T DES

2005 4F 9 A1 Yahoo HIEESS[IIC B s u7z 12 ML 60 A 4

100



RRBIULEERMAERKT

KATF Y — (Yahoo!A—72 3 v, »xvVav, ZREFHHE- A
MIBAfR. BUA - #EARIE) o BERIRIZ ST LT, HIRFHI%E
BaEML 72, ERERICNLCRTONEBLZE 25, X
FICBT A RT3 9 flS b nz[2], KT & 13, HEDHREC
IVFHI N XEOMEZERT 5, WREME, HE, Al
Y. BHME. WE. B, REE. S, BZEo 9|
THREONTZ2], kb, WToLHIE. FRTICXIGT 2 ISR
EEROEICR LTV L EFENHM L 28 E S5 LT
W3, AT T 2HIREEZER 1 ITRT, T2, LEOFFH
ERBATL20ICHERATIRFERDEON TV B]2],

1 9RF &Y BEIREE2]

AF EN&EE

/AN HB  Wsm O BER OELVL HFELL

BEKEAHD THAHE FLALWL AR KBELE
RESLL MEER TEhR
FEEEA  BEELL TR BERSh Uk
LI L 7= B il

FEIRF (hAlE) MEIRA FRAR BHA e REEA

FIRT (BHMH) ZLW BB EEL L

F5RTF (FihtE) A L2zw Ru

B1IRF (M)

BE2RF ()

FEORETF (BREIE) M BR A RRD G
FIRF (B RES BRENG
FESEF (BA) RCELW

FIRTF (FAZUH) o PaL:A

22 TEREFMENT IC H D K XEOFHEE 2 AW - T8 5
DHEE
2.1 ficlEo KR IE, ERCHH L 2B RRE S 60
PofFoNEZbDETTHL, X T IROXEORTFHEOH
EDFREL T2 72000, XEOFFHME IS L BRGSO 23 L 72,
T T, WSRO — 1T 5 B RERMANT A8 L Tl L 72
DFEZ W THITEIT 2 72[3]e SHTICHER L 72 LE R E
77 il (g1 ~g77) %K 2 1< T, UUT . FFE 2 R ICHAT 5,

HESUER (gl - g36) : XEOKPR X, 4FCHF S0 M
DERENE. L\ o T HSUE MR Z I L 72, R O RER T
LD BN AL E DHHEE L LTHERLTW3[3], &b,
g18 @ TTR 1% Type Token Ratio DEEFE T, [H 2 LFEIcH 1T 3
EHEOBE I ERTIEE] Th Y, LEOMIBEICKHTT 55E
FROEEERL T B[3],

HEE MR (e37-g38)  HEEA DME I N A 4 A =P8, &
DREEVELRL T W 2R T EEHEETH 53],
XRFH (g39-g64) ([ ZF T2 Tx ) Taal 5] 7] TL
3] [F3] T72w] vl Z2fHLTW5[3].
HEEHEE (g65-271) 1 BEEIC L DBER LA D 2 1 E K

TIETH 3 [3],
FKalw Ytk (g72-¢77) : HEERGLOZ YL RTIEETH 2
[31

FIRFFMER CfF A & iz 60 oEMRBIZ B LT, £
2R L7 77 O FRBAZ S R SR & L 7 281 fl oo —RIH GR
MZE R R0 fE) AR E L, X2 TR L9 KTFDORT
BFREHNZER L LT, BRIRSEZIEL 72[3]. BEER A5
FrLcELNE, flZiE, %5 AT Gt oRT1EE ys
offEERFRA L v EIN B3],

Advanced Institute of Industrial Technology Bulletin Vol 17

Y5 = 0. 18291918 + 0. 0002809596 + 0. 00467924960
-0. 0467g23958 + 0. 0098594958 + 0. 102923929
+0. 339933g45 - 0. 201966 - 0.0149951972

*® 2 XEDORHE[S]
(a) WXIER

g HHE g HHE
gl BhEhE (REEE) g19 /LS (%)
g2 BEA g20 T (%)
g3 w5 GER g21 2AHEHRTF(%)
g4 p&: 4 g22 #3(%)
g5 XORIFY (FH) g23 B (%)
g6 H&HhF (EH) g24 2E(%)
g7 2AES GEH g25 R (%)
g8 2HEBT FEH 826 Heitaa (%)
g9 rEHE GER 827 BN (%)
gl0 NG9 g28 M1 0%
gll EiFA (BB g29 7] o
gl2 i (B g30 RO
gl3 2% €9 g31 FROE
gl4 UHA % (%) g32 FEOK
gl5 27 (%) 33 3R — XD
gl6 Hh&HF (%) g34 BIEAM DL
g17 25 (%) g35 FEIMD KR
gl18 TTR 236 /] o
(b) HFB OGN
g BHE g BYE
837 HEMRMEAAE (B g38| HEMRIME6SMUET.0RE (FER)
() XFKZERR
g R g e
239 » (FEH) g52 Z (%)
240 7 (GEH) g53 2 (%)
g4l L E® g54 & (%)
g42 =\ (BH) 855 1 (%)
g43 L (B 856 H (%)
g44 72 (CREH) g57 <7 (%)
g45 h (XKREH) 858 9 (%)
846 A (CREH) 259 B (%)
g47 L CURE#H) 260 h (XEK%)
g48 TF (REH) g61 ESERANE 2]
249 9 CCREH 862 HLTY (BB
250 f2\ (UREEH) g63 F9h BEH)
g51 vy CUREER) g64 L7 BB
(d) HERZBE
g HE g e
g65 HERTERLERER 69| HEBZESLLE6.0KH (B
g66 | HEHREE6LSULT.ORE (FBEH) g70 HIESETERE (B
267 HERTEIAE GEH) g71| HERTECOLE65EKE (GER)
268 HIEEBESRA (B
() FEFUt:
g R g R
g72 REOH YUY HER g75 REZYHIRE (GBR)
g73 RiLmLMU3IRE (B g76| RIEZLMAOL ALK GEX)
g74| RIEZYUMEISMU LR (ER) g77 REEYMUEAE GBR)

g1 <k<77) BHALEEEKRL TS, MEHRS N
TWwd, £CoBEMFOMEZ Z ZITFBHL 2V, 2T
T, BRI & v BRTZ T TE D RFRSCCR
KRBT 2 & FE2 N2, F1RTORTFHELIX, Tic, #
e OFERL T3] oA, RO, MVHERBE L b O
HEBORERIC X o THEE S N2) THISLHZ L I FLHAL
RreEZOLND, Thid, B1ICRLAEZE I RTE2HHT 2
AREE AT 3, WS VI LHTZMITTWE, 2nb

101



RRBIULEERMAERKT

DHIRbEDZ L ICEFEEIN W, HEEKEORIFEZRTE
MHBERE E K 3 IR T IRTETOMENR 09U LETH 5720,
IRT & DHERHELIERICRIFTH D LW D,

x3 EHEBRE BXEHR) [3]
HF SRR
FEIRF (R9REM) 0.989
FE2RTF (i) 1.000
EIRF (A 0.999
FIRF (BB 1.000
EERF (B 0.925
FEORTF (BEBRME) 1.000
FIRT (@) 0.963
FESRF (BhMH) 0.950
FIRF (EEniE) 1.000

23 R F1F s EE o Y 2 mIE 3 oFH Rk & G
22 ffickozEERSWE b &, EEICHEALTwinw
TEOEMEIE 2 W TR EAZ R LT, FrlEmsc
WU EECTE L LA TFHHEINZAIEE X ERT 2 ahElE
% MGEE L 72 [4], MEEO RS SR, B E B S o BEEE & BRE FA7 o
HERIEEU, ERSOCEYICBIE T & 2 22— 0FEPUCKE LT
ZHREMEZ R L 72[4], & OREERS RICE DT, ERE L B
BEic o 2 a7 & RN o BIREEOCIE U, EY) e [EE
FRBY T A FERIRE L 2[4,5], EREIEIZSC3 M (1 Aok
B s ERASC1 - ERSISIERIG o[BI 32 100 1) % v 72 5F
MEFHEEZBLC, RETEE A2 T7OFEEEICEIL TS
T HEREICEE D ik & AR & LR C IR & 1T o 72,
M OAE R, IRETFE M FE L Y b RIFICRIEH % HEE 6
THDHTLEZRLALZOMERERIEMEEXDY ¥ v L%
EETLETCALET S EERLEZS]

3 N-gram Z Fifl& & L TH v %
5 e o R F 580 HE

3.1 =it

2 Hi ik R 7z T TR E . FICTEEE R AT % U CHhiE S 7z 3
BEORNMEEZHHAL-FETHL, LrL. K2R LEZL I,
L 22 XEORHE 77 D 5 b 36 HERERMTICE D W
BEHchrehrb, COFRBIVESRMTICEE 2BV
FhthoTwd, 72 HFHEREHET 2720 0FMFK D E
MaETALRoTW 5, —J7 T, JEREEMHT & RIS ST &
LCTHIONT WAL LT N-gram 2% 5, £ T, KfETit,
TRESEMAT % T IR I L 28554 L RO o £ T, N-
gram ZFHHE L CHOZ5AICH TSR OMENAIRETH 25 L
5 & MGEES 5[6-8].

32 N-gram

N-gram & (3,7 ¥ 2 F NI BT 2 NEEA O LFCHER,
o LIZmFAOMEED Z L TH B[9,10], NiZ2 U EOTED
BRHBANDH, —IITIT N=2 7213 N=3 @RS, 2h

Advanced Institute of Industrial Technology Bulletin Vol 17

ZEhos4 77 L (bigram), BV 27T 4 (trigam) &FRE iz,
eziE, TEAMHNICET S [SHIX] 2Hlicd 3 L, XF
3-gram THIL 45 H 3] DX 5743 XFoEE, Bk 2-
gram THNWIE [SH 3] DX 7% 2 HEEDEH, fhil 2-gram
ThiiE 45 BEl o X k2 RiAoEHE ZznENERL
T, 20X 51T, N-gram 1ZB#HE 3 2 T3R8 2 B Ic i il 3
ZFETHY ., A BOIICEA I N TV 5[9], 3LF N-gram
k. TWREREBN 2 EH T2 2 L EFHF 22 LATRETH D,
TRRRRENTICE T 20,2 bEZORVEOHELRTTICT
FAMESHT S Z EHRARETH 5[10], X 51T, A N-gram
Z. XEZSFORMICHRILT 5720, LEOANEOFEI
EHEIND Z LR XEOHWEZIRA 5 LB TE L1
HB[10], L7=A->T, AWFFETIE. 60 o8 FHEIE LD M
N-gram % XEORHE L LCHERAT 2,

2.1 HiCHEM L 72 60 fEOEREIZE LD 5 B, 1 2 DHEMIC
# 2-gram ZEMH L 72F% 3K 4 IR d, fHE LT, % 4-()
file LCRLZZERICE QA4 & KT, K 4-(b)ld. QA04 D
A 2-gram O & HIREIC D WT, HIREOBKEIE TR L Tw
%, HEHED 2 DL EO &G 2-gram ICBILTlX, #hEFho—
Blo sz [Hl] OISR LTW5,

0 77 Eo

hi

x4 R 2-gram 0Fl [6-8]
(a)XXE 0 (QA04)
Y AVIINETT, TYH X TR T-EiR%
QA4 [T Y F Tk LIz ZABERIEVLD TT AL
292 hE%2CEFENOAREE*BEWLET,

(b)2-gram @A S N HIREK

2-gram il IR
[ &8 - 8@ 1| @tk - = ] 6
[ &8 - %37 1|l »svar - g0 1| 4
[ 8@ - &\ 1|[ ) - A 1| 4
[ @& - gh®&:A 1| 93 - £ ] 3
[ ®paR - &5 1|1 %7 B ] 2
[ p&psd - &7 1| = - kzxr ]| 2
[ &: - p@#A 1|1 #oE - ©F 1| 2
[ &3 - ##A 1|l sBY - 3 1| 2
[ #5 - ®m&#A 1| . - B\auw ]| 1
[ /% - z# 1L . -FUAX ]l 1
[ & - ®&H 1| #\s3v - 93 ]| 1
[ &:| - &R 1| By - o ] 1
[ @ - &5 1|l H . ] 1
[ Bh&d - mE#AE 1| [ 13“ - Bu ] 1
[ @ - @37 ]| kS - 83 1| 1
[ p&hsd - @A ([ <% - » 1] 1
[ &8 - @ 1| 3 - AE ] 1

33 N-gram O FFE

ARWFZE Tk, HEHENT 7 Y — >~ 7 b R[11]ICEH T, RMeCab
DXy =Y % H\WT fF N-gram OFEEZHEL 72, K
feiclit, 2-gram (N=2) 2*& 5-gram (N=5) F TOHAEICD W
T %IT > 720 A 3-gram DA EHIC LT, £ 5 RT
FHUROBEPITELRHAT 5, £3. 60 FOEMEE 25,
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x5 HEMMEIE 60 H D N-gram OEIRFEDEE

(@) v—bai
i
QA || eA-aF-2A) | &F-28-u0HA) | | EA-wA-27) | ES-27-0A) |-
QA0 |- 0 of - 0 3| -
AA01-01 [ - 0 of - 0 8-
AA01-02 [ -+ 1 of - 0 5| -
AA01-03 [ - 0 of - 0 3[ -
Q&A60fF AA01-04 | - 0 0| - 0 1 -
QA02 1 of - 2 1| -
QA12-03 - 0 of - 0 of -+
QA12-04 - 6 2| 0 8l -
3-gramgt| - 153 20] - 20 162 -
(b) v— I~1¥z
0an 2gr gl 2gr g2 e 2gr gl6 2gr gl7
[R5-%:A-8h3A] | [BE-2E-2:] | - | [RA-8:F-25] | [BE-2:3-818E]
QA01 3 0 0 0
AA01-01 8 0 0 0
AA01-02 5 1 - 0 0
AA01-03 3 0 0 0
AA01-04 1 0 0 0
QA02 1 1 2 0
QA12-03 0 0| - 0 0
QA12-04 8 6| - 0 2
3-gramit 162 153| -+ 20 20
D~ 85 FEFE D 5 3-gram BAEK I N B (£ 5-a): YV — METD

REE), T2 nD i 3-gram DEFHHREZ kD LT, &
IR O RIS ThE 3-gram # W~ % (K 5-(b); ¥V — FED
REE), ATICH D 3-gram DR EET. FABRAYIC 17 fEl &
ED T %47 - 72, FFRIC, 2-gram, 4-gram, 5-gram DD
INENWREEZ 178 L LTHM%1T 572, N-gram O FFEE
ERO6~KIILEZNE T, KEITOW T, N-gram DFHEE
% Ngr gl, Ngr g2, ..., Ngr gl7 &R LT3, LEMRoT, 2-
gram %l & 3§ % L 2gr gl,2gr g2,...,2gr gl7 L KT, 3-gram,
4-gram, 5-gram IC DWW T D, 2-gram & FIRDOEKFLICHEL %,

*6 2-gram OEHE [6]

2-gram FHE 2-gram HHE
2gr_gl [4:3-BhEA] 2gr_gl0 (4 :7-BhEhEA)
2gr_g2 [Bh&R-Bh7Al] 2gr_gll (BhEhFA-iE 5]
2gr_g3 [BhEA-% ] 2gr_gl2 Bl
2gr_gl [&F-%3] 2gr_gl3 [%&37-BhaA]
2gr_gb [fe5-&:] 2gr_gla (BhEhzA-4E)
2gr_gb [#h3-BhEHE] 2gr_gl5 [Bh&hEA-BhENER]
2gr_g7 (BhzR-:2 2] 2gr_gl6 [i25-2 5]
2gr_g8 (&hzA-8hEA] 2gr_gl7 [BhEA-BhEAl]
2gr_g9 [BhEhER-BhEA]

%7 3-gram OEHE [6]
3-gram Hye 3-gram HHE
3gr_gl [fE5-%3F-BhEA] 3gr_gl0 [BhEHEA-BhBNFA-RE 5]
3gr_g2 [%&5-&-25] 3gr_gll [E5-25-5]
3gr_g3 (BhER-:B5-% ] 3gr_gl2 (BhER-25-RIFA]
3gr_gh [BhEA-EhEA)-2 ) 3gr_gl3 [%&:3-B)5-8hEh:A
3gr_gb (B 5-&-aH] 3gr_gl4 [BhENEA-%& 3R -BhENEAL]
3gr_gb (2h33-%&77-BhaA] 3gr_gl5 [£5-%:7A- 5]
3gr_g7 (4 57-BhEhEA-BhER) 3gr_gl6 (& :-8hER-% 5]
3gr_g8 (8hZ-BhEHEA- & FA) 3gr_gl7 [ % 58- 4 58-Bh B
3gr_g9 [&E-BhER-FEaE]

Advanced Institute of Industrial Technology Bulletin Vol 17

%8 4-gram OEHE [7]
4-gram HHE 4-gram HHE
dgr gl | [®&FA-BhEA-2FA-8hFA) 4gr_gl0 | [BhENFA-E5-%5A-BhaAl
dgr_g2 | [&FA-&FA-2FA-4H] dgr_gll | [BhEA-EC5-4&FA-BhEA)
dgr_g3 | [&FA-BhEA-B0FA-BHEA) dgr g12 | [%&FA-BhEA-BhEA-4 )
dgr_gh | [RES-&-BhFA-&F] dgr_gl13 | [&FA-%&5-BhaA-%&z)
[Bh
[#&
[

4gr_g5 | [BHER-H&FA-BHE-EHFA dgr_gld A-BhER- & 3A-BhEA
4gr_gb | [&F-BhEA-BYER-BhENGA]  4er_glb £-BhER- & 3H- 4 5]
4gr_g7 | [BHER-BHFA-BHEA-EHFA dgr_gl6 | [#&FA-BhEA-&ER-817A
dgr_g8 | [BhEA-&EA-BhEA-HE] Agr_gl7 | [Bh3A-BhiA-BhiA-BhEHA
dgr_ g9 | [RS-AF-B1E-BhFA)

%9 5-gram OEHE [8]

5-gram *—*;iﬁii 5-gram BHME

bgr_gl [ A-BhEA-EhEA] 5gr_gl0 | [BhENER-BhFA-iE S -4 H-BhFA]
bgr_g2 &3 BhEA-BhEA-BhaA] 5gr_gll (4 57-477-BhaA- 4 57 -Bh Al
5gr_g3 [%5-BhEA-%37-BhaA- 2 5] bgr_gl2 [BhEA-iE5-%:A-BhEA-BhEA)
bgr_g4 [ BhEA- 4 57-BhEA] 5gr_gl3 | [EhiA-BhEhiA-iE 5 -4 a4-Bhiadll
bgr_gh [Bhz EhEA-BhaA) 5gr_gld | [%&FA-BhA-8hiA-BhENER-BhFA]
5gr_gb [BhZ &A-BhaER-4 57 -BhEA) 5gr_glb [4&37-BhEA- 2 57-& 57 - BhEA)
Sgr_g7 | [BhENFA-ELS-&ER-BEI-25]  ber_glé | [BhE-EES- £57-8hEA)
5gr_g8 [45-Bh3A-8hE-2 53-BhEA) 5gr_gl7 [BhER-50 5 -4 5-BhE-4 5
5gr_g9 | [BhEA-EhEA-BhER-BhEA-BhENGA]

3.4 TR

2.2 fiCaR L7 F ik & FIFRIC, N-gram % i\ 72 CE O R
FROCEBFEMZEL CRTFEROMEERRR S, 2.2 fi
DA LRI, EMEE 60 tFo N T5m % HIE R
Ed 5, —/iT, 22 HicoaE RAR2HE LT, JBESRME
WricEo w220 (36 7 @ gl - g36) < fb > T, N-gram
ICEE DW= (17 78 : Ngr gl -Ngr gl7) % 3B ¢
L CREIAZEIC A 5[6-8], —J7C. 2.2 HiCfifl L 7z BEE.O
R (g37-g38) - UK (g39- g64) - HEEBIZE (g65-¢71) -
R UM (g72 - g77) DEF 41 T D W TIZE] & bt % HHE
BELTHAT 3, LEdoT, 5 58 MoHME% HHEK
CLTHRET S, AT 2 HAEBO—E b I 5%‘.%%'5%4‘)?
(FESUEHR) %A L Nogram DL OB 11

RN (BXXE®R) %= N-gram%
AuwriHs BuW7-H4&
gl-g36 HBIER
g37-g38 BHERLMRME g37-g38 BHERLMRME
239-g64 Yk | ) 939-g64 STHRER
g65-g71 HERRE 265-g71 HEREE
g72-g77 FRELEHMN g72-g77 FRELEHMK
Ngr_gl -Ngr_gl7 N-gram

X 1 FRTIXEORHEE (kK : HEREN. & N-gram)

3.5 VKR ES
351 EAHEBERE

BRI OFEE & LT, 2.2 i @Rk, a‘ﬁ*%ﬁ@%‘a‘ﬁf
% RTEMBGBEDE S N7z, N-gram OEAHBGREKZ % 10 1
T, 10 DFERD2 S, ED N-gram IZHE VT D @EE&JM%{#
09 LlEich-oTkh, ERICBRIFAHEBEIHONLTVD
[6-8], %3 DIFEERMBIT# A W2 G&oE L kT 2L
BERAENTE AW GG L AEREOHERBEAHL T2

103



RRBIULEERMAERKT

£ 10 =AERAMRE (N-gram) [8]
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# 12 SPRC O#EA 1.0 U EDZE#H (3-gram) [6]

HF 2-gram 3-gram 4-gram 5-gram FIRTF (IR F2RTF (RiRtE) EIRF (JhAE)
EIRT Rk 0.989 0.993 0.999 0.998 HOZH | e [SPRC ez | B |SPRC BieRZm | 45HE | SPRC
BEIRTF it 0.999 0.987 0.985 0.991 g70 WF 1.90 g76 NV 1.16 g64 Closing | 2.83
EIRF A 0.981 0.998 0.971 0.976 g37 Wi 1.47 g73 NV -0.77 3gr_gb6 |[3-gram| 2.03
BIRT BHK 0.990 0.995 0.993 0.994 g43  [Closing| 1.14 865 WF | 195
ESRT B 0.993 0.976 0.994 0.999 g62 | Closing | -1.06 gr6 NV | -168
H6ET HEBRE 0.998 0.994 0.983 0.986 Serg6 | 3-gram| -1.54 e | Wi |-209
EIRT BEY 0.999 0.996 0.945 0.992 g6t | Closing] 165 g0 | WF |23
HEIET BhHl 0.995 0.968 0.988 1.00 BT (B ESWT (i) EEWT (Sl
HEIRT AU 0.995 0.998 0.973 0.954 HEIZM | BHE [SPRC  BAZM | $5ME |SPRC  B9IZHM | BEE | SPRC

65 WF | 142 g45 | Closing| 0.97 66 WF | 1.04
352 Egﬁ{ﬁﬁw%{%%z gl4 Closing | 1.29 g60 Closing | -0.47 3gr_g4 | 3-gram| -1.22

AR (CE ORI E) O HIAER (KHF55) ~0i#
NOREIZFR2 720, FRFICO W THRERENR R
(Standardized Partial Regression Coefficient = SPRC) D#sHE 1.0
L& 2P ~Teo 34T KD 5 b, b3 T SPRC
BREGERZIELAZNENTEMERKR 3 2l ~7, 2-
gram, 3-gram, 4-gram, 5-gram IO W T ZNZ NDOFEREZFK 11~
#1417, HL, 3-gram O 5 KT (K 12) & 4-gram D
6 K7 (£ 13) ICBIL T, SPRC DAEIHEA 1.0 LA EDZEHA
TFEL 720, #HE 1.0 RO #if CIE L X W Z Tk
O AHED K & BB AR T, [FEE] 0Bz, THHEE]
DIHICNIGT 2R E MM Z R L T3, FElE O L 13,
N-gram (Ngr_g1 -Ngr_gl17), H5EOM&PE (Word Imageability = WI;
g37-g38). UAKFKI (Closing sentence expression=Closing; g39-
g64), HEEBIZEE (Word Familiarity = WF; g65-g71). Fac 241
(Notation Validity = NV; g72-g77)D I N»TH %,

% 11 SPRC oftxdfEs 1.0 U EDZEE (2-gram) [6]
FIRATF (RN F2RT (RirE) FIRT (hAIME)

SEAZH | BHEE | SPRC WEAZHE | 58E [SPRC  FEAZH | H5#4E | SPRC
2gr_g7 |2-gram| 1.27 2gr_g2 |2-gram| 5.65 g65 WF 3.68
2gr_gl0 [2-gram| 1.24 g70 WF | 3.28 g39 |Closing| 3.01
2gr_g9 |2-gram| 2.05 2gr_g8 |2-gram| 2.83
g39 | Closing| -2.60 g72 NV -2.18
2gr_gl0 | 2-gram| -2.86 g70 WF -3.49
2gr_gb6 |[2-gram| -3.09 2gr_g2 | 2-gram| -6.90

FARF (BB FESRF i) F6RTF D)

FEAEH | F5E [ SPRC  FEAZH | $58E |SPRC  EEAZH | H5#& | SPRC

2gr_g3 |2-gram| 3.71 2gr_g3 |[2-gram| 3.00 2gr_gl |2-gram| 1.66

2gr_g2 |2-gram| 2.82 2gr g6 |2-gram| 1.59 2gr g9 |[2-gram| 1.29

2gr_gl3 | 2-gram| -1.17 g45 Closing | 1.35 2gr_g2 | 2-gram| -1.89

2gr_gl |2-gram| -5.30 2gr_g9 |[2-gram| -1.23 2gr_g3 | 2-gram| -2.32
2gr_gl [2-gram| -2.40

FIEF (BB ESRTF (Bhih) FIRTF (BZUE)

FBAZH | & [ SPRC  HEAZH | H5HE |SPRC  EEAZH | 15#E& | SPRC
2gr_gl |2-gram| 4.12 2gr_gb6 |[2-gram| 2.85 2gr_gl0 [ 2-gram| 5.21
2gr_gl0 | 2-gram| 2.93 g45 Closing | 2.25 2gr_gb6 |2-gram| 4.54
2gr_g8 |2-gram| 2.19 2gr_gl |[2-gram| 2.20 2gr_g8 |2-gram| 3.54
2gr_g3 |2-gram| -2.43 g65 WF | -141 2gr_gl3 | 2-gram| -2.98
2gr_g9 |2-gram| -3.17 2gr_g2 |2-gram| -1.61 g70 WF -5.90
2gr_g2 |2-gram| -5.20 g37 Wi -1.71 2gr_g2 |2-gram| -12.08

g70 WF | -1.10

g76 NV [ -134
gr2 NV [ -1.72

g43 Closing | -1.31
g70 WF |-1.34

FIRF (REHH)

FE8ETF (BHMH)

FEIRTF (BRI

FALH | FHE [ SPRC

FEAEH | & | SPRC

sLs | e | SPRC

3gr_gb
3gr_g4

3-gram| 1.56
3-gram| -1.30

3gr_g6 |3-gram| 2.08 g66 WF 2.04
g68 WF 1.61 g65 WF 1.87
g59 Closing | 1.59 g73 NV 177

3gr_gl3 | 3-gram| -1.37 g76 NV [ -2.04
g43 Closing | -1.58 3gr_g4 |[3-gram| -2.11
g37 Wi -1.61 g70 WF | -3.26

% 13 SPRC 0#tsdfEs 1.0 A EDOZEE (4-gram) [7]

F1IRT (AREM)

E2RF (M)

FE3RTF (A

SEAZEH | FHE | SPRC

ALK | F#E [ SPRC

ALK | FRE [ SPRC

g37 Wi 3.76 4gr_g6 |4-gram| 1.45 g76 NV 4.07
268 WF 3.15 g56 Closing | 1.33 4gr_g9 | 4-gram| 2.58
4gr_g8 | 4-gram| 2.15 4gr_g7 | 4-gram| 1.32 4gr_gl6 | 4-gram| 2.35
4gr_g7 | 4-gram| -1.91 g39 Closing | -1.04 4gr_g8 | 4-gram| -2.88
4gr_gl6 |4-gram| -2.01 268 WF | -4.00
g76 NV | -3.12 g37 Wi -4.51

FART (BB

EERT (M)

FE6RT (M)

SEAZH | & | SPRC

SEAEH | FHE | SPRC

ALK | FFRE [ SPRC

4gr g9 |4-gram| 1.56
g76 NV 1.22
4gr_gb |[4-gram| 1.19

4gr_g8 |[4-gram| 1.73

dgr_gb | 4-gram| 1.50

g62 Closing | -1.04
4-gram| -1.08
4-gram| -1.39

4gr gl
4gr_gb

g43 Closing | -1.17
4-gram| -1.80

4gr_gl

62 Closing| 0.52
4gr_g6 |4-gram| 0.50
4gr_gld | 4-gram| 0.49

gl4 Closing | -0.62
4gr_g9 | 4-gram| -0.64
g73 NV [ -0.66

BTRT (REHH)

FE8RT (BHH)

FIRT (BRI

SEAZH | B5HE | SPRC  HAAZH | 15 & |SPRC  HEAZH | H#E | SPRC
g76 NV 4.33 g76 NV 4.07 g65 WF 2.25
g48 Closing| 2.32 g48 Closing| 2.43 4gr_gl |4-gram| 2.02
gr2 NV 1.92 4gr_gl6 |4-gram| 2.28 gdd  |Closing| 1.25
g37 Wi -2.36 4gr_g8 | 4-gram| -2.76 4gr g9 | 4-gram| -1.39
g44 | Closing| -2.40 g68 WF | -2.80 Agr_gd |4-gram| -1.44
g73 NV | -243 g37 Wi -4.55 g76 NV | -2.05
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% 14 SPRC o#stEs 1.0 LD Z#H (5-gram) [8]
FIRT (B9REM) F2EF (R FEIRTF (JRAIHE)

FALH | FFHME | SPRC  HUAZH | HHE |SPRC  HEAZH | $E | SPRC
g37 Wi 1.08 g56 Closing| 1.74 g65 WF 3.89

5gr_g6 |5-gram| -1.10 g49 Closing| 1.04 g73 NV 2.12
g60 Closing | -1.10 bgr_gl7 [ 5-gram| 1.67

g39 Closing | -1.86 g59 Closing | -1.62

g76 NV [ -2.15

gr2 NV [ -2.56

FARTF (RS
SRR | Fi#E | SPRC

EERF (i)
AR | F#E | SPRC

E6RTF (it
SEAZH | K5 E | SPRC

g48 |Closing| 2.69 g75 NV | 2.69 g37 Wi 1.76
g76 NV | 2.61 g76 NV 1.40 g73 NV 1.25
5gr_gh |5-gram| 2.05 g61 Closing | 1.29 g68 WF 1.22
g68 WF -1.99 g70 WF -1.80 g76 NV -1.09
5gr_g9 |5-gram| -2.24 g73 NV | -2.12 g75 NV | -1.44
g37 Wi | -3.62 g68 WF | -2.20 g48 |Closing| -1.61

FIERF (BB
FBAZH | K& | SPRC

FEETF (Bhih)
BEAZH | & | SPRC

FIRTF (B
BBAZH | & | SPRC

g76 NV 2.63 gr2 NV 2.09 g68 WF 3.02
g48 |Closing| 2.13 g48 Closing| 1.81 g73 NV 2.94
5gr_gl2 | 5-gram| 1.74 5gr_gb6 |b-gram| 1.47 g70 WF 2.39
g37 Wi -2.06 gr4 NV [-1.39 g61 Closing | -1.64
g73 NV [ -2.32 g37 Wi -2.05 g75 NV [ -2.38
gdd  |Closing| -2.36 g65 WF | -2.49 g76 NV [ -2.48

KU oK 14 DFFRL Y, IEF 72 1ZAIC SPRC DHEED
AL 3 AT N-gram OZSE035%4 3 2 25800% . 2-gram 1 9
K4, 3-gram 1t 6 KT, 4-gram 1% 8 KIF. 5-gram I3 5
FTHD, 20O DFER LD | N-gram DR TFH~DE)) 5
KEWZ DD 5[6-8], ThOHDERL D, RTHEOHEE
ICH72 D N-gram 2 XEORHERL LTERET LI Liciz—E
DEMED B2 L2 B,

3.6 £

RESCIE#R & N-gram & CEAMBGREZ LR L LT 35729,
#£3 (BUE#H) ££ 10 (N-gram) OfER* T Lo -d D%k
15 g, EPERBOBEr b wxIE, YOoRMEOLAT
bRTFEHROHEEICIIEMNTHE L A BRESELNT
W3, L2Ll, REERTHEOHEELRD LT 254513,
EHBERBPRR L Ro 2RO EHATLIIRWE D
Wz b, RI1SDOMBREIY ., BXERPKROFERERo72D

& 15 EHEERE (FERERMEMN - N-gram) (3, 8]

N-gram

HF R

2-gram | 3-gram | 4-gram | 5-gram
F1RF KIREME | 0.989 0.989 | 0.993 | 0.999 ([ 0.998
B2RF FHRIE 1.00 0.999 | 0.987 | 0.985 [ 0.991
3R F A | 0.999 0.981 | 0.998 | 0.971 | 0.976
FARF Ao 1.00 0.990 | 0.995 | 0.993 | 0.994
ESRF e | 0.925 0.993 | 0976 | 0.994 [ 0.999
FORF BEERE 1.00 0.998 | 0.994 | 0.983 [ 0.986
ETRF ZEptE | 0963 0.999 | 0.996 | 0.945 [ 0.992
E8RF BHME | 0.950 0.995 | 0.968 | 0.988 1.00

FEIRF I 1.00 0.995 | 0.998 | 0.973 | 0.954
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5 2 W (R, 5 3 /- (AR, 3 4 W (B S
). 5 6 R (BEBRME)., 55 9 K+ (BAAIE) @ ST Th 5,
—Ji. 2-gram DB OFER L A o 72 0135 7 KT (REhHE) .
d-gram DEDROVEHF L o203 1 WF (W) b
%, 51T, S-gram B ROFER & 7% o 72 D135 5 BT (B
) LHESHTF (Bhtk) o2l TH 5,

Lo L, AT I NE CLEOEERPHAZZE L CT»
B, LT, ThboEREHWE LT, SRITEKRE
W ARFEICHETT 2 LEEDLDH 5,

4 EJIRA-5)

AT, 2hE TORFR TR LT & 2 Rici
5T, N-gram % XEDOFiHE & LT, ERIIFHHT % Ehti L <
BERIZEXORTHEOHETE%ITo72, 22 Tl MXERD
RO Y IZ N-gram #FFE L LA L, EEROTEZFEL C
R OHEE % 1T > 720 2-gram 5> 5 S-gram ¥ THHT 2T -
AR TRCOBHIC BT RIFAHEERRAFONTH Y|
MU A wWizga L k2 L EAREOHERE 2SO
Twd, Ibic, HAZH ((EOFHE) »ENEE (BT
) I EOREREY KT T 02T B -oic, R IR
TREDAEIHEA 1.0 A EOEEICEB L7z & Z A, 2-gram 5> b
5-gram O EDBFAHICE VT N-gram 3HEIHED FA7 3 FRLA
MICES T 2R T80~ 36 ®TH 28 BT (2-gram : 9 ®T-,
3-gram : 6 . 4-gram : 8 A F-. 5-gram : SET) H25 L H»
5. N-gram OFEIIHTFHFAIC—EDOHENZKITL T3
TEERIRLTWS,

SHOFEL LTI, XEONELERE B KT 2 HEMH
Hb, T, WEHOWRELZEET 272D/ X NY T
—vavEERL TN 2 88 RS2, 51T, 23 HiT
. AFERE A GHEY) R EEFHORELFFEICOWTRBR L
TW3[4-6], & Z T L7z FERBEERMBIT 2B L TN
WESCIERICFE D FIETH 5 DT, N-gram 1D FiEC#
P mZEHOBHEFENERCTE 22089 % RAET 5 45
2D 2, £, 2-gram ZFE & L A0 OREE 2 D
T TH 2, T AFERMEEE 3t TFoT —
Xy MICLHATE 208 % MEET 2 2 & b5 koM E
D—DTH b,

A T

AWgEiE. —&. BHFE (26008587, 20K19933) D BhK % 5%
FTIThb7=2bDTHh 3, 7=, ELHERFENIRTH SRt %
ZF 7z, Yahoo!HERDO T — 2 ZF[HL T3,

Z & SCHk

1. Yahoo! HIFEZLE. [cited 7 Feb 2024]. Available:
http://chiebukuro.yahoo.co.jp/.

2. HlCKm, SBRMN, BEiEE, (om ). HREE 4~ o HHN

Xk REL ORI E X2 L7 v —offeE. HARMET %S
FSCEE. 2011;10;2: 221-230. Available:
https://www.jstage.jst.go.jp/article/jjske/10/2/10 2 221/ pdf/-char/ja

3. Yokoyama Y., Hochin T., Nomiya H. Using Feature Values of

Statements to Improve the Estimation Accuracy of Factor Scores of
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Impressions of Question and Answer Statements. International Journal
of Affective Engineering. 2013;13;1: 19-26. Available:
https://www.jstage.jst.go.jp/article/ijae/13/1/13 19/ pdf/-char/ja

Ml th, 2, Bt HREEY A s 2 EHRX
~OY] 75 B EH OFEHIE. H AR THEAHOGE. 2016;15;1:
21-29. Available:
https://www.jstage.jst.go.jp/article/jjske/15/1/15_TJSKE-D-15-
00033/_pdf/-char/ja/

Yokoyama Y., Hochin T., Nomiya H. Towards Detecting Appropriate
Respondents to Questions Posted at Q&A Sites by Disregarding and
Considering Categories of Answer Statements. International Journal of
Affective Engineering. 2016;15;2: 167—-175. Available:
https://www.jstage.jst.go.jp/article/ijae/advpub/0/advpub_1JAE-D-15-
00031/_pdt/-char/ja

Yokoyama Y., Hochin T., Nomiya H. Application of 2-gram and 3-gram
to Obtain Factor Scores of Statements Posted at Q&A Sites.
International Journal of Networked and Distributed Computing.
2022;10;1-2: 11-20. Available:
https://link.springer.com/article/10.1007/s44227-022-00005-2
Yokoyama Y., Hochin T., Nomiya H. Using 4-gram to Obtain Factor
Scores of Japanese Statements Posted at Q&A Sites. Proceedings of the
13th International Congress on Advanced Applied Informatics (AAL
2022-Winter). 2022: 25-31. Available:
https://ieeexplore.iece.org/document/10123522

Yokoyama Y. Application of 5-gram to Obtain Factor Scores of
Japanese Q&A Statements. Proceedings of the 14th International
Congress on Advanced Applied Informatics (AAI 2023). 2023: 69-75.
Available: https://ieeexplore.ieee.org/document/10371593

FHBELE RICEETFF A=A =V 27 A 562 ). FRACHIK;
2017: 94.

INAIE—ER. RICX 2R & LT F 2 b= 4 = v Z[iE G
A — 2.4k; 2018: 86-87.

The R Project for Statistical Computing. [cited 7 Feb 2024]. Available:
https://www.r-project.org.

Open Access This article is licensed under CC BY 4.0.
® To view a copy of this license, visit
o~ http://creativecommons.org/licenses/by/4.0/

Advanced Institute of Industrial Technology Bulletin Vol 17

106



RRBIULEERMAERKT

Advanced Institute of Industrial Technology Bulletin Vol 17

Ta 7o I EERust I2X& 3 Linux 78 A K5 A4 NDRHFE

Development of a Linux device driver by the Rust programming language
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Abstract  Device drivers, which are components of the operating system kernel, manage and control hardware devices. There are a wide variety of
devices from commodity devices, such as storage and network interfaces, to specialized devices, such as sensors and motors. A specific device driver
is developed for each of devices. Therefore, there are a number of devices drivers in the operating system kernel. On the other hand, there is a clear
trend that device drivers are the source of operating system failures because of the lower skill of device driver developers and insufficient test and
verification. This paper explores the possibility of using the Rust programming language to program Linux device drivers in order to reduce their

failures by taking advantages of the language safety features.

Keywords systems software; operating systems; programming languages; Linux; Rust

1 F L ®HIZ

ARV =T 4 7 RAT L (0S: Operating System) 77— L
X, BEEANA—FY 27 ETHEMEL, 77U — a Y DOETR
BREEMfT Y 7 b 27 THB. OS H—FITEBOKAEE
Ja— oI, TD 1 DTHBETNARXART AN,
CPU DAND T AT EITI = R =7 734 R & EHEHIET
597 027D 2a—NVTHb. N—FRT 2T TN A%T7S
Vr—2armPoAVnBITE, TANLARIANDRELR S,

N—FRT 27 FNL2E, A PL—UR%y P 7 —2FDRH
K F AL ZAmE, Yy HRE—XE0HEHICHIEIRE L
MEWTNAL ZET, ZEERTHD. ThLZEEHRN—F
VT TNAZRDENTFTRIIHL, AL AR T4 NGRS N
2720, 0S5 H—F DY —RI—RIZEDZEEGLLTEL R
5. ZO—T, OSBFEAFADEOEMEIC X 2B
RFAL MELTE D, FAALRE T A NI RIEHZ W EANS
B3RS TNS [1].

e, MiAAS 27 4TI, 1) ARSI N—FY 275
NA REMBIAL Z e BE L, FHICHAEIN LT AL AN 4
NERBEY T3, 2) REIBOEGEENRD 5N 5 —HTHR
L —ZOEH TIEEN, C0WSHBELS, T4 ZARTA N
BRIEMZ S RETZARER LD EVICBEDLL T, IhEuw
BEMENIKRDOENZ WS, HKLRENDHD, SWEEMEL
FEOTNA AR T A NOFEELRFBCT 2R HEDRLEL TN
3. FITEABmYTIE, ZeModnwezrararsIvrs
FETH B Rust #H VT, Linux 7 —F LD FNA XK T A NEH
BT BHEICOWTHAR S, Linux I—3Lidgn—Ya> 61 T
Rust SEEOHR—=FE2 XA VT4 ¥ H—FIVICHIDIAA, Rustic
KDZTFNARRTANEZLI—FNVEY 2 —VOMENED L
EZzoNnb. L2ALEDS, Rust IZXB 714 XA R T A4 DR
HEZDOWTOERIEESLRENTH 2720, FATINICBHIEELT
W, HIRZEFD S ZLICBRERERVDS. £2T, KT
FERRZE 2 ¥ 312, RustiZX % Linux 71— %L DFAAL R F
T ANORFEF DOV TIAN S,

LIF, 2 T Linux 7 —%/1® Rust ¥KR— F DEFjHENCDOWV
TR %, 3 BTIIFARREICOWTE Y, 4 BT Rust 78
I2& % Linux 34 2 R 54 NOBIFEAEICOVWTHRS. 5 &
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TEEZITV, 6 B TAMXEZELD .

2 Linux 7 — %2 LD Rust# K — kb D
) ]

AETI,, Linux 7 —3VORARBEFNIOWT, Rust 8-
DRBEFDLE LTiAR 3.

Linux % — 3V OMREEY 2 — L% Rust THFETEZ 2 X 51CF
%7:0 DY KR — MZ, Rustfor Linux [2] THFEXNTZE7. Rust
for Linux 1%, 2021 4 3 AIC Linux next IZW hAEh [3], £
[F4E 4 Hi2id RFC d #fahiz [4]. 20Kk, IEHICHEAB X
BHFEMEA, 2022 £ 12 AIZ Linux 7 —FUEN—Ya ¥ 6.1 T
Rust ¥ R—=FZ XA VT4 VITWDIADLETIZE /. LIrLER
M, N—=Y 361 TlERust TH—FILEY 2 —LEIERTE
ZIEETHY, TCXEANBRI—AINES 2 —LEHFETES
BPETIE d o 7.

KPP ER R TORPIN—T2 V1F 65 THD. XN—=Yav
6275 65 FTOEN=Y 3 ¥ T Rust BR—MI7 v 77—t
ENTED, HEERP LA N EOROERIIBIGEME L TY
5. L2LREDS, Rust TOTNA ZARIANDOHFKETY K-
LTV 3 Rust for Linux & HET 3 & RIZHEEERIIIZEWD W
TVWARVWDODBIRTH 5.

3 BHHEREE

AETIE, Rust EY 2 —L%EET Linux 71— 3V OBFEREIC
DWVWTEEDS. Rust 22 %4 5D YR b= LB XU Linux
=N DEN FIZDOWTIE, T TIRANE [5]. 2T,
MacOS %F R FREEE LT Linux #— 3L ORIREE LT
BZHIEIZODOWTIRARS,

Linux #— %LV EEIL R T 22D, a v 4 7FDORFE
V= VEOFITEEL Y LT Linux R%ETH 5. 22T, FHRER
He LT Linux ZHWV2 0O RS MIERAEL RS, L LS
5, BB OEERE Y LT Linux B3REEIEEZRY, $-
W2 ZeNTERVEEDRED 2. BRI, BEDOIEERE
£ LToOPCIE, CPU & LT AppleM1 Pro %#5# 3 % MacBook
Pro TH%. Z® PC T Linux IZEfEFT 2 LH5ICR-TETVS
OO, FIHBRNTHS.
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MacOS Tl& Docker % i\ T Linux # ETAIHETH 2 7=, 2
VA SEDRFEY — VDO FETREL LTHWS Z e N TE 2.
LA L7%A 5, Docker o Linux Z BB Y UL THWSI21Z,
UTo 2 o0l ®Ho7. £7F, HENRTHS Linux 7—3
NDY —2a— RKDOHRETH 3. Docker TiE, f XA—YNTDE
HX, HRNICA A=Y 22 RELRITNUL, 2D X=VD
EITVET LIRRTIEIN S, 4 X =, LA vl
ELTREFINTWL 2, N F U DERI N2 BHFEEREE T
AT 2 REDEDWER S, EEINTLES 20, HIHER
BICIIARBETHS. £72, Docker ED Linux BRERIZEAMIC
13 CLIIZ72%. Linux ® GUI & X Window System 2R X
TWb7H, RZ MRED MacOS T X Window ¥ — % EfTF
% Z 2T, Linux ® GUI 2 TERWI 2idawv. L LR
5, MacOS D GUI & DIZRLED LTLES Ze»EETH 5.

LD 2 OOMBEIZLIFO LS ICRIRTZ2 2 TES. £7,
Linux 7 —3% 1D Y — 2 a— FORFIZOWTIE, Docker Tk
ARV 2a— L2 ERT 2 THIRTE S, KfitRY 2 —201%, %
DH DD KFHLA L =2 LTHWS Z 25T % % Docker
ARXR=—UPBIFM LA ML —VfEEITH D, Docker £ X —
ORI Y MEDT 4 L7 MY BTRELTHWS Z &S
T&3%. D7/, Docker £ X —Y % HEH L%, 3H
WEEINTZPNDAXA - dHATE e MTE D, KR
77 ANVERETIHOAEL LTI, RAMREDO 7 >4 LY
27 LERAVEHIEDH 5. KA MRED Linux DA, 20
JTETHEREW. L LD SRR MRED MacOS D&,
Docker F® Linux BREE & /R R FEREED MacOS D7 7 A VS AT
LREZBZZeNBAET I T4 7 A LOMERD Y, £/
TIRADEDDA =Ny FOREVWZ ENE, ZOJTEIHE
RELBROVWIZ L. 72, KA MREDO GUI 232
F 4 X5 Docker £ X—IJHNDT7 7 4 LEIRET 2MEIZ, <~
7 4 Z & LT Visual Studio Code (VSCode) % Dev Containers
FRAEILR E HICH W2 Z e TR TE 2. ZoflaELEITED,
R MBI THEITLTWS VSCode &, #ENS L T3 Docker
AX=JHNDT7 7 ANE, HPDRIAMIRCHEIZLDEIIZ
WS> ZeHTES.

ML E®D X 512, Docker ® K %t RV 2 — &, VSCode, Dev
Containers #HEILIRZ A G HE S Z T, MacOS EiZ Linux
A=A NVOMFBIREZHET 22 L3 TE 3.

4 Rust EiEI1C & A2 Linux 7 N4 X K 5
A N O B F

AFETIX, Rust S3EIC & 3 Linux 34 2 R 54 NDORFICD
WTIRN 2., £9, Rust KLBE|mBEMZ T AL ZRKT A4 NE
P a—VDERBFEZOVTIARNS., KL, TOTNNLARTA
NEY 2 —)UZ FIFO #8E, HIbEZIAAL T — X 2EFZAAT
IEF/THmAHT Z L DTE ZHAEDOHEICOVWTIRNS.

TNRARARSANES 2—ILOER

Rust for Linux IZBIF 27 NNA4 AR T4 NEY 2 —LDERIC
DWTiAR 3, 112, RBBPMBTANAL R R TANET 22—
EEBLEHIZTT. ZOEY2—ME, AL R T7740EL
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module! {
type: RustFIFO,
name: "rust_fifo",
license: "GPL",

}

struct RustFIFO {
_dev: Pin<Box<Registration<RustFIF0>>>,

}

#[vtable]
impl Operations for RustFIFO {
fn open(_context: &(), _file: &File)
-> Result {
pr_info!("FIFO opened.\n");
0k(())

}

Impl Module for RustFIFO {
fn init(name: &'static CStr,
_module: &'static ThisModule)
-> Result<Self> {
pr_info!("name: {}\n", name);

Ok (RustFIFO{
_dev: Registration::new_pinned(
fmt!("{name}"), ())?,
b

1 BHiLTNARFSANEIa—ILOER

T /dev/rust_fifo Z1ERL, ZDTNA AT 7 A ADRF—T X
NBEZDEDA =% HNT 5.

EV a2 LEHRTEY -3 —FZOWT, %EDHIE
o TRS. £, module! ~Z7uZfWT, I—F1L%E
Y a—VEREFRTD. type: 1, WHMLER RIS FLA MR
ERTIH-DOMEREIEETS. 72, name: XTI 2—1D
20, license: IZEY 2 —NLDIA LY AEEETS. ZNH 3D
DT 4=V RERNBHETH 2. ZDMHEIZISELE T, author:,
description: R¥ BIEET 2 Z L HTE 3. KIZ, module! <7
n o type: THE L WA TH 5 RustFIFO ZEFKL TV 5.
MHERD X N2 LT _dev ZEFRZLTWA. _dev &, BFLL
TNARERFET272D0EHTHD, ZORMEIDTDOES
BoTWb.

Pin<Box<Registration<RustFIFO>>>

Pin, Box I%, ¥% &% Rust 2SEHEY U TS 28ICcH 3. Pin
%, RA Y ROSBEPBHLARVWI L Z2HAET 2720105
N3, Box ¥, b—FIT7—KXHEREMRT 2 -DICHVLNS.
M- T, Pin<Box<T>> &b — 7RSI N T BEE Lz nw
£ %FK¥. Registration 1, Rust for Linux @ miscdev € 2 —
MIEIDERINTWBEITH D, kernel:miscdev::Registration
Mt 202 & 3 RBICH 5. Rust for Linux BERT % 8
DR S 2 D LTI X kernel:: 3 Z 2 IZHBETD % 72
®, LURTIEEM T 3. miscdev:Registration 1%, B ¢F X —
& ¢ LT file:Operations ML 4 M 2REL 22 L 3720,

Registration<T: file:Operations> ¥ EFEINTWVWS. ZZTTIK
H7=% DA, RustFIFO TH % 7z, RustFIFO i file::Operations
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FLA PRFEELTOILEND .
RustFIFO T file:Operations b L A F OEHEE, LIFTER
s,

#[vtable]
impl Operations for RustFIFO {

}

file:Operations L 4 i, Linux #—%WIZHBF % file_op-
erations MK ICHIET 24 Y X7 2 — A B ERL TV 5.
Operations F L4 FTD open XY v FOEFREMUTOLED T
5.

type Data: ForeignOwnable + Send + Sync = ();

type OpenData: Sync = ();

fn open(context: &Self::0penData, file: &File)
-> Result<Self::Data>;

open XY v RORDEDH Y LT Data 2%, %158 LTHEX
N37—2DE Yy LT OpenData x4 V7R LTHES N
TW3., ZhZTNORDT 7 1 M, () eRELINIZEREOR
ERIa=y MUk, ¥, Zh2hDB L) 7R Data,
OpenData 12i%, BUABRELTVWBRENDH S bL A M EIEET
%, PLA MERABIEEZIRTWS., BELTORITFZ LT, ¥
HHLBMBELLTWEIeE2RTILHATES. HIb, Data i3,
ForeignOwnable, Send, Sync ® 32 b L 4 b ZELE L7500
BTHEUENRD 5.

RustFIFO @ Operations M L' A4 T, MTFD & 51, MUH
ENBeAve—I%MNTEEID open XYV v FDOADFEE
XhTWnW3,

fn open(_context: &(), _file: &File)
-> Result {
pr_info!("FIFO opened.\n");
ok(())

RustFIFO @ Operations + L 4 +T® open XY v KD 1 514
o=y b 5 2 5IBUETANA R T 7 ANANDBIRIU Y 725 T
w3, RDED Ok(() &, FHliFEX A1y MIORED
iz, 2V v FORDEOH Result \IZHEXE 37912 Ok() T
Sy FLIfEE o T3,

Operations F LA FOEFIZBWVTIE, open DR Y v R
COWTIE, REETHLILERTEI—2RETETIOT 7 4
LRy ROREPTEINTWVS. open XV v FIZOWTIE
HEOATEEMREINTVRY. 2Dk, Operations kL
4 bPOFFEEETIE open XYV v RENTEETILEDNDH S, %
7z, Operations M LA MZiZ, BYE LT #[vtable] 2317 5h
TW3. ZHhiE, XYy FROVWTEEOREZ RS EHMEE
RSB, ZDMERS, PLA FPOERENT T ALYy FEL
FHEL TV 2HEEET 2 2 M TE, struct file_operations ¥ @
A4 YR 7 2 —RIZHWVT Rust TEFK S N7 Operations F LA +
DAYy REMFHTHE S ORI THOY ATV S.

BBIZ, Linux A —FVET 2a— VIR BELREL VX T 2 —
2R3 2 Module F L4 FDEEX, URTEEEINS.
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Impl Module for RustFIFO {

}
LI{TX, Module FL 4 F®Dinit XV v FOEETH 3.

fn init(name: &'static CStr,
_module: &'static ThisModule)
-> Result<Self> {

init XYy FOFE 1 518UIETY 2 —LVADLFHINDOBH, 5 2
SIBIZEY 2 —LOBRI L 72 5 TW3. &'static 3BRDERE
HMTHD, TOBRRFEY 22— L RUAEFEHRE 23,

YR, init XYy FORDETH 5. init XY v FORDED
A Result<Self> 125 LT, Self BlH RustFIFO Bl A > 2 &
2% Ok() TT v FL7flEZIRLTWVS.

Ok(RustFIFO{
_dev: Registration::new_pinned(
fmt!("{name}"), ())?,
D)

R DE®D RustFIFO @ _dev X > N\iZi%, Registration Hiifk%x
new_pinned X ¥ v FIZX DA Y R& 2L EMBA S,
new_pinned XY v FDH 1 51BUIEY 2 — %, 8 2 518
¥ open XV v FIZEI N5 OpenData OEIZHKR 2. 2D
OpenData #i&, RustFIFO @ Operations + L A h TOEHEL —
KT 2REDDH B, ZHUZ, Registration MERIE b LA MER L
L T Operations Z#§E L7z ¢ X —& T ZH D, new_pinned
XYy FOHE 2 5 @A L LT T:OpenData 2SEE X LTV 32
LTH5.

FNARARSANED 2—I)LAD FIFO 8 DEE

AIEIT/RLUZTNA AR T A NEY 2 —0IZ FIFO #RE, BB
HXAARE T -2 2EHEAALIEE THAHTHEREELHET 3.
COMRERRIET 2701, T X2 RFT 2 -00MER, B
& O RustFIFO @ Operations L 4 MIZ read, write XY v F
DFEEEZBIL I FIFO F AL AR FANRET 2 — L DEHRZX 2
RS, MUTF, EYa—LEMRT 3 Y —Xa— FTEMXhk
EATNZOWT, e BIEEZ B > TN 3,

%3, FIFOdata fi&{AI% FIFO BRETRE L 8 37— X 2 1R
FI20I0E8RINTVWS. count X U NIZIEFEEENE 7 —
ZDANA MDA D, buffer X NI REEEINSZ F— XA
%. buffer X Y NICE DV RFFINDZ T —XDOEIWFIAETH D
7o, AIERDONA MIZHBMATES X5 ZBZHWT
Vec<u8> By LTHESINTWVA.

RO FIFO #ii&ifkiE, FIFOdata fifA% Mutex 1 & D {R# 3
37 DITEFEINTWVS. Operations + LA b T open XY v R
DORDEDH Y LTHIA Y 7R LTEFEINTWS Data I3,
ForeignOwnable, Send, Sync @ 3 D+ LA P Z2FEELL 775
DTHIREDRD B Z L%, HIFiTHRN. ZOFMERMT
72912, Data % FIFO #§3&E (A2 & Arc<FIFO> & § 5% Z & iZhnz
T, Mutex & DR#T 5 Z e BB ETH 2.

109



RRBIULEERMAERKT

module! {
type: RustFIFO,
name: "rust_fifo",
license: "GPL",

}

struct FIFOdata {
count: usize,
buffer: Vec<u8>,

}

struct FIFO {
fifo: Mutex<FIFOdata>,

}

struct RustFIFO {
_dev: Pin<Box<Registration<RustFIF0>>>,

}

#[vtable]

impl Operations for RustFIFO {
type Data = Arc<FIFO>;
type OpenData = Arc<FIFO>;

fn open(context: &Self::OpenData, _file: &File)
-> Result<Self::Data> {
Ok(context.clone())
}
fn read(context: ArcBorrow<' , FIFO>, _file: &File,

buf: &mut impl IoBufferWriter, _offset: u64)
-> Result<usize> {
let mut fifo = context.fifo.lock();
if fifo.count == 0 {
return 0k(0)
}

let data_len = buf.len().min(fifo.buffer.len());
buf.write_slice(&fifo.buffer[..data_len])?;
fifo.buffer.drain(..data_len);

}
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fifo.count -= data_len;
return Ok(data_len)

}

fn write(context: ArcBorrow<'_, FIFO>, _file: &File,

buf: &mut impl IoBufferReader, _offset: u64)

-> Result<usize> {
let data = buf.read_all()?;
let data_len = data.len();
let mut fifo = context.fifo.lock();
fifo.buffer.try_extend_from_slice(&datal..])?;
fifo.count = fifo.buffer.len();
Ok(data_len)

}

impl Module for RustFIFO {

fn init(name: &'static CStr,
_module: &'static ThisModule)
-> Result<Self> {
let mut fifo = Pin::from(UniqueArc::try_new(FIFO {
fifo: unsafe {
Mutex::new(FIFOdata {
count: 0,
buffer: Vec::new(),
b1,
P?);

let pinned = unsafe {
fifo.as_mut().map_unchecked_mut(|s| &mut s.fifo)
%

kernel::mutex_init!(pinned, "FIFO::data");

Ok(RustFIFO{
_dev: Registration:: new_pinned(
fmt!("{name}"), fifo.into())?,
D)

K2 FIFOFNARARSANEI2a—ILDER

RustFIFO f§&ERIEX 1 LRULTH2. 2 DOFEMNGATHI TR~
72eBHTHS.

Operations L A F DEETIE, open XY v FORDEDT
TAYTRATH% Data, BLUH 158 LTEINGT—2D
Bl 4 V7 ATH?% OpenData 28, Arc<FIFO> & ERINTW
5. ZDI®, open XY v FDE 1 518AH OpenData 1 & 72 o T
BY, EYED Data Bl 2o T3, open XV v FOF 1 518
¥, Module t LA FO init XY v FIZBWT Registration #§i&
K% new_pinned XY v FIZ& D A Y2 X 2 2{LF BBEDE 2 5l
BofEsgshs. 2%h, Module FLA FO init XY v FIZ
BWTAER, #IHL X7z Arc<FIFO> BID f ¥ A X > A7 open
AYy FIESND ZLITRS.

Operations L A FiZiE, read B XU write XV v FHHEE
ENTWS. read BX U write XV v RO 1 5131213 open X
Vv RORDENEXNS /29D, Data Bz 212 L2 X
NTW5. ZD®, FIFO MERPEENS I 127%%. FIFO
MHERD FERR D 7 — 2 1& Mutex 12 & D {3 X117z FIFOdata 3
HKodichHs. 22T, Mutex 1 v 7§35 Z & T, FIFOdata #
BRCT 72T 2 e TES. LIRTIE, FIFO &K fifo
X UNDBEFEFT S Mutex 1 v 7 L, FIFOdata #h&E{K% D H

LTWa.

let mut fifo = context.fifo.lock();

B b H U7 FIFOdata ¥H&E(RISEERIRETH 5729, ZHIE mut
LEESINTWAS.

Operations kLA b® read XY v FOH 3 5150, A
TT—XDFZAA LT loBufferWriter ZHD Ny 7 7 53
FEEINTWVS. read XY v FIZk 3 FIFO 225Dt AH L
1%, FIFOdata #i&EAD buffer X v NIIRFERTVWEF—& D
IoBufferWriter NDEH XiAAIZ/2 5. ToBufferWriter 127 — & &
EALEDF— X DE XX, IoBufferWriter DNy 7 > DEX M
wmRE7%%. 2D, FIFOdata fiEKD buffer X > \IZfREF
ENTVET—XDOREI LKL, Y5600 AZHZAD
T—RDEX 2 LTW5. IoBufferWriter I2#H ZIAATE T — X
1% FIFOdata #iEAD buffer X > A2 5 FHIRT 2. 2079,
drain XY v FIZEZALT —XDOEZIZIFEL, buffer X N
DD & T — X ZHIFRL T3,

Operations kL' A b ® write XV v RO 3 5180%, FEA%
37 —2DFAH L L LT lIoBufferReader B DNy 7 7 23
BEXNTWA. write XY v RIZ&L3 FIFO NDOEXAANS
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X, eAH L IEHIZ, ToBufferReader DNy 7 7 bt AH L
727 — & ® FIFOdata &K D buffer X ¥ NADE EAARITIL S,
buffer X Y NFRIAER DAL MIEZEHNTE % Vec<u8> BITH
% 7%, loBufferReader 2> &atAH L7z7 — X %4 T buffer X >
NANDEZRAL I ENTED.

Module kL' A4 b ® init X ¥V v FTI&, FIFO &ERD A > 2 &
YRAEMEKRLTWS. FIFO f§iEfAl3, Mutex 12X D {R# S
FIFOdata FHEROHIZEREO 7 — X 2 REFL TV 5. Mutex 1%
Pin BT 2L e T —XBEBOIBEH LRV L 2 RALT 246
b B, £, Mutex BWHHLOIBETH S, ZD/®, Pin
BT % ¥N7 FIFO fEARDOHH 5 Mutex ZHDH L7252
T, LD 7212 mutex_init! ~ 27 a ZFEOH L TW5.

5 #EE

ARETIE, 4 ETiBN/z Rust 53812 & % Linux 781 AR 4
NOBFIZONWTERT 3.

Mutex IZHIHIL LR WE FETRO T T =3 FAE L7z, Rust 13X
TV RENERETIEEDbATVE. XEVLENELIE, T
I LADRERRAEVRFICLZMENRERNL ST IE
2WTHS. LrLEYPS, #tEnTwARWY Mutex D37E(E
LTd, MELLL Iy AANTE, s hahiziro
2. ZLT, FTRRCZ I —BELTLE 7. 2D Mutex &
Rust for Linux TR XN/2dDTHS. D &S REEIHE
3 5DIiE, Rust for Linux DEEHHBELETH 272008 Lk
WA, Rust THZDXIREEDREELS 2 eBbhroicZ
&, 1 206HBHR o7

Registration #itifk%x A > 2 & ¥ 2{bLF 3D 2 518,
Operations F LA b @D open XYV v FOH 1 51 LTHES
N2ZeT, ZhH DI HOMAERL TV IREND 5.
LDLBAEL, X4 XDFH%ZITS Module L 14 b D
init XY v F& Operations FL A F®D open XY v FEWn5,
BEO R PLA FOBTIO XS REKRSIETZ L
W, RLTHOPDRTVEREEVEHVL. s 0BFRIE 4.1
i TR X7 X 512, miscdev:Registration 2%, B85 X — &
¥ LT filexOperations b L 4 P 2FEE LR EZHS X 512,
Registration<T: file:Operations> ¥ EEZNTWD I h b4k
LTV, 20L& REMOBFREICONT, WD Z2IT5F
FETIREDX I Do T2 DODRET 2MELD 5.

6 BbbhiZ

KL TR, BEEOFH VI RTFLATOY S IV IEETHS
Rust ZFWT, Linux I—3 A DFNA R RS54 N2BFET 2T
EIZOWTiRR 7=, Rust for Linux 235#&4: 3 % Rust ¥R — + D%
BEX W, FIFO MREZEHE LT NA AR T4 NORFEEITS
ZeT, FRICEMET 2T N4 AR IA NDORFEEB I ko7
Rust 12& 2 7 NA AR F 4 NOFRTEIZOWTOERIE E /2R
ENTH 270, EVa—L2HBKT 2V —Ra— FOBTEHH
MNMZHANR 2 Z &, Rust for Linux 12 & % Rust %K — 2D\ T
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Abstract Nowerdays, protecting intellectual property and ensuring the authenticity of audio content is paramount. Audio digital watermarking
has emerged as a crucial technology to address these concerns. This survey paper provides a comprehensive overview of audio digital watermarking
techniques, serving as a valuable resource for researchers and industry professionals alike. Digital watermarking involves the hidden embedding of
information, or watermarks, within audio content. These watermarks can convey data for purposes such as authentication, copyright protection, and
tracking, all while maintaining the audio’s perceptual quality. The success of audio watermarking depends on balancing robustness, imperceptibility,
and capacity. This survey classifies audio digital watermarking techniques into three primary domains: spatial, frequency, and time-frequency. Spatial
domain techniques, including LSB insertion, spread spectrum, and quantization, are known for their simplicity and versatility. Frequency domain
methods, like discrete wavelet transforms (DWT) and discrete cosine transforms (DCT), leverage spectral characteristics, providing robustness and
capacity. Time-frequency domain techniques, such as Short-Time Fourier Transform (STFT) and Wavelet Transforms, excel at accommodating audio
signals with diverse characteristics, making them suitable for voice recognition and audio fingerprinting. Balancing robustness and security is a pivotal
aspect of audio watermarking, with trade-offs often required to withstand signal processing and malicious attacks without compromising quality. This
paper explores the factors influencing these attributes and discusses security enhancement methods. The evaluation of audio watermarking techniques
relies on key metrics, including Signal-to-Noise Ratio (SNR), Bit Error Rate (BER), and perceptual evaluation, serving as benchmarks for assessing
watermark quality. As digital audio continues to evolve, the insights provided will guide the development of more resilient, secure, and efficient audio

digital watermarking techniques, meeting the increasing demand for content protection and authentication.

Keywords digital watermarking; spatial domain watermarking; content protection; discrete cosine transforms

1 Introduction

In an era where digital audio content has proliferated, the pro-
tection of intellectual property and the assurance of content in-
tegrity are of paramount concern. Audio digital watermarking
has emerged as a vital tool to address these challenges. This com-
prehensive survey paper endeavors to provide a thorough explo-
ration of the diverse techniques and methodologies in audio dig-
ital watermarking, aiming to serve as a valuable resource for re-
searchers, practitioners, and stakeholders in the multimedia in-
dustry. The digital watermarking concept, foundational to this
survey, revolves around the covert embedding of information,
or a watermark, into audio content. This watermark may convey
essential data for authentication, copyright protection, tracking,
and more, without perceptibly altering the audio’s quality. By
enhancing the robustness, imperceptibility, and capacity of these
watermarks, audio digital watermarking plays a pivotal role in
safeguarding multimedia content and ensuring its legitimacy.

1.1 Significance of digital watermarking

Audio digital watermarking holds significant importance in the
contemporary digital landscape for several key reasons:

Copyright Protection: In a world where audio content is easily
replicated and distributed over the internet, audio digital water-
marking plays a pivotal role in protecting the intellectual prop-
erty rights of content creators. It enables copyright owners to
embed hidden information within audio files, asserting owner-
ship and authenticity, thus deterring unauthorized copying and
distribution.

Content Authentication: Ensuring the authenticity and in-
tegrity of audio content is crucial, particularly in contexts like
audio forensics, legal proceedings, and audio evidence verifica-
tion. Watermarks provide a means to verify that the audio has
not been tampered with, ensuring its credibility in these appli-
cations.

Content Tracking: In a rapidly evolving digital ecosystem,
content tracking and monitoring are essential. Watermarks en-
able the tracking of audio content across different platforms and
networks, facilitating content management, monitoring, and an-
alytics. This is especially significant for music and broadcasting
industries.

Received: 2023-10-29; Published online: 2024-02-29

Anti-Piracy Measures: The entertainment industry, including
music and film, grapples with piracy issues. Digital watermarks
embedded in audio content can serve as a deterrent to illegal dis-
tribution, making it easier to identify the source of pirated mate-
rial and take appropriate legal action.

Data Hiding for Metadata: Audio watermarking allows for
the secure and invisible embedding of metadata within audio
files. This metadata can include information about the author,
licensing, usage rights, and other relevant details. It ensures that
this information travels with the audio content, simplifying con-
tent management and licensing.

Fighting Audio Forgery: Audio digital watermarking can as-
sistin identifying and preventing audio forgery or deepfake tech-
nology abuse. In fields like audio authentication, speech recogni-
tion, and voice biometrics, it is crucial for ensuring that the audio
data is genuine and has not been manipulated.

Content Ownership Verification: Musicians, artists, and con-
tent creators can use watermarks to claim ownership of their
works. It not only acts as a deterrent against unauthorized use
but also simplifies royalty tracking and distribution in the music
industry.

Protection Against Distribution Manipulation: Digital wa-
termarks provide a means to protect against manipulations that
may occur during audio distribution. This includes ensuring that
audio content is not altered or mixed with undesirable material
as it travels through various channels.

Digital Rights Management (DRM): Audio watermarking is
often integrated into DRM systems, allowing content providers
to control how audio content is accessed and used by consumers.
It grants the flexibility to enforce usage policies and prevent
unauthorized access or sharing.

Steganography: Audio digital watermarking can be employed
as a form of steganography, where hidden messages or informa-
tion are embedded within audio content. This has applications
in covert communication and secure data transmission.

Generally speaking, audio digital watermarking is significant
for protecting intellectual property, asserting content ownership,
ensuring authenticity, and facilitating content management and
monitoring in an ever-evolving digital landscape. It addresses
the challenges posed by unauthorized copying, distribution, ma-
nipulation, and forgery of audio content while offering new op-
portunities for content creators and rights holders.
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1.2 Fundamentals of digital watermarking

Digital watermarking is a technique used to embed hidden infor-
mation or a digital signal, known as a watermark, into multime-
dia content such as images [1], audio, or video. The key princi-
ples of digital watermarking are based on ensuring the following
attributes:

Invisibility: The primary principle of digital watermarking is
that the embedded watermark should be imperceptible to hu-
man senses. In other words, the addition of the watermark
should not degrade the quality of the host content to the extent
that it can be noticed by viewers or listeners. This invisibility is
critical to maintain the aesthetic and perceptual quality of the
multimedia content.

Robustness: Digital watermarks should be able to withstand
various signal processing operations, distortions, and attacks,
both intentional and unintentional, without being destroyed or
significantly altered. This is essential to ensure that the water-
mark can be reliably detected even after the host content has un-
dergone transformations like compression, filtering, cropping, or
other common operations.

Security: Security in digital watermarking involves protect-
ing the watermark from unauthorized removal, alteration, or re-
placement. Security mechanisms may include encryption, au-
thentication, and tamper detection, which ensure that only au-
thorized parties can access and manipulate the watermark.

Payload Capacity: The amount of information that a water-
mark can carry is referred to as its payload capacity. The capacity
of a watermark varies depending on the embedding technique
and the specific characteristics of the host content. Balancing the
need for high payload capacity with invisibility and robustness
is a critical aspect of watermarking design.

Perceptual Models: Digital watermarking often employs per-
ceptual models that take into account the limitations of human
perception. These models help in determining where and how
the watermark should be embedded to minimize the likelihood
of being detected while maximizing robustness and capacity.
Perceptual models consider the characteristics of the human vi-
sual or auditory system and guide the watermark embedding
process accordingly.

Key Management: Many watermarking systems use crypto-
graphic keys to control access and manipulation of the water-
mark. Key management is crucial for maintaining the security
and integrity of the watermarking process.

Authentication: Authentication ensures that the watermark’s
presence and integrity can be verified by authorized parties. Au-
thentication mechanisms help in confirming the authenticity of
the watermark and its associated content.

Application-Specific Considerations: The principles of digi-
tal watermarking are often applied in a context-specific manner.
For example, audio watermarking may emphasize impercepti-
bility and robustness while image watermarking may prioritize
payload capacity.

Digital watermarking is based on the principles of impercep-
tibility, robustness, security, payload capacity, perceptual mod-
eling, key management, authentication, and application-specific
considerations. These principles are crucial for designing effec-
tive watermarking techniques that can protect multimedia con-
tent, assert ownership, and provide authentication and tracking
capabilities while maintaining the integrity and quality of the
host content.

2 Conventional works on algorithms and imple-
mentations

This paper categorizes audio digital watermarking techniques
based on their key characteristics and approaches, shedding
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light on their unique advantages and trade-offs. Three pri-
mary domains emerge: spatial, frequency, and time-frequency.
The spatial domain techniques, such as LSB insertion, spread
spectrum, and quantization, offer simplicity and ease of im-
plementation, making them suitable for various applications.
Frequency domain methods, which encompass discrete wavelet
transforms (DWT) and discrete cosine transforms (DCT), lever-
age the signal’s spectral properties, yielding robustness and
capacity. Meanwhile, time-frequency domain techniques, like
Short-Time Fourier Transform (STFT) and Wavelet Transforms,
are adept at handling audio signals with varying characteristics,
finding application in voice recognition and audio fingerprint-
ing. Robustness and security are critical aspects of audio wa-
termarking, as the content must endure various signal process-
ing and malicious attacks while maintaining the original signal’s
quality. Achieving a balance between these attributes is a com-
plex challenge, often necessitating trade-offs. We explore robust-
ness influencing elements and security enhancing techniques, of-
fering a detailed knowledge of the balance.

2.1 Spatial domain watermarking

Spatial domain watermarking methods involve directly manipu-
lating the pixel values of the host image or audio signal to embed
the watermark [2]. These methods are generally simple to imple-
ment but may be less robust to common image processing oper-
ations. Let’s discuss some common spatial domain techniques,
including LSB (Least Significant Bit) insertion, spread spectrum,
and quantization, along with practical applications, advantages,
and limitations.

2.1.1 LSB (Least Significant Bit) Insertion

LSB insertion is one of the most basic and widely used meth-
ods. In this approach, the least significant bit of selected pixels
in the host image is replaced with the corresponding bits of the
watermark data. The watermark is embedded in the least per-
ceptible part of the image. LSB insertion is often used for copy-
right protection of digital images. Watermarks can be used to
embed copyright information or the owner’s name within the im-
age. The LSB insertion is straightforward simple to implement.
Furthermore, LSB insertion can carry a relatively large amount
of watermark data, which reserves a considerable capacity for
data hiding. However, as the vulnerability, LSB insertion is sen-
sitive to common image processing operations like compression
and filtering. It is fragile to attacks, such as ZeroLSB, et.al. Even
minor alterations can result in the loss of the watermark.

2.1.2 Spread Spectrum

Spread spectrum watermarking involves spreading the water-
mark signal across the entire host signal using a pseudo-random
sequence. This makes the watermark robust to various signal
processing operations and attacks. This algorithm is commonly
used for authentication and tamper detection in images and au-
dio. The advantage is that the algorithm guarantees the secu-
rity of the watermark by the algorithm. Furthermore, he spread
spectrum technique is highly robust against common signal pro-
cessing operations and attacks. The disadvantages are the com-
plexity and the lower capacity. Implementing spread spectrum
watermarking can be more complex than LSB insertion. The ca-
pacity for embedding data may be lower compared to simpler
spatial domain techniques.

2.1.3 Quantization

Quantization-based watermarking embeds the watermark infor-
mation by modifying the quantization levels of the host sig-

113



RRBIULEERMAERKT

nal. This technique is widely used in audio watermarking.
Quantization-based methods are suitable for embedding wa-
termarks in audio signals for purposes like copyright protec-
tion and authentication. The advantage of this algorithm is the
strong robustness. Quantization-based methods can be robust
against lossy compression and various signal processing opera-
tions. The disadvantages are limited capacity and perceptibly.
Quantization-based methods may have limited capacity com-
pared to other methods, such as spread spectrum. Quantization-
based watermarking can affect audio quality according to the al-
gorithm.

As the use-case, spatial domain watermarking methods like
LSB insertion, spread spectrum, and quantization offer different
trade-offs in terms of simplicity, robustness, and capacity. Their
practical applications vary from copyright protection to authen-
tication and tamper detection. Choosing the appropriate method
depends on the specific requirements of the application, consid-
ering factors such as robustness against common processing op-
erations and the desired capacity for watermark data.

2.2 Frequency Domain Techniques

Frequency domain techniques in audio watermarking involve
transforming the audio signal from the time domain to the fre-
quency domain, where the watermark is embedded or extracted.
This approach offers advantages such as robustness against com-
mon signal processing operations and the ability to control the
perceptual impact of the watermark. Two widely used meth-
ods in the frequency domain are the Discrete Wavelet Transform
(DWT) and the Discrete Cosine Transform (DCT)[3].

2.2.1 Discrete Wavelet Transform (DWT)

DWT decomposes the audio signal into various frequency com-
ponents through a series of wavelet transforms. Watermark
data is then embedded in selected coefficients of these com-
ponents, typically in the high-frequency or detail coefficients,
where changes are less perceptible. This technology can be ap-
plied for voice recognition and audio fingerprinting. DWT-based
watermarking is suitable for voice recognition systems, where
embedding and extracting watermarks without compromising
speech intelligibility is essential. As well, audio fingerprint-
ing, used in content identification and retrieval, can benefit from
DWT-based watermarking for robustness against noise and com-
mon signal processing.

The advantages of this algorithm are the robustness and the
imperceptibility. DWT can offer robustness against common sig-
nal processing operations, including compression, filtering, and
noise addition. By selecting appropriate coefficients for water-
mark embedding, the perceptual impact on the audio quality can
be minimized. The disadvantages are complexity and limited ca-
pacity. Implementing DWT-based watermarking can be compu-
tationally intensive, particularly for real-time applications. The
capacity for watermark data may be limited, depending on the
selected coefficients for embedding.

2.2.2 Discrete Cosine Transform (DCT)

DCT is a frequency domain transformation that converts audio
signals into a representation where most of the signal’s energy is
concentrated in a few high or low-frequency coefficients. Water-
mark data is embedded in these frequency coefficients to main-
tain robustness. DCT-based methods [4] are suitable for embed-
ding watermarks in audio and music files for copyright protec-
tion and authentication, and tampering detection.

The advantages of this algorithm are the robustness and effi-
ciency. DCT-based watermarking is robust against compression
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[5] and common signal processing operations. DCT computa-
tions are less computationally intensive compared to some other
frequency domain techniques. The disadvantages are perceptual
Impact and limited capacity. Embedding watermarks in limited
frequency DCT coefficients may have a more noticeable impact
on audio quality compared to DWT-based methods. The capac-
ity for watermark data is constrained by the number of different
frequency DCT coefficients available for embedding.

The contextual considerations on choosing algorithms based
on DWT or DCT technologies should be robustness, perceptibly,
and application specific needs. The choice between DWT and
DCT depends on the specific application. DWT provides more
control over perceptual quality but may have limited capacity,
while DCT offers better robustness but can be more perceptible.
The choice of frequency domain method should align with the
requirements of the audio watermarking application. For voice
recognition, robustness and intelligibility are critical, favoring
DWT. In music copyright protection, DCT may be preferred for
its efficiency and robustness.

2.3 Time-Frequency Domain Techniques

Time-frequency domain techniques in audio watermarking are
particularly suited for signals with varying characteristics and
offer a way to embed and extract watermarks that are robust
to time-varying signal distortions and attacks. Two prominent
methods in this domain are the Short-Time Fourier Transform
(STFT) and the Wavelet Transform.

2.3.1 Short-Time Fourier Transform (STFT)

The STFT is a widely used time-frequency analysis method that
breaks an audio signal into small overlapping segments, then
computes the Fourier transform for each segment. It results in
a time-frequency representation of the signal, where both time
and frequency information is preserved. STFI-based watermark-
ing is particularly suitable for audio signals with non-stationary
characteristics, where the properties of the signal change over
time. These characteristics include varying pitch, amplitude, and
spectral content. By segmenting the audio into smaller, time-
localized components, the STFT captures these changes, making
it robust against signal variations. This technology can be ap-
plied to voice recognition and audio forensics. In voice recog-
nition systems, audio signals are often non-stationary due to
changes in pitch, speed, or environmental factors. STFT-based
watermarking can ensure robustness against these variations.
In forensic audio analysis, where tampering or manipulation is
common, STFT-based watermarking can help verify the authen-
ticity of audio evidence.

The advantages of STFT are robustness and flexibility. STFT
is resilient to time-varying distortions and attacks because it
preserves the time-frequency characteristics of the audio signal.
By selecting specific time-frequency components for embedding,
watermarking can be tailored to balance robustness and imper-
ceptibility. While, the disadvantages are capacity limitation and
complexity. STFT-based watermarking may have limited capac-
ity for embedding data, particularly for longer audio signals. Im-
plementing STFT-based watermarking can be computationally
intensive, especially for real-time applications.

2.3.2 Wavelet Transform

The Wavelet Transform divides an audio signal into different fre-
quency components by using wavelet functions, each represent-
ing a different scale. This transformation provides both time and
frequency information, similar to the STFT but with a different
basis. The Wavelet Transform is effective in handling audio sig-
nals with varying characteristics because it decomposes the sig-
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nal into various scales or resolutions, each capturing different
temporal and spectral information. This makes it well-suited for
non-stationary signals, where characteristics change over time.
This technology can be applied to audio fingerprinting and mu-
sic analysis. The Wavelet Transform is used in audio fingerprint-
ing to create robust fingerprints that can identify audio tracks,
even when subjected to alterations or distortions. Music analysis
often involves dealing with complex audio signals, where char-
acteristics like tempo, timbre, and harmony change. The Wavelet
Transform helps in feature extraction and analysis.

The advantages are multi-resolution analysis and robustness.
The Wavelet Transform’s ability to capture signal information
at multiple resolutions makes it powerful in representing audio
with varying characteristics. It is robust against common signal
processing operations and attacks, which is crucial for audio fin-
gerprinting and content identification. While, the disadvantages
are perceptual impact and complexity. Depending on the choice
of wavelet function and decomposition parameters, the Wavelet
Transform may introduce perceptible artifacts in the audio. Like
the STFT, the computational complexity of the Wavelet Trans-
form can be a limitation, particularly for real-time applications.

Possible applications for time-frequency domain based water-
marking can be considered as voice recognition and audio fin-
gerprinting. In voice recognition systems, the ability to accu-
rately identify a speaker’s voice despite variations in speech pat-
terns, accent, pitch, and speed is essential. Time-frequency do-
main watermarking techniques like STFT and the Wavelet Trans-
form are well-suited for this application. By embedding a water-
mark within the time-frequency components that remain con-
sistent across different speech variations, the recognition sys-
tem can verify the speaker’s identity while maintaining robust-
ness against non-stationary signal characteristics. Audio finger-
printing is used for content identification and retrieval, particu-
larly in music and audio streaming services. The time-frequency
domain techniques excel in creating robust audio fingerprints
that can withstand changes in tempo, pitch, and audio quality.
By embedding watermarks in these fingerprints, audio content
can be tracked and identified even after alterations, such as for-
mat conversions or noise additions, have occurred. The time-
frequency representations help preserve the unique characteris-
tics of the audio, making it easier to match and identify audio
content. Time-frequency domain watermarking techniques like
STFT and the Wavelet Transform are well-suited for audio sig-
nals with varying characteristics. They offer robustness against
time-varying distortions and attacks while finding applications
in voice recognition and audio fingerprinting, where the ability
to maintain signal integrity and authenticity in the presence of
changing characteristics is crucial. However, the computational
complexity and potential perceptual impact should be consid-
ered when choosing between these methods for specific applica-
tions. The choice between these methods depends on the specific
needs of the application, considering factors like robustness, per-
ceptibly, and computational efficiency.

3 Evaluation Literature

Evaluation metrics play a crucial role in assessing the quality
and performance of audio watermarking techniques. They help
quantify the effectiveness of the watermarking process, offering
insights into aspects such as robustness, imperceptibility, and fi-
delity. Several key metrics are used to evaluate audio watermark-
ing techniques, including Signal-to-Noise Ratio (SNR), Bit Error
Rate (BER), and perceptual evaluation.

3.1 Signal-to-Noise Ratio (SNR)

SNR measures the ratio of the power of the original audio signal
to the power of the noise introduced by the watermark. It is typ-
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ically expressed in decibels (dB), which is an important metric
in audio watermarking because it quantifies the impact of water-
mark embedding on the signal’s quality. A high SNR indicates
that the watermark has been embedded with minimal perceptual
distortion, while a low SNR suggests that the watermark may be
audible or affect audio quality negatively. In essence, a high SNR
corresponds to better imperceptibility.

3.2 Bit Error Rate (BER)

BER calculates the discrepancy between the original watermark
bits and the extracted watermark bits. It is a ratio of the num-
ber of incorrectly extracted bits to the total number of bits. Itis a
fundamental metric for measuring the accuracy and robustness
of watermark extraction. A low BER indicates that the water-
marking process is robust and reliable, as it implies that a min-
imal number of bits were incorrectly detected or altered during
extraction. Conversely, a high BER suggests that the watermark
is less robust or prone to errors during extraction.

3.3 Perceptual Evaluation

Perceptual evaluation focuses on assessing the impact of water-
mark embedding on the perceived quality of the audio signal.
Common perceptual evaluation methods include Mean Opin-
ion Score (MOS) and listening tests involving human listen-
ers. Perceptual evaluation is critical in audio watermarking be-
cause it measures the perceptual quality of the watermarked au-
dio. While SNR and BER provide objective measures, perceptual
evaluation considers the human auditory system’s sensitivity to
audio changes. The goal is to ensure that the watermark does
not introduce audible artifacts or degrade the listening experi-
ence. High-quality watermarking should maintain impercepti-
bility, preserving the audio’s integrity.

3.4 Considerations and Trade-Offs on Evaluation

Evaluating audio watermarking techniques involves a trade-off
between robustness and imperceptibility. Techniques with high
SNR and low BER may compromise robustness, while maximiz-
ing robustness may lead to lower imperceptibility. The choice of
metric depends on the application’s specific requirements. Fur-
thermore, perceptual evaluation metrics often include real-world
testing with human listeners. These tests provide valuable in-
sights into the subjective impact of watermarking. However, they
can be time-consuming and may vary depending on the listener’s
preference

4 Applications of digital watermarking

This section provides practical examples of digital watermarking
in details. The following application is introduced in this section
for copyright protection-Online Photography Portfolio.

This is an scenario for the context of image copyright protec-
tion and ownership assertion. The achievement of the applica-
tion is as follows: a professional photographer maintains an on-
line portfolio where they showcase their high-quality images. To
protect their intellectual property and assert copyright owner-
ship, they use digital watermarking.

The implementation concerns the following phases and issues:

Watermark Embedding: The photographer selects their best im-
ages for the online portfolio and prepares high-resolution ver-
sions of these images. They then embed a digital watermark into
each image using specialized software.

Watermark Content: The watermark includes information such
as the photographer’s name, copyright symbol, and the year of
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creation. It may also include a web address to the photographer’s
website.

Invisibility: The photographer ensures that the watermark is
added in such a way that it does not significantly detract from the
viewing experience but is still clearly visible enough to identify
the copyright owner.

Robustness: The watermark is designed to be robust to common
manipulations that may occur during online distribution, such as
resizing, cropping, and minor color adjustments.

One of the usages of this application is that When viewers or
potential clients browse the portfolio, they see the watermarked
images. The presence of the watermark clearly asserts the pho-
tographer’s copyright ownership, making it evident that these
images are protected by intellectual property laws.

By using digital watermarking technology, potential infringers
are discouraged from unauthorized use or distribution of the
images due to the visible watermark, as it clearly identifies the
copyright owner. Ownership assertion is guaranteed since the
watermark serves as a visual reminder to viewers that the im-
ages are the intellectual property of the photographer. This can
help deter copyright violations and disputes. This also serves as
the promotion in addition to protection, since the watermark can
include the photographer’s website URL, effectively promoting
their brand and directing interested parties to their services. Dig-
ital watermarking technology also makes it possible to trace the
abuse. In case an image is used without permission, the water-
mark makes it easy to trace the origin back to the photographer’s
portfolio. This simplifies the process of proving copyright own-
ership.

In this example, digital watermarking is applied to protect the
intellectual property and assert copyright ownership of images
in an online portfolio. It serves as a visual and traceable deterrent
to unauthorized use while also promoting the photographer’s
brand.

However, there are several issues to consider in spite of con-
venience. In this case, balancing visibility and aesthetics is cru-
cial. The watermark should be noticeable enough to assert copy-
right but not so obtrusive that it hinders the appreciation of the
image. Furthermore, robustness is essential to ensure that the
watermark remains intact even if viewers or unauthorized users
manipulate the images. Moreover, the watermark should com-
ply with copyright laws in the photographer’s jurisdiction.

5 Challenges and Future Trends

5.1 Challenges and limitations

1. Robustness and Imperceptibility Trade-off
Balancing robustness against common signal processing oper-
ations and attacks with imperceptibility remains a challenge.
Achieving both can be difficult, and often, watermarking tech-
niques may need to prioritize one at the expense of the other,
depending on the application.

2. High-Capacity Requirements
With the increasing demand for multimedia content protection
and authentication, there is a need for high-capacity watermark-
ing techniques that can carry substantial amounts of data. Cur-
rent techniques may fall short in meeting these requirements.

3. Real-Time Processing
Some applications, such as live audio streaming or voice recog-
nition, require real-time processing of audio signals. Implement-
ing watermarking in real-time without introducing latency or
compromising quality is a complex challenge.

4. Security and Privacy Concerns
Ensuring the security and privacy of watermarking techniques is
crucial. Unauthorized access to watermarking systems, reverse
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engineering, and the potential misuse of watermarked content
are ongoing concerns.

5. User Acceptance
In applications where audio quality is paramount, such as music
and entertainment, user acceptance of watermarked content can
be a challenge. Striking the right balance between imperceptibil-
ity and protection is essential.

5.2 Potential Directions for Future Research

As the development of Al and VR, the following topics might be
the potential directions for future research.

1. Deep Learning and Al-Based Techniques
The application of deep learning and artificial intelligence in au-
dio watermarking is a promising area of research. These tech-
nologies can help optimize the trade-off between robustness and
imperceptibility by learning from vast amounts of data.

2. Blockchain for Copyright Management
Blockchain technology can be integrated into audio water-
marking for secure and transparent copyright management.
Blockchain’s decentralized ledger can help establish a tamper-
proof record of copyright ownership and usage rights.

3. Enhanced Real-Time Processing
Developing efficient real-time audio watermarking techniques
that minimize latency and computational overhead is a critical
direction for research. This can benefit applications like live
streaming and voice recognition.

4. Content-Specific Watermarking
Tailoring watermarking techniques to specific content types or
genres can improve both robustness and imperceptibility. For in-
stance, watermarking for music, speech, or environmental audio
can be optimized differently.

5. Cross-Modal Watermarking
Exploring the integration of watermarking techniques across dif-
ferent modalities, such as audio and video, can provide en-
hanced content protection and authentication.

6. Protecting Augmented Reality (AR) and Virtual Reality (VR)
As AR and VR technologies advance, audio watermarking will
be essential to ensure the security and authenticity of spatial au-
dio content in immersive experiences.

Digital watermarking faces challenges related to robustness,
capacity, real-time processing, security, and user acceptance. Fu-
ture research should explore the use of Al, blockchain, and
content-specific techniques to address these challenges. Emerg-
ing trends include applications in content recognition, voice as-
sistant security, AR/VR audio protection, smart contracts for roy-
alties, audio forensics, and personalized content delivery. Audio
watermarking is expected to play a pivotal role in securing the
future of digital audio content. As the digital audio landscape
continues to evolve, the insights from this survey will guide the
development of more robust, secure, and efficient audio digital
watermarking techniques.
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Abstract

The future direction of Japanese industry and society is not at the same level as the actual situation, awareness, and feelings of educational

institutions, children, and their guardians. Therefore, it is important to have a deep understanding of each to formulate specific measures. This re-
search aims to organize issues through interviews with relevant parties and panel discussions, and to build a concrete approach to creativity education

that will lead to the development of value-creating human resources.
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Practice of agile development engineers in PBL: A case in 2023
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Abstract  Agile development is gaining recognition in the corporate world and is widely adopted for small-scale, quick-turnaround software de-
velopment. However, in some cases, the actual agile development in companies is only a limited adoption of some of the methods, and the benefits
of agile development are not being fully realized. There are also difficulties in introducing a full set of agile development methods, such as lack of
experience among members and lack of understanding in the organization. It is highly valuable to provide a place for university education to conduct
full-scale Agile development, to gain experience and knowledge, and to acquire Agile development competencies. In this paper, we describe the
practices that the authors are implementing in their project-based learning in the first semester of 2023. The significance of learning agile develop-
ment at universities is that it provides an environment where students can practice an ideal and desirable development methodology in a situation
where various external factors such as those that occur in practice are minimized. We need to continue to devise ways to provide a better learning

environment.

Keywords agile development; project-based learning; software engineer education
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Abstract

The concept of innovation has continued to be heard in various places in the country. With regard to the concept of innovation, there is a

sense that in recent years it has been taken as 'technological innovation' in the scope of the Japanese language. This is considered to be a misinterpre-
tation. The definition of innovation in this publication is "the phenomenon of creating new value that permeates society by discontinuously changing
the practice trajectory of existing economic activities". The purpose of this paper is "to understand the nature of innovation in the context of architec-
tural production and to organise ideas for the future development of architectural production". To date, surprisingly little discussion of innovation has
taken place in the field of architectural studies. This would suggest that no one may understand one wing of the industry with regard to its development.
Therefore, this study aims to provide a minimal organisation of innovations in building production (planning, design, construction, maintenance,
demolition, etc.). In particular, as innovation research is difficult from the standpoint of architecture alone, this study establishes the foundations for
the construction of a systematic theory of innovation in building production, while integrating knowledge from architecture, business administration

and technology management.

Keywords innovation; construction industry; case study; technology management; construction proce
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Large-scale artwork modeling by lost wax casting using FDM 3D printer

htjal ki
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Abstract  This study explored the fusion of technology and art, focusing on the rich history and transition of Shinagawa, and produced a large-scale
artwork using the lost-wax casting process with an FDM 3D printer. The process was capable of modeling complex shapes and proved to be more
accurate and time-efficient compared to traditional manual methods. Environmental considerations were also taken into account, such as the use of
recycled copper and the use of old wood for molding in refractory plaster. Importantly, this technology expands the possibilities for artwork, enabling
the creation of more complex and large-scale works. In particular, it has been shown that it is possible to realize designs that are difficult to reproduce
with conventional techniques, such as this work, which has a complex spiral structure and layered structure. In the future, it will be important for

society to further develop this technology and link it to sustainable art production, including consideration for the environment.

Keywords cast metal; 3d printing; fused deposition modeling
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Development of an anthropomorphic saxophonist robot based on instrument-centered design
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Abstract  Asrobotics continues to evolve, a growing interest is in developing humanoid robots designed to integrate seamlessly into human activities.
Central to this endeavor is crafting an anthropomorphic saxophonist robot, embodying both musical prowess and emotional resonance. While tradi-
tional designs focused on intricate mimicry of human organs, they presented inherent challenges regarding their structural complexity. A novel ap-
proach derived from design thinking, termed "Instrument-centered Design," was proposed to address these challenges. By considering the instrument
at the core of the robot's design, this methodology eliminated preconceived notions and achieved significant miniaturization. Furthermore, by inte-

grating soft materials into the robot's fingertips, sound quality has been enhanced, especially in the lower registers.

Keywords anthropomorphic saxophonist robot; instrument-centered design; soft material
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Clarifying Human Motor Control

True
Saxophonist

Design Thinking

Empathize Ideate Test
Define Pratotype

Clarifying the mechanisms of the human body and mind
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Future

1 “WAS-X" Design Concept [8]
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Human
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(a) Oblique view

(b) Front view

5 “WAS-X” sax holding compared to human seated posture
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7 Section of the finger and the key mechanism
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Section of the finger and the fingerchip Servo motor

Thread

Thickness 3.5 mm

10 Finger mechanism using Soft hybrid materials

1 “WAS-X” with Soft silicone rubber fingertips
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Why do people cause information security incidents?
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Abstract

Most information security incidents are caused by information technology users' actions that violate procedures and rules. This can be

attributed to the risk-taking behavior of information technology users who "dare to act after recognizing the risks" in information technology usage
situations. In risk-taking, decisions are made by comparing and contrasting both the utility or disutility of the action and the risk it entails. In order to
clarify this mechanism, this paper surveys the extent to which general users evaluate information security-related risks sensibly, and finds that many
information security-related risks are evaluated as risks that are almost equivalent to real-world risks.

Keywords security risk; information security governance; risk-taking; security risk analysis
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Pedestrian flow control system for preventing crowd crush
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LHUTHIST E SRR R R F Advanced Institute of Industrial Technology
"Corresponding author: Maika Ono, b2206mo@aiit.ac.jp

Abstract  This paper proposes a solution to crowd disasters in various scenarios using Multi-Agent Simulations. Crowd accidents have become
more common in recent years, despite their infrequent occurrence. These events can have a significant impact and the severity of such incidents was
demonstrated by the Itaewon accident in Seoul on October 29, 2022. With urbanization increasing population concentration in cities, the likelihood
of Crowd accidents remains a concern. This paper focuses on selecting 4 scenarios that could lead to such accidents (1. Identification of people flow
impediments and evaluation of their control at crowd accident sites, 2. Measures to properly control the flow of people by using belt partitions or other
devices at station gates, 3. Analysis of pedestrian guidance by smartphone zombie walking lane, and 4. Reduce congestion and improve efficiency at

event exits by optimizing travel start times) and proposes preventive measures to address these scenarios.

Keywords crowd accident; crowd control; multi-agent simulation
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Research on color emotion using color scheme training applications for digital devices
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Abstract

In this study, we utilized a web-based color scheme training application to examine colors associated with nine adjectives among female

university students from the Department of Life Sciences. The study was conducted with a total of 115 participants, 47 from 2021 and 68 from 2022,
aged 18 to 20. The results showed consistent trends in color associations between 2021 and 2022. Furthermore, a combined analysis of the results
from both years suggested four tendencies in color associations based on the adjectives. This research indicated the potential validity of the color
scheme training application. Future research aims to expand the scope of participants by considering gender, age, nationality, and more. Additionally,
to further enhance the reliability and validity of the color scheme training application, comparative studies using color chips are also considered a

challenge.

Keywords color scheme training applications; color sentiment
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Abstract

There are several challenges in higher education. Recently, video classrooms, flipped classrooms, and video social networking services such

as YouTube have become popular drastically. It has improved learning opportunities for busy people. However, educational video materials are less
effective in making students motivated to continue learning, providing entertainment for learning, and improving comprehension of learning content.
To solve these problems, we designed an architecture that adds factors of gamification and positive reinforcer to CBT (Computer Based Testing)
exams to enforce educational video materials. This paper reports on this architecture and its challenges.

Keywords computer based testing; educational video material; gamification; social networking; positive and negative reinforcer
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Abstract

We conducted an experiment to verify that if the positioning signals of the Quasi-Zenith Satellite System (QZSS) were being received

(outputted from the receiver), the “disaster crisis report” signal would also be received (outputted from the receiver). We observed whether there
were any differences in the reception characteristics when using Spresense and MAX-M10S for receiving the ”disaster crisis report” signal broadcasted
in the L1S band of QZSS. For our experimental study, we prepared two units each of Spresense and MAX-M10S. We used the same accessories, such as
antennas, for both devices, with the exception of the chips themselves. In our experimental study, the results showed that when using MAX-M10S, there
were no disruptions in the output of positioning signals. However, there were disruptions in the output of the “disaster crisis report” signal. On the
other hand, when using Spresense, not only were there disruptions in the output of the “disaster crisis report” signal, but there were also disruptions

in the output of the positioning signals.

Keywords navigation satellite signal; missing communication; reception test

1 Introduction

We are planning to utilize the ”disaster crisis report” signal
broadcasted in the L1S band of QZSS to provide a service for
guiding evacuations to the affected individuals during large-
scale disasters where the regular communication infrastructure
is disrupted. GNSS (Global Navigation Satellite System), rep-
resented by GPS (Global Positioning System) developed by the
U.S. Department of Defense, is known for providing information
services to determine the location of receivers. GNSS broadcasts
not only positioning information but also time information, mak-
ing it promising for utilization during the critical period follow-
ing a disaster. In particular, the aim is to deliver evacuation in-
structions for the immediate aftermath of a severe disaster in ar-
eas where the regular communication infrastructure is likely to
be disrupted. In order to deliver evacuation instructions to af-
fected individuals during the critical period following a disaster,
we collaborated with officials responsible for Galileo, the Euro-
pean GNSS, and jointly developed a dedicated message struc-
ture[1].

This initiative aims to utilize QZSS, the Japanese positioning
satellite system, for the distribution of evacuation instructions.
Galileo and QZSS have nearly identical communication bands
for broadcasting towards their respective ground stations. Fig-
ure 1 illustrates this by diagrammatically representing the wire-
less transmission bands of Galileo in the upper section and QZSS
in the lower section, depicting the communication between the
satellites and the ground[2]. Let’s focus on the highlighted por-
tion, the second from the bottom on the left side, labeled as
”L1 Downlink” in Figure 1. From the ground station on the
lower right, Galileo utilizes the frequency band of 1559MHz
to 1591MHz, represented as the E1 band, using the C-band to
broadcast evacuation instructions during the critical period as an
Early Warning Service (EWS). Similarly, in QZSS, the frequency
band of 1560MHz to 1590MHz, indicated as the L1 band, is
used to broadcast evacuation instructions as a Disaster and Crisis
(DC) report. By jointly developing the messaging system for de-
livering evacuation instructions during the critical period, it has
become possible to broadcast the same evacuation instructions
from both the QZSS’s DC Report (Disaster Crisis Report) and
Galileo’s EWS (Emergency Warning Service) positioning satel-
lite systems. The mechanism for obtaining positioning informa-
tion involves the receiver of each system receiving signals from
multiple positioning satellite systems orbiting the Earth. The re-
ceiver then performs calculations such as triangulation and other
algorithms to derive the output as the location information. On

Received: 2023-10-29; Published online: 2024-02-29

the other hand, the signals for the evacuation instructions dur-
ing the critical period that we aim to deliver through QZSS and
Galileo are currently not distributed by other positioning satellite
systems. Therefore, in this study, we specifically aimed to verify
through experimentation that if the positioning signals are being
received (outputted from the receiver), the DCReport signal of
QZSS can also be reliably received (outputted from the receiver).

This paper takes the following structure. Section 2 presents
a review of previous studies that provide the background lead-
ing up to the experiments described in this paper. Section 3 out-
lines the experimental specifications for the current study, while
Section 4 presents the experimental results. Section 5 discusses
the findings and presents future plans. Furthermore, through-
out this paper, the term "DCReport signal” will be used to refer
to the signal utilizing QZSS’s DCReport.

2 RELATED WORKS

There is a report[ 3] on the reception of the DCReport signal. The
DCReport signal used in this report is generated according to
the message format developed jointly by Japan and Europe for
delivering evacuation directives. [3] discovered that there are
instances where the DCReport signal cannot be received despite
the reception of positioning signals. Here, the term “reception
of positioning signals” refers to the condition where the mes-
sage begins with GQGSYV, followed by satellite numbers, eleva-
tion and azimuth angles, and the C/No (Carrier-to-Noise) ratio
being specified in the output. Currently, the ground stations of
QZSS have implemented a broadcasting pathway for the DCRe-
port signal, which is designated as MT43 and is used to broad-
cast disaster information provided by the Japan Meteorological
Agency every 4 seconds. In the absence of specific disaster in-
formation, MT63 is broadcasted instead. Therefore, the DCRe-
port signal is outputted from the receiver every 4 seconds, while
the positioning signal is outputted every second. In reference
to[3], they conducted an experiment where the DCReport sig-
nal, generated according to the previously mentioned message
format developed jointly by Japan and Europe, was broadcasted
for a certain period. The experiment took place from August
20th to 23rd, 2019, between 10:00 in the morning and 17:00 in
the evening. Reception records were reported during repetitive
round trips on the approximately 10 km coastal roads of Omori
Route 1 and Shimohama Route in Noshiro City, Akita Prefecture,
Japan (as shown in Figure 2), using both walking and driving
modes. Despite being in an environment where the positioning
signal was received and outputted by the receiver every second,
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Figure 1: Radio transmitting band of Galileo and QZSS

without any obvious noise or obstructions, there were instances
where the DCReport signal was not outputted, as illustrated in
Figure 3. Based on these observations,[3] reported the occur-
rence of missing DCReport signal outputs.

On the other hand, Takahashi reported the findings of a
study[4] regarding efficient power consumption methods for re-
liably receiving the DCReport signal. This study assumes that
the DCReport signal can be received in a similar manner to the
reception of positioning signals. In reality, as mentioned earlier,
there are instances where signal loss occurs despite having suf-
ficient power. Takahashi’s findings demonstrate their effective-
ness only when the DCReport signal can be received on par with
the positioning signals.

Based on the reports from the aforementioned related works,
we conducted this experiment to observe whether the occurrence
of DCReport signal loss could be attributed to the differences in
the receiver chip products. Our aim was to identify the cause of
signal loss in the DCReport signal.

Q
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Figure 2: Rinkai Road Omori No.1 and Rinkai Road Shimohama
Line
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3 EXPERIMENTAL SPECIFICATIONS

We observed whether there were any differences in the recep-
tion conditions of the DCReport signal when adopting Spresense
and MAX-M10S as the respective receiver chips. The other com-
ponents, such as antennas, were kept identical for both receiver
chip products, and two sets of receivers were placed in parallel
at a designated experimental location.

Procedure

1. Equipment: Two sets of receivers, namely Spresense and
MAX-M10S, were utilized for the experiment.

2. Signal Band: The experiment focused on the reception of the
”disaster crisis report” (DCReport) signal transmitted in the
L1S band of the QZSS.

3. Connection: The same external components, such as anten-
nas, were used for both Spresense and MAX-M10S.

4. Procedure: The experiment involved observing and com-
paring the reception tendencies between Spresense and
MAX-M10S when receiving the DCReport signal using the
QZSS’s L1S band.

5. Observation: The occurrence of signal loss or any notable
differences in reception tendencies between the two receiver
models was documented.

6. Data Collection: Relevant data, including signal strength,
signal integrity, and any observed differences, were
recorded for analysis.

7. Experiment Duration: The experiment was conducted over
a specified time period to gather sufficient data for analysis
and comparison.

8. Replication: The experiment was repeated to ensure the con-
sistency and reliability of the results.

9. Data Analysis: The collected data was analyzed to deter-
mine if any significant differences in reception tendencies
occurred between the Spresense and MAX-M10S receivers
when receiving the DCReport signal in the QZSS’s L1S
band.

Tables are “float elements” which should be inserted after their
first text reference and have specific styles for identification. Do
not use images to present tables, or they will be inaccessible to
readers using assistive technologies.
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Experimental Target Receiver Chips

The common features shared by both Spresense and MAX-M10S
as receiver components for the DCReport signal are as follows:

1. Sufficiently compact size to serve as a receiver component
for the DCReport signal.

2. Capable of receiving signals from multiple positioning satel-
lite systems such as GPS, GLONASS, and Galileo.

3. Capable of receiving the DCReport signal broadcasted by
QZss.

Both products are introduced on the website of the Cabinet
Office’s Quasi-Zenith Satellite System project[5,6].

Receiver Antennas

Both chips were connected to JC Antennas manufactured by
ZHEJIANG JC Antenna Co., Ltd. This product integrates a patch
antenna (dielectric antenna) and a low-noise amplifier (LNA)
within the case. It is reported to have good signal reception
not only for GPS but also for various GNSS signals, including
QZSs[7].

Additionally, we considered using the same chip antenna as
the one on the Spresense main board for the MAX-M10S. How-
ever, based on preliminary experiments, concerns arose regard-
ing the quality of the chip antenna on the Spresense main board.
Therefore, as mentioned earlier, we opted to use a different an-
tenna connection method.

Receiver Experiment Location

The reception experiments were conducted at a balcony railing
facing south on the 4th floor of an apartment in Hino City, Tokyo,
Japan, as depicted in Figure 4. Six antennas were deployed, with
four of them connected to the indoor Spresense and MAX-M10S
devices using 3-meter coaxial cables, with two devices for each.
The remaining two devices were not used in this experiment.
All four devices used in the experiment were connected to the
same PC, and the output from each receiver was recorded and
observed. The cross-sectional diagram of the reception experi-
ment location is shown in Figure 5.

Figure 4: Antennas
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Experimental Duration and Frequency

The experiments were conducted for a duration of 23 hours and
56 minutes, continuously receiving and outputting the DCRe-
port signal alongside the positioning signals. We performed
seven experiments; Table 1 shows each experiment starting.

Table 1: Experiment starts date and time

Experiment starts date and time

March 31st, 2023, at 00:00

1st observation

2nd observation April 1st, 2023, at 00:00
3rd observation April 2nd, 2023, at 00:00
4th observation April 3rd, 2023, at 00:00
5th observation April 4th, 2023, at 00:00
6th observation April 5th, 2023, at 00:00
7th observation April 6th, 2023, at 00:00

Expected Experimental Results

The utilized reception chips in the experiment output position-
ing signals every second. The DCReport signal is broadcasted
every 4 seconds. When a disaster information is issued, it is
broadcasted as MT43, and in the absence of corresponding in-
formation, it is broadcasted as MT63. Therefore, both reception
chips are expected to output the DCReport signal every 4 sec-
onds after receiving it. Since the experimental duration for all
seven experiments is 23 hours and 56 minutes, if the positioning
and DCReport signals are output every 4 seconds without the
presence of noise or obstacles, both signals should be outputted
21,540 times per experiment.

4 EXPERIMENTAL RESULTS

The MAX-M10S exhibited no missing output in the positioning
signal (after reception), but it experienced missing output in the
DCReport signal. On the other hand, the Spresense not only had
missing output in the DCReport signal but also in the position-
ing signal (after reception). We organized the experimental re-
sults into four tables. Table 2 shows the number of outputs for
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both the positioning signal and the DCReport signal when us-
ing Spresense-01. Similarly, Table 3 displays the output counts
for the positioning signal and the DCReport signal when using
Spresense-02. Table 4 presents the output counts for the position-
ing signal and the DCReport signal when using MAX-M10S-01,
while Table 5 presents the output counts for the positioning sig-
nal and the DCReport signal when using MAX-M10S-02. All ta-
bles represent the results observed at 4-second intervals. Please
note that the branch numbers following “Spresense” and "MAX-
M10S” are used for individual identification of the devices, as
explained in Section 3.

According to the referenced tables, the following results were
obtained. When using Spresense (regardless of the chip used),
both the positioning signal and the DCReport signal fall short of
the expected output count of 21,540. Additionally, the number
of DCReport signal outputs, which should be equivalent to the
number of positioning signal outputs (since observations were
made every 4 seconds), is consistently lower than the position-
ing signal outputs. On the other hand, when using MAX-M10S
(regardless of the chip used), the positioning signal is outputted
every 4 seconds. However, the output count of the DCReport sig-
nal varies and may not occur every 4 seconds. Nevertheless, the
tendency for missing data is lower compared to Spresense.

5 DISCUSSION AND FUTURE PLANS

Based on the experimental results presented in the previous sec-
tion, it has been observed that the number of outputs following
the reception of the DCReport signal may vary between the Sp-
resense and MAX-M10S receiver chips, indicating potential dif-
ferences in signal reception accuracy. Furthermore, it became ap-
parent that achieving the same level of reception accuracy for the
DCReport signal as that of the positioning signal is challenging,
regardless of the chosen receiver product.

Particularly when referring to the recorded signal outputs us-
ing Spresense-02, which exhibited higher occurrences of missing
data, it appears that these missing data points coincide with the
timing of switching the tracked satellites within the four satel-
lites that make up the QZSS system. However, it is understood
that this explanation does not account for all instances of miss-
ing data. For example, Figure 6 illustrates that missing data oc-
curs around the transition from 58 to 56 in the third column of
numbers, representing the tracked satellites. In contrast, Figure 7
shows instances of missing data despite no change in the tracked
satellite, which remains at 57.

The previous study by Takahashi et al. utilized the ZED-F9P
receiver chip, which outperforms the receiver chips used in this
experiment[8]. Therefore, in the future, we plan to conduct fur-
ther experiments using the same product to identify the causes
of the missing data observed in the DCReport signal.

ACKNOWLEDGMENTS

We would like to express our gratitude for the support and co-
operation provided by the Strategic Planning Office of the Quasi-
Zenith Satellite System, under the Cabinet Office’s Space Policy
Promotion Secretariat.

172



REMPUELERBTKERKTE Advanced Institute of Industrial Technology Bulletin Vol 17

Table 2: Result of Spresense-01

Expected number of Number of Number of Percentage to expected number
outputs per 4 sec. positioning signal outputs DCReport outputs of outputs per 4 sec.
1st observation 21540 21526 21435 99.58%
2nd observation 21540 21518 21479 99.82%
3rd observation 21540 21511 21375 99.37%
4th observation 21540 21508 21265 98.87%
5th observation 21540 21515 21450 99.70%
6th observation 21540 21512 21276 98.90%
7th observation 21540 21516 21348 99.22%

Table 3: Result of Spresense-02

Expected number of Number of Number of Percentage to expected number
outputs per 4 sec. positioning signal outputs  DCReport outputs of outputs per 4 sec.
1st observation 21540 21525 21163 98.36%
2nd observation 21540 21520 21278 98.88%
3rd observation 21540 21534 21236 98.62%
4th observation 21540 21538 21281 98.81%
5th observation 21540 21534 21400 99.38%
6th observation 21540 21539 21428 99.49%
7th observation 21540 21536 21300 98.90%

Table 4: Result of MAX-M10S-01

Expected number of Number of Number of Percentage to expected number
outputs per 4 sec. positioning signal outputs DCReport outputs of outputs per 4 sec.
1st observation 21540 21540 21539 100.00%
2nd observation 21540 21540 21539 100.00%
3rd observation 21540 21540 21540 100.00%
4th observation 21540 21540 21540 100.00%
5th observation 21540 21540 21540 100.00%
6th observation 21540 21540 21539 100.00%
7th observation 21540 21540 21067 97.80%

Table 5: Result of MAX-M10S-02

Expected number of Number of Number of Percentage to expected number
outputs per 4 sec. positioning signal outputs DCReport outputs of outputs per 4 sec.
1st observation 21540 21540 20521 95.27%
2nd observation 21540 21540 20440 94.89%
3rd observation 21540 21540 20466 95.01%
4th observation 21540 21540 21008 97.53%
5th observation 21540 21540 21429 99.49%
6th observation 21540 21540 21022 97.60%
7th observation 21540 21540 18913 87.80%
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Abstract

The online version of exercise with music (ExM) can be conducted at home, making it an effective alternative to face-to-face exercise

programs in situations like the COVID-19 pandemic. However, a downside is that the lack of commitment to participation may occur, as individuals
do not actually have to go to an exercise center, leading to a higher dropout rate. Individuals are likely to withdraw from the online ExM program due
to the lack of interaction and camaraderie among participants. The effects of ExM are expected to persist over a long period, so the interaction and
camaraderie among participants could enhance continuity and potentially reduce the dropout rate.

Keywords physical exercise with music; COVID-19; dementia; neuropsychological test; working memory
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IR L 7zs LREOMROLIYEN T X+ iX, Zoom %
FRHLTNEEAIZA Y 94 v CEMT 22 LHTE B[18],
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Questionnaire survey for the establishment of PBL assessment scale : 1st report
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Abstract  This paper shows the results of a questionnaire survey conducted in 2023 for students enrolled in PBL courses at the Advanced Institute
of Industrial Technology. The purpose of this survey was to develop a unified evaluation index for PBL activities as part of the Institutional Research
(IR) activities of the Centre for Research and Education of Highly Skilled Professionals. As a result, it was found that they tend to avoid extremely
difficult themes due to their anxiety of completing the course while the students value the originality and novelty of the PBL themes. Furthermore,
they expect their PBL themes to be practical by discovering it by their own, rather than being given by someone else. Also, they prefer team-based
work to individual work. The PBL faculty members are expected to build good relationships with the students and provide a guidance based on their
expertise. While the students want to keep a relationship with the graduate school for the future, it is unclear what type of relationship they need. It
would be a future work to be investigated. Finally, the results shows that their expectations for competencies to be acquired through PBL activities

were high enough across the board and indicates the willingness of the students to acquire competencies through PBL activities.

Keywords continuous professional education; project-based learning; pbl assessment scale
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DI NTE =25, 2018 4RI 12040 EECAT -EEHBFT D/
SYFTHA Y (ER)IPMY oo, ZOAFHBPED S
NTW3B[]. 2OEHICEWTL, SBREHRT 2 FAMLEE L
TUTOZ2o8RREINT W 3]2].

1. BEERME22Y, I F22RTE300] %
HATEIC L, HEORREAEEREETE ZHE 21T
52 & (LUTHARS).

2. (AiTEE) HE OE ORI L& v 5 Bl 2 o B o
EtER 57 BT, tto AROCE A4 0Z ANILEK
KonTnlZe,

3. HBIcBI3ZEEHEED ST Y FFFAL vRERIN
LGN ERED Y (P, BRA-CRIEE A L e
waEBMfTbhTtnl e,

BRER LA ZE RN R EBER Y (BAT, AR%) 1B 5 Project-
Based Learning (AT PBL) {G8)iZ, =20 FREMICHR>72d D
THhbEF A5, PBLIGEHNE, EEMEZA T ALOEFICENT
BN ETH Y, EFRRS I C OB R ST TR <,
FEFICHE R AFAPHEOERAFRETH 5. £/, PBLIC
FUF 2 EEMN R BIREICH ) DS 208 U<, M2 IR I
LTI HE A R RRBE N DB/ T B 2 L A TE B, X b, o
Yl rOWEILH o THE L DB F LRI TAT VYV
T ZREN D H IR LA TESL, 2Dk I, PBL
GBI R R L 2 ARE T 4R, S S A & LCHlgh &
LCERAHFINEbDTH S,

—77C, PBLIEEIZ B ICED 2 2 LIRS Tl v, K%
BT DHEBOLREZNICIVRILTERLDT
H5. FDLTREENE, RARLECERZ RIFFFRIR LTI
XELTHEINTE Y, PBLIEEI 21T 5 B 2H MR o 20
Bichd 3 —BhehoT w3, Lo L, PBLIGBEI Q&L HEA,
SN 5 FE DL HEA TH 0, PBL iGEICE T 2 A
TFSE (A i A DRRBEI ITAT 5 B D 5.
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Sl EF OO Y AL, RPICHHE SN T2 EHEEM
BAMBEWIE L v % —IicFH 1T % IR (Institutional Research) i
Fo—BR e LT, PBLIGEBICH 3 2 85— 7 FEAM TS A % G2 5
2ZexHELEbDTH B, BFEMSEICBWCIE, PBL %
Mi3 2 B BT MO R 0L TH o 7243, PBLIEEI % 1T 5
ZHEREONEITH Z & T, PBL GBI O BUR L ME 21 5 20
KT 322 HBEITMREZERNT2DD0THS. AfEics T
X, S4EE O PBL 8% 1T 5 FAEEZNRICEHARFICOWT
TV — b N R FEN L AR OME E1TS.

2 A% PBL Ic B3 3 W 3¢

RH¥ICHE T 5 PBL ICBT 25013, A¥EFHEER D O R
PICATb T & 7z, KA THEM I L7z PBL BE DT D
2, FRCAMBERICBEEST 2 E R LISy —x4 T3,

kL, RO AT LT -7 7 P EROEDOHE &
PBL ® & Y T2\ THUY A&, BRI ICBM LB IE O FFS
KOWTERLTWB[3]. kIiZ, 7usy~FRoBHE» S
PBL ®% ) HFILDWTHEIL, H7e 3 v o I v 7o A
Tid7% PBLEBIZEBLCY 7 by = THIFRETETE 3 A
ME RO CTIHIEZITo T\ B[4]. KHD FEEIC, Hxd 7
027 Iy ST TciRAL, V7 Py 2 TRRICETSE
VA RETADM - SREAFRER AMB RO BB 25 L
TWw3[5].

PBL %2 D 7' — S AL DWW T HIFIE R TH LT X 72, B
Holk, Y7 by = 7D A 7 2 a 7HFEMI~ 0 8 5%
ADELH T, /e — N UVBRIRCIERTE 2 AME RO HEE
ICEHL, PBLEE O 7' 1 — N ALOAIHEMIC D W TREE % 1T
S>TW3B[6]. ZDk, kL IR M FLAEFARY L Zu—
PBL % EFICIT o 7245501 O W CHRE L[7], BHEADHE L 72
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TIThbN[8], 21— 3 PBL DIREEIZHTE b MBI 1C S fE X
NnTwn3,

DX 57 PBL ICBI3F 2W5E 3TN T & 72T, PBL
BoBHESZ O HEER % il 3 2 720 OO0 BEM: 23
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Proposal and design of enrollment management for working adult education
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Abstract

The authors aim to study an enrollment management (EM) that makes it easier for working adults to carry out their recurrent learning,

and to establish a design theory for it. The features of the EM currently being planned are, (1) investigating the attributes of working adults to classify
them (profiling), (2) measuring the factors that become barriers to continuing their learnings, (3) while based on considering both the above profiling
information and types of learning barriers, providing each working adult the optimal support. In this article, the authors explain the necessity of the

EM and the hypotheses for the EM design.

Keywords enrollment management; working adult education
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Proposal for improving the safety of stepladder work
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Abstract

A lot of accidents occur at construction sites. Regarding accidents in the construction industry, looking at the labor statistics data by

category, the most common accidents are fall accidents. Furthermore, the most common cause of falls is ladders accident. We focus on stepladders,
which are commonly used in plant construction sites. We report the development of sensing devices that would help prevent from accidents for

stepladders.

Keywords safety on construction site; stepladder sensing devices

1 i C oI

RO CIIA 3 EICIT 288 F DR K ERIE T
D, 16,079 tFd DIEEE AFE L T 3[1]. KEOFAE 13 <
AARLZOFREICE > CEBREREFEL 2. T-RLEEHIR
BECBEVWTOREESLCKE L L OEMNLEEAMETH 5. IE
L CIIEBMTEIT L DARE R LKA DOMA Al EI{RMENTH AT
RO ARETHERBEMR2I2H 5 h, ‘REFHNIICE v
P EAHRIA R, (EEBPMARREEIC 2 2HTICHE &S T 2
VAT LERDDL. COVATLATIREEEITIY T AL A L
TERZITY, B8 - 8H - KEWEORKEET — 2 21848 LI
RPIREICIEAL TWA[3]. INHLD X ) ICREEH Iy v
v TEANTR ToT St 2 M 3~ 2 HFIAEML T 3.

WGoHAELY A MO FTEKEREFHC L 2 L, THCKE
DATTY) —HTRD L VO IFEHRE - 2EELCH L ITRT
WY (B -T5d% | TH 5. Hicz o T - TRE K ED
HAROHT—FL DR FL %] Ths. 22T lIEL
| oT, ERoM) BRI T HEBICERING T
S THR Y, v ERHWCReER R L 3B AHRT N
A Z DR A AT,

A CTRESIEEo R 2N EEE 574 ZABFICD
WTHRET 2. B2 BECTRBNFROEEST - 2FHICD W T
B2 FEIBETHBROTEELTCT AL R T 0 247D
FatefElcowTiliRg, Fa4BE TR T 24 TEH G
Fhr e EREBRD, FSERAFROT LD L ESHORELETH
3.

FETCREFEINIL(HHIZFE)

o
o

o
o
o
u
o
[
o
(=}
(]
o

(=}
w
o
(=]

. e S = T -
A e | I 7 % B (CVERY

1 EREORCKERERR (B3 F)

Received: 2023-10-29; Published online: 2024-02-29

2 i 57t o JEA oy M- 0 HE

FER% 1 - 258

FHIAT. T D BRI E 1T o TEA B o S S EH G, 558
SEHFHT TEAM AR BHIERE 1T - 72, #1350 BARR ki
X, TE%Ed], TEY ), TFY ] oo+ 2 e [EET] Fik
BRI TE], ROTTTFY | BRI 2ETHo72[1]. $-HRDE
oPFELTETEEAT V2N b % L, RT
DY, THEE | DIEICREELTHS. [HEAST Y 2DFIN |
DL DL, BTS2 LTl b DR T 55, FEIC
ERT IR CALRERLREIC R LB D. M ORK
KD Z LR OTOfHIE, FLREICARY LT o 2
EBThs, —, WEETOT v — Tk 4E L Eo—i
MBEELERICE> TTWIT AW &, BuTirwniFhnz e
LOFBHREZMO P o BHEZTWE[4]. WTInogAED
WISz OB T (RLEESM) XT—ETHE(ELVWERHATH
NWIEBEAHN I LEINR R WSS, FRD% 1T
OFRRETTA~DHES 1T X b finfH

@ o 7T RIRICES, B o) i< X s
ofifi, d LIk ZFolagEcRERLAZSENCHE LELDL
na.

RIFTOBRLEREOTVWIRE

srcoev Doy FOFEFIFEXA VX —F v b EOEEE
LR I N2 2, FIREOTBPRENTH Y, JFHKE B
WL, BilbTaBicidtocildaneELTw3[l]. H&E08
Hx 0BG EEE TP ClEB L ZHHp <, NKTo
FEIMEEDL D 5. ERFPOFIG CTIHEMORESE M2, BN
THoTOHMRDOBICIINPLABAZRIATH 2. ZDREA
DIENMEERBEICCHNAFCEMZE W CoEEnHET 5.
BEBUGCIRREA WA EAPBEB T T o TE Y, Hiflano
FUANZAWTIE, vAZERDEBEMN TN TS, WOH
CTHItHE 3%, Rt - WAN ML ko CoEERFEL
7z, ZORDUIHSIERICERL, EEICEREOFEVERETH
o7z, FHHPTIE ORI L, FRFEAEROFIREED X ) FEWTE
BARAIRTH B &L 7.

192



RRBIULEERMAERKT

NART bR AT DEE
a1

TFTNARTRRETREZ L L Z DA

JHISZ DR % h b X 35t fEEToREe, FLYL
EON T E2E2ERTIZENEMHEEZEZONDS. BICHY
Bk o £ id, FHEN & 72 3 X 5 72 REBRBESIE o ERINE
HEEARRi7- 2 LB METHE L EZ S,

Z 2T, LT OWRER A 727 "4 A% 2 2 L %258
L7

1) ORRESTH~DHFL E, Qi 7L (RIRICES

3

N

P A I X iRl o falg a2 M L, S T 2 Bie.

2) Web 71 2 7 % i\ 72 TG HUNSE R RE.

TNAZDEREER
O [RREHA~DREL E | OBAITHRIC I, BEHkEE
My EEHTs L L BERREHE 13, 182
D e LT3 A EREEME AN E < [6], KliTd B A, HEIRLGIC
WLTW2EEX L YR EEARHORER% L —¥ % T
HEMICRBL, BRE2EZ 2 L E2A L4 5 HEPHRIMRR
£ v SMRET L 720, (FEHGONORE (KA TH Y, RE)
TEDABEEREETES, 72, L—HF a2 AL =54
BEEEOBHICALEREDBRETCE VWA TH 5.
CITRET LT A AT, K2 IKRT Lo, FEER
BRI R CEE L, SRR b 2 C L 2 AT 5
&, T 7= EHIHEMERE Lz E R ~ 9 HC-SR-
04[71% AV CE & AT 80cm LA L 300em % COHFH% &K
Gahipi e L, RIFomE CHMHPAZGIRT 2 2L & L7z,
W5 1 DA LEE FEIR O B 1%, M2 EE T 2 &k % 2 0 &
KOFHEICCHEBL, 14mBRCH L E L ko7, 22T
BREME 72 X 50, BN o TEEE 2 b % AR E I &
REL 72, ED AL EERIC CIERO L% A L 72841
ik, 7Y —%EL L, RAKCRBO NicESE 32 &5 FEL
7. T OFEREDEEICTIE, RICTHEICERIE L 72 Raspberry pid %
w72, F7-, T Raspberry pi 4 1%, #%ik3 2 FHHIE RIS
DED Web A7 LR L T35,
BREBRDETH—THES

| Il

r'y
2 M
FEE M Faer
i ’ el

BEREY \ 3
t: = v

RFFERS

|F\I§1
M

B0cm

P;\ra;p_lferrv pi 4 I.'!': /| FmEsm
: . _ .. "i - L
B/ FU= == \ebh X SMotion

(BRIRENY D b 77) EH)

BRICEFHFZRMIDET7S— b

2 RREHBANDIE D E O T E S

Advanced Institute of Industrial Technology Bulletin Vol 17

Q@b [#o ik RICES B ofifl) | oA
1%, JEJi+& v % MF02A-N-221-A03[8]% M7 0 R (% _EB%)
kU, —BEHOHRIICHEL, FEEOVHAEEZRET 5
(K3). FEER 2 v ERBLERNCAT Yy 71D, JE
NEEAST 2 TF 0B 2 L5 ICEEL 7=, 2 oliEpFLE
121X, ArduinounoR3 % f\7z. EJJ+& v ¥ MF02A-N-221-A03
THAI L 7218# 1%, Obniz Board 1Y[9] GHISHEREZ Ffo 7z~ A
avFE—F) ZEMALC, #¥HHFERED LINE 7 7Y Tl % %
J AR D EE L 7.
HEHELOLINE 7 7)) CERZZ TN S X5 ic L0l
EEE N oERREZ AL T 2T N4 2L T3
T, BEHENBG RN T oMAER R 22 2 5
ThHD. TEEE WA ML ERE IZbroTw22, &
O CBREIIC B WL TIE, AT ANTEAR TV, ShER
OO HCHEET R NIE IO EX LB TH S,

75— MEEEEC
Arduino uno R3 AL
Obniz Board 1Y J'Iﬁ'l
JH—
EI)AILIwFU—
Eht>b

1

- BEWHEDETS— b LINETIER]

3 R o ERE ORI & BAI T IER

EHBROINED B DL H

Ao X 5o, HKGIEcE LT, BIBRED X Y FEnE
BHELSLETH S, £ 2 CEEFEDAIC Web 7 2 7 TH)
RRAIC % BIREER HIEX 72, Web 7 A T COBMRIZ, BISL
PFIFH & 5 BRI Motion[10]  (Motion: 7 A 7 H{RN O &) %
AL, EEEoORESCEHBOFEATESZY 7 by 2 T)
ICCEMRRAI 21T o CHRIMATRE L L7z, Z OREZ H W C& 4
OB CTOMNAEEIC B 3 falR i EEREOIE, e v U
v FERHIOINEICKRIL TS 2 L BT 3.

TN Z2EDER

TN ALROBEER 4 1R T. &V ICOWTIIBERE
Rt v EES & v 328 L 7. Raspberrypi4 (37 ¥ %
NHTTOUIRIT, Arduino uno R3 137 -1 7 H )7 LB I {H A
L 7z. 7z Obniz Board Y1 (I Line @A D EI 0K 5} 7 2R
L7z, T8 L 3 b D v R T LB TH o 72 %y, FEREN O
VAT LM L e ol BT B LT HRRETH D L E
Z5.

193



RRBIULEERMAERKT

X 4 TN A 2R ERDORERL

SEEREL7ZT N4 28 %X 5 1SR 3. Raspberry pi 4, Ar-

duino uno R3, Obniz Board 1Y 13T & DDFHICE & o TILHIL
ENANNYy T Y =X Y EREHT S, K6k, TR A 2
—VTHB. TAA AR E LD ARICIZRERD T Iic&
B9 5. BTN IR ICRE ST 5. By
FRRNER VP —BHICKRET 2. £72 Web /1 X 713D
T .

TERICERIE L, AT T Raspberry pi 4

Arduing und R3
Obniz Board 1Y

Raspberry Pi 4
BN F U —

v Fm—f
Fo—

HEERERTLY
WEBDAS
Maotion
Entsy Ll
(Cbniz Board 1Y}
ENtroY
{Arduing uno A3)

5 HIET /N RBE

6 EfSIEA A —2 7

A X —2

4 7a b2 AT EHWEERL

N

EROBMW

RE-FELZTa 24 72T, EHE’WHRE LY,
EROEFHILG COFELFHHEL . EROBIE, 754 &
DA L E ORBER L ONHRL, KEOTEHETD 2
ZEThHhY, BERMICTIEUTO 2 20|l » SHREEL 7.

Advanced Institute of Industrial Technology Bulletin Vol 17

TREHFANES EF0RMN (BEFRAERHELY)
RBERERE LT, K6D X5 IRz M IcH Y [T
RIZE X7 DX IHFEZEBA V2 P FIA4N—2HTH
FREY)HIEEABL 2B E2T-72. BE 1.8m O %2
oL, BERAERY ARG T 3 E S, MEBORTE
DEYEEETERT 5

BoEREoRM (EAhtrY)

KIRICHE S, BWCHHTZ L oz 2 fifHERC, £
FOHRAL, 77— FAH 3 2R T 3. $7-, Rafe
EftcdEN v 23R AT 5 2 & 2iERT 5.

EERER

B AR v L, S A, ANRE REERRICF
DHBHPHEIZ D LB TERD, KEHFATIIFEZFEYH
TR FRDVPLHZZTTHRIGLTCLE I 7 — 28D
oz, REWOBE»H1E, DL THIARREFRICA-7ZL &
KT 59— 2FKTEDIBRNILELELSED, 75— 24
BB LEEEMENTLEI LR EZLNDS, 205K
B REEDRZ T T 7= F BFELNDE X VY FDBEMAE
EOWENDHETH 5.

FEJ1evHiconwTi3eit, Ricdlor b RIGL .
FREE DRI & v F R LR L 7225, 1EE I IZmEic % 5T
Xy, MAEXMICAZILIAVWEEZ S,

ER

AL WA v IO WTASRIE 2 BBt v 2 LE
L, 1 208R %8Bz 358 2202 B2 3 AT ¥F—DF
DEYFEEZ DI REOUELILETHLLEZSL. £/, T
S— P T CEEMET 22 L ~DTH R 2 LEMAEDBML 72
HHRWwEEZ L, 72, SER TV X 3HEENESEE L
e b 74 MICKBHENAESRICORFTORMDH 5.
5, EROBIG TOEBRMBMHHE L D0, RLEEFA~D
RoEPH oL Vo 2TENICIE T S — FCHEERE
WHTE, 77— MEHRISLINE CTEEEZFICEL 22T 2
niE, FEZFOREER AN E~—TFEORLBHfFcE 2 L& %
bbb,

5 Tt SBoEY

AfEcidt v xRS ik 2%, @RS
DI L OB T N4 R & EEE - BUEL, RRE
HIA~DFEL EXLH o Tk 2 & T 2 ez KB L 72

7w b2 A4 TEBRE R 2 C, BEEARER Y v Y 0@ K
EN@%%,%ﬁ%%L&ﬁ%@ﬁ@@%,@%%%@ﬁﬁ%
AT L ~OHBHMPBHETH L, Tz, SEIZFEZHICK
KEOF %2152 BT CHIRRNICE 2 2 & A HKT, Wm&
KB E o725, S, EIEEBREITIHERD 5.

SR ITFEE L AR TR L, TEEFHBOFHRINGE, £l
BCOFEMER~TTOTE L, T/, BRI
~V Ay P EERT A, REOITEFEFII~VA Y %2

194



RRBIULEERMAERKT

ALlwr—203% <, XYM EROBRERE Y. 20X
ISR TOEMIEZONS[11]. ARTRELZT N4 &
BT % R — AR ECEE O REEHR Lol Lk 3
ZEEHBELTOWE Iz,

Z % Xk

JEAEFEE, BEGOBAELT A, FHESERT
Available:https://anzeninfo.mhlw.go.jp/user/anzen/tok/anst00.html
2 HAARHEIGEA S, BRI A i L 72 5 5 B 1l e
BB, AL G & o 7 AR AT B BBl o B S -
H, 2020. Available:
https://www.keidanren.or.jp/policy/2020/115.html

3. FUJITSU Manufacturing Industry Solution COLMINA A~ — %
44, Available:
https://www.fujitsu.com/jp/solutions/industry/manufacturing/monozuk
uri-total-support/solutions/safetybelt/

4. JROLATBGEAN BLUELGEABCREEARRE, 3L 2 - ISz o JRil
I el E &, P17, 2022.
Available: https://www.nite.go.jp/data/000139707.pdf

5. FRETBOEA  BLEEHMREARESE, TIXL o LoEEL %
v, HINZICE 235 ], P6, 2022,
Available: https://www.nite.go.jp/data/000140307.pdf

6. EHEEL M52 REmG R Y OERE 7 4 v, i
SRR, Vol. 68, No 1, 2018.

Auvailable: https://www.kobelco.co.jp/technology-
review/pdf/68_1/020-022.pdf

7. EE IR Y HC-SR04 7 — X > — F. Available:
https://cdn.sparkfun.com/datasheets/Sensors/Proximity/HCSR04.pdf
8. EJ€¥¥ MFO2A-N-221-A03 7 —X ¥ — |
Available:

https://www.mouser.jp/datasheet/2/13/MF02A__ ¢3 a2 ¢2 96 c2 al
A03-2634368.pdf

9. HEHAEZ Ff o 72~ 4 2 v F—F Obniz Board 1Y.
Available: https://store.obniz.com/ja/products/obniz

10.  Motion.
Available:
https://motion-project.github.io/motion_config.html#configfiles

11 KRB, N2 o OURFESi O FEA RPL, P134, 2019,
Available: https://www.kokusen.go.jp/research/pdf/kk-201912_7.pdf

Open Access This article is licensed under CC BY 4.0.
® To view a copy of this license, visit
http://creativecommons.org/licenses/by/4.0/
BY

—_—

Advanced Institute of Industrial Technology Bulletin Vol 17

195



wef

e

i

il

B

s A

[ NS

VST ]

V- TR S

HOLUHR AL RESE BT R4 BE R A2 RE SE BT 728
FE SRR RS 3
FOUHR L RESE BT K BE R A2 RESE BT 52 -
PESERAMT S B %
HORUHR 3L RE SE BT R 27 e KA R S AT F 724
FE SR B
HURUHR 3L FE SE BT A7 e KA RESE AT b 728+
FESEPANT RS0 3%
FURUHR 3L SE BT R e KA e SEBAT F 72 Y
FESERAMT BT #kz
HOUHR L RE SE BT R4 BE R A2 RESE BT 728
FESEDIAMT I B

20234 s HRUHR A BE SEBLAT KA Be REEAC B

20244F 2 A 384T

SRR I B R R B

FOAER SN X HORHE 1-10-40
T Eh 03(3472)7833
URL https://aiit.ac.jp




	CONTENTS
	Ensemble3D: Interactive 3d scene creation system with multiple roles and devices
	暗号資産と地域振興の可能性
	展覧会の開催プロセスと作品製作プロセス：「『ひみつ道具』展」を例として
	トラック製品のアーキテクチャ的特性と中国大型トラック市場構造の関連性
	システム開発企業における社内教育の調査
	ハイブリッドワークで生じる情報格差と相互理解の課題に対する解決策の提案と検証
	伝統舞台芸術の振りの分析とサービスロボット向けプラットフォーム構想
	多系的⽂明進化と近代⽂明の⽅向性
	紀要の Word と LATEX テンプレートを CC BY 4.0 ライセンスで公開する
	東京証券取引所における市場区分の⾒直しにおける影響について
	アジャイル型開発のプロジェクトマネジメント推進に必要な能力
	スクラム型開発疑似体験ワークショップの実践事例と開発プロセス
	Preparation of case study on the beginnings of public bathhouses
	A classification and improvement method of metaheuristic algorithms based on complex networks
	質問回答サイトに投稿された質問回答文の因子得点の推定に N-gram を適用した分析手法
	プログラミング言語 Rust による Linux デバイスドライバの開発
	A comprehensive survey of digital watermarking techniques
	⽇本の創造性教育（価値創造型⼈材の育成）の具体的展開：当事者のヒアリング調査とパネルディスカッションからの考察
	PBL 型教育におけるアジャイル人材育成のプラクティス:2023 年度の事例
	建築産業におけるイノベーション
	FDM 式 3D プリンタを活⽤したロストワックス鋳⾦による⼤型作品の造形
	楽器中心設計に基づく人間形サクソフォン演奏ロボットの開発研究
	人はなぜ情報セキュリティ事故を起こすのか
	群集事故防止のための人流制御システム
	デジタルデバイス⽤配⾊トレーニングアプリケーションを活⽤した⾊彩感情に関する研究
	学修を継続するための仕組みの試み
	Reception tendency of Quasi-Zenith Satellite System (QZSS) L1S ” disaster crisis report” signal
	オンラインによる認知症予防
	PBL評価指標の確立に向けたアンケート調査の実施：第一報
	社会⼈教育⽤エンロールメントマネジメントの提案及びその設計
	脚⽴作業時の安全性向上の提案



