BHAZFAZER

IZMAH
MARMS







BHRKEZXER ITFEMER HARRES £ 6552017 F£3 A
Mem. Grad. Sch. Eng., Univ. Fukui, Vol. 65 (March 2017)

=] R

(9 A%]

Project-Based Learning at a National University

— A Collaboration between English and Engineering Departments —

................................................ Wayne MALCOLM, Christopher HENNESSY, Yukio AKASHI,
Masayuki KAWAI, Yasuyuki SAKAI and Keigo SUZUKI

F)aA—IVBIRATIESZELER)TRSAFLOTJa—ILDERE
FhZERWE=SBERYILIVHHOEREEE
..................................................................... INEKRE BAR ZREEZE RO

it

(3 A%]
EEROEBEPRUVBHEEOEEMEIE
.................................................................................... EBEFMEARE RNEFL FHHSE

....................................................................................... DK EH BAERHR

¥
H
H
N.

........................................................................ BREN hENE REXST BHEE

OGS RRGERHRELI-OYURAARIERAL:
A—HREEFEOBE ... WHHFE NMaHE EEXN BaFHAEE

RRA— Y IA VI DEFRREVATLOER
........................................................................ MERE MEHNE BREXNT BHEE

T—LI—D1 oA REB/RS—LOBEFH

........................................................................ EHERER MENE BEXNT BHEE

11

23

29

37

45

53

61



Memoir of Graduate School of Engineering, University of Fukui
Vol. 65, March 2017

CONTENTS

[September]

Project-Based Learning at a National University

— A Collaboration between English and Engineering Departments —

.............................................. Wayne MALCOLM, Christopher HENNESSY, Yukio AKASHI,
Masayuki KAWAI, Yasuyuki SAKAI and Keigo SUZUKI

Synthesis of Glycolate-Containing Poly(tetramethylene glycol)s and

Properties of Degradable Polyurethanes Prepared Therefrom

......................................................................... Takahiro OZASA, Tamotsu HASHIMOTO,
Michio URUSHISAKI and Toshikazu SAKAGUCHI

[March]

Domestic Movements of Management Ordinance and
Demolition Programs for Vacant Houses
..................................................... Kasumi ONO, Hironori UCHIDA and Yoshinobu KIKUCHI

Symplectic Covariance of Phase Point Operator on Discrete Space
....................................... Daisuke WATANABE, Takayuki SHIBATA and Takaaki HASHIMOTO

Attendance Management System Using Mobile Phone
........................ Shinya MASUDA, Tomohiro ODAKA,Jousuke KUROIWA and Haruhiko SHIRAI

Consideration of Intrusion Detection Method Based on
the Feature of Command Sequence
......................... Shogo MATSUI, Tomohiro ODAKA, Jousuke KUROIWA and Haruhiko SHIRAI

Voice Communication System Using the Wireless Etherphone
....................... Hotaka MURASE, Tomohiro ODAKA, Jousuke KUROIWA and Haruhiko SHIRAI

Predict State of the Incomplete Information Game with Game Agent
....................... Hidetsugu TODA, Tomohiro ODAKA, Jousuke KUROIWA and Haruhiko SHIRAI

1

11

23

29

37

45

53

61



IR REPBE TAEbFJeRt: AFJEds %6 6578201649 11

Mem. Grad. Eng. Univ. Fukui, Vol. 65 (September 2016)

Project-Based Learning at a National University
— A Collaboration between English and Engineering Departments —

Wayne MALCOLM*  Christopher HENNESSY**  Yukio AKASHI***
Masayuki KAWAI**** Yasuyuki SAKAI**** and Keigo SUZUKI***

In this paper, the authors outline the theoretical background for the creation of an
engineering project-based learning English course, describe the actual content creation and
implementation of this course from April 2014 to August 2014, and identify positive and
negative themes analyzed through grounded theoretical coding from students’ feedback,
which lead to significant alterations of future iterations of the course. The major positive
themes resulting from this analysis include presentation, knowledge acquisition in other
fields, design, and research. Negative themes expressed by the students in the first iteration
of the course include more TOEIC, time-consuming, more English, and burdensome. The
authors conclude the paper by commenting about ongoing research concerning the
longitudinal effects on engineering students who participated in an English language project-
based learning class, and ambitions for creating a robust and informed engineering project-
based learning model for English students that can be easily transferred to and utilized in

other university English programs.

Key Words : Project-Based Learning, ESL, Second Language Acquisition, Engineering,

Collaborative Learning

1. Introduction

The Ministry of Education, Culture, Sports,
Science and Technology (MEXT) emphasizes
project-based learning as a vital element in
reforming Japan’s education system by 2030.
The objective is to make Japan a place able to
thrive in the 21% century (Suzuki, 2015). In
this reform effort, MEXT highlights critical
thinking skills as a requirement for success in a
21" century globalized world. With the
timeline of 2030, MEXT implies a long-term
view in reforming education and in preparing
Japanese society for the future. This
longitudinal view of reform is the core of the
current research endeavor that will be
described in this paper. Within that core is the
objective of enhancing student critical thinking

skills.

* Language Center
**School of Global and Community Studies
*#* Architecture and Civil Engineering Course,
Graduate School of Engineering
****Mechanical Engineering Course, Graduate
School of Engineering

The authors designed a longitudinal research
study that looks at the effects a project-based
learning class taught using English has on
multiple  groups of engineering and
architecture students at a national university in
Japan. Through this lens, they have set up a
research structure that follows the students
who have participated in the project-based
learning course at the university where they
teach. By the end of the research project, three
separate iterations of the project-based learning
course will have been taught with a total of 72
student participants. Moreover, the authors will
have collected a wealth of qualitative data
from various sources including open-ended
questionnaires, professional journals, and
student and faculty interviews. For the
purposes of this paper, the authors are focusing
on giving a brief outline of the initial iteration
of this course in 2014, student reactions to that
course, and analysis of those reactions to
create informed revisions to course structure

and content. Data used in this paper was



drawn  primarily  from  questionnaires
completed by the student participants.

First, the theoretical framework will be
given to describe the big picture vision of the
project, and to show what literature the authors
drew from in order to support and fill their
knowledge base. After that, the methodology
will be laid out describing the data gathered
from a questionnaire completed by the students
after the conclusion of the first iteration of the

course in the spring of 2014. This data will be

analyzed using theoretical coding research

methods to precisely interpret student feedback.

This feedback will lead to a final discussion on
revisions that were implemented for following

iterations based on the analysis results.

2. Theoretical Framework

Critical thinking as Mergendoller (n.d.)
defines is “ordinary thinking done well, that is
reflectively, with attention to criteria, and with
the goal of making a defensible, reasoned
judgment” (para. 4). Researchers from the
University of Louisville (2016) say, “The
ability to think critically calls for a higher-
order of thinking than simply the ability to
recall information” (para. 1). Chan and Lau
(2016) define critical thinking as “the ability to
think clearly and rationally about what to do or
what to believe” (para. 1). In another form,
Paulo Freire’s (1996/1970) concept of
conscientizacao takes ideas of critical thinking
to a more activist realm. One has to be
engaged in his or her environment in a critical
manner by being literate enough to know what
messages are being communicated on their
behalf. This engagement will allow for greater
social, political and economic empowerment

thus placing power in the hands of the

individual. Once people know how to engage
through being literate they can think critically
and conscientiously (Freire, 1996/1970). These
understandings of critical thinking support and
frame the project-based learning approach
employed by the university instructors in their
objective to foster a learning environment
where critical thinking was a major organic
compound for the students to develop their
linguistic as well as scientific abilities.

As described, critical thinking was central to
the formation of the class being presented in
this paper. The class itself is a STEM-based
project-based  learning course, so the
identification of critical thinking as a key
building block of the class is natural. Capraro,
Capraro, and Morgan (2013), who write
specifically about STEM-based project-based
learning, asserted that central to project-based
learning was critical thinking. Mergendoller
and Larmer (2015) identified eight essential
elements of project-based learning that
include:

1. Challenging problem or question
Sustained inquiry
Authenticity
Student voice and choice
Reflection
Critique and revision

Public product

® Nk w Db

Key knowledge, understanding,
and success skills

When cross-referenced with the theoretical
definitions and concepts presented earlier,
unity between critical thinking and project-
based learning is complimentary. The
following excerpt from Capraro, Capraro, and
Morgan  (2013)  highlight the stated
complimentary aspects of project-based

learning and critical thinking,



Project-Based Learning is...composed
of several problems students will need
to solve. It is our belief that PBL
provides the contextualized, authentic
experiences necessary for students to
scaffold learning and build
meaningfully powerful science,
technology, engineering, and
mathematics concepts supported by
language arts, social studies, and art.
STEM PBL is both challenging and
motivating. It requires students to think
critically and analytically and enhances
higher-order thinking skills. STEM
PBL requires collaboration, peer
communication, problem-solving, and
self-directed learning while
incorporating rigor for all students.
STEM PBL builds on engineering
design as the cornerstone and as the
foundation on which students bring
their compartmentalized knowledge of
science, technology, and mathematics
to bear on solving meaningful real-
world problems (p. 2).
The connection between project-based learning
and critical thinking is clear. Project-based
learning could not be what it is without critical

thinking.

3. The Course

3.1 Inspiration

The current state of Japan seems to be
defined by a search for identity, or a
reaffirmation of a perceived dominance
painted by astronomic success throughout the
1980s. Whatever the perception, the actions on
the ground by governing bodies and socio-

economic and socio-politico organizations

informs observers that Japan is trying to
invigorate the populous as a way to deal with
the very real implications of being a major
economy in a world defined by globalization.
This macro-understanding of the world has
real implications for institutions of higher
education responsible for educating and
training the human resources of the future: the
designers, builders, and leaders of tomorrow.
Therein lies the simple inspiration for
creating an English language class utilizing a
project-based learning pedagogical approach.
The driving force was to  create
communicatively competent professionals who
will be able to contribute to Japan as a nation,
and a member of the world of nations
(Ravestejin, et al, 2006). Also, this class was
created based on prevailing actions by
government ministries like MEXT to create
funding programs specifically designed to
allow institutions of higher education to create
and implement programs that will advance the
critical thinking skills of the student body,
while preparing them with practical English
language skills to do the work of a professional
in the 21% century. Society is not built upon
one static force. Be it pure economics, or
health and welfare, or art, or education, etc.
Multiple forces push and pull society creating
the dynamism needed for a successful standard
of living. University students are being called
upon by business and society to engage more
with the world in order to bring the benefits of
globalization to Japan. Without the ability and
skill to think critically, Japan could be on the
negative end of what globalization has to offer.
Our goal was to make sure the students
experience a course that prepares them to be
able to harness the forces within globalization

and focus the best of those forces into Japan.



3.2 Planning

The development of this project-based
learning course can be summed-up with two
words, collaboration and meetings. From
October 2013, the authors and the director of
the department where they teach met with a
group of four engineering teachers with the
goal of designing projects suitable for second
year first semester mechanical engineering and
architecture students. Even before these
meetings in October of 2013, the director met
with various administrators to ensure adequate
class time and financial resources could be
allocated for a course of this nature. Also,
department heads in the engineering faculty
met with the authors and their director to
determine which engineering teachers wished
to be a part of this class, which was unique for
the university.

By October 2013, the course facilitators of
the class were known. What was needed was a
tangible curriculum, and students. All the
details were worked out over weekly meetings
between the director and the English and
engineering faculty and syllabus was
developed by April 2014. Also, 24 students
were chosen to be in the class. Twelve
mechanical engineering majors and twelve
architecture majors were selected based on the
highest TOEIC scores within each major. A lot
of discussion was had regarding how to choose
the students, and because all engineering
students were taking the TOEIC regularly, this
gave the planning group some relatively
objective way of choosing the most English-
proficient students in terms of ability to read
and understand technical English. This was not
a perfect solution, but one the planning group

thought was the most practical given time and

resource constraints. When the students were
selected, a meeting with the selected students
was scheduled. During this meeting the
students were informed about the parameters
of the class in Japanese so they could more
easily comprehend what was being asked of
them. The choice to participate in this class
was 100% voluntary. If a student did not want
to participate in this course, they had the
ability to opt not to and instead be placed in
regular non-PBL English class. There was no
penalty of any kind for not choosing not to
participate. In the end, all the students who
participated in this class volunteered to do so.
(This has remained the student selection policy

for all following iterations of this class.)

3.3 Course Objectives
In designing the objectives that would guide
the course, looking back to the theoretical
framework was important. Based on the
literature the following objectives were
derived:
1. To improve engineering English
skills;
2. To improve professional
presentation skills;
3. To improve collaboration skills;
and
4. To improve critical thinking

skills

As one can see, a main objective was dedicated
to critical thinking. The rationale being that
students may not have ever heard of project-
based learning, or know the epistemological
and ontological roots of the approach. This
emphasis was also important to make faculty
and administration aware of this critical

component of the class. The authors did not



know the level of understanding various
populations at the university brought to the
development of this class. However, critical
thinking, as it has been such a catch phrase for
quite some time, is a more recognizable term,
in English and Japanese. Finally, making
critical thinking skills a distinct objective
allowed the teachers to focus on it immediately

and without ambiguity.

3.4 The Projects

The following sections will lay out the
details of each project as designed by the
engineering faculty, who were a vital part of
this class, and the English language instructors.
These are brief descriptions containing the
core elements of each project. Throughout all
projects, engineering faculty who work in
professional circumstances provided technical
support to the groups by means of lectures and
class-to-class feedback concerning the process
of building the projects. At any given time
there were at least three faculty members in
any one class — two English language
instructors and one engineering instructor. All
projects were all completed by the first
iteration class within one semester — April

2014 to August 2014.

3.4.1 Make a Bridge (Engineering Proctor —
Keigo Suzuki)

In teams of four, each team was given
materials to make a bridge that could carry the
weight of ten kilograms. All teams were issued
the same materials — plywood planks and
beams sufficient to make a miniature bridge.
Grading criteria included weight — the less the
finished structure weighed the higher the
points to be awarded; aesthetics — a judging

and ranking system was employed to

determine the best looking bridge by where the
students chose the top three most aesthetically-
pleasing bridges; and displacement of the
bridge when holding up to ten kilograms — the
engineering professor collaborating for this
project used a laser displacement mechanism
to determine the structural integrity of the
bridges by where the bridge that held the
steadiest and bent the least received the most

points.

3.42 Make a Luminaire (Engineering
Proctor — Yukio Akashi)

Again, in teams of four, students were tasked
with designing and building a lighting fixture —
a luminaire. With this project each of the teams
had to buy original materials they had planned
to use in constructing their luminaires. All
student expenses were reimbursed through
department budget allocated for the class. As
for grading, students were graded on the
aesthetics of the luminaires. To decide the
most aesthetically pleasing lighting fixture, a
judging and ranking system was again

employed.

3.4.3 Design Eyewear (Engineering Proctors
— Masayuki Kawai and Yasuyuki Sakai)

The third project was a little different than
the bridge and luminaire projects. Students
were presented with a challenge to design
eyewear for particular country markets — Italy,
Germany, Dubai (United Arab Emirates), India,
Denmark, and the United States. The president
of a local prominent eyewear production
company presented this challenge with the
goal to only design the glasses. For this project
there would be no physical product made.
Students designed the glasses based on market

research, then proposed the idea to the



president of the company in a public
presentation. The president of the company
selected the best three designs. As this was the
final project, it was planned to culminate in a
community-wide public presentation, which
was open to and attended by the university and
surrounding community, and covered by local
and national press.

Throughout all three projects student teams
had goals they had to reach, but how they
traversed the path to achievement of those
goals depended a lot on team dynamics,
instructor support, and ability to understand the
materials provided to them. Each project
resulted in student teams giving a presentation
to their classmates and instructors. The final
presentation ~ was  larger and  more
consequential than the final grade. Following
the success of the graded public presentation,
the student groups had the opportunity to bring
their presentation from university grounds to
an actual local community eyewear event
where they were able to present their designs

to real people working in the eyewear field.

4. Methodology

4.1 Research Methods

The researchers utilized several methods for
obtaining and analyzing data. This allowed for
a better understanding of student needs. They
could also adjust course content to better align
with the course objectives listed above. In this
section, these research methods will be

outlined.

4.1.1 Triangulation of Data
The researchers utilized the triangulation
method of data collection in order to obtain

and synthesize multiple types of data obtained

from the course participants (Wolcott, 1994).
The data collected included: (1) journals and
(2) questionnaires. While there were only two
types of data collection tools, they allowed
students substantive ways to organize and
express their thoughts.

All course participants kept journals, what
the authors called Professional Journals. The
content of the Professional Journal was a
freewriting and a project diary worksheet
(Beckett & Slater, 2005). For freewriting,
students were required to answer certain
questions that varied week by week and write
their thoughts on anything involved with the
class over the previous week. The project diary
worksheet has more prescribed sections for the
participant to write comments about language
used and skills learned over the previous week.
Each participant was required to fill this out
every week and turn into the instructors for
grading and comments. For the purpose of this
research paper, the authors will focus on a
2014 questionnaire which provided course
participants the opportunity to free write, in
general, their reactions and feelings to the
course. The researchers were able to obtain 24

responses.

5. 2014 Student Questionnaire Analysis

5.1 Theoretical Coding

The researchers have been utilizing a
grounded theory method of theoretical coding
on the data obtained to not only analyze the
data, but also allow them to “choose or
construct new data collection methods and
revise earlier ones” as necessary (Boyatzis,
1998; Prince et al., 2006; Thornberg et al.,
2014). For this paper, the researchers

conducted a line-by-line version of initial



coding on data gathered from the questionnaire.
From this, initial coding themes emerged that
allowed for insight into course improvement
for the second iteration of the PBL course, as

described in the next section.

5.1.1 PBL First Iteration — December 2014
Questionnaire Results

A total of 24 participants filled out the
questionnaire in December 2014. In these
questionnaires, certain themes emerged
through the initial coding process. The
researchers have divided themes into positive —
the participant appears to believe this was a
positive aspect of the course — or negative —
the participant appears to believe this was a
negative aspect of the course. Interpretations of
whether an item was positive or negative were
determined by the context of the answer. These
free-response answers were written in full
sentences and all were quite clear in context
during the transition of data to themes during
the initial coding stage. The specifics are

indicated in the table below:

Table 1: Theoretical coding themes mentioned
by three or more participants for December

2014 Questionnaire (out of 24 respondents)

Positive
Number of (P)/
Initial Coding Theme  |participants [Negative
)
presentation 14 P
knowledge acquisition 7 P
in other fields
more TOEIC 6 IN
design 5 P
time-consuming 5 N
research 5 P
more English 5 IN
burdensome 4 IN
new 3 P
anxious 3 IN

5.1.2 Discussion of the Results

Using the results outlined above, it is clear
the infusion of presentation and specialized
knowledge elements — specifically engineering
— into an English class was viewed positively
by students of the class, with more than half
the students (14 of 24) recognizing the
presentation elements and over one-fourth (7
of 24) recognizing the knowledge acquisition
elements. Furthermore, a substantial number
of students seemed positive on the design and
research skills gained from participating in
these projects, with five of 24 — or more than
20% — referring to each of these themes.

However, a number of negative themes
emerged along with positive themes. In
particular, four negative themes stood out due
to the number of appearances they made in the
data — (1) more TOEIC, (2) time-consuming,
(3) more English, and (4) burdensome. In
response to this, the researchers made
amendments to course content, for subsequent
iterations, in order to achieve more of the
positive aspects and reduce the negative

aspects as outlined by course participants.

5.1.3 Changes to Course Based on Results

A number of revisions were made to the
course content of subsequent course iterations
based on the theoretical coding results from the
December 2014 questionnaire. These changes
took effect for the second iteration of the
course, which was conducted from October
2015 to February 2016. These revisions were
implemented in order to encourage more of the
positive themes referred to by participants and
minimize the negative themes.

As far as the presentation theme, course

content was amended to include a two-minute



presentation (referred to as ‘mini-presentation’
in-class) in nearly every project-related class in
order to build students ability to speak English
comfortably and professionally in front of an
audience. The knowledge acquisition in other
fields, design, and research themes were
promoted through the use of more group-
oriented critical thinking exercises in English.
An example would be an activity called
“Craggy Rock,” in which students work in
groups to determine which types of bridges
must be used in certain, predefined scenarios.
This more effectively ensured their use of
technical vocabulary in English to solve
problems.

A number of revisions were also made to
address negative themes. The most major
change was reduction of the number of
projects designed by students from three to two,
retaining the bridge project and the luminaire
project. This revision addressed all negative
themes — more TOEIC, time-consuming, more
English, and burdensome — first by freeing up
10 classes to be specifically targeted for
TOEIC study. By adding this TOEIC element,
it can be argued that the more English theme
was also addressed. It also freed up students’
time and lowered the burden on students since
often project work had to be conducted outside
of class hours in order to properly build a
project. This also addressed the time-
consuming and burdensome themes.

One other major revision was the
streamlining of the project work for each the
bridge and luminaire projects. In the case of
the bridge project, students used styrene
building materials in lieu of wood, drastically
reducing the building time for students. In the
case of the luminaire, students designed and

built thin plastic or paper slips for cube-shaped,

prefabricated lamps as opposed to building
lamps using wood or metals, and designed
from scratch. Both of these streamlining
processes were incorporated to address the
time-consuming and  burdensome themes

expressed by the first iteration participants.

6. Summary

In this paper, the authors outlined the
theoretical background for the creation of an
engineering project-based learning English
course, described the actual content creation
and implementation of this course from April
2014 to August 2014, and identified positive
and negative themes analyzed through
grounded theoretical coding from students’
feedback, which lead to significant alterations
of future iterations of the course. The major
positive themes resulting from this analysis
included presentation, knowledge acquisition
in other fields, design, and research. These
themes were encouraged in the second
iteration of the course through the inclusion of
mini-presentations in nearly every project-
related class, and through the inclusion of
critical thinking activities. Negative themes
expressed by the students in the first iteration
of the course included more TOEIC, time-
consuming, more English, and burdensome.
These negative themes were addressed through
two major changes in course content: (1) the
reduction of three projects to two projects for
the semester, and (2) the streamlining of the
bridge and luminaire projects.

In future papers, the authors will analyze
similar qualitative data from following
iterations of the course — starting with the
second iteration conducted from October 2015

to February 2016 — to understand the effects



the revisions made to the course. The authors
will also continue to work on the base research
project of tracking student participants
longitudinally in order to understand the
effects of an English project-based learning
class on engineering students. They will
continue the collection of data and analysis of
the first and second iteration participants, and
begin the data collection process with third
iteration participants beginning in October
2016. Included with the data collection
methods used to this point, the authors wish to
begin interviewing students — in focus groups,
individually, or both — to begin probing deeply
into the theoretical coding themes that have
emerged through this research analysis. Finally,
a driving vision is to create a robust and
informed engineering project-based learning
model for English students that can be easily
transferred to and utilized in other university

English programs.
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Glycolate-containing poly(tetramethylene glycol)s (PTHF-GA-OH) were prepared by the reaction of
bifunctional living poly(tetrahydrofuran) with lithium bromide followed by the substitution reaction of
the produced bromide end groups with potassium glycolate. The obtained polyols were reacted with
4.4’ -diphenylmethane diisocyanate and then with 1,4-butanediol to give a polyurethane with degradable
ester moieties. The treatment of the obtained polyurethane (PTHF-GA-BD-PU) with potassium
hydroxide in tetrahydrofuran/ethanol (9/1 v/v) solvent in the presence of a small amount of water caused
hydrolysis reaction of the glycolate ester linkages to give the mixture of PTMG and the urethane
oligomers. The extraction of PTMG with methylene chloride from the mixture resulted in the recovery of
PTMG in over 70% yield based on the poly(tetrahydrofuran) segments of PTHF-GA-BD-PU. Enzymatic
degradation of PTHF-GA-BD-PU was carried out with lipase as a catalyst. The heterogeneous reaction
with film specimens in water using phosphate buffer solution (pH 7.4) at 37 °C caused the decrease in the
molecular weight of PTHF-GA-BD-PU. This is probably due to the lipase-catalyzed hydrolysis of the
glycolate ester groups of PTHF-GA-BD-PU.

Key Words : Ester Bond, Glycolic Acid, Polyol, Polyurethane, Degradable Polymer, Chemical Recycling
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(CF;S0,),0
n >
in THF at 0 °C

CF3805°

o)

Br—u—o{—\_fo%_/—sr

n-

HQVJLUW

LiBr

[ 00 0] >

 CF.S05

in THF at r.t.

n=2

PTHF-Br (n-Bu),NBr

in DMF at 80 °C for 72 h

Scheme 1.

BIR AT 722 Bl ZOMREIIIERDOR Y 7 L& RS
BEAAZIZER L L~ TH Y, 362 7o BR5RE ORISR
WaEERSE5 &, =R, ®HETTvX—/UREE0M
KFEL, ST AEEIRY A—23 s &b EffEbi
7o HEICK LT 80% DI THAESNDZ L2 G
M LEE-BL UL, ol vy
RN, AR E UTREIR Y A—n & & hicT
Y NTATE RERAELE. T NTATE RITHER
WHBYE\CHT=0, HZIZEBEONESEY O T
THASND T L& AR T2 b S T fERIK T
ThdLEash, BIEOE ZAEMERRESNT
W5,
FORERE XA T, 2L TOEEME S
FELRWT AT IVRER G L LT, o
X EORBINOLHELNDL T E BTN EL Y
Va— U A7 VBN ZHTH5HHZY A 7ORY ©
VA UM R T D LR ANE L. £, YLA
RV VLE LT A M~—DG R Ch 5,
ThZ7e a7 7 ORBRITAVERICEVELR
LZRVT NI AF LT a— g, SfEO 7 ) 2
— BT AT NEBNLTZHHOR) T T AF L
7' 2—)L(PTHF-GA-OH) # &k L7=. LT, ZD
R A—nZFEE LTRY 7 L& 2 (PTHF-GA-BD-

Table 1.
(PTHF-Br) of Different Molecular Weights

2 it
I
HO C_ C._ _OH
> v 0\_/—0-6\_/-03-\_/—0/ "

PTHF-GA-OH

Synthesis of glycolate-containing poly(tetramethylene glycol) (PTHF-GA-OH) and polyol precursor (PTHF-Br).

PU) &L, TOWMEEmT Lz, /=, KU T bk
T AF L7 ) a— UHE DB E S 1
FAFTRHEZOWTHET Lz, &5, 74h U
KGR L AT NANKGREEFR CTH D U N—EIZ L D
AR A fEt L7z,
2. £ B
21 R XK

7 F 7k Ru7J 2 (THF ; - 716%, )1,
FLFaT——T7 A 3A 1/16 N2 T BT lmizte
L, KEMLYVTF T LTIV =T L BT 3 EERERTE,
%17 o712 (bp 66 °C) . DL EOEEZ 2 BTV, BHEE
RICIFEEROERIEIC L0 3 [BIH DA &2 TV, EH LT,
NN-Z AF VARV AT 2 K(DMF ; 765, Fik)
1%, FLXaT——7 R 3A16 AT
Bt U COKFE AL A BT ERIEZRR (70 °C /40
mmHg) L, #7 7 /U AN, EHIERTE T
TIRAELT=. N ZvF | A Z 2 Z)ViR R K,
DLFDOEIICER LT, Ty T IC AT Y 7uF
AR ANKRUEE2S mL &% KT A T A ARXRHK ) —)b
THORWREREIZAL LTS, 2 100 mL ) A3
T A ANTz. LKA LR % ZIZHERE

Synthesis of Glycolate-containing Poly(tetramethylene glycol)s (PTHF-GA-OH) with Polyol Precursor

Time, min M, (NMR)?

Feed, g (Feed, mmol)

Yield, g Yield, %

PTHF-Br GA-K  (n-Bu)uNBr

10 2380  20.0 (8.40) 2.88 (25.2) 8.13 (25.2) 20 89
15 3100  25.0 (8.07) 2.76 (24.2) 7.80 (24.2) 25 97
30 5780  27.0 (4.67) 1.60 (14.0) 4.52 (14.0) 27 90

a) Number-average molecular weight of PTHF-Br measured by 'TH NMR spectroscopy.
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PTHF-GA-BD-PU
Scheme 2. Synthesis of glycolate-containing polyurethanes (PTHF-GA-BD-PU).

Didgmz, HIZ20 453141225 gNAx T 90 77k
&Lz, 20k, 7 aORREEEMR, AN
AIREE 130 °C CHEMMIDOFERE 21T 1=, F D%, Ak
TRAEE AR, 100 mL F AT 5 2 2|2 &0
DHIALY &M% 2 BIHOER T2, 2TD
KW A BN L TRET M AR, AERTE T
B CIRAE LT, B R, —)ix 2 o
&7 F A 3Z AR, KBV T LEDENZ, 3
IR %, 288 (bp 78 °C) LT L7z, ZOfthodik
BTG EFOFE FMEH L.

22 BE#FEKEAY (THF) (PTHF-Br) O
Scheme 1 (Z PTHF-Br D& EZ RS, BRAAANC B
U 7ndnm AL 2R R % N C THF % B
BATAVEATDLE, ZBRREOTHF DU B 7
FA R ~—%AEKT 5. ZhucERRIE LT, R
B FULEROESYE, RERKRIT FTE Fe>
Z > (PTHF-Br) D& 1T - 7.

=y 7 B EZANT T2 500 mL AT F Z oz
W EREREIARRN b — kY 7T A=
TN L DBV (~450°C), 7T AaNEE LT,
THF 180 mL (2.22 mol, SUSEHEH 12.17 mol/L) &V

Table 2. Synthesis

of Glycolate-containing  Polyurethanes

VUTAN, RIATAARARXE ) —)L/NZAHZ | K
ANTOCIZ LTz, D%k, MU TZFdrAZ AL
IR BIEE K 2 ) T 2.4 mL(1.46 x 107 mol, X
JETAET 0.080 mol/L) AT A ¥ J — /LS AHICHE
DORFEN<ITA Uiz, ZOBRKINERE, Bb) T
2 63.5 g(0.36 mol; (CF5S0,),0 (2% LT 25 5@l %
THF (400 mL) {2V LTSIRICIE S, BES 1R
ST, D%, RIS O /NR L —2 — & v
CTHF #BrEL, WRAIRNE L., Tk, O
L7 = —ER & A A ZZHIK (~0 °C) [TV TR
V< —% b &g,

23 VYV a— AT ATNVEMEETSE Faxd
KA Y (THF) (PTHF-GA-OH) DE&HK

Scheme 1 (Z PTHF-GA-OH DAL iEE . 71 =
— B ) T LEGRT BT, AT I A3y
U 2—/L#£9.78 g (0.129 mol) &, =4 /—/L 200 mL (Z
KIS U 7 2 6.02 g (0.107 mol) Z VAN L 7= AR 2 N
Z, M<UTA LN OLEET 1 RS S8 72, SOt
%, HWIAT 4 NE—EHN ALY 7Y a2—1
Bl ) o L&EEI L, AX /) —)LTHEHL, REIGD
7 a— ) iga RE Lok, SR CHEAR AT 7.

(PTHF-GA-BD-PU) with Glycolate-containing

Poly(tetramethylene glycol)s (PTHF-GA-OH) of Different Molecular Weight

13

Feed, g (mmol)

M, (Titr.)? STHE S on D e Yield, g Yield, %
2800 12.0 (4.29)  2.15(8.57) 0.913 (3.91) 10.9 79
3140 13.2 (4.20)  2.10 (8.41) 0.328 (3.64) 125 84
7510 21.0 (2.80)  1.40 (5.60) 0.173 (1.92) 13.6 63

a) Molecular weight of PTHF-GA-OH measured by acetylation method.
b) The feeds were determined by amine addition method.
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BIHAEIE L KO =2 v 7 & 2441372 300 mL
D 3 OHHIET T A2, ARk LT PTHF-Br Z AR,
DMF 200 mL [ZHfESHET-. RWNT, A LzZ U =
—VE Y U A EFERRBE AR S L CRET N T n-T
FNLT =T LENZ, RIGHRE 80 °C T 72 KK
RS, TR PTHE-GA-OH DA AV
PTHE-Br Oy -3 X OGREE DA B % Table 112 F
EOTRT. D%, USRI Z A URKIGD 7Y
a—/LEN ) T A ERREL, AL ISR L — S —
IZL YD DMF ZBrZE L, AERR Y ~ — & 2R TR 5
L7z, &5, RY~—% THF 100 mL [ZfF S+,
A T I (~0 O IZTEVTHLEY L TR L 7=,
FD%, IR LR ~—% =5 CHEZZE L T-

24 7V a— BRI ATIVEMNEETHR) LA
> (PTHF-GA-BD-PU) DE&HL

Scheme 2 |~ PTHF-GA-BD-PU O& R iiEA <7, &
WOHE, =Fay 7, N AT 4 o0
YRTGTNTTRAANALN T T 2=V AR DA
7 F— (MDD & AN THRELRFFAK NI Lz, &
Z~~, i F3}% T PTHE-GA-OH %o < Vi
L, 80°C T 7~8 KIS S/ A Y v 77— MR~
LR ~—%A LT RIS, BUSRTICIAET DA
VT = MEET I VUYEIEICLVERL, MZXD
BULEHRITHh 5 14-7 % 24—V (BD) D&% EREIC
HRE L=, £ PTHF-GA-BD-PU OAEAZ
7= PTHF-GA-OH D4y -8 & SR DHHIA A &% Table 2
IZFE O TORT. FAIRMHARENIL, R A4 —
JU :MDI:BD=1:2:1Tbh5s. £/, 41V T7F—h
HEOEETIE, A4 YT H— MEOENESLUTIC
STWRNWE X, KU A —/L & MDI DA #HT,
B, A4 YT F— NEOEREIToT-. D%, KT
THA4 YT — hEEYEDOE Pk U E&Iickis
4% BD % 0.5 B = & 1o f% 3 IS4 TNAT-.
Z O, FOSHEITT A1, BiES BR4A7-0,
DMF (2 X W AR L7208 503 < 1XA L=, BD 23T
Mz &> TG 9 KRS S ¥, RIS T, K
BORAL ) —)VER LRSS, A% ) — /LTl
W Ltk, BZEWRSE. ARLER)~—%2 35
\KET 5728, £ THF imilia A 5% ) — /WAL
THILBEZIT, SR CHELHE L.

25 ) a— BT AT NVENEETHR) 7L
> (PTHF-GA-BD-PU) D7 V71 V) finK5yfR

Scheme 3 & PTHF-GA-BD-PU O 7 /L7 U MUK i
JERAERT. FAMT T 2R T LA BRI 04g
Z AFUTHF 9.0 mL % I 2 i S 72, RN T, 0.5 mol/L
T ) —AEKERE S U T AR 1.0 mL (5.0 x 107

mol) Z Mz 7214, A A 48K 0.1 mL(5.6 x 10° mol)
ENZ, ST 24 R <A L7eds 6 s Sz,
ZD%, TR —Z—ZFANTIREEZREL, ARk
Wa iR CEZEER U=, 2 LC, Z ORI L5
ERNRE DG, WAL AT Vo iR S U CRER
UA— ST ERI T v T AF L7 Y a—L
(PTMG) % L ClalX L7=.

26 7V a— BT ATNVEMNEETAIR) 7L
> (PTHF-GA-BD-PU) ODEERIZ X B H0K531#
FESRIZ L DIKOIRELOEE, FRERAIR (0 A TSR EA
% pH 7.4) FOKFZALE)— N L VAT 7. S BRE 1T
AU T LE %R 40 mg AdL, FREFRIE 5 mL &
Phycomyces nitens H1 2K Lipase (& 4 : 100 ~ 200
unit/mg ; FY, AALFH)30 mg ZMA 7. ZoLE,
BERITIAIE L T DS, R T LHATT7 4 VBIRT
FEL Tz, ZORE—EIKR%Z 37 °C THr<IZA L
7o, FTERHERGEG, RY~—7 4 VD SUOSEIRD
SEDH L, A AWK THoicied Lz, =i
CTHEZEHEE LT, 7 4V AZI LT O RRAETR
X, =R L —Z—Z W CKERELLE, SRT
BISH AT o7, £ D% THF IR S, Ailic X
D RNRIEZRE LT, DA ST /NR L — 2 —
ZMHWT THF ZFRE LT, SR CHEEHIEREZIT),
FSKERIE PNAFAE LTy b LIV WA R
R U7, B U727 b A & SOSERIR D & OhiH
Wya— oIl FE & O THHTICHE L=,

27 W E

R ~=—DOHFESIE, F—Io— g7
a~ k777 4—(GPC) ZAWTHIEL, HEAERY R
F Lo (537818420000, 775000, 186000, 50000, 16700,
2800) 12 & 0 VERL L 7o M iabfip 2 JRICBOE o+ & (M)
L HEVE SR WM,) & ZHTIE MJM,) R ) AT
L HRCRD T2, GPC AR B EATiE LC-10AD,
RZEEATE (RD IZ B ERTY RID-6A, 7L 1 7 AT
AP FNEE T8 Shodex A-800P, 17 7 A (ZHAFNHE T4 Shodex
A-80M % 2 A&, Shodex KF-802.5 % 1 A, EANZ#HEH L
TEEMA L. 77 LEEIX=RIE, WS THF 2 f0v
Pk 1.0 mL/min THIE L7z, ERERIB AR MLV,
FERsE RIS E B A A 78 LA-300 FI-NMR A
AR ba A—%—F L NINM-ECX500 FI-NMR Z~<2
b A= —2fil L, WENCAS ) —d, 7 an
BRIV I-d, BK, WNEREREZT N T AT LT &
W, FIRTHIELZ. B FaxiRiR) ~v—0Dt
R HE 8L, 7TheFuUbER ko TR,
b Fa% ofiR Y ~—03g #100mL OF 27 F
2D, 2T B F AR (EEKEEE 1.5 mL



Table 3. Characterization of Glycolate-containing Poly(tetramethylene glycol) (PTHF-GA-OH) and Polyol Precursor
(PTHF-Br)
M, (GPC)”  Mu/Mn(GPC)® M, (Calc.)” M, (NMR)® M (Titr.)"
PTHF-Br(2410) 2410 1.51 2430 2380 -
PTHF-Br(2930) 2930 1.44 2780 3100 -
PTHF-Br(7810) 7810 1.31 5670 5790 -
PTHF-GA-OH(2800) 2580 1.45 2420 2580 2800
PTHF-GA-OH(3140) 3480 1.39 2770 3190 3140
PTHF-GA-OH(7510) 6410 1.53 5660 7500 7510

a) Measured by GPC with polystyrene calibration.

b) PTHF-Br of M,(Calc.) = 72.12 x DP,(Calc.) - 16.00 + 79.00 x 2
DP,(Calc.) = [THF], / {[(CF;50,);0], x 0.72 (Initiator Efficiency)} x Conversion (%) / 100 ;
PTHF-GA-OH of M,(Calc.) = PTHF-Br of M, (Calc.) - 79.90 x 2 + 75.04 x 2

c) Measured by "H NMR spectroscopy.
d) Measured by acetylation method.

ZEY Y485 mL (TR SR 7 5.0 mL, 7R
—L By b EAWTERICINZ T, BHE 22
F, A AV RATE 100 °C, 1 BEHESOL S, =i
WELThHoA T RRHKERBTGHEE O END 15
mL A1 X TR D HAKEEE 2 522 CHERIC L. 2
DFSRRIZH R 0.1 wt% =& ) — 7 = ) —)L
TH VA RRERRING, ~ TRy NAX—TF—TC
WA LN b E = Ly h&EFHWT0.05 mol/L =4
=KL U D BRI K D EE LTz, Rk
77 7B BITV, WEOMEEDOZEL Y ZDRY
~—Dt FuX T EEEE RO
TIUMBIEICK B, VT — M EOERIE, L
TOXIATHoT2. T, W= ¥ ) — VIR (g 2
mL T /—/L200 mL & A AU & —Tiljid) %,
=Ly h&2AWT0.05 mol/L KEg{bH U 7 Lk )
— VIRIR CTEZITV, FOEE 2RO, 12, ¥
TIFNT IR BURIRIE 200 mL DA AT T A
WZOTFNT I 26 g AT, NUEBUEHANT
PR L=, AV T = MR LR ~—%502¢

Table 4. Characterization of Glycolate-containing
Polyurethanes (PTHF-GA-BD-PU)

P27 I A YL, CTTFAT IR
R A Ry NTT10mL 2%, ZORIE%
60 °C C 30 23 [, il £ TWHHI L7=%, fi:38 BPB
AT, Bl vy hEAWTHRTY ) —E
WCHE L. £, 77 7#8BRbIT, WiE O
EMHOEEILIA VT — b EEERLE. R~
—D I T AR 1 TR 2 E A EERE (DSC) 12 L >
TRD7=. AIRIZIZY 47 8 Thermo Plus DSC 8230L
PRER L, BEYEY S IT A I T EANTZ T LS
R A, JIEREZ L 2 FIEHEEEE 5 °C /min (2
REL, EBRFHKATHE L. KU ~—0RS R
FEVE, BT (TG-DTA)IZ L » TRz AKIZIE
U 77 7 %4 TG-DTA8078G1 ZfH L, EEHEY- 7 uizix
TIFF IR ANST=T I F RN, BEFHR T
THIE L7z, SRS 650 °C £ CTOIREFPE TR
JE 10 °C /min OSAETHIE L7z, BRI (T) 1%,
P TND 5%EEJRVDEFOIRE & U=, 5liERBR,
7 v UMTHII-100S 245 [sRaER 2 V-, 3080
g Smm, £ X 20mm, EX0.7~0.8mm D H D EfE
AL, BIHEE 10 mm/min, =R (25 °C) T, 100%f
BRIFFOTMESR (M) , 5 1TRIREE (Tp) , MEWTIRFOHTN (Ep)
ZWE Uiz, Bk ER (DMA) 1X, AKIZ UBM
Rheogel-4000 % JHV>, 388k 71308 5 mm, &S 10 mm,

Ma® MMy &gﬁfﬁm JEX0.8~1.0mm O HOEHEML, &% 1.0 Hz, HE
PTHF(2800)-GA-BD-PU 20400 2.29 2800 VR 2°C /mm, IEFERSTE -120~150 °C T, Jjsiiks
PTHF(3140)-GA-ED-PU 30100 2.19 3140 (B°) & HBJIEEE (tan 8) OIREEMAFIE A I LT-.
PTHF(7510)-GA-BD-PU 25700 1.86 7510

a) Measured by GPC with polystyrene calibration.
b) Measured by acetylation method.

3. MEREELR
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Table 5. Properties of Glycolate-containing Polyurethane (PTHF-GA-BD-PU)

Hexane Toluene CHCI, AcOEt

CH,CI,

THF Acetone  DMF DMSO Et,OH

PTHF-GA-BD-PU x x O o]

O O x O x x

a) Polymer concentration, 1 wt/vol%; O: soluble, X : insoluble.

31 RV A—)L (PTHF-GA-OH) RURY 7 L& v

(PTHF-GA-BD-PU) D&H%

Table 3 (245 54172 PTHF-Br & PTHF-GA-OH D%+
7782V EB—va VOfERAERT. PTHF-Br IZ8W\ T
'H NMR O ~7'v kb — 7 i@ &0 sk 72813,
ARHEAFROBMGAIZIED 258 Lt L 1 2E—
#L7-. %72, PTHF-GA-OH |23\ T '"HNMR Z~”
MUZEIT D= AT IVFERICHFK TS 7 a b B —2
IR D IS TFREE, TEFMHECLDEELY
Kb 7= K OH G Bt S5 T BE i L=,
FOMITBEF—E L=, E£72, 25 ORMESHT
IZE VRO DN TR EARESROMEANEEZS

PTHF-GA-OH (2800)

PTHF-GA-OH (3140)

—

PTHF-GA-OH (7510)

PTHF(2800)-GA-BD-PU

N

PTHF(3140)-GA-BD-PU

TN

PTHF(7510)-GA-BD-PU

-50 0 50

-150 -100

Endothermic

100 150

Temperature, °C

Figure 1. DSC thermograms of the polyols (PTHF-GA-
OH) and the polyurethanes (PTHF-GA-BD-PU) on second
heating scan.

BLTRDONE-ESE L EE S Himsy F B0
R AT ORE PR T T 2 o 'Ky 7
[PTHF-GA-OH(7510)] B\ CIEIE—E L7=. 2 b
R F— NV ZBRID 44T 2= VAR DA )T
F—= R ERIESET LR =25k L, RVT, 14-
TETF =M IV BRERTHZ TR DL
EAR LTz, SONToRY UL OB R
Table 4 (2”3, ZOffIE, 2 H~3 T ThoT-

32 B’V YL Zr (PTHF-GA-BD-PU) OD¥SfEM:
BELIZAR Y U L Z o OFREEA~OFf#EMEZ Table 5
\RT. fRFEY 7L L LT PTHF(3140)-GA-

1.4 |, PTHF(2800)-GA-BD-PU
T | My =0.738 MPa
12 k| Te=1238 MPa
[ | E, = 446%
10}
ok r
i 0.8 |-
@ - PTHF(3140)-GA-BD-PU
R Mygp = 0.276 MPa
B Ty =1.36 MPa
041 Eg =675%
0.2

200

700

0

400 500 600
Strain, %
Figure 2. Tensile stress-strain curves of PTHF(2800)-GA-

BD-PU and PTHF(3140)-GA-BD-PU.

0 100 300

(A)

1010
100 PTHF(3140)-GA-BD-PU
w 108 }
& 107 b
“aoe |
105 L PTHF(2800)-GA-BD-PU .
04 PP TS S S R T U P S S S
-150 -100 -50 0 50 100
Temperature , °C
04F PTHF(2800)-GA-BD-PU
2 0.3F PTHF(3140)-GA-BD-PU \4
[y
¥ 02F \
01|
01.. PRI SIS S TR T [N T T RO TR [ S S Y
-150 -100 -50 0 50 100

Temperature , °C
Figure 3. Temperature dependent of (A) £’ and (B) tan §
for PTHF(2800)-GA-BD-PU and PTHF(3140)-GA-BD-PU.
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Table 6. Propeties of Glycolate-containing Polyurethanes (PTHF-GA-BD-PU)

Tensil Test Viscoelastic Test DsC TG-DTA
m,? o,  Te¥,  Eg’, Rubbery Plateau tand Peak T, of Soft T, of Soft T, °C
MPa MPa % Area, °C Temp., °C Segment, °C  Segment, °C a7
PTHF(2800)-GA-BD-PU 20400 0,738 138 446 24 ~ 64 - -63 21 327
PTHF(3140)-GA-BD-PU 30100 0.276 1.38 &75 22~76 - 66 23 332
PTHF(7510)-GA-BD-PU 25700 - - - - -7 31 346

a) Measured by GPC ; polystyrene calibration. b) Tensile modulus 100% elongation. <) Tensile strength. d) Elongation at break,
e) Glass transition temperature; on second heating scan. f) Melting temperature; on second heating scan.

¢) Theramal decomposition temperature; 5% weight loss.

BD-PU Z VY, 1 wivol%DILFE T, IR TRt
%47 -7-. PTHF(3140)-GA-BD-PU |37 1 kL A, fiE
laF L, B b A F L >, THF, DMF I[ZRE Ch - 7-.

33 AU DL X (PTHF-GA-BD-PU) DOEEHE
Figure 1 (2453 7-& 2800 ~ 7510 O &EEFf-o7
PTHF-GA-OH & #1240 PTHF-GA-OH % Y 7 bt
TARNELTHTDHHERYI D LHZ D DSC 1I2XD
%52 AR OV —F 25 L& Y. PTHF-GA-OH O
FEAREETH 2 PTMG I fGaaE72 DT, 5518 2800 ~
7510 DWFTHOR U ~—"THiEaE ORI AT 50
Ao —r N BllllEnz. —F, ZnboRY A—u
EHAWTHERR SR Y 7 L& 2 TlE, PTHF(2800)-
GA-BD-PU [3-63 °C, PTHF(3140)-GA-BD-PU }3-66 °C,
PTHF(7510) -GA-BD-PU [3-71 °C T T, 2@l =i,
7 N T AL RO TEBENT D &, T, MEL 22D
Mz R L7z, 2L, Y7 7 ALY MEEBREWND
FRU LE AEEHEAOEEIC L VBRSNS —
BT AN RAAL O ZTIZLL Y, TR
EARENMEL ol B2 oD, £, Y7 bk
T AL NOLTED 2800 & 3140 2T HRY U LK
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Scheme 3. Alkaline hydrolysis reaction of polyurethanes (PTHF-GA-BD-PU).
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Figure 4. GPC curves of (A) Glycolate-containing poly(tetramethylene glycol)s (PTHF-GA-OH), (B) glycolate-containing
polyurethanes (PTHF-GA-BD-PU), and (C) CH,Cly-soluble part of the degradation products.: the degradation reaction was
carried out by hydrolysis with 0.05 mol/L-KOH in ethanol/THF (1/9 v/v) solvent at room temperature for 24h.
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Figure 5. '"H NMR spectrum of (A) PTHF-OH, (B) the
dichloromethane-soluble part of the degradation products of
PTHF(2800)-GA-BD-PU, (C) the dichloromethane-soluble
part of the degradation products of PTHF(3140)-GA-BD-
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(A) PTHF-GA-BD-PU M. (B)PTHF-GA-BD-PU M,
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Figure 6. Change in molecular weight distribution curves of the PTHF-GA-BD-PU measured by GPC; the degradation

reactions were carried out in heterogeneous system using film specimens (10 mm x 10 mm; 1 mm thickness) with lipase

(source : Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37 °C.

(A) PTHF-RA-BD-PU MMHJ
without lipase WMy
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Figure7. Change in molecular weight distribution curves of the PTHF-RA-BD-PU measured by GPC; the degradation
reactions were carried out in heterogeneous system using film specimens (10 mm x 10 mm; 1 mm thickness) with lipase
(source : Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37 °C.
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Figure 8. Change in molecular weight distribution curves of the PTHF-BD-PU measured by GPC; the degradation reactions

were carried out in heterogeneous system using film specimens (10 mm x 10 mm; 1 mm thickness) with lipase (source :

Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37 °C.
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AN SEEEN D 2T NAES E AT HR Y
UL EARR UL, ET AT ESEE T 8T
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7 VAU OVERNZ X BIKREOG SR I TR
U7 LZ ST RO AT IFES ISR L, SRR
WINBIFEEICH LRI T R I AT LT Y a—)Li
INECTCEINT DI ENTEZ. LEENo T,
PTHF-GA-BD-PU 347 X 1V U YA J IV AREZRIR U

Table 7. Degradation of PTHF-GA-BD-PU, PTHF-RA-BD-PU, and PTHF-BD-PU: Change in Number-Average Molecular

Weight (M,), Polydispersity (M,/M,) and Decreasing ratio of M, (M, _4)
Reaction Hydrolysis Enzymatic Hydrolysis
Time in Buffer Solution® in Buffer Solution®

(day) Ma? MM My My® M JME My

0 30100 2.19 0 30100 2.19 0
f\i»\,i'u,‘f'.{u L S 30 29300 2.1 27 28200  2.03 6.3
PTHF-GA-BD-PU 60 26300 2.04 126 24300 2.05 19.3
90 24700 2.15 17.9 20900 2.24 30.6

T e , 0 36200 2.43 0 36200 2.43 0
{ ooy o opram by o o0 “',a* 30 35700 230 14 31600 204 127
PTHF-RA-BD-PU 60 34600 2.15 44 25200 2.17 30.4

0 42600 1.77 0 42600 1.77 0
L. OSuGﬂ't-O'.:a) 30 41900 1.83 16 42100 1.93 1.2
\ 2 60 41700 1.93 21 41300 1.83 31
ETHE-RRY 20 - - - 42500 1.82 0.2

a) The degradation reaction was carried out in heterogeneous system using film specimens (10 mm x 10 mm; 1 mm thickness) without

lipase in phosphate buffer aqueous solution {pH 7.4) at 37 “C.

b}  The degradation reaction was carried out in heterogeneous system using film specimens (10 mm x 10 mm; 1 mm thickness) with lipase
(source : Phycomyces nitens) in phosphate buffer aqueous solution (pH 7.4) at 37 °C.

¢) Measured by GPC with polystyrene calibration.

d)  Mpg= (Mo — My )IiMa x 100 [%], My : Sample's M, before degradation, M, : Sample's M, after degradation.
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Domestic Movements of Management Ordinance and Demolition Programs for Vacant

Houses

Kasumi ONO™ , Hironori UCHIDA** and Yoshinobu KIKUCHI*
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Many vacant houses could bring danger to surrounding and neighboring residents. For that

reason, “Act on Special Measures to forward municipalities’ moves for the Promotion of Vacant

Houses” was enforced in 2015. This paper aims to clarify the actual conditions of the management

regulation and the demolition program by the municipalities. The number of the management

regulation and the demolition program has been increasing, and the demolition programs were

grouped into seven types, although the present state is transitional period of response to the Act.

Key Words : Vacant houses, Proper management, Regulation, Demolition, Program
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Symplectic Covariance of Phase Point Operator on Discrete Space
Daisuke WATANABE® , Takayuki SHIBATA* and Takaaki HASHIMOTO*
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The phase point operator A(q, p) is a quantum counterpart of classical phase point (g, p). Its

discrete version was formulated for an odd number of lattice points by Cohendet et al. and even

case by Leonhardt. They both have symplectic covariance which is of fundamental importance in

quantum mechanics. But its explicit form of the projective representation of the symplectic group

which appears in the covariance relation is not yet known. We show in this paper the existence and

uniqueness of the representation and a method to construct it using the Euclidean algorithm.

Key Words : Discrete space, Phase point operator, Symplectic group, Covariance, Group represen-

tation
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Attendance Management System Using Mobile Phone
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In this paper, we show the construction method for class support system using mobile phone.
In this system, we use the Bluetooth function of the mobile phone owned by the students. The
Bluetooth device has a unique address called Bluetooth Device address. Therefore, we can use that
address as a student identifier.

In the educational support system, we create a system focused on attendance management. This
system identifies students using Bluetooth and displays the student’s information on Web page.

Teacher compares Web page with the student, and comfirms whether it is the principal or not. By

using this class support system, it is possible to reduce misbehavior by the students.

Key Words : Bluetooth, Mobile Phone, Class Support, Attendance Management System
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Consideration of Intrusion Detection Method Based on

the Feature of Command Sequence
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In this paper, we proposed a user authentication method for the period between the user logs
in and logs out. It uses user’s feature of command sequence. The proposed method is constructed
by combining three methods. In the authentication experiment, we selected Schonlau’s command
sequence data. And we evaluated the proposed method and its accuracy and considered to use it from
benchmark in background. Then from the experimental results, we confirmed that authentication
accuracy is improved for the proposed method compared with the each single methods and the

possibility that the proposed method can be used in the background while the user uses the system.

Key Words : Intrusion Detection System,Linux,Command,COS Similarity, TF-IDFEN-gram
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Voice Communication System Using the Wireless Etherphone
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In this article, we propose a disaster communication system using ad-hoc mesh network. In this

system, we use the Etherphone which is communication technology using only the data link layer

and the physical layer of OSI reference model. In previous research it was shown that the wireless

Etharphone can perform ad-hoc communication. However, it is not shown that voice communication

can be performed with the wireless Etherphone. It shows that voice communication is possible with

the wireless Etherphone.
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Predict State of the Incomplete Information Game with Game Agent
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In this paper, we can thaw an incomplete information game with artificial intelligence. The

incomplete information game game covers a part of the information to a player and is carried out. In

this study, It is intended to let the game agent predict the invisible part of the incomplete information

game game.

However, we do not know whether you can expect artificial intelligence. Therefore I prepare for

a simple incompleteness information game to know whether you can expect artificial intelligence

and can thaw it. The simple incomplete information game game searches towards a goal in a small

field. The agent searches for the field of this game many times and learns the position of the goal.

The agent imitates a successful example once. The agent begins a search with the start. When an

agent arrives at the goal by few steps, We think the agent able to learn an incomplete information

game. If an agent was able to predict the position of the goal, We may apply the artificial intelligence

for the reality world.

Key Words : Artificial Intelligence,Game Agent,Machine Learning,Incomplete Information Games

1. FU®IC

LAV E 2 —F 2 e CHUEE HAIIC R
5ilA13% < 20 il 5 a vy Ea—8F 2 X%
IHDEVS T EDEATH 5.

aAvVEa—=¥PANE%EF = ATHD, BETIEe Y
FHRICE W TR F v v B Ik L THCIER
ZEND 2% EZDRBEHEE L 1,

2016 4F: 3 HIZ Google DeepMind 23ERL L 72 Al-
phaGo &\ 9 HE 71 75 A AR D hCix b B
DR A O ROV LT s T4 ke
WA RFEZRIND T, F 2 AT T T LBF 2 ADT 7

#RAABELAARZERE 7T - TRV ¥ —Z R THIR
o KPR TR RS A 7 & T8
ok T A FRBANTR
* Nuclear Power and Energy Safety Engineering Course,
Graduate School of Engineering

** Human and Artificial Intelligence Systems Course,
Graduate School of Engineering

##% Technical Division

VRRAY =AU 7 DIZ 1997 FETH D DITH L,
FHE: 71 75 153 2016 4FE £ LT 5.

BT 2 2D &9 77— 4 LR L C, /o
DIEWIERTH 5. Lo TEFRD LI hav Ea—
Y DRI % 7 NS T RR O TE TRV
ANENCE> 2 EDWEETH 5 EEZEZ 5N Tl (B
B EDL I0FEZESONTVE) L Lo
AlphaGo 2SIEFI L 72 2 12 X N TAIBE D FJE
JEMEF TR EI DA 5 3,

Lo L RSN w3 BN Ry —h 12—V x
Y FD% L FEEERT — LI L TOHON% L,
MHFDOFAL, R EDIERDITH 6 T A e E ]
AN S i a Y 1 AR AN

ATEEEWRT — & T T ORECATE) A B
Th, FHIL TR 7% 6 WD h 6T
£ %, BIFITIESZ 0o L H I FHIL 20k
SHRVHELEH D SN T VLD, BEERT—L LD
PSEREWRT — L DIEI DRFEIEEFZS. 2D
fe O BE MDA E LT 3 Bl



AW T, MEEEZENA SN ERERT — L%
FRENCEGE L, Aoe a7 — LISk L ORRREE 1
Lo TATHBEPAIETH 28 o2 FHT2 2 &
DBTE DD E ) DDOHERZAT .

ATl 2 ETIEM & 3 AEaERy — 4
DG 2T V3 ETIREM 2B 21— = v F Dk
AR U Z1T) 4 ETIRERZT LS ETHEBRICKD
HZRER 2R T.6 HTRRDEBER 2TV THTE L
DB,

2. T—LDBEEEEMRE

RO — LIRS — L EATRERT —
LD 2O IND. ey — o L 3Tl
WMOBPREINTLBEF —LTH ), EEMEIH T
LR F = A1k 2 DT h AN RMEE T A
EWT — o L w) EEICES NS

AREEEWT — L IFERO L 2RI T
BOWTF—=LThHY, P 7V T —LRMER EVZNR
WZH 75 WHRITH 577 — L DD KEDIARTERER
F—Lth 5,

AT, AFZETH G 2 RELEHRT — b DGt

= =

2179

21 FEMERBBZATRIBRT —LDEEE

AR THC A ERE RS —LELTIXID
REINZ74—NVEFEEL. ZLT, ZD74—)b
Rz 7 v & MCBIALIE & /% TR ZBLE T 2
F—=L%41) 7L A Y= 5 I3KTHIEIZ DD 5 7%
WE I TE D, FlRME, S X v 77 5 —
74—V EOHDOMTHIEZFERLT 57 DICHRE
XED. KTMEZER LRS- 2) 7, 8
MaERaTET 5.
ZDT—LTORMMEEEFZLE LT, 7L AP —1Z
X% 778 —DAEIZSD DT MEDB TS
WEW) L, BRIIE R TIIEN T v L Th D
26 BRI OLE & T ALE  TOFBES ~E TR E
WIIHIZH D,
CDF—LIZBWCRHliORHE L 72 2 DIZBE) L
7 TH Y, Dl S FIRAETHEIC % 5.

211 T7a—ILRRE

B ET 57 4 — )V F ORI X il #iE/71mic
Y Hili % BT 5 X Hillld e FE L LY il A S
ETD. I 4=V FDA A=V ZRIRT. 74—
VENICBBHE 2 HEHE T 2EEDD X9 % b DI3H

TEL RV, KFXHATIEZ 4 =)V FINTOME [X B
Y R TRT L LT 5.

W1 234567809

W REIERETA

s HARTHAAE
AREN B

BREGH R A E
ENHIEE

ORET 5%y
95—
S:BtgH R
G THIR

© 00 N o gk 0N =

M174—NVFAfXA=YH

212 FBNEBEEERTME

BHIRRIE % [1~3,1~3) D TF v ¥ LITAERKL,
T HiE % [6~9,6~9] DHFIFHT T v ¥ L EKT 5.
B 1 NDLE D 9 = ZADBRIRALE O A BRI & 72 D,
LD 9~ A& TALE DA LHIPH & 7% 5.

BRLADZIEDS [1,1] TR T ALIEDS [9,9] o AR b
BREAHZIE & & T AZIE N < 72 b, It 16 < &
L%, F I, BARGLEDS [3,3] TR T HZEDS [6,6] 720
TGAEDROEL &, B~ AR 2. 2D
72 OBHIRAIE & & T AE oM O R 6~16 <
ADMITET 5.

213 FvY>U79—DRE

¥y 7274 =121 MOFIETETEAGD TR
W12 ARTE 2 ETE, RO HICIEE)T 22\,
¥ 7 7% —OBE T REHIF IR E & & & FRk
KK TICRT. KMIHIZBWT, OBXry 532725 —%
RLMEE 1 v 2A03% ¥ 7 7 % =23 1 MO FNTHE)
TELHHE 2 5.

3. IT—YxzvhDE:

=2z v MEABORD O ICEM % Rk 2
2L, AMETIZEMNOX v 7 7 & — 28T
ZHEETH . T—2 = v MIEM I L TS
2T\, M OB Z RO TV L

I—=Y VDX YT 7Y —%EDT OO
HCEEFEZARARICTHIT 5.



3.1 1TEHE
HEARNICAETOL -2 ME T VP LI x v
708 —%EPT. 2= = v MIEMICED i
BUCSBEI AN L TAT—2 2 & LCBEiE &
WO EZRF7ZE S, 2D AT — ZADOPIMIEIZ S E)
HEZH L TET—ET25 TH2
CNRWEIETIR I Y 2 v FEETDOHAEAND
BEIfERENHEL Th 2 HEE®R T 2.

32 FHEFE

BAEITHHL L)oo —2 = v b I3RBENMEZ
O. ZOBENEEZLEE LI LT —Y 2 v MY
HEHED T BEIEIEK TIEIC X 7 77 —0
FEL, @M% T2 EFCEBENET, =020 7
L 2R CREINEIC D W T2 AH X ¥ 5

ZHICE D =Y 2 MERTEFR T ALEICERE L
7o, I L 2l 2 i) Xk H e EBx2ED TV
NEMELIEYET I EIckoTZ— = MK
FEZHED TV L,

FEGTEDA A=Y M2 2 10T, FHUfEz R >
=Yy FREBEHET 2. Szl HRL
L, INsnz—Y v MizhFh, EIic i fil
tr. AR HSHEM % it 7282, SRR O TRt b S
fEDE I =Y v P RIERT 5.

ROIHIMEDEH VI —Y 2V FDRTF—F A% Hi>
fex—y v b, BREFRCHELZTHETS. 2
NEE AR ET 2. 2NS ICHEBRICEM 2 @8 5.

Z D@ —ERBAT > 7288, I To b o &
HIEDOE VI —Y v FDRAT — 8 R REEK
RET35.

33 EFEFEROAK

tIHD 7 — LA DRD L A~OBEIEZ U, & T
2. [FARRIC ¢t MHDZ — L DR T A~ OB B E %
Dyt FIHD 7 — L DR DA ST HANDIEENfEZ Ryt 7]
HDZ — 0RO EHI~OBEfEEZ L, L T5. %
BhiE DRIAE X Uy, Do, Ry, Lo T S 41,3.1 fii TR
L7ckiicznzeinls ©bs. £HA~OBEHED
BEHUILL T RIS,

U1 = U + CU
Dy =D, + CDy
R 1 =R+ CRy
Liyyv=Li+CLy

CU;,CDy,CR;,CLy (X t MIH D7 — L TOKIT I
~OBENE AR L TE D t[BIH TCOBBEHEIC ¢ [ H

63

'I—ﬁﬁﬁ|

e OOOO ~ QOO

F—LRfT

RAFEEOHNT—D ) |

9000 — 0000

AT —SAERIEC | =
s QOO0 - OBV
| LR
E BYEL

M2x— x> bDFERITEARA-Y

D=L TOBHNEE R LEbE 5 I LTl BH

OBEEE R T 5.
ZNZFhoBWER% PU,, PD,, PR,,PL, T&T.

BEIEROEH A2 AN IR

U D
PUt Ut-i-tD PDysy Ut—i-tDt

R L
PRiyt Rt—i-tL PLtt Rt—i-tLt

2FECTHIL 72 X 9 BB E D & W R 1
BEOAIEIZA T /HEICSH 5728 PR & PD ORERDK
S B DEBFHINS.

4. RE&

FRICZ—Y = v MOEM Z fghe 52T 7.
Sl ARE < @A B 1,000,000 7] & 72 % X 9 1227
BE2ATH . SNRFEN LABBROT— 8 THIR L, %%
BBTATOIDE ) pOMREZIT). 12, 74—
WED 1 2 AHOBEHEZ LS LICX>Th
BETo TR 0DHEREZIT.

4.1 ZTH
SEEPFTIRIC L= = v MR @D 5
AR TIII—L 2y MET V¥ LRI FE ¥

78— %8BT 50, B TIEEZ S0

BB TRELCL ) Al H 5. 2 2T 1D

ADIFATTIE 7 BT S & 5. 4l 100 [AlE

M % i, 5T O TOLEDOPRIRIC H 0> > 7 T4 )

[EE & RN



64

DIFIZ 2 DR D Z 102 1D kAT R 5k o [X] % 7
3.[1X 3]

BN DT =5 TH 5D THREMERIIAET25 % &
o T, SERICT VLI 720, YRR
BEEEEIZL L k5.

4181100 [BIDEAFTH, IR 0 BRI THE 107
EIC A7 b DTH 25 MOBENDET 5 7o ABIRIC
HH-> 72 b DTH 5 D THRlIRKDOEI R DY;E,1462
md DEE 21T 5 7.

R RTEERIE & e/ NEENR L 2 R % LR/
25 ME D7 D A b DD X HIZRZ B3, S ED
74—=NVFIZ9X9IDES ?ATHLZDTLEMED
2D 3EEBE L 722 ik b, %3 hwuhpdi
WERBZARVIZEOBBIRKLESZ 5.

411 ZFEROBBER

HEEOT—=FEHWT, 74— VFNZZ—Y =
VIEBX YT Y= EDLHICEP LT E 0, Z
NZNDO3? ANOBEHEZ 5. X412 100 [FlDFL
TD 9 B S MEAIC 1 DBV L, Z2 DO ENSHE
BEART.

4TI, ERREVEZAFIEI—V 2V DT A
ZHNTOE EWI IR K2R T X I I,
FRIGHZIE DL C 2% CRER L, M TZEMNITIZH £ D
BELTCRWI EBTh 5.

ZAUIBIRNIED S 7 2 —Y = v R DMRAICATE)
HiPH % AT TIT o T B K ICHRZ . 2D 00k
TH B IZBIBAIE D S WALE D [7,7] 1T St
R DS A e BRI TIREB 2T LT b C
EEZ6NS.

42 EFEHEHEREDL

EAE & AR DRESS 1,000,000 1278 5 & 9 72EE
ZiTb 50, EEE L MR DR 1,000,000 & 7
2 %) MBS K HET 5. 2 2 CHRIOAEICHE
L 7l L RBo A2 HER T 5.

Lol % 419 o 13 AE k% 10 THEL 100,000 D2
b, fEAR% 100 THANEL 10,000 D223, A% 1,000
THAEL 1,000 D2EE, 8% 10,000 THAVEL 100 D
A8, 8% 100,000 THAEL 10 DEEDERS 2D
HEELTY.

BonNBEERZAE T LT5. Z0¥H
T =% % F\ T 100 [AEM % i@, Kk T & 7 Hl
RO BB D T =5 %2 T AT =5 £ T 5.

ERF =Y DEHANDEIMHERE T A T —%
DI KEBRIEL, e/ NMEBNRECE T 5 2 LTk d

BB (17 @l LR AV (DY 8 At S I
o A% 10 X HAH 100,000

FEBOETT OB EMERIL  22.50 % T 27.53
%45 27.50 % /7 22.47 % L 7x o7z,

ZDYE T — 5T 100 [IEM % it 7S, &R
BEjnIEE 436 01T, /EENINEUL 12 [FITH > 7.
B DT — 8 LA ESDE T O ANT L
S 7> T\ 5.

o A% 100 X A% 10,000

YRR ORI NDOBEMERIZ F 2031 %, T 29.67
%, 45 29.68 %, /£ 2035 % & 7o 7=,

CDHEE T — 5T 100 [lEM % R 7 k53R, R
B E)al%d 444 [T, R/ NEBIRIELE 18 BITH > 7.
A% 10 DR & e 2 &, A5 N AT < EIF 2358 <
%5 T 2 DI KB BRI & /NS BRI 2 H
oz,

o A% 1,000 X tHAEL 1,000

FEBROSZ TN OBEERIZ | 18.18 %, [ 31.92
%, 45 31.78 %, /£ 18.10 % & 72> 7=.
CDHET — 4T 100 [R[EM Z @8 75 2R, R
BEyaE0d 201 91T, R/ANEEIREUE 9 [ CTdh > 7.
fEAE10 & 100 D & R 2 L AR B o5k
HITRE > T 5. i/ MEEIRECD [ IS L
TEBHYEEPEAT DL I EDBTD 5.

o flHA% 10,000 X A% 100

FEB O N OBEERIT | 16.08 %, T 33.76
%, 45 34.32 %, T 1584 % & 725 7=,

CDHET — 4T 100 [REM 2 @8 721, R
BEpEEE 155 [C, meMEEINIEL 11 FlTh - 7.
EA% 1,000 & IR 2 L BEERDOZ{LIEH 5 b D
DI AEB R L e NEBRIE D RIEIE H £ H 2L
Dotz

o fIE{A%1 100,000 X %L 10

HEBRDOKTT~OBEMERIE | 14.22 %, T 34.60
%, 47 36.01 %, /£ 15.17 % & 72> 7=,

CDHHE T — T 100 [RIEM % il & 75558, K
BEhaE0E 218 [T, /EEIRIEIL 9 MTh - 7-.
A% 10,000 & FEIC 1,000 225 DA F RZIZ R
537\,



EF— 8 DRI ENDOBEIER L 100 [HIEM %
fggd o7 A b 7 — % OEAREEINIE L RSB R
DT HRIEZ AR L T e, 7T AT —
8 Dz, ¥ 2B L THIKT 5.

1 HBEETOT A N7 =5 OfizE, F,
RSB, e/ NEB)RIE % Gl

it

7 1 BB o 2 3 el AL

1BiER 100k 10k 1k 10100 10 EEH

BE 2810 27 50 95 95 6275 81 85 2620
419 5024 5079 61 65 8743] 11303 282 4
BA 218 155 201 144 136 1462
)l 9 11 9 10 12 25

fRzZz% 2 L3 S g U T2 10,000 %
TIRIEA LT 3. L LIEEREL 100,000 2> 5 1380
L, b ARk IS8 A% 10,000 £ TREEAD L T0 3.
A% 100,000 (XA %L 10,000 & IFIFREIGEO & 72>
72, L LIE#EE 10,000 D54, i NEBIRED A L
BimL Tw5.

SRDFT AN TF =% EDOIEET—y TH
% 100 [IEAT L 7228, 20T A A% 1,000 & fEE
%%10,000, fi{A%% 100,000 DOWARE 2 £ L Z 22 7p o 72

LA X 23T H B AREIEDS B 5 72 el T L
2% § 5 ETHREDDROT AT =8 2T
% . Z OEMAEL 1,000, flEA%L 10,000, fE#£E% 100,000
DI % WD T 9

ZOMRUTORD X H 12k o723 2]

2% 2 A% 1,000 BARE D 2735 ik L Hfg

BfFE 100k 10k 1k

1 36.74 3316 36.06
1 4773 50,39 6110
| N 585 408 445
Bl g 5 B

IR ERAZIZR o NT, T, K, s v
THERIR SN o7,

Z DFERD S A% 1,000 THEEH DHEFTDIEE - T
WEIEBEZOND. 2D DS MEEE 1,000 T
YERETIODRBETHL EEZOND.

5. @R

FLBR D K5 AR A S 1,000 THEE AT DHRIET
ol T, RICFRLZEY)ETOFEEHICEWT
G TNHEANOBEERENPRES B DA TANDEARD
IR INTWDE I EBRTh5.

M 51 BB T —8 %> 100 [MERFTL 72 &
O ZRT.

SEEETEERBO T -5 LR T 2 LRI
HCRIRICBBIRIEDSH-> T3 2 L2 3 L X5
5 RT3,

100 [HIERAT L 72 22 > C O AR B BI5E 201 [T
FEATD 6 R 2 LI KB ERIEUERIFIC A LT
Vw3,

L2L,Sho7 4=V Foge~ 253 81 v AT
HHDOT[,1] 55 [99] FTHICEHERLALELT
b 81 [ L REIL 2\ I b 2200 55 201 [0 OF
BEfToTw20T, EFICBEHNEIL . 2o
E 6 Z ORI 6 T3 HiTH TR T E & D
FTEBLTVIHEBEZ NS

51 FEROBHEE

HEBDOT =Y ZHNT, 74—V FHEZ—Y =
VEVBEDEIIHBEIL TLED, ZNENDT AN
DB 2 WL 2 . 223 & FBRRIZ 7 12 100 [l
1D 9 B S MIERIC 1 DEVE L, 20RO BE)HE
JEx2RT.

RPN EZAIFE - 2 v P RAENT
WhEW)HITA D, BRI TR L B D g
BHNIBHIROIET < 28R L Ty, FEBIEHK T
PrEAHEZ ISR L T b 2 E30h 5

CDOIEDLERBTATVwREEZONS. £
7207,7) DELED G ICODDWBTW B & 2 AWK T iz
ETHDD42 CTRLGED K TMEZED 75T
(8,81 225 [9.9] fhiE 2B L, FH L TWwW 5 T & h%%)
5.

Sl OBEEE 2 [ % & 22E OfE R 2 & FAtA A7 E
6 RTHRTMEIGTTICH S EPRLA T A
7> 9 A DR, Z D7 D AHRD [9,9] 1T T A7 E
DI S LT R DS L A 2 T Bh R B CER SR % %
TLTWEZENEZLNS.

g&{_\

L]

FEES
BEEBEE

fﬂwﬂﬁL&JMMJMﬂgmﬁ$mm

7 21 25 26 33 47 41 45 49 53 57 &1 65 £9 73 77 81 85 85 93 47
B

¥ 3 2 Hi DB B a1 %L

65



66

=18-21
=15-18
=12-15
ug9-12
6-9
3-6
0-3

X 4 “AEFT DS~ A NDOBEHIE

RRESHAYAPS

2
§ -
e T
-1
[ 5 B O B
W12 3 456 7 89
;
2 s
3
4
5
6
7 G
8
9

X 7 2B % D~ A ~DISEHEE

6. EXR

ANTHIBEEZ VT, 7L A ¥ —Icxf L T ToER
DBEZ 5N TR WATEEERYY — L ORIEDOYH
ZiThH 2 IR L TREEHEFIEL 1,000,000 O HCiEfd
B MR EELE %,

Z DFERS M OFEFNTE b # L T 3 DR
1,000 %% 1,000 TH - 7-.

TEAEEDS 1,000 & b D72 UIBENRED S\ b D
WAL CD=A F AHEHANE L 7AHIC 7 &3, 2280
ENTLE) T EEZ5405.1,000 X D% 0EA1E
2 A A 1,000 FHET—E & 7 D A DHEARD
—EBILRD EEZOND.

2EBDHERD—ETH B 7 DS 1,000 X D %<
oteT Ak F =2 EWTEEE 1,000 & K20
Rk EEZoN S,

EAEL 1,000 T2 24T o 7 F5 0, 2B R R T
BEIBUX R KDY 1462 205 201 ~NJFEA L, fe/hhs 25
5 9 LTE D, BEINEDOBLR, S W2 L4
BREHL w3 tELZ6NS

72, K2 ANOBEBELE 2 A5 & oEE% T H
L CH 5 L EEANI BB AT %2 BRI L T
VBT EDRD D EEBRIIK T EDR D 2 E
IR L TWB I EDNSh 5. 2D Lo o BEEE
DR R THEHRIIRD L TwE EEZ NS,

BEhERIZ oW T H FRIC, 22FRNE 2T 25 % T
HolDs, EE%ICIE E 1818 %, T 31.92 %, 47 31.78
%, /c18.10 % & PRI L 7238 D £33 & P AN R L
TOMERR L5 TEBYDEADIIFINTVE I LN
TPBH. ZOIEPLLFEFRFBILTEEEZS
ns.



F 7o, ZOFEE LA EBOBEIERO LD 55
B DOARFERERT — L2 = — = v MEBIRAL
B0 WTH N AMICHK TAZED D 5 & PRL Tw
LEWZ D,

L2LARoTMEZBETL o412
FEATOHICKTNENPDD EEZZOEEAT
~NMTZ I ET B0, A TOE AR LERL <
LEH)Em2H 5.

NS ETOTFEZBELINOPEZT S L v
IN—NZHEBTETHELRSETHSE. ZDOL—)L
DT ENUXZ DB ORI H - 72 Il DS HHE T
hrLEZLNS,

ZDLOSBOBHEE L CUITEHE - GADH
Wi &, BRI A EEHE LS TONL— V2 IEE, '
BHIZV=—NDhDs 1 OZFERLITEIT S L—L
DEEE) 2 ODRINDFEEPRE L 72 5.

7. FEOH

AT O TV 5 N THIBED F = AR, PHED
X9 R R — L ~DHEH A TH 5.

SR LA 2 582G W7 — LT Al
F=LIIR L TCHIEZE D I ENETHE2ED
xR AHEEBERDOFET 2 H O TR T — o
R L, 2 DERE T 72,

SEDEFIZBEWLTH 2 &b ET o kiRegEh
#11,000,000 @ H OAEAE & HAB DA G (31
%5 1,000 THAEL 1,000 TH % F#H 7LD L T
5 EnI)FERIC R 5 7.

EHAS 1,000 R DRHEAEDIS < iUl 213 L
BAEBEBS ~EDHBAEI—C 2y MEEEZ2 LD
BT, Lo, lfiE% 1,000 DL EX»S
BEEROZLIZH b0, 7 A FikfT 21T
7R D OB RIE 722 DAEIC K Z 28 LhsHL
5N o T2, EAREL 1,000 25872 L& 2 7.

F 7o, R ERELSTIUET 21 EEHITHD2 S
IR TN TR IS0 L, IR FEIRE D 502 6 5 > TH
E1,000 HEIETH D LEZ LS.

HBOMRIDI—Y 2 W37 4 —IL FNZHER
T 2720 DEITMA~EET A HMESRIE /51 18.18 %,
TR 31.92 %, 457517 31.78 %, /5511 18.10 % &
ot

EEAOFETIRA T HANOBEERI G %
HIENTRINTED, PR DR E - 7.

7, BEEREBE L -t c—Y v PO
BfEA D2 LI TIIEDO M2 RE T 5 L 9 1k -
7o 2 L TRENBBEINEOBA B Lo L

BISGEET = TOMTZMEDL LTw 5 Ligh
T8 YATHLDIINL Zhatz 2 IEFICHE)
BB % AT & 17z,

INRERTMEZEECURECERELCLES
BATIORI—Y vy MIKTRHEZBEZ &
RN E 24 P TED S 5 & TRL
TLESTWBEDTHS.

INEWET EEDICIFL— LBk >TT
MOEE L2 LE I 208035 5.

R E L TIMEHIC A 25410, S TPl
WELMNOPEETTZOFHICHE->THEIC X9
W22 L, HaDORAMD v 2ADHERT %2 Z LTk
TMEZED TELRVLIICTLEIEREZL—L
ELTERTEL L) BEEHZEAT LI LB
5N5.

EE PN

[1] WA BB 2 F 2 A AIFa v Ea—
Y F 2 2ICATRITNER S 27D ? 15
ALFE, 38 45-8 5 ,pp.705-706(1997)

[2] David Silver, Chris J. Maddi-

son, Arthur Guez, Laurent Sifre, George van

Aja Huang,

den Driessche, Julian Schrittwieser, Ioannis
Antonoglou, Veda Panneershelvam, Marc Lanctot,
Sander Dieleman, Dominik Grewe, John Nham,
Nal Kalchbrenner, Ilya Sutskever, Timothy Lil-
licrap, Madeleine Leach, Koray Kavukcuoglu,
Thore Graepel & Demis Hassabis:”Mastering the
game of Go with deep neural networks and tree

search”.Nature, Vol.529-7587,pp.484-489(2016)

[3]1 AP A, B FHtk, F1 8, 2R HEALA S 4
TEWR7 — DB 2 IBNE 7 AL a KRR
TFIEORRE, [HRUB 2w GEEEE Tk &
J&H (TOM),Vol.8-1,pp.38-44(2015)

67



68



R IERE T M O RSB T Fe b il Sim i 2 B 2=

AT & flEimtE L B R

HEOER IR IR B B - B LEEHIL

i OKEl W AT 7 LEHR WA ATA @ﬁﬁal%ﬁﬁ

JIE &R MRS TARR IR e AEWISIHEERK

MG ERE E TR A TEM HIEEY AT AR

S EA RRHE SR TR Jigs R RS s 2R e TR
TEENPERIT e B —

http://[www.eng.u-fukui.ac.jp/ResearchActivities/index.html
FEIFRFME M ER AR Y Ry U (LPrses EE)
http://repo.flib.u-fukui.ac.jp/dspace/handle/10098/572

ZON=VAO TASH) A2 270y 735 LERIEOY X RBRERRSINET,
ENZIHHRADIZERT s 7 —2 (W@ RFEE) OURL (EFiEFHROA)
http://ci.nii.ac.jp/vol_issue/mnels/AA12208150_jp.html

BHARZILZMARMRHRE
20174E3 H 24 H ERkil
201743 H 27 H 347

IR AR B A sE Rt

T910-8507 MWHHLH3THI-1
BaE (0776) 27-8016 (afy W& MIF ZE 3 31

FIR AT HEEEEMRI R x4t

69












