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1. Research Field and keywords
Research Field : Evolutionary Computation, Al, Deep Learning, Natural Language Processing

Keywords: Convolutional networks, GPU computing, autonomous driving, drones, digital art

2. Research themes
(A) Application of Evolutionary Computation techniques to solve problems of the type:
Optimal design of business and service systems
Minimization of energy consumption
Optimal staff allocation and team building in project management
Optimizing capacity problems
(B) Application of Deep Learning techniques to solve problems of the type:
Autonomous driving
Drone flying
Image Recognition
Natural Language Processing
(A) Evolutionary Algorithms

Engineering and business application problems involve large number of variables. Optimizing these
kinds of systems involving large number of variables leads to a combinatorial explosion which cannot
be solved by conventional computational methods. Evolutionary algorithms are designed to solve these
types of combinatorial optimization problems in a reasonable amount of time. This method is an
approximate, but intuitive approach based on making a computational model of the evolutionary
processes that are found in nature. Evolution is a random process with starts with a limited set of objects,
subjects them to evolutionary process which in the long-run results in the suppression of the defective
objects and the emergence of better-fit or optimal objects.

The Evolutionary Algorithms work on a similar principle. They start with a small number of random
solutions to a given problem and apply evolutionary operators to these solutions. After many repeated
runs (called generations), the inferior solutions are eliminated or replaced and only the superior solutions
with respect to the numerical value of an objective function are allowed to evolve.

This approach is meta-heuristic in nature, meaning it is domain-independent and hence can be
applied to a wide range of problems. In my research, I have attempted to apply this optimization

technique to problems in domains like service systems, project management, railway engineering,
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computer games, etc.

(B) Deep Learning

Applications of machine learning algorithms to image recognition involves very intense

computation. Even high-spec multi-core desktop CPUs like intel i7, 19 need several days to compute

modest size models. To overcome the CPU limitations, recently Al researchers have moved on to the

use of Graphic Board Units (GPUs) for performing image recognition computations. Hundreds of cores

on the GPU working in parallel greatly reduces the computational time. I purchased a couple of Nvidia

P100, GTX1080 Ti, and RTX2080 GPUs to deepen the research on lane detection, obstacle detection,

pedestrian detection and traffic signals and signs detection and recognition in autonomous driving.

This year we further extended our autonomous driving Deep Learning models to include the

following:

(i)

(i)

(iii)

(iv)

Road marking recognition: In the past years, we had successfully trained Deep Learning models
to recognize road signs posted along roadsides or hanging above the roads, like directions,
speed limits, etc. This year we extended the Deep Learning models to read and recognized
letters and signs painted on the surface of the road. The difficulty here is the speed of the moving
vehicle and the angle of inclination of the camera towards the roads ass the vehicle is moving.
Our results were successful on large datasets.

Self-parking: It is difficult to train autonomous to park in the simulation environment because
of lack of datasets. We went around clicking photographs of parking lots in Tokyo and through
the techniques of data augmentation tried to increase the instances in the dataset. With the
extended dataset, we succeeded in training the model for self-parking. In another study, we
created several parking slots using the UNITY game software. Several agents learn the art of
parking through the latest variations of Deep Q-Learning. Another novel experiment was
curriculum training.

Japanese Paraphrasing: This is a Natural Language Processing (NLP) project. A huge corpus is
fed into the Deep Learning Algorithm and it is trained with many examples of paraphrased short
sentences. The latest model developed by Google called BERT was used. Training even on
advanced multi-GPU platform takes a couple of days. Our programs produced acceptable
results.

Green campus project: In 2019, our lab received funds from the Faculty of Science &
Technology for the “Green Campus Project”. The aim of the project was to develop a robotic
vision system to sort out solid materials from the trash cabins on the campus. Although the bins
are labeled so that students and staff on the campus dispose their solid waste accordingly, almost
always the trash bins are found to contain mixed waste materials like paper, plastic, pet bottles,

aluminum cans and glass bottles due to the carelessness of the people using them on the campus.
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The solid waste is then categorized manually by the university workers and prepared for
disposal. Our aim was to use a vision camera and robotic arm to PC that would recognize the
objects from the photo taken by the camera and use the arm to sort the trash. New algorithms
for recognition of materials including occluded objects were developed. The project was
divided into two parts and two teams of students worked on them. We are still continuing with

the project in the fiscal year 2020.

3. Research presentation and publications in 2019

1. Roch-Dupré, D., & Gonsalves, T. (2020). Increasing Energy Efficiency by Optimizing the Electrical
Infrastructure of a Railway Line Using Fireworks Algorithm. In Tan, Y. (Ed.), Handbook of Research
on Fireworks Algorithms and Swarm Intelligence (pp. 263-282). IGI Global. http://doi:10.4018/978-
1-7998-1659-1.ch012

2. Rikuka Takehara, Tad Gonsalves, Parking space identification for self-parking SDPS2019, July 2019.

3. Rina Komatsu, Tad Gonsalves, Generating Conditional RGB Images with Conditional DCGAN.
SDPS2019, July 2019.

(https://sdpsnet.org/sdps/index.php/conferences/sdps-2019)

4. Rina Komatsu, Tad Gonsalves, Conditional DCGAN’s Challenge: Generating Digits, Alphabets and
Katakana Handwritten Characters, A\ THIREFS2FE KRS CE F 33 BeE KRS, —t
HHEN NLTHBEFR, 20194 6 H 4 H—7 H, #HiKH (FE).

NOTE: Due to the COVID-10 pandemic all international conferences were cancelled. We had to

withdraw three conference papers in March 2019 and refirain from submitting papers to international

conferences during the pandemic.

4. Collaborative Research at Sophia University

I have been working with Natural Language Processing (NLP) projects in English and Japanese.
In 2019, I extended my NLP research to the Spanish language along with the two staff members of the
Spanish departments. Our work is mainly in computational linguistics and creating teaching materials

for students, using advanced Ai techniques.

5. Educational responsibilities

Regular Courses Taught in Japanese

Introduction to Artificial Intelligence, JavaScript Programming, English Communication Skills,
Information Technology Experiment | & Il (Coordinator), Department seminar.

Seminars Taught in Japanese

Human care science, Social Informatics

Regular Courses Taught in English (Green Science & Engineering Curriculum)
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Simulation Engineering, Information Literacy, Basic Informatics

Under-grad thesis directed:

1. Japanese paraphrasing using word embeddings

2. Material recognition through Deep Learning

3. Recognition of occluded objects through Deep Learning

4. Controlling robotic arm for waste disposal

5. Crop yield prediction through Machine Learning

6. 3D object recognition through Deep Learning

7. LCGAN: Conditional GAN with Multiple Discrete Classes

Grad courses taught:

Artificial Intelligence, Information Science Seminar, Grad School Informatics Exercises.

Master’s thesis directed:

1. Japanese paraphrasing using BERT
2. Deep Q-Learning for self-parking system
3. Road signs recognition using Deep Learning

6. Self-evaluation of educational activities

In all my lectures and seminars, I have adopted the “learning by doing” approach. Quite a few of
the classes are held in the computer rooms. The students get a hands-on experience in doing things and
then learning from their experience. [ am also using MOODLE effectively so that the students can login
and continue their study from remote locations. Apart from the lessons, extra reading material, exercises
and drills are also uploaded on the MOODLE site.

Another approach I have adopted is to teach English indirectly to the Faculty of Science &
Technology students. Some of the coursework slides are only in Japanese, some only in English and
some bi-lingual. This approach exposes the students to terminology and contents in both the languages.
Nowadays, most of the students are addicted to their cell phones and getting their attention in class is

increasingly becoming difficult. I enforce a zero-tolerance policy to the use of cell phones in class.

7. Activities other than educational research

I believe computer skills are necessary not only for science students, but the arts students as well.
In my Computer Literacy and other classes, I encourage the students to pick up as many skills as possible,
including programming. I invite interested students in the arts faculty to come to our lab for to learn
some basic programming. They find the programming skills essential for job hunting.

In August 2019, I was invited by the IIT Faculty of Science and Engineering, Commillas University,
Madrid to give a talk on the future of Al. In March 2020, I was invited at the University of South Florida,

Manatee campus, Florida to participate in a joint research project on “Al for business”. The
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collaboration work resulted in the writing of a book which will be published by Taylor & Francis at the
end of 2020.
I am in the committee to select new staff members from dozens of applications for teaching post
in the Department of Information and Communication Sciences. My main job to check if the applicants
have good teaching and research skills and are capable of teaching in English. In 2019, we had several
seminars and interviews, but could not find a suitable candidate to fill the post.
I am a committee member of the following international committees & conferences:
1. Conference on Computer Science & Information Technology (CoSIT)
2. Society for Design and Process Science (SDPS)

I am a reviewer of the following international journals:
1. Journal of Soft Computing, Elsevier

2. Journal of Artificial Intelligence

8. Contribution to society

During weekends and vacations, I work off the campus. Being a member of the international
Catholic Society of Jesus, one of my duties is to attend to the psychological and spiritual needs of the
people. I take part in Sunday liturgies in Catholic churches, organize social meetings and conduct

spiritual and meditation workshops.
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Department: Information & Technology

Name: Fabien Trihan

1. Please specify research area and keywords (Please indicate research area and include
more than one keyword so that the general public can understand.)
Research area: Number Theory, Arithmetic Geometry.
Key Words: Elliptic curves, function fields, Iwasawa Theory

2. Research theme (Please itemize your research themes and describe the medium- and
long-term prospects of your research. If necessary, please specify the theme of your

undergraduate research or research in master's (doctoral) program.)

“Geometric Iwasawa Main Conjecture”

“Tamagawa Number Conjecture for varieties over finite fields”

(Prospects)
The theme of my research is 1) to give an expression of the zeroes and poles of the L-functions
over varieties over finite fields, in terms of arithmetic invariants.

2) To study such expression along Galois covers of the basis.

3. Research results for fiscal year 2019 (Please make sure that you enter a list of publications,
conference presentations, and other achievements into the Sophia University Teaching Staff
Educational Research Information Database. In the response sheet, please specify how much

you have achieved either in text or in bullet point).

-(with Vauclair) We establish cases of the Geometric Iwasawa Main Conjecture for abelian

varieties over unramified Galois extensions.
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-(with Brinon) We establish a formula for the zeroes and poles of L-functions over

quasi-projective and smooth basis.

-(with Lai, Longhi, , Tsuzuki, Tan) We calculate in numerous example the mu-invariant of the

Galois module associated to an abelian variety over a function field of characteristic p.

-(with Vauclair) We establish a comparison theorem of cohomologies, part of the program on

the study of zeroes and poles of L-functions.

4. Collaborative research activities both on and off campus (Please itemize your joint
research, on-campus joint research, and others, if applicable. Should there be any symposium,
lecture or seminar you participated in, please specify them as well.)

-Ongoing collaborations with David Vauclair (Caen), Olivier Brinon (Bordeaux),
Lai-Longhi-Tan-Tsuzuki, M. Gros (Rennes).

-Co-organizer of the 60™ birthday conference of B. Lestum (Padova, sept. 2019).

-Research trip in Rennes (Feb. 2020)

5. Educational activities (Please specify the subjects you were in charge of, such as lectures,
experiments, and practical training sessions. If applicable, please add seminars or off-campus
educational activities other than your lectures and text or material preparations.)

-GRADUATION RESEARCH (year long)

-3 year Seminar (year long)

-SCT51300, ENGL. FOR SCI/ ENGINEERING (spring 2019)

-SCT1160E, MATHEMATICS B(CALCULUS) (Fall 2019)

-SCT1150E, MATHEMATICS A(LINEAR ALGEBRA) (Fall 2019)

-SCT1170E MATHEMATICS EXERCISE (Fall 2019)

-MSCT7045, ENGL.FOR SCI/ENGINEERING (Fall 2019)
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Besides these teaching activities, I have participated to the making of the Entrance examination

for first year as well as Master students and also to interview of future first year students.

6. Self-evaluation of educational activities (For main classes you were in charge of, please
evaluate your educational activities based on the results of course evaluations (survey), tests,
exercises, and assignments carried out in the classes, results distributions, and so on. And please

specify the effect of point that you devised and future refinements.)

I implemented Moodle as a support for my 3 main classes (Math A, B and Exercise) and I

obtained a high level of appreciation by the students (more than 90 percent satisfaction).

7. Activities other than educational research (Please specify membership in both on- and
off-campus committees and secretariats, if applicable. Please include such roles as homeroom
teachers or membership in working groups as well.)

(On-campus)

-Participant /Organizer of the Open Campus 2019

-Co-Organizer of the Colloquium of the Math group

(Off-campus)
Editor of the Tokyo Journal of Mathematics

8. Social contribution activities and others (Should there be any item that is not included in

the aforementioned, please specify as needed.)
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VERHIUE, FERERLEL (L) 0T —<Z2RALTIEEN,)

[1] Schur Z &£ — % BE DO H'E O fiE ]

[2] Kloosterman F1-~DREAIE G M T 7' 1 —F

3] A~ EE—2B% (%)

[4] [¥—% B & FEEPh) (Z001)

[5] [HFEBOEFH-HEENSOT T a—F-) ()

[6] (A T —XIZ X D MIREEICREI T 2852 (Z54001)
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3. 2019 FEEDMERRE GhitrskE, FRRREOER) 2 MT [ LB KFHBHENLEHT —
BR—2 M PTRALTL EEWN, 22Tl R A CEE - IIEAEX TRALTLEEN,)

[1] Schur Z & — & B DO MEE D iRt B

Euler-Zagier T ¥ — & BA O G imIILIE Th 5 Schur ZH ¥ —# B>\ T, %
DOYEE ZBRT DA DT, BAREIZIE, BLTD 3 2O E21T - 7.

(1) Lie REEPBELRT D (— FROE—XB%) &, Schur ZEE— & B%k & O BIFRMAEH]
2N, A K G ERRKE) AL ED . EEEOMERSREE LT,
Anti-hook ! Schur ZEHY — ¥ % 7L v Y ARIO L — FRY— % B¥E Hv T3
R DT EITHKREI L T e, REE DO T, ZORFOMBIZONWTHET L&
Wz, ey VRO — FRE— SR W2 E£RIZ OV T, Brubaker-Bump-Chinta-
Friedberg-Hoffstein(2006)IZ & » TER SNV A NVEET 4 U 7 VRBORELL L B7e3 2
EINTEDHETELE.
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(2) WEEEEOHFE TE A L7z Schur 2 8B — & BAEUIZBAfR T 5 Schur Z B M0 D\ T,
TORHFRAEZELR L. BAREIZ, 2, )R XY K&V Hook BUZRE L2 B AICB W
T, PRI R ZNE LN, (2, DLV /NS Hook B SV CIE, Bl e &
TEaMEDTND.
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Kloosterman & LICEFRKIND Z LAMEINTWSD. 2 2T, Bruhat 0L, FEG &
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DETERELZEZRA L. e, KERZICHT 52 &Ik, H8EE 3 >DOHK
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[2] Daniel Bump K (CK[E Stanford X%)& Anna Puskas [& (IPMU) & O #:[REFSE [Casselman

M@ & Kazhdan-Lusztig 2 1H 7]

[3] Eren Mehmet Kiral Fo( B3 K5) & O ILFEFFE [Kloosterman Fl-~DRE AV A Eim 7~

7 —F ]

[4] WF7EsEss [55 12 MEGRMEDEE v ) Bk, 2019455 H, BCERRY:
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SALICON OSIE MIT1003 CAT2000
(a) (b) (c) (a) (b) (c) (a) (b) (c) (a) (b) (c)
logl ! -12.3636 -12.3465 -12.3036 | -12.8798 -12.7835 -12.7748 | -13.3568 -13.3600 -13.3081 | -14.6799 -14.7590 -14.7478

nss | 0.860767 0.8822  0.9202 0.80868 0.9112  0.9271 | 0.668345 0.7011  0.7051 | 0.289594 0.2033  0.2304
per! 0.724062 0.7302  0.7361 | 0.717249 0.7316  0.7378 | 0.703793 0.7040  0.7048 | 0.663947 0.6575  0.6551

kl . 1.668743 1.6519 1.6063 | 1.996883 1.8983 1.8901 | 1.618617 1.6253 1.5672 2.24764 23259  2.3152
emd! |3.679662 3.6741 3.6345 | 5.303083 5.1247 5.1690 | 6.433902 6.2910 6.3188
ccl 0.282137 0.2909  0.3018 | 0.221092 0.2490  0.2556 0.23922 0.2514  0.2544 | 0.088924 0.0639  0.0719

scc | 0.291849 0.3176  0.2947 | 0.291017 0.3031  0.3237 | 0.354604 0.3690  0.3568 | 0.229479 0.2199  0.2390
sim ! 0.286084 0.2930  0.2911 | 0.245027 0.2577  0.2617 | 0.325169 0.3313  0.3308 | 0.205236 0.1962  0.1997
aucj ! | 0.724071 0.7302 0.7361 | 0.716503 0.7316  0.7376 | 0.703225 0.7039  0.7048 | 0.659345 0.6533  0.6484
aucb T | 0.732146 0.7378  0.7444 | 0.726149 0.7386  0.7486 | 0.718627 0.7139  0.7159 | 0.670283 0.6583  0.6561
aucs | 0.53997 0.5362  0.5423 | 0.575333 0.5722  0.5682 | 0.509203 0.5030 0.4975 | 0.526648 0.5284  0.5326
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