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Welcome Message:
Welcome to ANSCSE25

Dr. Supawadee Namuangruk
President of Computational Science and
Engineering Association (CSEA), Thailand
E-mail: supawadee@nanotec.or.th
Dear Colleagues,
It is a great pleasure and an honor to extend to you a warm invitation to attend the
ANSCSE25, the 25th International Annual Symposium on Computational Science and
Engineering, to be held on June 8-11, 2022. This year the symposium is organized by the Faculty
of Science, Khon Kaen University, Computational Science and Engineering Association (CSEA),
National Nanotechnology Center (NANOTEC), and NSTDA supercomputer center (ThaiSC).
ANSCSE has always been one of the greatest gatherings of computational science and engineering
researchers. After 25 years, we have seen many signs of progress and many exciting research being
conducted in this area. In this digital age, rapid progress has been driven by artificial intelligence,
big data, better computing power enabled by new technology such as GPU and FPGA, and effort
by researchers. Thus, the vital role of computational science in real social problems becomes
clearer and clearer day by day.
One of the great spirits of ANSCSE is the live discussion among fellow international
researchers. After a few days of intense discussion on our research, the organizers kindly arranged
an excursion to several attractive places around Khon Kaen, Thailand. I am certain that everyone
will enjoy the talk along with the beauty of Khon Kaen. Finally, I look forward to meeting all of
you. Thank you in advance for sharing your research, thoughts, and ideas in ANSCSE25.
It is such a great honor for Khon Kaen University to be hosting the 25 th ANSCSE this
year. We are very pleased that the events of such an exciting field of science are brought to our
university. As computational method becomes increasingly more important in Science and
Engineering, the need to collaborate and exchange ideas and experiences become more important
as well. ANSCSE has a long history of being the major forum for computational scientists to
communicate their ideas to their fellow scientists. Recently, the use of computational techniques
has been extended to a broader domain of problems beyond science, such as the attempt to
understand economy, human society, social networking, and even coping with the COVID-19
pandemic. Thus, the fields have become increasingly more exciting and important. Despite the
COVID-19 situation, we still had a great online conference well organized by Kasetsart University
for the ANSCSE24. This year, we expect to have another great onsite conference, with many
interesting international keynote speakers, workshops, and also presentations by many exciting
researchers. I am confident that with the experience of the organizing team from Khon Kaen
University, we will have a great and fruitful conference next year. We are looking forward to
seeing all the participants at Khon Kaen University.
Best wishes,
Dr. Supawadee Namuangruk
President of Computational Science and Engineering Association (CSEA), Thailand
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Welcome Message:
Welcome to Khon Kaen University
Asst. Prof. Angkana Boonyued
Dean of the Faculty of Science,
Khon Kaen University, Thailand
E-mail: sangka@kku.ac.th
Dear Colleagues,
We feel such great honor to be hosting the 25th ANSCSE at the Faculty of Science, Khon
Kaen University. With its rich and long history that extends as far back as 24 years, ANSCE has
served as an excellent platform for like-minded scientists and engineers to collaborate and
exchange ideas and experiences and we could not be more than happy that this year we get to play
the host for such an exciting event. Computation has become an ever more important field of
science and engineering. Research on computational science and engineering is integral to the
research landscape of Khon Kaen University, with our research fields in computation ranging from
computational chemistry, physics and engineering to artificial intelligence and bioinformatics.
We are particularly pleased to be able to welcome many of the participants in-person at
the site of our faculty. It is rather unfortunate that we are not able to welcome some of our valued
speakers in-person due to COVID restrictions. However, our team has worked tirelessly during
the past few months to ensure smooth communication between members of the participants despite
the great geographical distances.
We hope this year’s carefully chosen programs will generate fruitful discussions and that
you will come home with new thoughts and idea that would further advancement in the field of
computation.
Sincerely yours,
Asst. Prof. Angkana Boonyued
Dean of the Faculty of Science, Khon Kaen University, Thailand
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Asst. Prof. Dr. Putchong Uthayopas
“A Key Figure in Thailand’s HighPerformance Computer System
Development”

Among many areas of his expertise and accomplishments throughout his career, Asst.
Prof. Dr. Putchong Uthayopas is most widely known as a leading expert in High-Performance
Computing (HPC) in Thailand. He worked in the fields of HPC and information technology for
more than 30 years. He started his early career as a lecturer at the Department of Computer
Engineering, Faculty of Engineering, Kasetsart University, and was a co-founder of the HighPerformance Computing and Networking Center (HPCNC) research group. Through his
collaboration with the Beowulf project at NASA, led by Prof. Dr. Thomas Sterling, and Argonne
National Laboratory, he constructed the first high-performance Beowulf Cluster computer system
at Kasetsart University. In 1999, Kasetsart University's 72-node Pirun Beowulf cluster was the
largest cluster computing system in Thailand.
For Thailand’s HPC development, Asst. Prof. Dr. Putchong Uthayopas was a highperformance connection and networking expert in the HPC community. He led a team of engineers
and researchers from several universities in constructing the Thai Grid project. Afterward, he was
the founding Director of the Thai National Grid Center, Ministry of Information and
Communication Technology (2006–2008). From this project, Thailand’s 1 st Teraflop-scale
computing system, “TERA”, was built in 2007, which was a significant milestone in Thailand's
HPC development. In 2012, the Engineering Institute of Thailand awarded Asst. Prof. Dr.
Putchong Uthayopas the Distinguished Computer Engineer award in Systems Integration for his
contributions to HPC cluster and grid computing work. After that, he continuously expanded the
HPC development in Thailand by serving as a member of the National e-Science Infrastructure
Consortium, aiming for HPC resources sharing to the computational science community.
Furthermore, Asst. Prof. Dr. Putchong Uthayopas played an important role in the
international HPC community and has put Thailand on the international HPC map, especially in
Asia-Pacific. He served on the Steering Committee of the “PRAGMA”, or the Pacific Rim
Application and Grid Middleware Assembly, a community of practice comprising individuals and
institutions from around the Pacific Rim, with member agencies from over 20 countries. In the
meantime, he was the chairman of the Grid Working Group under APAN, or Asia-Pacific Advance
Network cooperation. Since 2018, Asst. Prof. Dr. Putchong Uthayopas has served as Thailand's
representative from the Ministry of Higher Education, Science, Research and Innovation in the
ASEAN HPC Taskforce, commissioned by the ASEAN Committee of Science, Technology and
Innovation (COSTI) to explore and develop regional HPC capability for ASEAN. This included
fostering cooperation between the EU and ASEAN in the HPC area. From his outstanding
individual with excellence in leadership, long-standing contributions to the HPC community, and
being held in high regard by researchers in the international community, Asst. Prof. Dr. Putchong
Uthayopas was the first Thai HPC leader who received the Supercomputing Asia HPC Leadership
Awards in 2021.
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For us in the Computational Science and Engineering Association (CSEA),
Asst. Prof. Dr. Putchong Uthayopas has been our greatest contributor and continuous driver for
the growth of the community. He was among the founders of the association and served as the
president of the CSEA from 2012 to 2016. Afterwards, he continued to be a senior consultant to
the CSEA for years. But most of all, he is a dear friend to us in the association who has got to
know him.
Over the years, Asst. Prof. Dr. Putchong Uthayopas has been a critical figure in the
computational science and engineering community of Thailand. He helped gather researchers from
local and international scientific communities to participate and share ideas in the international
annual symposium on computational science and engineering (ANSCSE) conference. He had been
with ANSCSE since the early years. On behalf of the CSEA, we would like to express our deep
condolences to our community’s great loss. We wish Asst. Prof. Putchong would rest in peace,
and he will forever be in our memory.
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COMMITTEES
Steering Committee
•
•
•

Prof. Vudhichai Parasuk
Prof. Supa Hannongbua
Dr. Piyawut Srichaikul

•

Dr. Supawadee Namuangruk

•
•

Asst. Prof. Bundet Boekfa
Dr. Chompoonut Rungnim

Chulalongkorn University, Thailand
Kasetsart University, Thailand
National Electronics and Computer
Technology Center (NECTEC), NSTDA,
Thailand and Director of NSTDA
Supercomputer Center (ThaiSC)
National Nanotechnology Center
(NANOTEC), NSTDA, Thailand
Kasetsart University, Thailand
National Electronics and Computer
Technology Center (NECTEC), NSTDA,
Thailand

Mathematics and Statistics Program Chair
•

Prof. Poom Kumam

•

Prof. Phatiphat ThounThong

King Mongkut’s University of Technology
Thonburi, Thailand
King Mongkut’s University of Technology
North Bangkok, Thailand

Computational Chemistry Program Chair
•
•

Prof. Siriporn Jungsuttiwong
Assoc. Prof. Nawee Kungwan

Ubon Ratchathani University, Thailand
Chiang Mai University, Thailand

Computational Biology, Bioinformatics, Biochemistry, and Biophysics Program Chair
•
•

Assoc. Prof. Thanyada Rungrotmongkol
Assoc. Prof. Rungtiva Palangsuntikul

Chulalongkorn University, Thailand
King Mongkut’s University of Technology
Thonburi, Thailand

Computational Physics, Computational Fluid Dynamics, and Solid Mechanics Program
Chair
• Assoc. Prof. Thanayut Kaewmaraya
Khon Kaen University, Thailand
• Assoc. Prof. Udomsilp Pinsook
Chulalongkorn University, Thailand
• Assoc. Prof. Pakpoom Reunchan
Kasetsart University, Thailand
High Performance Computing, Computer Science, and Engineering Program Chair
•

Dr. Manaschai Kunaseth

National Science and Technology
Development Agency (NSTDA), Thailand

Artificial Intelligence for Science and Engineering Program Chair
•
•

Dr. Thanapong Intharah
Dr. Prem Junsawang

Khon Kaen University, Thailand
Khon Kaen University, Thailand

Workshop Program Committee
•
•
•

Dr. Pinit Kidkhunthod
Dr. Wuttikrai Busayaporn
Dr. Ittipon Fongkaew

Synchrotron Light Research Institute
Synchrotron Light Research Institute
Synchrotron Light Research Institute,
Thailand
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Local Organizing Committee
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Assoc. Prof. Theerapong Puangmali
Assoc. Prof. Thanayut Kaewmaraya
Assoc. Prof. Pornjuk Srepusharawoot
Assoc Prof. Khatcharin Siriwong
Assoc. Prof. Pikul Puphasuk
Assoc. Prof. Rodjana Burakham
Assoc. Prof. Viyada Harnchana
Assoc. Prof. Suwat Nanan
Asst. Prof. Orrarujee Muanwong
Asst. Prof. Pimpunyawat Tummuangpak
Asst. Prof. Chakrit Pongkitivanichkul
Asst. Prof. Yaowapa Treekamol
Asst. Prof. Pawinee Klangtakai
Asst. Prof. Sujittra Daengsakul
Asst. Prof. Wuttichai Srisodaphol
Asst. Prof. Anucha Somabut
Dr. Thanapong Intharah
Dr. Prem Junsawang
Dr. Sukhum Ruangchai
Dr. Kiettipong Banlusan
Dr. Panjasila Payakaniti
Dr. Atip Pengpad
Dr. Navadecho Chankhunthod
Dr. Panupong Mahalapbutr
Dr. Jutarop Phetcharaburanin
Ms. Kidsaya suwannajak
Ms. Urairak Hinthong
Ms. Virat Prommaha
Ms. Monthian Phontongsatit
Mr. Ronnayuth Srisuk
Mr. Pornchai Siwthaisong
Mr. Chookiat Thongyot
Mr. Meechai Ouppid
Mr. Chatparin Pansukrada
Mr. Panu Taengnoo
Mr. Mongkhol Klinsrisuk
Mr. Piyanat Duangjumpa
Mr. Vuttichat Noynarin
Ms. Pissamai Khodchakhot
Ms. Ramida Joksumnuk
Ms. Aomjai Kaothong
Mr. Norasit Plengrudsamee
Mr. Rawipart Pusang
Mr. Yuthana Sumamal
Ms. Kamolporn Akkahat

Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
Khon Kaen University, Thailand
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Map of Faculty of Science, Khon Kaen University (KKU), Thailand
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Wittayawipas Building, Faculty of Science, KKU
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SESSION SUMMARY
The 25th International Annual Symposium on Computational Science and Engineering
(ANSCSE25)
June 8-11, 2022
Wittayawipas Building, Faculty of Science, Khon Kaen University, Thailand
Special Workshop
“Combination of Experimental XAS data and FEFF Calculation on Advanced
Materials”
June 8, 2022
Dr. Pinit Kidkhunthod and Dr. Wuttikrai Busayaporn
Synchrotron Light Research Institute, Thailand
Plenary Lecture
1

“Accelerating and Improving Computational Chemistry with Artificial
Intelligence/Machine Learning”
June 9, 2022
Assoc. Prof. Pavlo O. Dral
Department of Chemistry, and College of Chemistry and Chemical Engineering,
Xiamen University, China

2

“First-Principles Molecular Dynamics: A Window into Planetary Cores”
June 10, 2022
Prof. Sandro Scandolo
The Abdus Salam International Centre for Theoretical Physics (ICTP), Italy

Scientific Session
AIS

Artificial Intelligence for Science and Engineering

BIO

Computational Biology, Bioinformatics, Biochemistry, and Biophysics

CHE

Computational Chemistry

HPC

High Performance Computing, Computer Science, and Engineering

MST

Mathematics and Statistics

PFD

Computational Physics, Computational Fluid Dynamics, and Solid Mechanics
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OVERALL PROGRAM
The 25th International Annual Symposium on Computational Science and Engineering
(ANSCSE25)
June 8-11, 2022
Wittayawipas Building, Faculty of Science, Khon Kaen University, Thailand

Wednesday, June 8, 2022
Special Workshop: Combination of Experimental XAS data and FEFF Calculation on
Advanced Materials
Time
8:30-9:00

Activity
Registration
Welcome Speech

9:00-9:15

Dr. Supawadee Namuangruk
National Nanotechnology Center (NANOTEC), Thailand
“Introduction to X-ray Absorption Spectroscopy (XAS), Basic XAS Theory
and Data Analysis and Its Applications”

9:15-10:30

Dr. Pinit Kidkhunthod
Synchrotron Light Research Institute, Thailand

10:30-10:45

Break I
“Introduction to FEFF Theory”

10:45-12:00

Dr. Wuttikrai Busayaporn
Synchrotron Light Research Institute, Thailand

12:00-13:00

Lunch
“Computational Power with SLRI-HPC”

13:00-14:15

Dr. Wuttikrai Busayaporn
Synchrotron Light Research Institute, Thailand

14:15 - 14:30

Break II
“Workshop on XAS Data Analysis and FEFF Calculation”

14:45-16.00

Dr. Pinit Kidkhunthod and Dr. Wuttikrai Busayaporn
Synchrotron Light Research Institute, Thailand

16.00-16.30

Open Discussion for Research Collaboration
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Thursday, June 9, 2022
Time

Activity

08:30-09:30

Registration

09:30-09:50

Opening Ceremony

09:50-10:35

Plenary Lecture 1 (45 mins)

10:35-11:00

Coffee Break
Parallel Sessions
20 minutes (presentation + Q&A) for an invited speaker (XXX-I-X)
15 minutes (presentation + Q&A) for a participant (XXX-O-X)

11:00-12:00

12:00-13:00

AIS

BIO

CHE

HPC

MST

PFD

AIS-I-1

BIO-I-1

CHE-I-1

HPC-I-1

MST-I-1

PFD-I-1

AIS-I-2

BIO-I-2

CHE-I-2

HPC-I-2

MST-I-2

PFD-I-2

AIS-I-3

BIO-I-3

CHE-I-3

HPC-O-1

MST-I-3

PFD-I-3

Lunch
Parallel Sessions
20 minutes (presentation + Q&A) for an invited speaker (XXX-I-X)
15 minutes (presentation + Q&A) for a participant (XXX-O-X)

13:00-14:30

14:30-14:45

AIS

BIO

CHE

HPC

MST

PFD

AIS-I-4

BIO-I-4

CHE-I-4

HPC-O-2

MST-I-4

PFD-I-4

AIS-I-5

BIO-O-1

CHE-O-1

HPC-O-3

MST-O-1

PFD-I-5

AIS-I-6

BIO-O-2

CHE-O-2

HPC-O-4

MST-O-2

PFD-O-1

AIS-I-7

BIO-O-3

CHE-O-3

HPC-O-5

MST-O-3

PFD-O-2

BIO-O-4

CHE-O-4

HPC-O-6

MST-O-4

Coffee Break
Parallel Sessions
20 minutes (presentation + Q&A) for an invited speaker (XXX-I-X)
15 minutes (presentation + Q&A) for a participant (XXX-O-X)

14:45-16:30

AIS

BIO

AIS-O-1

BIO-I-5

AIS-O-2

BIO-O-5

AIS-O-3

BIO-O-6

CHE

HPC

MST

PFD

BIO-O-7
BIO-O-8
BIO-O-9
16:30-18:00

Poster Session

18:00-20:30

Welcome Dinner
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Friday, June 10, 2022
Time

Activity

09:00-09:45

Plenary Lecture 2 (45 mins)

09:45-10:15

“Lanta Architecture” by Dr.Manaschai Kunaseth (ThaiSC) (30 mins)

10:15-10:25

“EU-ASEAN HPC School 2022” by Dr.Piyawut Srichaikul (10 mins)

10:25-11:00

Coffee Break
Parallel Sessions
20 minutes (presentation + Q&A) for an invited speaker (XXX-I-X)
15 minutes (presentation + Q&A) for a participant (XXX-O-X)

11:00-12:00

12:00-13:00

AIS

BIO

CHE

BIO-I-6

HPC

MST

PFD

CHE-I-5

MST-I-5

PFD-I-6

BIO-O-10

CHE-I-6

MST-I-6

PFD-I-7

BIO-O-11

CHE-O-5

MST-I-7

PFD-O-3

Lunch
Parallel Sessions
20 minutes (presentation + Q&A) for an invited speaker (XXX-I-X)
15 minutes (presentation + Q&A) for a participant (XXX-O-X)
AIS

MST

PFD

CHE-I-7

MST-O-5

PFD-I-8

BIO-O-12

CHE-I-8

MST-O-6

PFD-I-9

BIO-O-13

CHE-O-6

MST-O-7

PFD-O-4

BIO-O-14

CHE-O-7

MST-O-8

PFD-O-5

BIO-O-15

CHE-O-8

MST-O-9

13:00-14:30

BIO

CHE

BIO-I-7

HPC

MST-O-10

14:30-14:45

Coffee Break
Parallel Sessions
AIS

14:45-16:00

BIO

CHE

BIO-I-8

CHE-O-9

HPC

MST

PFD

BIO-O-16
BIO-O-17
BIO-O-18
16:00-16:30

Break

16:30-17:00

Closing Ceremony

Saturday, June 11, 2022
07:30-12:00

Excursion (Khon Kaen Tour) (optional)
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SCIENTIFIC PROGRAM: INVITED SPEAKERS
Session: Artificial Intelligence for Science and Engineering (AIS)
Chair and co-chair:
Dr.Thanapong Intharah (KKU) and
Dr.Prem Junsawang (KKU)
Code

Presentation
Date & Time

Invited Speaker Name

Page
No.

AIS-I-1

June 9, 2022
11:00-11:20

Assoc. Prof. Sarana Nutanong
Vidyasirimedhi Institute of Science and Technology,
Thailand

33

AIS-I-2

June 9, 2022
11:20-11:40

Dr.Naruemon Pratanwanich
Chulalongkorn University, Thailand

34

AIS-I-3

June 9, 2022
11:40-12:00

Dr.Akara Supratak
Mahidol University, Thailand

35

AIS-I-4

June 9, 2022
13:00-13:20

Dr.Akkapon Wongkoblap
Suranaree University of Technology, Thailand

36

AIS-I-5

June 9, 2022
13:20-13:40

Dr.Pattharaporn Thongnim
Burapha University Chanthaburi Campus, Thailand

37

AIS-I-6

June 9, 2022
13:40-14:00

Dr.Chanati Jantrachotechatchawan
Mahidol University, Thailand

38

AIS-I-7

June 9, 2022
14:00-14:20

Dr.Jenjira Jaimunk
Chiang Mai University, Thailand

39

Session: Computational Biology, Bioinformatics, Biochemistry, and Biophysics (BIO)
Chair and co-chair:
Assoc. Prof. Thanyada Rungrotmongkol (CU) and
Assoc. Prof. Rungtiva Palangsuntikul (KMUTT)
Code

Presentation
Date & Time

Invited Speaker Name

Page
No.

BIO-I-1

June 9, 2022
11:00-11:20

Asst. Prof. Dr. Marasri Ruengjitchatchawalya
King Mongkut’s University of Technology Thonburi,
Thailand

40

BIO-I-2

June 9, 2022
11:20-11:40

Asst. Prof. Duangrudee Tanramluk
Mahidol University, Thailand

41

BIO-I-3

June 9, 2022
11:40-12:00

Asst. Prof. Puey Ounjai
Mahidol University, Thailand

42
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BIO-I-4

June 9, 2022
13:00-13:20

Dr. Orathai Sawatdichaikul
Kasetsart University, Thailand

43

BIO-I-5

June 9, 2022
14:45-15:05

Dr. Noppadon Nuntawong
National Electronics and Computer Technology
Center (NECTEC), Thailand

44

BIO-I-6

June 10, 2022
11:00-11:20

Prof. Norio Yoshida
Nagoya University, Japan

45

BIO-I-7

June 10, 2022
13:00-13:20

Asst. Prof. Kowit Hengphasatporn
University of Tsukuba, Japan

46

BIO-I-8

June 10, 2022
14:45-15:05

Dr. Bodee Nutho
Mahidol University, Thailand

47

Session: Computational Chemistry (CHE)
Chair and co-chair:
Prof. Siriporn Jungsuttiwong (UBU) and
Assoc. Prof. Nawee Kungwan (CMU)
Code

Presentation
Date & Time

Invited Speaker Name

Page
No.

CHE-I-1

June 9, 2022
11:00-11:20

Prof. Deva Priyakumar
International Institute of Information Technology,
India

48

CHE-I-2

June 9, 2022
11:20-11:40

Prof. Ming Kang Tsai
National Taiwan Normal University, Taiwan

49

CHE-I-3

June 9, 2022
11:40-12:00

Dr. Manussada Ratanasak
Hokkaido University, Japan

50

CHE-I-4

June 9, 2022
13:00-13:20

Prof. Zhang Ruiqin
City University of Hong Kong, Hong Kong

51

CHE-I-5

June 10, 2022
11:00-11:20

Prof. Cheng-Chau Chiu
National Sun Yat-sen University, Taiwan

52

CHE-I-6

June 10, 2022
11:20-11:40

Prof. Mu-Jeng Cheng
National Cheng-Kung University, Taiwan

53

CHE-I-7

June 10, 2022
13:00-13:20

Prof. Ranjit Thapa
SRM University, India

54

CHE-I-8

June 10, 2022
13:20-13:40

Asst. Prof. Suwit Suthirakun
Suranaree University of Technology, Thailand

55
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Session: High Performance Computing, Computer Science, and Engineering (HPC)
Chair:
Dr. Manaschai Kunaseth (NSTDA)
Presentation
Code
Invited Speaker Name
Date & Time

Page
No.

HPC-I-1

June 9, 2022
11:00-11:20

Asst. Prof. Paskorn Champrasert
Chiang Mai University

56

HPC-I-2

June 9, 2022
11:20-11:40

Dr. Thanaphon Tangchoopong
Khon Kaen University

57

Session: Mathematics and Statistics (MST)
Chair and co-chair:
Prof. Poom Kumam (KMUTT) and
Prof. Phatiphat ThounThong (KMUTNB)
Code

Presentation
Date & Time

Invited Speaker Name

Page
No.

MST-I-1

June 9, 2022
11:00-11:20

Assoc. Prof. Kittikorn Nakprasit
Khon Kaen University, Thailand

58

MST-I-2

June 9, 2022
11:20-11:40

Asst. Prof. Wajaree Weera
Khon Kaen University, Thailand

59

MST-I-3

June 9, 2022
11:40-12:00

Dr. Abubakar Adamu
African University of Science and Technology,
Nigeria

60

MST-I-4

June 9, 2022
13:00-13:20

Assoc. Prof. Nirattaya Khamsemanan
Thammasat University, Thailand

61

MST-I-5

June 10, 2022
11:00-11:20

Prof. Rabian Wangkeeree
Naresuan University, Thailand

62

MST-I-6

June 10, 2022
11:20-11:40

Prof. Suthep Suantai
Chiang Mai University, Thailand

63

MST-I-7

June 10, 2022
11:40-12:00

Prof. Juan Matinez Moreno
University of Jaén, Spain

64
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Session: Computational Physics, Computational Fluid Dynamics, and Solid Mechanics (PFD)
Chair and co-chair:
Assoc. Prof. Thanayut Kaewmaraya (KKU),
Assoc. Prof. Udomsilp Pinsook (CU) and
Assoc. Prof. Pakpoom Reunchan (KU)
Code

Presentation
Date & Time

Invited Speaker Name

Page
No.

PFD-I-1

June 9, 2022
11:00-11:20

Prof. Abir De Sarkar
Institute of Nano Science and Technology, India

65

PFD-I-2

June 9, 2022
11:20-11:40

Asst. Prof. Thana Sutthibutpong
King Mongkut’s University of Technology Thonburi,
Thailand

66

PFD-I-3

June 9, 2022
11:40-12:00

Dr.Tanveer Hussain
University of New England, Australia

67

PFD-I-4

June 9, 2022
13:00-13:20

Assoc. Prof. Dr. Worasak Sukkabot
Ubon Ratchathani University, Thailand

68

PFD-I-5

June 9, 2022
13:20-13:40

Asst. Prof. Nongnuch Artrith
Utrecht University, Netherlands

69

PFD-I-6

June 10, 2022
11:00-11:20

Asst. Prof. Suraphong Yuma
Mahidol University, Thailand

70

PFD-I-7

June 10, 2022
11:20-11:40

Asst. Prof. Tirawut Worrakitpoonpon
Suranaree University of Technology, Thailand

71

PFD-I-8

June 10, 2022
13:00-13:20

Assoc. Prof. Adisak Boonchun
Kasetsart University, Thailand

72

PFD-I-9

June 10, 2022
13:20-13:40

Dr.Teeraphat Watcharatharapong
Kasetsart University, Thailand
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SCIENTIFIC PROGRAM: ORAL PRESENTATION
Code
AIS-O-1

Presentation
Date & Time
June 9, 2022
14:45-15:00

Speaker

Page
No.

Chaipak Sawasdee
Mahidol University

77

AIS-O-2

June 9, 2022
15:00-15:15

Dhanaporn Papasratorn
Mahidol University

78

AIS-O-3

June 9, 2022
15:15-15:30

Chanidapa Winalai
Naresuan University

79

BIO-O-1

June 9, 2022
13:20-13:35

James Prapasawat
King Mongkut’s University of Technology Thonburi

80

BIO-O-2

June 9, 2022
13:35-13:50

Yasumin Kerdsri
King Mongkut’s University of Technology Thonburi

81

BIO-O-3

June 9, 2022
13:50-14:05

Adulvit Chuaephon
Khon Kaen University

82

BIO-O-4

June 9, 2022
14:05-14:20

Phurinat Udomsopagit
Mahidol University

83

BIO-O-5

June 9, 2022
15:05-15:20

Amy Oo
Chulalongkorn University

84

BIO-O-6

June 9, 2022
15:20-15:35

Kamonpan Sanachai
Chulalongkorn University

85

BIO-O-7

June 9, 2022
15:35-15:50

Athisri Sitthipunya
King Mongkut’s University of Technology Thonburi

86

BIO-O-8

June 9, 2022
15:50-16:05

Utid Suriya
Chulalongkorn University

87

BIO-O-9

June 9, 2022
16:05-16:20

Nitchakan Darai
Chulalongkorn University

88

BIO-O-10

June 10, 2022
11:20-11:35

Natchaphon Rajudom
King Mongkut’s University of Technology Thonburi

89

BIO-O-11

June 10, 2022
11:35-11:50

Chonnikan Hanpaibool
Chulalongkorn University

90

BIO-O-12

June 10, 2022
13:20-13:35

Nayana Bhat
Chulalongkorn University

91

BIO-O-13

June 10, 2022
13:35-13:50

Kun Karnchanapandh
Chulalongkorn University

92

BIO-O-14

June 10, 2022
13:50-14:05

Charal Khiewdee
Mahidol University

93

BIO-O-15

June 10, 2022
14:05-14:20

Atchara Sripanya
Mahidol University

94

BIO-O-16

June 10, 2022
15:05-15:20

Duangjai Todsaporn
Chulalongkorn University
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Code
BIO-O-17

Presentation
Date & Time
June 10, 2022
15:20-15:35

Speaker

Page
No.

Chatchapat Chaiaiad
Kasetsart University Kamphaeng Saen Campus

96

BIO-O-18

June 10, 2022
15:35-15:50

Amita Sripattarapan
Chulalongkorn University

97

CHE-O-1

June 9, 2022
13:20-13:35

Vetiga Somjit
Vidyasirimedhi Institute of Science and Technology

98

CHE-O-2

June 9, 2022
13:35-13:50

Panupol Untarabut
Suranaree University of Technology

99

CHE-O-3

June 9, 2022
13:50-14:05

Kajjana Boonpalit
Vidyasirimedhi Institute of Science and Technology

100

CHE-O-4

June 9, 2022
14:05-14:20

Poobodin Mano
National Nanotechnology Center (NANOTEC)

101

CHE-O-5

June 10, 2022
11:40-11:55

Suparada kamchompoo
Ubon Ratchathani University

102

CHE-O-6

June 10, 2022
13:40-13:55

Yuwanda Injongkol
Ubon Ratchathani University

103

CHE-O-7

June 10, 2022
13:55-14:10

Adis Khetubol
Kamnoetvidya Science Academy

104

CHE-O-8

June 10, 2022
14:10-14:25

Sarinya Hadsadee
Chulalongkorn University

105

CHE-O-9

June 10, 2022
14:45-15:00

Maneerat Chotsawat
Suranaree University of Technology

106

HPC-O-1

June 9, 2022
11:40-11:55

HPC-O-2

June 9, 2022
13:00-13:15

HPC-O-3

June 9, 2022
13:15-13:30

HPC-O-4

June 9, 2022
13:30-13:45

HPC-O-5

June 9, 2022
13:45-14:00

Chaiyasit Tanchotsrinon
National Electronics and Computer Technology
Center (NECTEC)
Sorawid Juntachat
Thammasat University
Chayanee Kongsubchat
National Electronics and Computer Technology
Center (NECTEC)
Raweeroj Thongdee
King Mongkut’s Institute of Technology
Ladkrabang
Ittipong Khemapech
University of the Thai Chamber of Commerce

HPC-O-6

June 9, 2022
14:00-14:15

Vara Varavithya
Chitralada Technology Institute

112

MST-O-1

June 9, 2022
13:20-13:35

Phanuwat Ritpornnarong
Chulalongkorn University

113

MST-O-2

June 9, 2022
13:35-13:50

Grienggrai Rajchakit
Maejo University

114

107
108
109
110
111

22
The 25th International Annual Symposium on Computational Science and Engineering

Code
MST-O-3

Presentation
Date & Time
June 9, 2022
13:50-14:05

Speaker

Page
No.

Panuvit Chuaephon
Khon Kaen University

115

MST-O-4

June 9, 2022
14:05-14:20

Jamilu Abubakar
Usmanu Danfodiyo University, Nigeria

116

MST-O-5

June 10, 2022
13:00-13:15

Kasitinart Sangngern
Thammasat University

117

MST-O-6

June 10, 2022
13:15-13:30

Duangsamorn Harnnarong
Thammasat University

118

MST-O-7

June 10, 2022
13:30-13:45

Kabin Kanjamapornkul
Chulalongkorn University

119

MST-O-8

June 10, 2022
13:45-14:00

Guash Haile Taddele
King Mongkut’s University of Technology Thonburi

120

MST-O-9

June 10, 2022
14:00-14:15

Wanida Panup
Naresuan University

121

MST-O-10

June 10, 2022
14:15-14:30

Sani Salisu
King Mongkut’s University of Technology Thonburi

122

PFD-O-1

June 9, 2022
13:40-13:55

Auwalu Hamisu Usman
King Mongkut’s University of Technology Thonburi

123

PFD-O-2

June 9, 2022
13:55-14:10

Suchakree Chiu
Chulalongkorn University

124

PFD-O-3

June 10, 2022
11:40-11:55

Sirisak Singsen
Suranaree University of Technology

125

PFD-O-4

June 10, 2022
13:40-13:55

Jetsadaporn Priyadumkol
Mahidol University

126

PFD-O-5

June 10, 2022
13:55-14:10

Aroon Ananchuensook
Kasetsart University
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SCIENTIFIC PROGRAM: POSTER PRESENTATION
Presenter

Page
No.

BIO-P-1

Hathaichanok Chuntakaruk
Chulalongkorn University

131

BIO-P-2

Patamalai Boonserm
King Mongkut’s University of Technology Thonburi

132

BIO-P-3

Nuttawat Sawang
King Mongkut’s University of Technology Thonburi

133

BIO-P-4

Korawich Kullapat
Mahidol University

134

BIO-P-5

Pornlapat Saligupta
Mahidol University

135

BIO-P-6

Aamir Aman
Chulalongkorn University

136

BIO-P-7

Lipika Oopkaew
Chulalongkorn University

137

BIO-P-8

Pitchayathida Mee-udorn
Chulalongkorn University

138

BIO-P-9

Mattanun Sangkhawsi
Chulalongkorn University

139

BIO-P-10

Pichahpuk Uthaipaisanwong
King Mongkut’s University of Technology Thonburi

140

BIO-P-11

Napat Kongtaworn
Chulalongkorn University

141

BIO-P-12

Wantanasak Suksong
King Mongkut’s University of Technology Thonburi

142

BIO-P-13

Nalinee Kongkaew
Chulalongkorn University

143

BIO-P-14

Nawanwat C. Pattaranggoon
Chulalongkorn University

144

BIO-P-15

Piyatida Pojtanadithee
Chulalongkorn University

145

CHE-P-1

Athis Watwiangkham
Suranaree University of Technology

146

CHE-P-2

Chadawan Khamdang
Suranaree University of Technology

147

CHE-P-3

Ratchadaree Intayot
Ubon Ratchathani University
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Presenter

Page
No.

CHE-P-4

Pariwut Falun
Suranaree University of Technology

149

CHE-P-5

Bunrat Tharat
Suranaree University of Technology

150

CHE-P-6

Pimjai Pimbaotham
Ubon Ratchathani University

151

CHE-P-7

Wassana Mongkonkan
Ubon Ratchathani University

152

CHE-P-8

Parncheewa Toommakorn
Kamnoetvidya Science Academy

153

CHE-P-9

Nuttapon Yodsin
National Nanotechnology Center (NANOTEC)

154

CHE-P-10

Natchaphon Ngueanngam
Srinakharinwirot University

155

CHE-P-11

Thanadol Jitwatanasirikul
Chulalongkorn University

156

CHE-P-12

Chayapat Uthayopas
Vidyasirimedhi Institute of Science and Technology

157

CHE-P-13

Phattharakorn Pakaiphuek
Kasetsart University Kamphaeng Saen Campus

158

PFD-P-1

Pathipat Latthiwan
Khon Kaen University

159

PFD-P-2

Natwadee Sarapong
Mahidol University

160

PFD-P-3

Nannapat Mitpothong
Suranaree University of Technology

161

PFD-P-4

Pataiy Praiypan
Chulalongkorn University

162

PFD-P-5

Threrawee Sanglaow
King Mongkut’s University of Technology Thonburi

163

PFD-P-6

Waranya Charawong
Chulalongkorn University

164

PFD-P-7

Komsilp Kotmool
King Mongkut’s Institute of Technology Ladkrabang

165

PFD-P-8

Phatpasin Sumprasin
Chulalongkorn University
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Plenary Lecture 1
ACCELERATING AND IMPROVING
COMPUTATIONAL CHEMISTRY
WITH ARTIFICIAL INTELLIGENCE/
MACHINE LEARNING

Assoc. Prof. Pavlo O. Dral
Department of Chemistry, and College of
Chemistry and Chemical Engineering,
Xiamen University, Xiamen, China
*E-mail: dral@xmu.edu.cn
Machine learning (ML) is an essential tool for moving forward the general field of
artificial intelligence and ML has also made its way into computational chemistry, by accelerating
and improving the accuracy of quantum chemical (QC) simulations [1-2]. After initial explorations
resulting in general concepts such as Δ-learning [3], our research has yielded general-purpose,
artificial intelligence-enhanced quantum mechanical method 1 (AIQM1), [4] which approaches
the accuracy of golden-standard, traditional CCSD(T)/CBS approach for closed-shell, neutral
organic molecules in their ground state at the speed of semiempirical quantum mechanical methods
while retaining good accuracy for charged systems and excited states. AIQM1 can be used out-ofthe-box, i.e., it does not need retraining. This method enables us to perform simulations we have
not been able to do with either traditional quantum chemical approaches or with experimental
techniques. AIQM1 and many other methods are implemented in our MLatom program package,
which is a user-friendly package for atomistic machine learning simulations [5].
References:
1. P. O. Dral. J. Phys. Chem. Lett. 2020, 11, 2336–2347.
2. P. O. Dral, M. Barbatti. Nat. Rev. Chem. 2021, 5, 388–405.
3. R. Ramakrishnan, P. O. Dral et al. J. Chem. Theory Comput. 2015,11, 2087–2096.
4. P. Zheng, R. Zubatyuk, W. Wu, O. Isayev, P. O. Dral. Nat. Commun. 2021, 12, 7022.
5. P. O. Dral et al. Top. Curr. Chem. 2021, 379, 27.
Biography
Pavlo O. Dral is an Associate Professor at Xiamen University since 2019. His
research is focused on accelerating and improving quantum chemistry with artificial
intelligence/machine learning since 2013, the topic on which he published ca. 20 peerreviewed publications including articles in Nat. Commun., Nat. Rev. Chem., and Chem. Sci.,
Overall, Pavlo Dral has published over 40 articles, and his work has been cited over 2500
times with h-index of 21 (Google Scholar). Pavlo Dral is also the main developer of the
MLatom package for atomistic machine learning simulations. His background is theoretical
and computational chemistry, he obtained PhD in 2013 from University of ErlangenNuremberg and did post-doc with Prof. Walter Thiel from 2013 till 2019 in Max Planck
Institute for Coal Research. More information is available on Dral’s group website drdral.com.
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Plenary Lecture 2
FIRST-PRINCIPLES MOLECULAR
DYNAMICS: A WINDOW INTO
PLANETARY CORES

Prof. Sandro Scandolo
The Abdus Salam International Centre
for Theoretical Physics (ICTP), Trieste,
Italy
*E-mail: scandolo@ictp.it
The interiors of planets are characterized by extreme conditions of pressure and
temperature and are among the most inaccessible places in the universe. Matter at those conditions
transforms in ways that challenge chemical intuition: water becomes a metal, methane dissociates
into diamond, and carbon dioxide becomes a ultrahard solid. Computational modelling is in most
cases the only tool we have to investigate matter at conditions that are difficult to reproduce even
in the laboratory. In order to be predictive, simulations must be based on chemically accurate firstprinciple methods and at the same time they must be able to sample a large number of potentially
relevant atomic configurations. In this talk I will illustrate how atomistic simulations based on
molecular dynamics and density-functional theory have contributed to the understanding of the
interiors of planets and also how they have led to the discovery of new materials. I will discuss
challenges and limitations of the various approaches and highlight the role of machine learning in
accelerating the simulations.

Biography
As Head of Research, ICTP, Prof. Sandro Scandolo coordinates the work of the
various scientific sections, chair the Academic Committee, and advise the Director on
strategic research priorities and emerging directions. He is a condensed matter physicist and
currently work on the atomistic simulation of high-pressure phenomena. He is the author of
about 140 scientific publications in peer-reviewed international journals (24,000 citations, Hindex: 47 (GoogleScholar) and he contributed to the birth of Quantum Espresso, a popular
software suite for the quantum modeling of materials. He organized more than 40 Workshops
and Schools in Trieste as well as in many other countries including Ghana, Ethiopia, Kenya,
Sudan, Nigeria, Iran, Vietnam, India, Philippines, and Colombia.
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AIS-I-1
MODEL-CENTRIC VS. DATA-CENTRIC
MACHINE LEARNING
Assoc. Prof. Sarana Nutanong
Vidyasirimedhi Institute of Science and Technology, Rayong,
Thailand
*E-mail: snutanon@vistec.ac.th
Machine learning (ML) research has been model-centric for decades. That is, we consider
ML modeling to be the heavy-lifting part requiring deep expertise to get it right. And the data
preparation part is a tedious yet trivial job to complete as part of the pipeline. Although ensuring
the data quality is understood to be a vital part of the pipeline, researchers often consider this part
static. Once the data has been collected and prepared, we dedicate most of our attention to creating
an accurate model. Data-centric AI challenges this concept in two different ways. First, it argues
that many applications do not require a new model; the current off-the-self baseline suits the
purpose. Second, it shows that effort spent on improving the data quality is more rewarding than
improving the ML technique. This talk presents research and development of data-centric machine
learning and comprises the following topics. First, I will outline recent works in Data-Centric ML
worldwide. Second, I will talk about the industrial and academic research we are conducting at
VISTEC and how we plan to bring the benefits of data-centric machine learning to our society.
Third, I will propose how model-centric and data-centric efforts can synergize. Finally, this talk
will conclude with implications for businesses wishing to apply ML to solve their domain-specific
problems.
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AIS-I-2
XPORE: A NEW BIOINFORMATICS TOOL FOR
RNA MODIFICATION IDENTIFICATION
Dr. Naruemon Pratanwanich
Department of Mathematics and Computer Science, Faculty of
Science, Chulalongkorn University, Thailand
*E-mail: naruemon.p@chula.ac.th, +66-5166426
RNA modifications such as N6-methyladenosine (m6A) have been found to contribute to
molecular functions of RNAs and have been implicated in developmental process, cell-fate
determination, and cancer. The emerging roles of RNA modifications in human cancer suggest
that uncovering the importance of epitranscriptomics will provide powerful implications in
precision oncology. However, identification of differences in RNA modifications has been
challenging. Here, I will present our computational method, xPore, to identify differential RNA
modifications from direct RNA sequencing data. Based solely on the raw current intensity profiles,
we extend a standard two-component Gaussian mixture model to accommodate multi-sample
comparisons. For each single site, the model learns two distributions, the signal properties that are
shared across samples, while allowing the probability associated with each distribution to be
inferred specifically for each sample. Having incorporated prior knowledge into the model, we are
able to determine the signal distributions of the modified kmers and quantitatively estimate the
modification rates accordingly. xPore was evaluated on transcriptome-wide m6A profiling data
with and without replicates for prioritising differentially modified sites. In addition, the application
of xPore on direct RNA-Sequencing data from 6 human cell lines revealed the landscape of RNA
modifications i.e. differentially modified sites across all cell lines with cell type-specific
modification rates. With xPore, I will demonstrate that RNA modifications can be quantitatively
identified from direct RNA-sequencing data with high accuracy, opening many new opportunities
for large scale applications in precision medicine.
xPore is available at https://github.com/GoekeLab/xpore.
Keywords: Multi-sample two-Gaussian mixture model; Bayesian inference; Nanopore;
Bioinformatics; RNA modification
Reference:
Pratanwanich, P.N., Yao, F., Chen, Y. et al. Identification of differential RNA
modifications from nanopore direct RNA sequencing with xPore. Nat Biotechnol 39,
1394–1402 (2021). https://doi.org/10.1038/s41587-021-00949-w
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AIS-I-3
TINYSLEEPNET: AN EFFICIENT DEEP
LEARNING MODEL FOR SLEEP STAGE
SCORING BASED ON RAW SINGLE-CHANNEL
EEG
Dr. Akara Supratak
(Akara Supratak1*, and Yike Guo 2)
1

Faculty of Information and Communication Technology
(ICT), Mahidol University, Thailand
2
Data Science Institute, Imperial College London, London,
SW7 2AZ, UK
*E-mail: akara.sup@mahidol.ac.th, +66-897819088
Deep learning has become popular for automatic sleep stage scoring due to its capability
to extract useful features from raw signals. Most of the existing models, however, have been
overengineered to consist of many layers or have introduced additional steps in the processing
pipeline, such as converting signals to spectrogram-based images. They require to be trained on a
large dataset to prevent the overfitting problem (but most of the sleep datasets contain a limited
amount of class-imbalanced data) and are difficult to be applied (as there are many
hyperparameters to be configured in the pipeline). In this paper, we propose an efficient deep
learning model, named TinySleepNet, and a novel technique to effectively train the model end-toend for automatic sleep stage scoring based on raw single-channel EEG. Our model consists of a
less number of model parameters to be trained compared to the existing ones, requiring a less
amount of training data and computational resources. Our training technique incorporates data
augmentation that can make our model be more robust the shift along the time axis, and can prevent
the model from remembering the sequence of sleep stages. We evaluated our model on seven
public sleep datasets that have different characteristics in terms of scoring criteria and recording
channels and environments. The results show that, with the same model architecture and the
training parameters, our method achieves a similar (or better) performance compared to the stateof-the-art methods on all datasets. This demonstrates that our method can generalize well to the
largest number of different datasets.
Keywords: Sleep Stage Scoring; Deep Learning; Signal Processing
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AIS-I-4
IDENTIFYING DEPRESSION MARKERS IN
SOCIAL MEDIA CONTENT
Dr. Akkapon Wongkoblap
DIGITECH, Suranaree University of Technology, Nakhon
Ratchasima, Thailand
*E-mail: wongkoblap@sut.ac.th, +66-4422-4336
Mental health problems are widely recognized as a major public health challenge
worldwide. In Thailand, several people are increasingly experiencing mental illness. Despite the
increasing number of sufferers, it is still difficult for them to gain access to treatments and services.
This highlights the need for effective approaches for detecting mental health disorders in the
population and providing health services. Social media data is a promising source of information
where people publish rich personal information that can be mined to extract valuable psychological
markers. Machine learning is a potential technique for developing a predictive model capable of
detecting users with depression from their social media posts and identify textual content
associated with self-disclosure of their mental health disorders on social media platforms. The
predictive model offers us advantages in several ways. Early detection can help plan strategic
frameworks for public health to improve nation’s health, e.g., providing more mental health
services in the area of the large number of sufferers. We can also develop an intervention tool to
detect users with mental health problems and to provide health information or mental health
services. This would stop the increasing number of mental health problems.
Keywords: Predictive Modelling, Deep Learning, Mental Health, Depression, Psychological
Markers
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AIS-I-5
APPLYING A MIXTURE MODEL OF THE
GAUSSIAN PROCESS TO AGRICULTURAL
DATA
Dr. Pattharaporn Thongnim
(Pattharaporn Thongnim 1,2*, and Bo Wang2)
1

Burapha University, Chanthaburi Campus, 57 Moo.1 Chon
Pratan Road, Kamong Sub-district, Tha Mai District,
Chanthaburi Province 22170, Thailand
2
School of Computing and Mathematical Science, University
of Leicester, University Rd, Leicester LE1 7RH, United
Kingdom
* E-mail: pattharaporn@buu.ac.th, Tel.: +66-933793949
In the field of machine learning, it is very essential to figure out how to train the
parameters of statistical models to be able to describe a given set of data. The application of
Gaussian process models is increasing in the fields of statistics, engineering, and other related
fields as a result of their practical utility in the real world and their interesting analytical
characteristics. When the model is integrated with a non-linear model of agricultural data, the
complicated time series patterns may be difficult to forecast due to heterogeneous data sets.
Therefore, it is applied to the Gaussian Process Mixture (GPM) model and a learning algorithm
that uses the hidden variables posterior iterative learning technique to improve forecasting
performance for agricultural data. In this procedure, the expectation-maximization (EM) learning
method is used to determine the most effective way to group agricultural data sets. The findings
of the GPM model show that it is capable of making improved predictions with a wide range of
test data, demonstrating the utility of our approach. The results also demonstrate the effectiveness
and application of the proposed methodology when applied to agricultural data sets.
Keywords: Gaussian process; Mixture model; EM algorithm
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AIS-I-6
MULTI-SCALE CONVOLUTION AND MULTIRESOLUTION PROCESSING IN SEQUENCE
MODELING
Dr. Chanati Jantrachotechatchawan
Research Division, Faculty of Medicine Siriraj Hospital,
Mahidol University, Thailand
*E-mail: chanati.jan@mahidol.ac.th
Information within sequences is not necessarily encoded in fixed-length patterns.
Functionally and structurally relevant motifs in protein sequences often have variable lengths and
various important features of wave signals may exhibit over different durations. As a result,
paralleled convolutional layers with varying kernel sizes or multi-scale convolution neural
networks (CNN) have been implemented to capture these patterns of unfixed lengths across
multiple fields of science and engineering. In a similar fashion, local data processing with a fixed
input window such as the Short-time Fourier transform (STFT) can reveal information at different
resolutions and detect the features of interest when applied at various window sizes in parallel. I
will first review previous works across multiple disciplines that apply these techniques. Then I will
provide an example of our project on music separation that uses multi-resolution STFT and
investigates the effects of multi-scale CNN when applied to amplitude-frequency and/or phase
information.
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AIS-I-7

Dr. Jenjira Jaimunk
Department of Software Engineering, Chiang Mai University
*E-mail: jenjira.j@cmu.ac.th
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BIO-I-1
BIOACTIVE PEPTIDES SCREENING AND
DISCOVERY BY BIOINFORMATICS MACHINE
LEARNING TOOLS
Asst. Prof. Marasri Ruengjitchatchawalya
Biotechnology/Bioinformatics and Systems Biology Programs
King Mongkut’s University of Technology Thonburi,
Bangkok, Thailand
*Email: marasri.rue@kmutt.ac.th
Bioactive peptides, including biological sources-derived peptides with different
biological activities, are protein fragments that influence the functions or conditions of organisms,
in particular humans and animals. Conventional methods of identifying bioactive peptides are
time-consuming and costly. To quicken the processes, Bioinformatics and Computational Biology
tools are recently used to facilitate screening of the potential peptides prior their activity
assessment in vitro and/or in vivo. In the presentation, the bioactive peptides derived from
particular valuable organisms including Spirulina (Arthrospira) sp. and Ophiocordyceps sinensis,
screened/ discovered by our efficient computational tools will be described.
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MANORAA: A DATA-DRIVEN DRUG DESIGN
SYSTEM TO CONNECT BIOLOGICAL AND
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Integrative Computational BioScience (ICBS) Centre, Mahidol University, Salaya, Nakhon
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3
Department of Engineering, Mahidol University, Nakhon Pathom 73170, Thailand
4
Department of Biochemistry, Mahidol University, Rama 6 Road, Ratchathewi, Bangkok 10400
Thailand
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The world is in urgent need of centralized drug design system to connect crucial
biochemical data sources together with providing meaningful physical interpretation. Our machine
learning drug design platform has an acronym from Mapping Analogous Nucleis onto Residues
and Affinity (MANORAA), which blends the interface of the biochemical and biophysical world.
For molecular design, the physical world can be understood through biomolecular interaction
types, distances, and shape. The biological world can be understood through the affected
biochemical pathways, functions, and their target organs. We employ machine learning to enable
the understanding of the binding kinetics of protein and ligand from inter-residue distances,
intermolecular interactions, and the imaginary shape based on frequency found in the pocket. In
addition, our big data backend provides a missing link to bridge those ligands to target proteins,
variants, pathways, tissues and organs. Our MANORAA algorithm can successfully predict the
binding affinity from inter-residue distance and guide whether the pocket should be expanded or
contracted to gain better binding affinity. The resulting equations were proven experimentally with
X-ray crystallographic structures and kinetics data of Plasmodium falciparum Dihydrofolate
Reductase-Thymidylate Synthase in complex with Trimethoprim and Methotrexate. It can also
shed light to biological functions and possible target organs from thousands of ligands in the
Protein Data Bank (PDB). This platform can be accessed via MANORAA.org.
Keywords: platform; molecular design; distances; binding affinity; ligand design
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COMPUTATIONAL INVESTIGATIONS OF THE
ENDOPLASMIC RETICULUM TRANSPORT
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Asst. Prof. Puey Ounjai
(Tanadet Pipatpolkai1*, Atchara Sripanya2, Charal Khiewdee2, Haruethai Wongsangthong 2,
Haeun Lee2, and Puey Ounjai2*)
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Science for Life Laboratory, Department of Applied Physics, KTH Royal Institute of
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2
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Recent advances in computational power and cryogenic electron microscopy have
revolutionized modern structural biology. A plethora of protein structural data have recently
become available, which open new ventures for further understanding of variety of cellular
processes at the molecular level. However, understanding the large-scale dynamics of molecular
machines inside the cells is still very challenging. Here, we exploited various computational
approaches including coarse-grained (CG) and atomistic molecular dynamics (MD) simulation to
investigate the structural dynamics of membrane proteins of endoplasmic reticulum (ER). Here,
we used CG-MD simulations to investigate two distinct cellular recognition pathways; the
molecular mechanism underpinning cellular cholesterol homeostasis and recognition of substrate
by Transporter associated with antigen processing (TAP). The results from our CG and atomistic
MD simulation provides novel insights, yet strongly agrees with previous biophysical and
biochemical studies. Together, we demonstrated the power of CG-MD simulation in the
understanding of a larger scale molecular dynamics simulation.
Keywords: Endoplasmic reticulum; Coarse-grained Simulation; Molecular Dynamics
Simulation
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3
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4
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In food, agrifood, and food fishery research, Bioinformatics is involved to elucidate the
molecular mechanism of target organisms. Generally, the research studies are starting from gene
characterization, clone, to DNA or mRNA sequencing. This information will be stored in the
cDNA library. As the limitation of time and expense in research projects, only a few chances that
protein expression study is able to perform. Interestingly, Protein Bioinformatics including protein
sequence analysis, protein modeling, and protein structural analyses, is not only accelerating the
study of protein structures from genes of interest, from genetic data but also facilitating deep
insight into predicting functional properties of these predicted proteins. There are several
successful cases to construct the three-dimensional protein structure from protein modeling tools
to elucidate the behavior of gene expression, including A) the study of the myostatin (MSTN) gene
from walking catfish (Clarias macrocephalus, Günther 1864) and African catfish (Clarias
gariepinus), B) fragrance gene, (Badh2) from aromatic coconut (Cocos nucifera), C) cathepsin B
from the giant river prawn Macrobrachium rosenbergii (MrCTSB). Moreover, bioinformatics
plays a crucial role in protein design. Novel chimeric multiepitope vaccine for Streptococcosis
disease in Nile Tilapia (Oreochromis niloticus Linn.) has been constructed starting from the
knowledge of protein structure and protein bioinformatics, to design the core structure and the
exposal active interface. The designed vaccines have been verified, giving good immune response
after challenging fish with S. agalactiae. Bioinformatics could represent an important step toward
removing the research barriers and is a genuine prospect for the future.
Keywords: Protein modeling; Protein Design; cDNA; Gene expression; Bioinformatics
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Surface-enhanced Raman spectroscopy (SERS) has gained increasing attentions towards
rapid analyses of biological molecules because of its capability to detect molecules at ultralow
concentrations and even the single molecule level. SERS is a technique that has been widely using
in bio-application with its advantage in distinguishing a molecule by its unique vibration and
enhancing the signal by a suitable nanostructured substrate. Our group have developed a
commercialized SERS substrate, namely Onspec, which comprises of a uniquely fabricated
nanostructure on a silicon substrate. We have experimented our Onspec substrate in many areas of
applications including forensic, agriculture, environment, and medical diagnosis. SERS data
analysis was typically achieved via investigating spectral pattern and changes in peak intensity,
band position, the full width at half maximum (FWHM) of a band, etc. Therefore, limitations
happen in the case, especially in biomolecular detections where the features are too complicate to
be effectively examined by a conventional analysis technique, which normally rely on the expertise
of an expert. Multivariate statistical analysis and machine learning (ML), which can be seen as a
part of artificial intelligence (AI), has recently been a hot topic in many areas including
spectroscopic and sensor technologies to access the prediction power from the learning of big data
and can be a powerful solution to the aforementioned issue. In this work, we report the performance
of the Onspec combined with multivariate statistical analysis and ML, and potential of the method
in tuberculosis infection diagnosis.
Keywords: Surface-enhanced Raman spectroscopy; SERS; Multivariate statistical analysis;
Machine learning; Tuberculosis
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BIO-I-6
STATISTICAL MECHANICS THEORY OF
BIOMOLECULAR SOLVATION
Prof. Norio Yoshida
Graduate School of Informatics, Nagoya University,
Furo-cho, Chikusa-ward, Nagoya 464-8601 Japan
*E-mail: noriwo@nagoya-u.jp, Tel.: +81-52-789-4234
Biomolecules maintain their structure and express their functions in solution. Therefore,
information on the solvation of biomolecules is essential for understanding biological processes.
The most interesting task in protein computational science is protein structure prediction.
In recent years, AI-based methods, such as alpha-fold2, have realized accurate predictions of the
stable structure of proteins. On the other hand, for dynamic conformational changes such as protein
denaturation, molecular simulation-based methods are still essential. Recently, we developed a
computational method to investigate the global conformational change of a protein is proposed by
combining the linear response path following (LRPF) method and three-dimensional reference
interaction site model (3D-RISM) theory, which is referred to as the LRPF/3D-RISM method.
The improvement in the model of water molecule is another important factor. For
example, the electronic polarization of water molecules is known to have a significant effect on
the electron transfer process in aqueous solution. Therefore, we have developed a novel 3D-RISM
theory that can describe the electronic polarization of solvents, which is referred to as the solventpolarizable (sp) 3D-RISM theory.
In this talk, the fundamentals and applications of theories will be presented.
Keywords: 3D-RISM, protein, fluctuation, quantum chemistry, polarization
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LIGAND-BINDING MODE EVALUATION OF
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Rubraxanthone, the natural compound extracted from the pericarp of mangosteen
(Garcinia mangostana), has been confirmed an antiviral activity to SAR-CoV2 at the main protease
as a competitive inhibitor, with low cytotoxicity and high percent inhibition to SAR-CoV2 infected
cells. However, the inhibitory mechanism at the atomistic level is still ambiguous. To understand
how rubraxanthone interacts with the main protease, Ligand Binding Path Sampling Based on
Parallel Cascade Selection Molecular Dynamics (LB-PaCS-MD) method is used to disclose the
ligand's path from the water to the active site of SAR-CoV2 main protease. The ligand-binding
pattern could reveal the necessary interaction profile for optimizing the novel protease inhibitor.
The potent binding conformation is identified using fragment molecular orbital (FMO) with RIMP2/PCM method. Ten different binding patterns are clustered into two groups using correlation
distance and average linkage based on their pair interaction energy. The complexes that form the
better cluster are chosen to perform MD simulation until the ligand flies out of the pocket or 500
ns to evaluate the binding stability. Among all events, one of the possible binding patterns of
rubraxanthone in complex with SAR-CoV2 main protease at catalytic regions has been proposed
in this study. Moreover, the interaction profile suggested that the primary interaction is methionine
sulfur-aromatic interactions. The constant fluctuation of rubraxanthone in the binding pocket is a
key inhibition by interfering with the catalytic dyad and interrupting the main protease's function.
Overall, the integrated LB-PaCS-MD/FMO method can provide a more reasonable complex
structure necessary for further antiviral drug discovery and design.
ligand's
Keywords: PaCS-MD; Docking; SAR-CoV2; rubraxanthone; FMO
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In parallel to vaccine development, the discovery of antiviral agent is another frontier
research in the fight against coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2). In particular, a modified compound derived
from natural products is of potential interest for drug discovery process. An attractive drug target
for COVID-19 treatment is the viral main protease (Mpro), which processes viral polyprotein during
infection. In the present study, a series of twenty-one 12-dithiocarbamate-14deoxyandrographolide analogues was explored for their anti-SARS-CoV-2 Mpro potential based
on in vitro and in silico investigations. We firstly screened the inhibitory activity of these
compounds toward SARS-CoV-2 Mpro using in vitro enzyme inhibition assay. The results showed
that there were four promising compounds including 3k, 3l, 3m and 3t that exhibited the inhibitory
activity against SARS-CoV-2 Mpro with >50% inhibition at 10 μM. Next, molecular docking was
performed to determine the binding mode of each focused compound in the enzyme active site, in
which the most probable complexes were selected and subjected to subsequent molecular
dynamics (MD) simulations. The MD results revealed that all studied complexes were stable over
the course of simulation, and most of the compounds could specifically bind to the SARS-CoV-2
Mpro active site, especially at S1, S2 and S4 subsites. The hot-spot residues involved in ligand
binding were T25, H41, C44, S46, M49, C145, H163, M165, E166, L167, D187, R188, Q189 and
T190. In addition, the van der Waals interactions yielded the main energy contribution stabilizing
all studied compounds. Therefore, our findings from both combined experimental and
computational approaches could lead to further optimizations of more potential andrographolide
analogues toward SARS-CoV-2 Mpro.
Keywords: Andrographolide analogues; Computational study; COVID-19; Drug discovery;
Enzyme-based assay
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Modern machine learning methods have had phenomenal success in the technology areas
such as computer vision, speech recognition, natural language processing (NLP), etc. Inspired by
this, we see a surge in the use of artificial intelligence-machine learning methods to address
problems in fundamental sciences during the last few years. Availability of high performance
Graphics Processing Unit (GPU) accelerators, large datasets, novel algorithms, and libraries have
positively contributed to enhanced activity in this area. In chemistry, ML methods have been
successfully applied to various problems such as predicting accurate energies of molecules, various
drug discovery tasks, retrosynthetic pathway prediction, inverse design of molecules, etc. This talk
will discuss the impact AI methods in general have made in chemistry research and gives a
conceptual overview of different ML methods. Recent efforts of using artificial neural networks,
convolutional neural networks, reinforcement learning and Monte Carlo tree search for carrying
out various prediction/classification tasks in molecular design, molecular generation, and
prediction of molecules starting from their spectra will be discussed.
Keywords: machine learning; artificial intelligence; molecular design; drug discovery; data
driven chemistry
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Organic fluorescent molecules play critical roles in the fluorescence inspection,
biological probes, and labeling indicators. Learning the design principle of these molecular
architectures always attract the scientific interests of the synthetic and theoretical communities. In
this talk, two practices of predicting molecular electronic properties will be demonstrated using
10k-plus real world experimental and 100k-plus theoretical datasets, being represented by the
chemical knowledge or physical structural information. A systematic informatics procedure will
be introduced, starting from descriptor cleaning, descriptor space reduction, and statisticalmeaningful regression to build an applicable model for estimating the fluorescence emission
wavelength. Additionally, the comparison in terms of prediction accuracy and data preparation
between machine learning and neuron network approaches will be discussed.
Keywords: Fluorescence, Molecular Representation, Machine Learning, Deep Learning

49
The 25th International Annual Symposium on Computational Science and Engineering

CHE-I-3
DFT STUDY ON THE CHEMOSELECTIVE
TRANSESTERIFICATION OF METHYL
ACRYLATE WITH BENZYL ALCOHOL
CATALYZED BY MAGNESIUM(II)
ARYLOXIDES
Dr. Manussada Ratanasak
(Ratanasak, M.,1 Ishihara, K.,2 Hasegawa, J.1*)
1

Institute for Catalysis, Hokkaido University, Kita 21, Nishi
10, Sapporo, Hokkaido 001-0021, Japan
2
Graduate School of Engineering, Nagoya University,
Chikusa, Nagoya 464-8603, Japan

*E-mail: hasegawa@cat.hokudai.ac.jp, Tel.: +81-11-706-9145
Acrylates are produced on a million-ton scale per year as some of the most important
industrial chemicals. Professor Ishihara have found sodium or magnesium aryloxides can catalyze
the transesterification of methyl (meth)acrylate at room temperature, with high chemoselectivity,
producing a high yield of (meth)acrylate ester, and without the use of toxic metals or ligands. In
the present study, we performed the DFT calculations at the ωb97XD/6-31G(d,p) level for
elucidation the chemoselective transesterification (1,2-addition) of methyl acrylate (MA) with
benzyl alcohol (BnOH) using the Mg(II) aryloxides catalyst by compare with undesired Michael
(1,4) addition reaction. Before investigating the reaction pathways, we studied the relative stability
of cis-trans isomerization of MA. From the calculated energy deviation result of two isomers is so
small (0.7 kcal/mol). Hence, the reaction pathways for both cis and trans MA cases of monomeric
models were investigated. The potential energy profiles of monomeric models revealed that
transesterification of cis-MA is the most favorable pathway (Ea 1tc = 14.9 kcal/mol) among three
main pathways (Ea1tt = 15.3 kcal/mol and Ea1m = 16.9 kcal/mol). In addition, the dimeric Mg(II)
complex is only 1.0 kcal/mol more stable than the monomeric Mg(II) complex. Therefore, dimeric
models were also investigated. Again, the apparent activation energy of the rate-determining step
of dimeric model for the transesterification pathway (Ea 1tc = 13.0 kcal/mol) is smaller than that of
the Michael addition pathway (Ea1m = 14.4 kcal/mol). These calculation results confirmed
explanation of the preference for transesterification over Michael addition.
Keywords: transesterification; acrylate; chemoselectivity; magnesium; DFT calculations
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Double hybrid organic-inorganic perovskites (DHOIPs) with excellent optoelectronic
properties and low production costs are promising in photovoltaic applications. However, DHOIPs
still have not been investigated thoroughly, due to their structural complexities. In this work, an
accelerated discovery of DHOIPs has been realized by combining machine learning (ML)
techniques, high-throughput screening, and density functional theory calculations. Different from
the previous works, the anisotropy of organic cations of DHOIPs was first considered, and Δmachine learning (Δ-ML), which uses low-level calculations as a baseline to predict properties of
high-level methods, was used in high-throughput of DHOIPs to further improve the accuracy of
ML models. 19 promising DHOIPs with appropriate bandgaps for solar cells were screened out
from 78400 DHOIPs and verified by performing HSE06 calculations. This work demonstrates an
effective method for predicting and discovering hidden novel photovoltaic materials.
Keywords: Machine learning; Hybrid organic-inorganic perovskites; Density functional theory
calculations; Photovoltaics
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MoS2 has been discussed as a catalyst for different reactions, including hydrogen
evolution and CO2 hydrogenation. Furthermore, it is often mentioned that the defect sites on the
catalyst play an essential role for the catalytic activity. [1,2] Earlier studies have pointed out that
the size and shape of the defects may affect the electronic structure [3] and, with that, likely also
the performance of the catalyst. In this work, we use periodic DFT calculations to explore the
diffusion of S-vacancy sites on a MoS2 monolayer and investigate how the immediate surrounding
influences the energetics of the diffusion. These data are then used as input for a kinetic Monte
Carlo model that mimics the migration of the vacancy sites and, as a consequence of that, the
reshaping of the catalyst surface over time. Our results show that the migration of the defect sites
heavily depends on the occupation of one distinct S-site in the direct vicinity of the migrating
vacancy site. This, in return, results in the fact that only “defect islands” consisting of more than
three neighboring vacancy sites are mobile at temperatures below 100°C. Furthermore, the results
of our kMC simulation reveal that wide, extended vacancy sites are not very stable and quickly
rearrange to a structural motive that features isolated S-atoms surrounded by a ring of vacancy
sites.
Keywords: MoS2, defect sites, diffusion, catalyst surface, kinetic Monte Carlo
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The electrochemical oxygen evolution reaction (OER) is a critical bottleneck in artificial
photosynthesis. It requires a very positive onset potential (UOER > 1.5 VRHE), much larger than the
equilibrium potential (UOER,Eq = 1.23 VRHE), to drive the reaction, and thus is very energy
demanding. For most known electrocatalysts, a high UOER is used to overcome the third elementary
step of the reaction (*O + H2O(l) → *OOH + H+ + e-). If the goal is to generate *O rather than
complete the OER, the required UOER would be less positive, and the whole process would be less
energy demanding. In homogeneous and heterogeneous catalysis, *O often acts as a reaction center
for various oxidation reactions. Thus, *O, generated during the course of the OER, should be able
to use as an active site for oxidation. In the past two years, we used quantum mechanics combined
with a constant electrode model to verify and apply this concept to design and screen
electrocatalysts to oxidize inexpensive hydrocarbons into more valuable compounds. In this
presentation, we will detail the discovery.
References:
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Energy storage and conversion devices including metal–air batteries and fuel cells are
highly dependent on cathodic Oxygen Reduction Reaction (ORR). The carbon-based materials are
identified as potential catalysts for ORR with ideal electronic properties but the random approach
using an experimental method delays the finding of the best carbon catalysts in large material
space. To overcome this challenge, we proposed a predictive model equation based on QM/ML
approach that can find the site-specific ORR activity of the graphene-based system. Here, we
demonstrate the key role of π orbital descriptors (Dπ(EF), R-Oπ) to influence the adsorption
property of carbon sites. By using these descriptors as features, we employed various ML models
and observed the optimal predictive performance of the SVR method. We applied SVR based
predictive model to estimate the ORR activity of unknown graphene systems and the accuracy of
the results is validated by DFT calculations. Ultimately, I will discuss the validation of the
prediction with experimental results (collaborative work).
Reference
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2021, 286, 119866.
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School of Chemistry, Institute of Science, Suranaree University of Technology, Nakhon
Ratchasima, Thailand
1
School of Physics, Institute of Science, Suranaree University of Technology, Nakhon
Ratchasima, Thailand
3
National Nanotechnology Center (NANOTEC), National Science and Technology Development
Agency (NSTDA), 111 Thailand Science Park, Pathum Thani, Thailand
*E-mail: suthirak@sut.ac.th, anchalee@nanotec.or.th
Photoelectrochemical water splitting has received extensive attention as an approach for
the clean hydrogen production. However, the performance of current photocatalysts is still not
satisfied due to high charge recombination rate and sluggish kinetics of water splitting. Making
heterostructure from 2D-materials is among efficient approaches to enhance the photocatalytic
activity since it allows for engineering of band edge position and provides various active sites for
hydrogen and oxygen evolution reactions (HER and OER). In this talk, I will present how firstprinciples modelling can be used to study the photocatalytic performance of 2D heterostructures.
In particular, I will discuss the formation of g-C3N4/ZnO heterostructure where biaxial strained are
introduced to achieve stable and effective photocatalysts. Its band edge potential with respect to
the normal hydrogen electrode is constructed to describe the type of heterojunction and
photocatalytic mechanisms. In addition, the calculated free energy profiles of OER and HER are
used to determine the active sites of the heterostructure, estimate the overpotential, and predict the
catalytic activity of the photocatalysts. The obtained insight can be used as a guidance to rationally
design 2D heterostructures for photocatalytic water splitting.
Keywords: First-principles modelling; two-dimensional heterostructures; photocatalysts for
water splitting
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HPC-I-1
ERAWAN HPC: DESIGN AND
DEVELOPMENT OF HIGH-PERFORMANCE
COMPUTING FOR ACADEMIC RESEARCH
AT CHIANG MAI UNIVERSITY
Asst. Prof. Paskorn Champrasert
(P. Champrasert*, S.Tanchanpong, P. Panyadee, R. Sukhahuta)
Information Technology Service Center, Chiang Mai
University
*E-mail: paskorn.c@cmu.ac.th, Tel.: +66-53943804
Cyberinfrastructure and computing resources, including the CPU, memory, data storage,
and GPU, become the keys for current academic research in universities. In 2019, Chiang Mai
University focused on students' learning and working environments by providing a thousand thin
clients with a virtual desktop infrastructure (VDI) system. However, with the high demand for
computing resources for research, the VDI applications are redesigned to support the researchers'
requirements. The computing resource requirement assessment has been processed. The online
assessment consists of 1) research information, 2) computing resource requirement, and 3)
software requirements. The assessment results of 16 researchers cover various research fields (e.g.,
climate changes, PM2.5, chemistry model, bioinformatics, health, AI, and machine learning). In
the first phase, the researchers prefer remote virtual machines over the job submission system. The
average computational time is about an hour per job. This presentation contributes to the
assessment results and the design of the high-performance computing system for research and
innovation development at Chiang Mai University.
Keywords: high-performance computing; virtual desktop infrastructure; design; research
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HPC-I-2
INTRODUCING COMPUTATIONAL SCIENCE
FOR THE FIRST-YEAR COMPUTER SCIENCE
STUDENTS
Dr. Thanaphon Tangchoopong
Department of Computer Science, College of Computing,
Khon Kaen University
*E-mail: thanaphon@ac.th, Tel.: +66-655219359
Computational Science is a foundational subject that needs proficiency in mathematical
modeling, numerical analysis, software engineering, high-performance computing, and statistics,
in addition to a thorough understanding of the specialized application area under study. Hence,
this leads to interdisciplinary among mathematicians, statisticians, application scientists, and
computer scientists. As a result, in terms of computer scientists, it is challenging to design the
course for introducing the freshmen in Computer Science to the subject. In this talk, the speaker
would like to share the experience in educating computational science in terms of concepts
necessary for the students, teaching paradigms, and how the assessment should be.
Keywords: Computational Science, education
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MST-I-1
COLORINGS IN GRAPHS:
PROPER COLORINGS AND SOME
GENERALIZATIONS
Assoc. Prof. Kittikorn Nakprasit
Department of Mathematics, Faculty of Science, Khon Kaen
University, Thailand
*E -mail: kitnak@kku.ac.th, Tel.: +66-0813900360
Graph coloring is one of the oldest and widest studied topics in graph theory. Its
popularity due to its history, relations to other graph theoretical topics, and real word applications
such as resource management and time scheduling. In this talk, we survey some types of coloring
from a classical coloring, that is a proper coloring, to some of its generalizations namely relaxed
coloring, list coloring, and DP-coloring. Furthermore, we also explore some recent researches
including certain conceptual combinations of aforementioned types of coloring.
Keywords: Graph coloring; Relaxed coloring; List coloring; DP-coloring; Planar graphs
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MST-I-2
NOVEL STABILITY CONDITIONS FOR
GENETIC REGULATORY NETWORKS WITH
INTERVAL TIME-VARYING DELAYS
Asst. Prof. Wajaree Weera
(W. Weera1 and T. Botmart1)
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In this work, the stability analysis problem of the genetic regulatory networks (GRNs)
with interval time-varying delays is presented. By constructing the Lyapunov–Krasovskii
functional dependent on the composite function variables of the state estimate system, a new
technique lemma is provided and applied to the stability analysis. Moreover, by adding two
quadratic terms, which double integral terms of a positive quadratic term and the other one is a
quadratic term which does not need to meet positive definite and would relax the stability
conditions. The sufficient condition of state estimator design is obtained in terms of linear matrix
inequalities or computing an induced norm of a constant matrix, which can be easily realized by
usual software tools. Finally, a simulation example illustrates the rationality and effectiveness of
the proposed theoretical results. The obtained results are essentially new and complement
previously known results.
Keywords: genetic regulatory networks; time-varying delays; stability analysis; linear matrix
inequalities
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MST-I-3
RELAXED MODIFIED TSENG ALGORITHM
FOR SOLVING VARIATIONAL INCLUSION
PROBLEMS IN REAL BANACH SPACES WITH
APPLICATIONS
Dr. Abubakar Adamu

(A. Adamu1,2*, P. Kumam2,3 **, D. Kitkuan 4, and A. Padcharoen 4)
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3
Department of Medical Research, China Medical University Hospital, China Medical
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4
Department of Mathematics, Faculty of Science and Technology, Rambhai Barni Rajabhat
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*E-mail: aadamu@aust.edu.ng, Tel.: +66-0925176925
This talk will be on relaxed and relaxed inertial Tseng-type algorithms we introduced for
approximating zeros of sum of two monotone operators whose zeros are fixed points or J-fixed
points of some nonexpansive-type mappings. We will give a sketch of our proof that the iterates
of our proposed algorithms converge strongly in the setting of real Banach spaces that are
uniformly smooth and 2-uniformly convex. Furthermore, applications of our results to the concept
of J-fixed point, convex minimization, image restoration, and signal recovery problems will be
presented. In addition, some interesting numerical implementations of our proposed methods in
solving image recovery and compressed sensing problems will be presented. Finally, we will
present the performance of our proposed methods in comparison with that of some existing
methods in the literature.
Keywords: Relaxed; Tseng algorithm; J-fixed point; Image restoration; Signal recovery
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MST-I-4
GAIT RECOGNITION
Assoc. Prof. Nirattaya Khamsemanan
Thammasat University
*E-mail: nirattayasiit@tu.ac.th

Gait is a locomotion of a human. In layman’s terms, it is a way a person walks. Unlike
other biometric properties of a person, gait can be collected from a far and non-intrusively.
Moreover, it is hard for a person to disguise his or her gait for a long period of time. Gait
recognition is a technique that use human’s gaits to identify a person. In this talk, we are going to
explore gait recognition techniques using various machine learning techniques, as well as age
estimation using gaits and gender recognition using gaits.

61
The 25th International Annual Symposium on Computational Science and Engineering

MST-I-5
THE COMBINATION ALGORITHM OF
SMOOTH GENERALIZED PINBALL SVM
AND VAES FOR PNEUMONIA INFECTED
PATIENTS IMAGE RECOGNITION
Prof. Rabian Wangkeeree
(Wachirapong Ratipapongton1, Wanida Panup2, and Rabian
Wangkeeree2*)
1

Department of Mathematics, University of York, Heslington,
York YO10 5DD, UK
2
Department of Mathematics, Faculty of Science, Naresuan
University, Phitsanulok, Thailand
* E-mail: rabianw@nu.ac.th, Tel.: +66-863977096

Pneumonia is the most common disease caused by various microbial species such as
bacteria, viruses, and fungi that inflame the air sacs in one or both lungs. In this paper, we present
a method based on combining a smooth generalized pinball support vector machine (SVM) and
variational autoencoders (VAEs) in chest X-ray (CXR) images. For a smooth generalized pinball
support vector machine, we try to solve the primal quadratic programming problems of SVM by
transforming individuals into smooth unconstrained minimization problems. It would be of great
interest to propose an efficient regularized stochastic BFGS algorithm-based SVM using the
smooth generalized pinball loss function (termed as RES-SGSVM). More specifically, we have
introduced verified theorems that are related to our approaches, and the theoretical convergence of
our approaches has been proposed. To test the model, numerical comparisons between parameter
values of several iteration objective functions are also provided. The results obtained on several
benchmark datasets show that our method outperforms existing classifiers in terms of accuracy
and Matthews correlation coefficient (MCC).
Keywords: Support Vector Machine, Generalized pinball loss, Feature noise, Regularized
stochastic BFGS algorithm, Image recognition.
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PFD-I-1
INSIGHTS INTO APPLIED 2D MATERIALS FOR
ENERGY CONVERSION AND NEXT
GENERATION ELECTRONICS
Prof. Abir De Sarkar
Institute of Nano Science and Technology, Quantum Materials
& Devices Unit, Knowledge City, Sector – 81, Mohali,
Punjab, India
*E-mail: abir@inst.ac.in, Tel.: +91-9023548853
Several interesting properties arise at the nanoscale which are non-existent in the bulk
form of these materials. For instance, bulk or multilayer van der Waals solid MoS 2 does not show
any piezoelectricity, while monolayer MoS2 is piezoelectric. Piezoelectricity at the nanoscale is
relatively new and in its infancy. Piezoelectric properties have been explored in a few selected
semiconducting 2D materials in our work using DFT based approaches. The feasibility in the
synthesis of Janus MoSSe monolayer has motivated us to investigate piezoelectricity in Janus
structures in centrosymmetric Group IV transition metal dichalcogenide and trichalcogenide
monolayers. Ultrahigh out-of-plane piezoelectricity is found to meet giant Rashba effect in 2D
Janus monolayers and bilayers of Group IV transition metal trichalcogenides. The latter is desired
in spintronics. Out-of-plane piezoelectricity is found to be induced at the interfaces of
semiconducting GaN, MoS2 and boron monophosphide (BP) monolayers which show σh symmetry
and in-plane piezoelectricity only. These 2D semiconducting monolayers have been
synergistically combined to constitute van der Waals heterobilayers (vdWH) of GaN/BP and
MoS2/BP. Again, MoSSe/BP vdWH shows 4-fold enhancement in out-of-plane piezoelectricity
with respect to that of MoS2/BP, which has been later supported by experimental findings. The
band gap closure in MoSSe/BP via vertical electric field showcases its immense application
prospects in digital electronics. Conflux of tunable Rashba effect and piezoelectricity has been
observed in flexible MgTe, CdTe and ZnTe monolayers, which signifies its superhigh potential
for applications in next-generation spintronic devices, e.g., in self-powered flexible-piezospintronics. HfN2 monolayer is found to exhibit valleytronic properties complementary to that in
single-layer MoS2, while merger of spintronic with valleytronic properties are noted in h-NbN and
h-TaN monolayers.
Keywords: 2D materials; piezoelectricity; valleytronics; spintronics; energy conversion
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PFD-I-2
BIOPHYSICAL INTERPRETATION OF PROTEIN
ENGINEERING AND EVOLUTION BY
MOLECULAR MODELLING AND NETWORK
TOPOLOGY ANALYSIS
Asst. Prof. Thana Sutthibutpong
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This talk presents the attempts for biophysical understanding on the effects of local
changes to global protein structures within protein engineering and evolution, aided by molecular
simulation techniques and information theory approaches. The talk will start with discussing about
how protein structures hierarchy is defined into primary, secondary, and tertiary structures so that
certain patterns of protein folding can be understood in terms of physical interactions. This
understanding leads to a new research field, protein engineering, in which evolution of proteins at
the molecular level is mimicked and accelerated by altering a few amino acids, which affecting
both local physical properties and the global interaction network. After that, basic principles and
theoretical backgrounds of molecular simulations and their applications in protein engineering in
collaborations with experimental labs will be discussed. Finally, the current advances and future
trends of the protein structure research involving new techniques, such as, machine learning and
network theory will be presented.
Keywords: Molecular Simulations, Protein Engineering, Fibrilization, Network Topology
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PFD-I-3
INSIGHTS INTO THE TRAPPING MECHANISM
OF LIGHT METALS ON C2N-MONOLAYER:
EFFICIENT ANODE MATERIALS FOR METAL
ION BATTERIES
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This work presents insights from atomistic simulations based on density functional theory
on the trapping mechanism of light metal atoms in nitrogenated holey graphene (C 2N). The storage
capacity of C2N for lithium, sodium and calcium ions has been explored for utilisation as a
battery anode material. Our calculations show that a significant capacity of over 500 mAh g−1 and
excellent mobility of the calcium atoms can be achieved. Overall, we find that all three metals
interact strongly with the pyridinic nitrogen in the pores and that the material shows a high initial
storage capacity. However, due to the strong binding of the first intercalated metals in the pores,
these show poor mobility. Once the pores are loaded with at least one metal atom, the mobility
improves significantly. The trapped metal atoms however, affect the capacity of the material,
making it much smaller. This limits the suitability of C 2N as an anode material for lithium and
sodium ion batteries and explains previous experimental findings on poor performance for lithium.
For calcium we find that the trapping of some of the calcium atoms has less of an effect due to the
dual valence, leading to the observed higher capacity.
Keywords: Holey graphene, Metal-ion battery, Anode, Storage capacity, Intercalation
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PFD-I-4
SHAPE-DEPENDENT CORE/SHELL
NANOCRYSTALS WITH INTERESTING
ELECTRONIC AND OPTICAL PROPERTIES:
ATOMISTIC TIGHT-BINDING THEORY
Assoc. Prof. Worasak Sukkabot
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The electronic and optical signatures of the shape-dependent core/shell nanocrystals are
determined by the atomistic tight-binding theory and configuration interaction method. Here,
CdSe/CdS core/shell dot-in-rod nanocrystals and dot-in-hexagonal platelet nanocrystals are the
shape-dependent models. The resulting calculations are mainly sensitive with their shapes and
sizes. The quantum confinement effect is attributed to the reduction of excitonic band gaps with
the increasing sizes. The important findings by the tight-binding model agree well with the
experimental data. Finally, this theoretical study delivers the important direction to predesign of
core/shell nanocrystals with shape-dependence and specific characteristics for the optoelectronic
technologies.
Keywords: Tight-binding theory, Core/shell nanocrystal, Electronic structures, Optical
properties
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PFD-I-5
DEVELOPMENT OF EFFICIENT AND
ACCURATE MACHINE-LEARNING
POTENTIALS FOR THE SIMULATION OF
COMPLEX MOLECULES AND MATERIALS
Asst. Prof. Nongnuch Artrith
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Nanomaterials Science, Utrecht University, The Netherlands
*E-mail: n.artrith@uu.nl, TEL.: +31-302537038
The properties of materials for energy applications, such as heterogeneous catalysts and
battery materials, often depend on complicated chemical compositions and complex structural
features including defects and disorder. This complexity makes the direct modelling with first
principles methods challenging. Machine-learning (ML) potentials trained on first principles
reference data enable linear-scaling atomistic simulations with an accuracy that is close to the
reference method at a fraction of the computational cost. ML models can also be trained to predict
the outcome of simulations or experiments, bypassing explicit atomistic modelling altogether.
Here, I will give an overview of our contributions to the development of ML potentials based on
artificial neural networks (ANNs) and applications of the method to challenging materials classes
including metal and oxide nanoparticles, amorphous phases, and interfaces. Further, I will show
how large computational and small experimental data sets can be integrated for the ML-guided
discovery of catalyst materials. These examples show that the combination of first-principles
calculations and ML models is a useful tool for the modelling of nanomaterials and for materials
discovery. All data and models are made publicly available. To promote Open Science, we also
formulated guidelines for the publication of ML models for chemistry that aim at transparency and
reproducibility.
Keywords: DFT; Machine Learning; Artificial Neural Networks; Energy Materials
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IMPROVING SYSTEMATIC SEARCH OF
LARGE-SCALE OUTFLOWING GALAXIES
WITH SUBARU/HYPER SUPRIME-CAM
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Asst. Prof. Suraphong Yuma
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University, Bangkok, Thailand
*E-mail: suraphong.yum@mahidol.edu, Tel.: +66-2201-5775
Galactic-scale outflow is a crucial process in halting star forming process in a galaxy and
enriching the chemical abundance of the universe. However, searching for galaxies in the largescale outflowing phase is difficult. The Hyper Suprime-Cam (HSC) Subaru strategic program is a
deep imaging survey of over 1400 square degree of the sky with Subaru telescope. It provides
incredibly large public data containing more than million galaxies at various epochs of the
universe. Using the public HSC data, we discover more than 800 galaxy candidates with strong
emission line spatially extended over 30 kiloparsecs beyond the stellar components of a typical
galaxy. The number of candidates is 10 times more than those from our last search in 2017. In this
talk, we will focus on the newly improved selection method including simulating artificial objects
with outflow to evaluate the reliability of the search.
Keywords: Galaxy formation; Galaxy evolution; Gas outflow; Ionization parameters
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PFD-I-7
THE REVISIT OF THE SPHERICAL COLLAPSE
EXPERIMENT WITH FINITE VELOCITY
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Asst. Prof. Tirawut Worrakitpoonpon
School of Physics, Institute of Science, Suranaree University
of Technology, Nakhon Ratchasima, 30000, Thailand
*E-mail: tirawut.w@g.sut.ac.th, Tel.: +66-44 224458
Spherical collapse model is widely employed as a toy model to understand the origin of
elliptical galaxies. In point-wise systems, the seed of triaxiality is originated from the Poissonian
fluctuations before it is amplified by the collapse. However, the conclusion for systems with finite
velocity dispersion is different because of the initial velocity dispersion. We propose the
theoretical framework derived from the Lin-Mestel-Shu instability incorporated with the
discretized effects of the density and the velocity dispersion. This yields the critical particle
number N. Below this number, the symmetry breaking is effective, while it is ineffective above
that number. We find that it predicts reasonably well the simulated collapse with low density
gradient.
Keywords: Elliptical galaxies; N-body simulation; Spherical collapse model; Lin-Mestel-Shu
instability; Poissonian fluctuations
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Two-dimensional (2D) materials with penta-atomic-configuration such as pentagraphene, penta-B2C and penta-BN2 have received great attention as an anode in Li-ion batteries
(LIBs). In particular, penta-graphene, penta-B2C and penta-BN2 possess the large storage capacity
for LIBs of 1489, 1594, and 2071mAh g -1 respectively. Recently, penta-BCN has been
demonstrated to exhibit the highest theoretical capacity to date of 2183 mAh g -1, corresponding to
the composition Li3BCN. Herein, we study the layer-by-layer Li adsorption on penta-BCN by
explicitly and comprehensively considering its anisotropic structure. We discover a new, more
energetically favorable Li adsorption site distinct from the latest report by Chen et al. [Chen et al.
PCCP, 2021, 23, 17693] The possible migration pathway and the accompanying activation energy
are also investigated. The full lithium adsorption leads to the formula Li 2BCN and reduces
theoretical capacity to1455 mAh g-1. Still, the penta-BCN exhibits metallic conductivity during Li
adsorption, has a low open-circuit voltage, and has a low ion diffusion barrier, which are all
beneficial for anode materials. These observations imply that penta-BCN remains one of the most
effective anode materials for LIBs with a quick charge/discharge rate.
Keywords: pentagonal configuration; penta-BCN; theoretical capacity; Li adsorption; Li-ion
battery
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UNVEILING THE NON-STOICHIOMETRIC
EFFECT ON SODIUM INTERCALATION
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PROPERTIES IN 3.8-V ALLUAUDITE BASED
CATHODES FOR Na-Ion BATTERY: A FIRSTPRINCIPLES STUDY
Dr. Teeraphat Watcharatharapong
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*E-mail: fscithw@ku.ac.th
Sodium iron sulfate in the form of alluaudite Na 2Fe2(SO4)3 has emerged as one of the
most promising cathodes for Na-ion batteries due to its highest Fe 2+/3+ redox potential, low cost,
sustainability, and high-rate capability. Unlike other cathodes, this material commonly occurs in a
non-stoichiometric form of Na2.5Fe1.75(SO4)3 (N2.5F1.75S) with partial Na+ substitutions on Fe sites,
depending on the synthesis conditions. While many contemporary works have primarily been
directed to study this non-stoichiometric compound, our theoretical prediction unveiled the
possibility to synthesize stoichiometric alluaudite (N 2F2S), which is expected to deliver higher
specific capacity (≈120 mA.h/g). This provokes curiosity toward the non-stoichiometric effect on
the electrochemical activities and sodium intercalation mechanism in alluaudite materials. In this
talk, the structural evolution, electrochemical behavior, and voltage profile of N xFyS (where y = 2,
1.75, and 1.5) will be present on the basis of first-principles investigations. These results reveal
the likelihood of two-phase transitions after half desodiation process, which depends on a degree
of non-stoichiometry and suggests an improvement in the structural reversibility for N 2.5F1.75S and
N3F1.5S. The prediction of the voltage profiles shows the benefit of non-stoichiometry in enhancing
the specific capacity and identifies the structural rearrangement of Fe 2O10 dimers as the hidden
reason behind the irreversible sharp peak experimentally observed in differential galvanostatic
profiles.
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RANDOM FOREST CLASSIFIER IN GALAXY
MORPHOLOGICAL CLASSIFICATION
Chaipak Sawasdee1 Tirawut Worrakitpoonpon 2, and Suraphong Yuma1*
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2
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Galaxies are usually classified by visual inspection into two major classes: elliptical and
spiral galaxies. Visual classification becomes more difficult for a distant galaxy as it gets smaller
and fainter. In this study, we aimed to use other physical properties of galaxies to classify their
morphological types with help of a supervised machine learning technique. A total of 525,340
galaxies from the Sloan Digital Sky Survey Data Release 16 (SDSS DR16) was equally divided
into spiral and elliptical galaxies based on their surface brightness profile. We have trained random
forest models using photometry in five bandpasses (ugriz), 4000Å break (d4000_n), and stellar
velocity dispersion are used as input features. The best model achieves an accuracy of 85% and an
area under a receiver operating characteristic curve (AUC) of 0.93. We analyzed the model via
feature importance and found that 4000Å break is the most important feature for the classification,
while the stellar velocity dispersion is in the second place. This result confirms the fact that
ellipticals do not only differ from spiral galaxies in terms of morphology, but also various physical
properties. The model was retrained by using only the photometry of galaxies. The performance
is marginally reduced to 79% accuracy and 0.86 AUC. The result suggested that we can use only
the photometry in 5 bandpasses to classify the morphology of galaxies without expensive
spectroscopic observations.
Keywords: Classification; Random Forest; Galaxy; Galaxy Morphology
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Removal of the lower wisdom tooth can cause nerve damage. The commonly used 2D
panoramic radiograph can show the risk predictor signs indicating contact between the tooth and
nerve, but recognizing those signs is subjective and difficult for inexperienced dentists. The 3D
cone beam computed tomography (CBCT) is alternatively used to diminish the problem; however,
it is costly and not widely available in Thai community hospitals. Previous studies have reported
deep learning potential in detecting contact between the lower wisdom tooth and the nerve without
affirmative confirmation of contact using CBCT images. This study aimed to identify contact
between the lower wisdom tooth and the nerve in a panoramic radiograph using three pretrained
models: AlexNet, VGG-16, and GoogLeNet. The contact between the lower wisdom tooth and
nerve was confirmed by using CBCT images before training. We used 1,800 cropped panoramic
radiographs, divided equally into contact and noncontact groups. The sensitivity, specificity,
accuracy, and the area under receiver operating curve (AUC) were assessed. Our results showed
that while all models efficiently detect the contact between the tooth and nerve with AUC values
ranging from 0.951 to 0.981, VGG-16 shows the overall best performance in all respects of
performance evaluation. This study showed promising ability of pretrained models to help confirm
the nerve contact with only 2D panoramic radiograph which is the ideal solution for Thailand.
Furthermore, good data collection and labelling are essential and may enhance the models’
performance.
Keywords: Wisdom tooth; Panoramic radiograph; Deep learning; Pretrained model
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On 13 January 2020, the first SARS-CoV-2 infectious case was discovered in Thailand
that was a Wuhan resident who traveled to Bangkok. Then, the super spreading events occur
belong to the indoor events, including a Thai boxing event and gatherings at downtown bars.
Nowadays, Thailand’s COVID-19 situation is still ongoing and widespread, especially in the
central region of the country. To understand the pandemic, we apply an artificial Recurrent Neural
Network (RNN) that is Long Short-Term Memory (LSTM). In this paper, we predict the number
of COVID-19 cases in the central region by considering the effect of embedding dimension
parameters and Multi-Step-Ahead prediction (MSA). The COVID-19 reported cases were
observed from Open Government Data and preprocessed by moving average for 7 days. To build
the LSTM model, the data was split into training datasets and test datasets. We varied embedding
dimension window sizes and MSA as (7,4), (14,4), and (18,4). We found that the best model for
predicting COVID-19 cases is the LSTM model with embedding dimension parameter and MSA
equal to (7,4) by comparing root mean square error (RMSE) and confident interval (CI).
Keywords: COVID-19; Long Short-Term Memory model (LSTM); Thailand
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We aim to discover new anti-hypertensive peptides (AHP) by using an artificial neural
network machine learning model. The model was trained with over 10,000 bioactive peptide
sequences from the SpirPep database and further fine-tuned with an AHP dataset from the
AHTPDB database. A library of bioactive peptides was generated and sampled, 24 out of 50
peptides from the library were predicted to have antihypertensive properties, after the preliminary
screening via physicochemical properties and antihypertensive property prediction, we selected 5
of them to perform molecular docking simulation with angiotensin-converting enzyme (ACE). The
molecular docking simulation results from CABS-dock shows that all 5 candidate peptides are
capable of binding to ACE, albeit in different regions of ACE.
Keywords: Hypertension, ACE inhibitor, Machine learning, Artificial neural network,
Molecular docking
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Cassava is a promising staple crop to enable global food security in the 21st century.
Cassava plants produce underground starchy roots, whose yield is depending upon the amount of
carbons traded from the aboveground development. Plant stem is a major aboveground sink organ,
and its development crucially affects growth of plants, especially during the early age. However,
overwhelming carbons to stem growth limits carbon supply for storage root formation. While
carbon portioning and utilization for stem development is vitally affecting root yield of cassava
plants, the in-depth study of the related metabolism is almost none. Accordingly, this study aimed
to investigate the carbon assimilation pathway towards stem biomass synthesis through the
genome-scale metabolic network (GSMN) reconstruction. The GSMN pathway, namely
stMeRecon (stem-Manihot esculenta Metabolic Pathway Reconstruction), was reconstructed from
the integral knowledge of genome information and the formerly defined metabolic pathways of
cassava. The resulting pathway was consisted of 924 enzymatic protein coding genes functioning
in eight sub-metabolic pathways, involving in 576 metabolic reactions and 459 metabolites. The
stMeRecon, finally, describes conversion of sucrose as carbon substrate to synthesize the major
components of stem biomass, including carbohydrates (starch and sugars), fibers (cellulose,
hemicellulose, and lignin), proteins, and lipids. This study provides the initiative metabolic
network model of cassava stem development that would extend understanding of carbon
metabolism in developing stem. Furthermore, stMeRecon offers the fundamental data for
metabolic modeling of carbon assimilation and, ultimately, shoot-to-root carbon allocation, which
is a key factor shaping cassava root yield.
Keywords: cassava stem; carbon assimilation; metabolic pathway reconstruction; genome-scale
metabolic network (GSMN)
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5-methylcytosine (5-mC) is a DNA base modification in which a methyl group is added
to the fifth position of cytosine nucleotides. The pattern and level of 5-mC in DNA could be used
as a universal cancer biomarker. The interaction between nucleobases and carbon dots (CDs) can
reveal the base modification and pave the way for the early detection of various diseases. The
insight interactions were investigated using density functional theory (DFT). According to the DFT
calculations, the adsorption energy of 5-mC on the CD surface is -75.31 kcal/mol with a distance
of 3.19 Å from CDs. The adsorption energy of 5-mC on the CD surface is lower than that of
cytosine (C) residue, indicating its preferable attraction with CDs. The van der Waals (vdW)
surface area of 5-mC is approximately 22.76 Å2, which is higher than that of cytosine, implying
its stronger binding interaction. Furthermore, quantum chemical calculations also revealed that the
vdW force, steric effect, and hydrogen bonding play an important role in the binding between 5mC and CDs. The change in fluorescence (FL) spectra upon the adsorption of 5-mC on the CD
surface was observed and compared with C in terms of electronic states. These findings could lead
to a better understanding of the interaction between CDs and modified nucleobases, as well as the
development of cancer screening methods.
Keywords: Carbon dots (CDs); 5-Methylcytosine (5-mC); DNA base modification; Density
functional theory (DFT)
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Due to the increasing number of Coronavirus Disease - 2019 (COVID-19) cases, rapid
and efficient diagnoses are needed in order to reduce the disease spreading, the severity of infected
patients, and the number of deaths. Previous studies indicated that patients with underlying health
conditions, such as diabetes, and hypertension, usually have a fatality rate higher than patients
without any chronic diseases. Therefore, high efficiency and quick diagnosis can be used to
prioritize the patients to be treated in a situation with a shortage of medical resources. In this
research, machine learning (ML) and deep learning (DL) predictive models were constructed to
help predict the severity of infections and fatality rate of patients, based on data including
symptoms, age, and underlying health conditions of patients. The predictive models were
developed using a feedforward neural network (FNN), decision tree (DT), random forest (RF), and
Light Gradient Boosting machine (LGBM). The evaluation matrices such as a confusion matrix,
F1 score, and an area under the curve (AUC) were determined. According to the AUCs, we found
that the LGBM model shows the best performance. Five-fold cross-validation was further
conducted for hyperparameter tuning and testing the model's effectiveness. The results illustrated
that the model could predict the severity of COVID-19 symptoms and help prioritize COVID-19
patients admitted to a healthcare system.
Keywords: COVID-19; machine learning; artificial intelligence; COVID-19 diagnosis; deep
learning
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Emodin (6-methyl-1,3,8-trihydroxyanthraquinone, ED) belongs to anthraquinone family
and is ubiquitous in nature. ED stands out for its profound biological properties such as anti-cancer,
anti-bacterial and anti-viral activities. Nevertheless, poor water solubility of ED hinders its
practical applications in pharmaceutical industries. Recently, inclusion complexation with βcyclodextrin (βCD) and its derivatives becomes an interesting option to resolve the solubility
related issues. In particular, lipophilic guest molecule is encapsulated into central cavity of βCD
which is somewhat hydrophobic, while the hydrophilic outer shell interacts with surrounding
water, thereby solubility of guest molecule is enhanced. In this study, we chose βCD and its two
hydrophilic derivatives; hydroxypropyl-β-cyclodextrin (HPβCD) and sulfobutylether-βcyclodextrin (SBEβCD) to perform inclusion complexation with ED. All-atom molecular
dynamics (MD) simulations revealed ED can successfully form inclusion complexes with the
focused βCDs. The molecular mechanics/Poisson-Boltzmann (generalized Born) binding free
energy (MM/PB(GB)SA) calculations described ED/SBEβCD with -6.8 ± 1.15 kcal/mol >
ED/HPβCD with -3.8 ± 0.65 kcal/mol > ED/βCD with 0.11 ± 0.51 kcal/mol respectively. The
phase solubility profile shows the linear correlation between ED and βCDs indicating 1:1
stoichiometry of guest-host complexation. The stability constant and solubility can be ranked in
the order of ED/SBEβCD > ED/HPβCD > ED/βCD. The inclusion complex was characterized by
SEM and DSC. The potential anti-cancer activity of ED and its inclusion complexes were tested
on cholangiocarcinoma cell lines (KKU-213A and KKU-213B) and human lung cancer cell lines
(A549 and H1975). ED/SBEβCD shows a promising inhibition pattern with IC 50 values in the
micromolar range toward studied cell lines.
Keywords: emodin; β-cyclodextrin derivatives; molecular dynamics simulation; solubility;
cytotoxicity.
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Global public health has been a critical problem by the sudden increase in the COVID19 outbreak. The main protease (3CLpro) and papain-like protease (PLpro) of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) are a key promising target for antiviral drug
development since they play a pivotal role in viral replication. Here, we employed the all-atom
molecular dynamics (MD) simulations and binding free energy calculations based on
MM/PB(GB)SA and SIE methods to elucidate and compare the binding behaviors of five
inhibitors derived from peptidomimetic inhibitors (VIR250 and VIR251) and naphthalene-based
inhibitors (GRL-0617, compound 3, and compound Y96) against SARS-CoV-2 PLpro. Among the
five studied inhibitors, VIR250 exhibited the most binding efficiency with SARS-CoV-2 PLpro,
and thus, it was chosen for the rational drug design. In addition, we applied the combination of
virtual screening based on molecular docking derived from the crystal structure of the
peptidomimetic inhibitors (N3, 13b, and 11a), and experimental verification revealed FDAapproved drugs that could inhibit the SARS-CoV-2 3CLpro. Drugs were selected using the top 60
compounds of the lowest binding energy criteria (~-26 to -43 kcal/mol) and subsequently
performed the 3CLpro inhibition by enzyme-based assay. The potent drug which showed high
efficiency of 3CLpro inhibition was elucidated the binding behavior by MD simulations. The
rational design of a potent drug was subsequently carried out using the obtained results. Our
discovery provides an effective repurposed drug and its newly designed analogs to inhibit SARSCoV-2 3CLpro.
Keywords: SARS-CoV-2 3CLpro; SARS-CoV-2 PLpro; Computational simulations; Drug
repurposing; Enzyme-based assay
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High-throughput sequencing is widely applied to explore overall microbial communities
and detect multiple pathogens at a single time point. The 16S rRNA amplicon sequencing is
gaining attention in the poultry industry to monitor animal gut health and foodborne pathogens,
especially Salmonella. A bioinformatics approach for accurate characterization of microbial
communities from the high-throughput genetic sequences is crucial. This study provides a
comparison between commonly used bioinformatics tools, QIIME2 and Mothur, for ampliconbased microbiome analysis of Thai broilers and mock community. We conducted QIIME2 and
Mothur with the implementation of amplicon sequence variant (ASV) and operational taxonomic
unit (OTU) for grouping amplicon sequences as a unit of an organism, respectively. The two
pipelines provided similar microbial profiles at all taxonomic levels. The majority of bacteria in
the ileum samples belonged to the genus Lactobacillus and Romboutsia. However, different results
were found in Salmonella detection. Based on the SILVA138 reference database and the same
samples, Mothur provided the taxonomic assigned OTU of the genus Salmonella whereas QIIME2
could assign taxonomy for the identified ASV only at a family level of Enterobacteriaceae. We
recommend further annotating the ASV of an Enterobacteriaceae family using a phylogenetic tree
and BLAST to discriminate the genus Salmonella. This study demonstrates that caution is required
for Salmonella detection when using 16S rRNA amplicon sequencing analysis for the best
interpretation output of the tools.
Keywords: Chicken gut microbiome; Salmonella detection; Thai broilers; Mothur; QIIME2
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Janus Kinase 2 (JAK 2), one of the JAK isoforms participating in a JAK/STAT signaling
cascade has been considered a potential clinical target owing to its critical role in physiological
processes involved in cell growth, survival, development, and differentiation of various cell types,
especially immune and hematopoietic cells. Substantial studies have proven that the inhibition of
this target could disrupt JAK/STAT pathway and provide therapeutic outcomes for cancer,
immune disorders, inflammation, and COVID-19. Herein, we performed in silico screening of 63
in-house furopyridine-based compounds and verified the first-round screened compounds by an in
vitro enzymatic assay. By shedding light on the integration of both advancements, we could
elucidate four promising compounds including PD4, PD12, PD19, and PD45, which manifested a
sign of potent inhibitor with IC50 value down to nanomolar scale, and all met drug-like
criteria. Altogether, these compounds identified here could have the potential to be developed as
novel therapeutic inhibitors and our findings provide a part of useful pre-clinical information that
guides further assessments mandatory for the approval of the novel drugs disrupting the
JAK/STAT pathway.
Keywords: JAK/STAT pathway; JAK2; Furopyridine; In silico screening; Enzymatic Assay
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The Musashi (MSI) family of RNA-binding proteins comprises the two homologs
Musashi-1 (MSI1) and Musashi-2 (MSI2), each containing two RNA-binding domains, RBD1 and
RBD2. MSI proteins typically regulate translation and are involved in cell proliferation and
tumorgenesis. MSI also promotes the replication of the Zika virus and has triggered further
investigations of the biochemical principles behind MSI-RNA interactions. However, a detailed
mechanistic understanding of the selectivity of the MSI RBD1/2 interaction with RNA remains
elusive. In this study, various RNA was investigated by using molecular dynamics (MD)
simulations to obtain a better understanding of the molecular characteristics of this type of
ribonucleoprotein particle (RNP) binding. The MD simulations are performed until 100 ns, and
the binding free energy was determined using the solvated interaction energy (SIE) method. The
binding free energies show that two (GUAGU and GUUGU) out of four RNA pentamers exhibit
a considerably higher binding affinity to MSI1-RBD1 and RBD2, respectively. Several protein
residues (Phe23, Phe63, Phe65 in RBD1 and Phe112, Phe152, Phe154 in RBD2) were involved in
RNA binding through electrostatic attraction and H-bond formations. These ﬁndings provide an
in-depth understanding of the interaction between MSI1 and RNA.
Keywords: MSI1; RNA-binding proteins; ZIKV; MD simulation
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Over the past decade, the antibiotic colistin has become a last-resort treatment for critical
infections caused by Antimicrobial Resistance (AMR) infections. The Gram-negative bacteria's
outer cell membrane can be disrupted by the positively charged colistin linked to the negatively
charged lipid A. However, the existence of a mobile colistin resistance gene (mcr gene) in
Enterobacteriaceae has caused colistin resistance. The mcr isoforms have been found in clinical
and environmental isolates, with mcr-1 and mcr-3 being the most widespread. Our preliminary
screening revealed that treatment with parazolone could significantly reduce the mcr-1 mediated
colistin resistance. A homology-based model of MCR-3 protein revealed substantial conservation
of residues in the catalytic domain compared to MCR-1 and MCR-3. Molecular dynamics (MD)
simulations of MCR-1 and MCR-3 revealed that differing protonation states of active site residues,
may not have a substantial influence on water accessibility to the catalytic zinc coordination.
MCR-1 systems have more accessibility to water than MCR-3. To find the candidate MCR1/MCR-3 inhibitor, a library of pyrazolone compounds was virtually screened on MCR-1 and
MCR-3 MD structures. The docking of pyrazolone into the MCR-1/MCR-3 active site revealed a
list of common residues (active site’s residues) involved in ligand-protein interactions, including
the key residue, T277, which works as a donor atom for PEA's phosphate oxygen (MCRs substate).
This study provided molecular insights into the pyrazolone-induced-colistin susceptibility, laying
the foundation for the development of new drugs against colistin-resistant bacteria.
Keywords: MCR; Colistin, Pyrazalone; Molecular dynamics simulations; Autodock4
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Methyl parathion hydrolase (MPH) from Ochrobactrum sp. is widely used as a
bioremediator to break down a broad range of harmful organophosphate pesticides. However, the
synergism or inhibition of this enzyme is not well understood. In this study, we aimed to investigate
the effect of carbamate pesticides such as carbaryl and carbofuran on the MPH enzyme. Enzyme
kinetics analysis showed the uncompetitive or mixed type of inhibition at higher concentrations of
carbamates. To obtain molecular insights, the mechanism of action of carbaryl and carbofuran was
computationally studied. Each compound was docked into the possible binding pockets of MPH
identified by POCASA 1.1. The 200-ns molecular dynamics simulations revealed that pocket 1
was found to be the preferable binding site for both carbamates. S87, A260, L303, R319, F320,
and P322 residues served as the key residues for inhibitor binding.
Keywords: Methyl parathion hydrolase; Carbamates; Computational simulations; Enzyme
kinetics
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Clostridium difficile infection (CDI) is currently one of the major causes of the epidemic
worldwide, listed as an urgent threat according to the CDC antibiotic resistance threats list. Toxin
B from Clostridium difficile (TcdB) is the main target protein for inhibiting CDI recurrence. In
previous research, the potential neutralizing peptides against TcdB were screened from
antimicrobial peptide database by molecular docking using ZDOCK web server. Among potential
peptides, the AP02737 showed the highest binding interaction against TcdB, and the key residue
Y433 plays an important role in peptide binding. In this work, we aimed to elucidate the interaction
of toxins B1 and B2 in complex with bezlotoxumab by using molecular dynamic simulations and
binding free energy calculations. We found that the drug could bind to the toxin B1 rather than the
B2, supported by the higher number of hydrogen bonds and contact residues. The D106G and
E200A mutations found in B2 result in the loss of the protein-ligand hydrogen bond formations at
this site. The obtained data strengthen our understanding in antibody-protein binding, which is
crucial for designing toxin B2 drug.
Keywords: Clostridium difficile; Bezlotoxumab; Molecular dynamic simulation
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The cellular cholesterol concentration is regulated by the sterol response element-binding
protein (SREBP) pathway in the endoplasmic reticulum through SREBP cleavage-activating
protein (SCAP), and insulin-induced gene protein (INSIG). However, the molecular understanding
of the interaction between SCAP, INSIG and cholesterol is still unclear. Here, we applied coarsegrained (CG) molecular dynamics (MD) simulation to investigate the binding dynamics between
SCAP and INSIG in the cholesterol-containing lipid bilayers. To our surprise, cholesterol did not
stably bind to the TM domain of SCAP and INSIG. Furthermore, we observed the cholesterolbinding site on the luminal domain between loop1 and 7. We also captured highly conserved
residues on the luminal loop 7 where cholesterol interacts more frequently. We hypothesize that
the luminal loop 7 potentially stabilizes the binding of cholesterol on the luminal loop 1 like “a
palm of hand” to hold a cholesterol molecule. Together, these results provide structural insight on
the interaction between SCAP and cholesterol which will benefit the development of novel
therapeutic strategy for the diseases caused by irregular cholesterol homeostasis.
Keywords: SCAP; INSIG; Cholesterol transport; Coarse-grained Simulation; Molecular
Dynamics Simulation
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Sterol regulatory element-binding protein-2 (SREBP2) triggers the release of a
transcription factor that regulates the expression of gene responsible for increase of cellular
cholesterol level. Molecular structure of transmembrane precursor of SREBP2 in various lipid
environment has been previous investigated using nuclear magnetic resonance (NMR)
spectroscopy and molecular dynamics (MD) simulations. However, little is known about the
structural mechanism underlying the recognition of the transmembrane precursor of RIP and its
modulation by lipids. Here, we used coarse-grained molecular dynamics (CG-MD) and atomistic
simulations to investigate the effect of lipid types on the dynamics of SREBP2. We observed that
the bilayer thickness alters stability and secondary structures of SREBP2 in lipid membrane.
Interestingly, SREBP2 in thicker bilayers appears to be more stable than in the detergent or in
shorter lipid-tail environment. This work offered unique insights on how detergents and
environmental factors may influence stability of SREBP2 in comparison to previous experimental
observation.
Keywords: SREBP2; Regulated Intramembrane Proteolysis (RIP); Coarse-grained Simulation;
Molecular Dynamics Simulation
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Targeting L858R/T790M and L858R/T790M/C797S mutant EGFR are a critical
challenge in the EGFR tyrosine kinase inhibitors development for overcoming drug resistance in
non-small cell lung cancer (NSCLC). Herein, the discovery of a next-generation EGFR tyrosine
kinase inhibitor is necessary. A series of furopyridine derivatives were elucidated by a
computational combined biological approach for their EGFR-based inhibition and antiproliferative
activities. We found that several compounds derived from virtual screening based on molecular
docking and solvated interaction energy (SIE) method showed the potential to suppress wild-type
and mutant EGFR. The most promising PD13 displayed strong inhibitory activity against wildtype (IC50 of 11.64±1.30 nM), L858R/T790M (IC 50 of 10.51±0.71nM), and L858R/T790M/C797S
(IC50 of 21.93±1.79 nM) EGFR, which are greater than known drugs. In addition, PD13 revealed
the potent cytotoxic effect on both A549 and H1975 cell lines with the IC 50 values of 18.09±1.57,
and 33.87±0.86 µM, respectively. The 500-ns MD simulations indicated that PD13 formed a
hydrogen bond with Met793 at the hinge region which involved the creation of excellent EGFR
inhibitory activity. Moreover, the binding of PD13 toward EGFRs played a major factor in
stabilizing via hydrogen bonds as well as van der Waals (vdW) interactions. Altogether, PD13 is
a promising novel EGFR inhibitor that could be developed. We hope that the combination of in
silico and in vitro studies encourage further development of the design the fourth-generation
EGFR-TKIs.
Keywords: furopyridine; molecular dynamics; drug screening; cytotoxicity; EGFR-TK
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Throughout the COVID-19 pandemic, SARS-CoV-2 has been mutated several times into
new variants. Some of them are classified as variants of concern (VOCs) by the World Health
Organization, such as Alpha (B.1.1.7), Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2), and
Omicron (B.1.1.529). In this work, we developed an extended Susceptible‐Exposed-Infection‐
Recovered model with cross-immunity between two co-circulating strains to investigate the
transmission and competition of two VOCs, Delta and Omicron, that recently emerged in Thailand
during the mid and late 2021. Here, the basic reproduction number of the Omicron variant was
estimated higher than that of the Delta variant. The results showed that the Omicron variant has a
significantly faster transmission, leading to a higher number of infected cases than the Delta
variant. Moreover, lowering cross-immunity induced by primary infection also increases the reinfection rates. These results suggested that the capacity of transmission illustrated by the basic
reproduction number and cross-immunity play an important role in determining the competition
and equilibrium of transmission.
Keywords: Mathematical modeling; SARS-CoV-2; Variants competition; Cross-immunity
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Outbreaks of hand, foot, and mouth disease (HFMD) occur around the world. It is caused
by the Coxsackievirus-A16 (CV-A16) and Enterovirus-A71 (EV-A71) that belong to
the Enterovirus genus. Unfortunately, neither an anti-HFMD drug nor a vaccine is currently
available. Rupintrivir, one of the drug candidates for HFMD treatment, has been attractive for the
devel-opment of its analogs with broad biological activities. This drug is an inhibitor for 3C
protease of CV-A16 and EV-A71, an enzyme that plays a crucial role in the viral replication
process. In the present study, we focused on designing 50 novel rupintrivir analogs against CVA16 and EV-A71 3Cpro using computational tools. From their predicted binding affinities, the
five compounds with functional group modifications at P1′, P2, P3, and P4 sites, namely P1′-1,
P2-m3, P3-4, P4-5, and P4-19, could bind with both CV-A16 and EV-A71 3Cpro better than
rupintrivir. Sub-sequently, these five analogs were studied by 500 ns molecular dynamics
simulations. Among them, P2-m3, the derivative with meta-aminomethyl-benzyl group at the P2
site, showed the greatest potential to interact with the 3Cpro target by delivering the highest
number of inter-molecular hydrogen bonds and contact atoms. It formed the hydrogen bonds with
L127 and K130 residues at the P2 site stronger than rupintrivir, supported by significantly lower
MM/PB(GB)SA binding free energies. The P2-m3 was suggested to be synthesized and tested the
biological activity. Moreover, we found new potential compounds against 3C protease of EV-A71
and CV-A16 from flavonoids by using pharmacophore-based virtual screening. Among 39
flavonoids, diosmin, epigallocatechin gallate, EGCG, and RTH-011 showed high binding affinity
against EV-A71 and CV-A16. All potential compounds were suggested to be studied for the
binding interactions at the atomic level and synthesized for testing the cytotoxicity and antiviral
efficacy against EV-A71 and CV-A16 infection in human rhabdomyosarcoma (RD) cells for
further development as the anti-HFMD agent.
Keywords: hand foot and mouth disease; coxsackievirus A16; enterovirus A71; 3C protease; in
silico drug design
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Zirconium-based MOF has been hydroxylated to generate strong binding sites for
arsenic(III) [As(III)] adsorption in water treatment. Hydroxylated UiO-66 exhibits a significant
increase in maximum capacity in a wide pH range from 1 to 10. The As(III) adsorption mechanism
is determined by Extended X-ray Absorption Fine Structure (EXAFS) combined with Density
Functional Theory (DFT) calculations. Furthermore, UiO-66 aerogel has been designed for
practical application. Trace As removal from river water at sub-ppb level has been demonstrated.
Breakthrough experiments operated through fixed-bed columns have been carried out to evaluate
the performance and the lifetime of MOF-based adsorbents under a continuous flow system, which
are crucial factors for practical uses of MOF-based adsorbents.
Keywords: Metal-organic frameworks; Arsenic; Adsorption; Aerogel; Water treatment
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Tin (Sn) based materials have emerged as candidate anode materials for Li-ion batteries
due to their high capacity, and relatively low volumetric expansion during the charge-discharge
cycles. To clarify the mechanism of Li intercalation in the Sn-based anodes, computational
methods, such as first-principles approach and molecular dynamics simulation, are promising
techniques to elucidate the mechanism of lithiation. However, such approaches still suffer from
high computational cost and limited accuracy of force field potential. Machine learning has
emerged as a tool to generate reliable interatomic potential. Using a neural network machine
learning model, we develop a force field potential for molecular dynamics simulation to examine
the mechanism of (de)lithiation in an amorphous Sn-based anode for Li-ion batteries. In particular,
we used density functional theory to create 5 types of structures as a reference data set to
incorporate structural energy and atomic forces: crystal, amorphous, strain deformed, Li vacancy
and slab structures. The generated potential was compared with the results obtained from ab-initio
molecular dynamics and density functional theory calculations.
Keywords: Sn-based anode; force field modeling; neural network; molecular dynamics; density
functional theory

99
The 25th International Annual Symposium on Computational Science and Engineering

CHE-O-3

NITROGEN FIXATION ON TRANSITION METALS
DOPED C N SURFACE: A COMBINED DFT AND ML
STUDY
3

Kajjana Boonpalit1, Sarana Nutanong1, and Yutthana Wongnongwa1*
1

School of Information Science and Technology, Vidyasirimedhi Institute of Science and
Technology (VISTEC), Rayong 21210, Thailand
*(E-mail: yutthana.wongnongwa@gmail.com, +66-824963422)

The electrochemical nitrogen reduction reaction (NRR) is an alternative method for
ammonia synthesis in a more fuel-efficient manner than the conventional Haber-Bosch process.
To enhance the activity of electrochemical catalysts, the single-atom catalysts (SACs) recently
have more attraction due to the superior activity and metal utilization compared to the transition
metal catalysts. Herein, we performed DFT calculations over 29 transition metals varying from Sc
to Hg, doped on C and N defected C3N surfaces, to discover the high-performance SACs for NRR.
The adsorption free energies of N2* and NH3* intermediates (GN2* and GNH3*) and the free energy
differences of N2-N2H and NH2-NH3 steps (ΔGN2-N2H and ΔGNH2-NH3) were employed as the activity
descriptors, whereas adsorption free energies of H * intermediate (GH*) was used as the selectivity
descriptor for high-throughput screening. Our exploration has identified 5 candidates having
promising activity and selectivity for NRR over hydrogen evolution reaction (HER). Besides, the
machine learning approach was applied to investigate the origin of activity for NRR among C 3Nsupported SACs via feature importance analysis to gain insights into the rational design of SACs.
Keywords: SACs; NRR; High-throughput Screening; DFT; Machine Learning
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The electrochemical CO2 reduction reaction (CRR) is a powerful technology for reducing
CO2 emissions and producing valuable chemicals. Developing low-cost yet high-performance
catalysts with low overpotential and high selectivity for CRR is a key to promote this technology.
In this work, we designed and evaluated the catalytic performance of non-metal doped graphyne
(GRY) for CRR using a density functional theory. B/N/O atoms were placed in various monovacancy sites of GRY, and we confirmed that most cases were thermodynamically stable. The
CRR selectivity was screened by comparing the free energy changes of the first protonation and
the limiting potential (UL) of a competitive hydrogen evolution reaction. It was found that only the
hetero atoms doped in an acetylenic linkage site yield selectivity toward CRR. In contrast to the
high UL of 1.30 eV in pristine GRY, a large enhancement of catalytic activity can be seen in B and
N-doped GRY yielding a CH4 and HCOOH with the low UL of 0.58 and 0.44 eV, respectively.
The enhancement was ascribed to the formation of in-plane localized impurity states directly below
Fermi level around the acetylenic linkage. This will serve as an electron bath to drive a donoracceptor interaction effectively. However, the more localized electron accompanied with large
structural deformation in O-doped GRY caused a higher barrier (1.43 eV) at the CH 4 formation
step. This study provides insight into the potential use of non-metal doped GRY, which might be
a direction for developing high-performance CRR catalysts.
Keywords: DFT, CO2 reduction reaction, graphyne, non-metal, catalyst

Figure 1. The structure of doped-GRY, where a gray and blue ball represent C atoms and a dopant
(B/N/O) respectively.
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The hydrotreating method through deoxygenation (DX) of bio-oil surrogates has received
huge considerable attention for bio-oil treatment. In this work, we used density functional theory
(DFT) calculations to investigate the reaction mechanism of fatty acid deoxidation on two different
surfaces (001 and 101) of molybdenum phosphate (MoP). The DX reaction can be proposed in
two possible reaction pathways, (i) hydrodeoxygenation (HDO) pathway and (ii) decarbonylation
(DCO) pathway. For HDO pathway, the mechanism starts with the dissociation of ethanol to form
OH species and butyl group on surfaces, then butane forms by the hydrogenation process. In case
of DCO pathway, this pathway begins with dissociation of butanal into CO and propyl, which then
hydrogenate propyl to yield propane. Our calculation found that the mechanism of DX reaction is
unpreferable via both of HDO and DCO pathways on MoP (001) surface due to its high reaction
barriers of 1.64 and 1.94 eV, respectively. However, the DX mechanism on MoP (101) surface
preferentially proceed via HDO pathway rather than it is the DCO pathway with activation barrier
for the rate-limiting step of 1.43 eV as shown in Figure 1. This finding is in line with experimental
result that the HDO reaction over MoP is more feasible than DCO pathway. To the best of our
knowledge our investigation will be substantially beneficial for the understanding DX reaction
over MoP catalysts.
Keywords: transition metal phosphides (TMP); hydrodeoxygenation (HDO); MoP catalysts;
decarbonylation (DCO); density functional theory (DFT)

Figure 1. The energy profile of the butanol conversion to butane pathway on (101) MoP
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In this study, we used several in situ, and spectroscopy analyses to investigate the roles
of platinum (Pt) in zeolite-supported Pt catalysts for selective n-alkane isomerization. Catalytic
testing at 300 and 450 ℃ used hydrogen gas as both reactant and carrier. Typically, HY zeolites
have proved to be active hydrocarbon cracking catalysts. The particular challenge is to find an
effective catalyst, which favors the isomerization of n-alkanes without too much cracking. In this
work, adding Pt atoms to HY zeolite provides an enhanced multifunctional catalyst for converting
n-alkanes to branched hydrocarbons. To understand the effect of Pt, we further investigated the
reaction mechanism of n-hexane isomerization to 2 methylpentane (2MP) and 3-methylpentane
(3MP) by DFT simulations, using a cluster of 30T HY zeolite modeled through B3LYP+3D
calculations. We found that, at 450 ℃, the isomerization on Pt-HY gives higher cracking products.
Decreasing temperature to 300 ℃ yielded greater selectivity of branched hydrocarbons. In
addition, DFT calculations demonstrate that the 2MP production via route A1 (C3‒C4 bond
activation) and a rate-determining step of 0.97 eV proved more thermodynamically and kinetically
favorable than the 3MP product. This agrees well with our experimental observations.
Consequently, the presence of Pt on the HY zeolite plays an essential role in both C‒C forming
and breaking. Finally, the Pt HY zeolite is an efficient catalyst for petroleum production,
improving the octane number for catalytic performance and product selectivity by isomerizing
straight-chain alkanes to their branched chain isomers.
Keywords: Hexane isomerization; Pt-HY zeolite; In situ CO2-TPD; DFT; In situ XAS
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Corrosion of metallic surface caused by a presence of CO 2 inside a wet gas pipeline, socalled sweet corrosion, is one of the major problems in the oil and gas industry, especially for
pipelines in the Gulf of Thailand. An introduction of organic layer formed by adsorption of
corrosion inhibitor molecules on the metallic surface is one of the well-known strategies for
protecting the metallic surface.
Adsorption behavior and adsorption energy on iron (0 0 1) surface of four organic
corrosion inhibitors, namely 11-mercaptoundecanoic acid, Hexylamine, Morpholine, and Pyrazine
carboxamide as well as their possible protonated/deprotonated forms, are investigated by
computational chemistry using molecular dynamics (MD) simulations. The investigated properties
are compared under two simulation environments, i.e. vacuum and water saturated with CO 2 and
its dissociation products (HCO3- CO32-, and H3O+), as well as two different force fields, GROMOS54A7 and OPLS-AA, applied to the inhibitor molecules. In their neutral form, the absorption
energies are ranked as 11-mercaptoundecanoic acid > Hexylamine > Pyrazine carboxamide >
Morpholine with the magnitude decreased significantly in a presence of the surrounding solution
molecules. In their protonation/deprotonated form, this decreasing in adsorption energy is much
less significant due to less repulsion strength with surrounding polar environment for the charged
molecule compared to the neutral molecule. The adsorption energies in a range 35 – 190 kcal/mol
with the shortest distances between the active sites of the inhibitor molecules and iron surface < 3
Å suggest that the adsorption is more likely a chemisorption for all the studied compounds.
Keywords: Corrosion inhibitor; molecular dynamics simulation; adsorption; GROMOS-54A7;
OPLS-AA
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The two spin states mechanism of H2 production on singlet and triplet potential energy
surface have been explored in detail and this reaction mechanism is considered via the minimum
energy crossing point (MECP). The results demonstrate that rotating terminal phosphine ligand
with different R and R′ substituent is enforced by size of R substituent on singlet spin state.
Moreover, the coordination geometry of Ni complex on singlet state is distorted square planar to
tetrahedral by bound of two H atom on amine ligand. In contrast, no significant differences
between bound and unbound two H atoms are observed for torsion angle on triplet state. As a
results of H2 production reaction pathway reveal that only ( tBu, Me) complex starts the reaction
with singlet and ends on triplet spin state. In the view of reaction pathway, the MECP between
singlet and triplet states on potential energy surfaces is found. Additionally, the second H transfer
to form H-H bonding induces MECP between the lowest energy singlet and triplet in the reaction
mechanism. Analysis of the reaction coordinate of the MECP structure shows the energy gap
between the singlet and triplet states significantly depends on Ni-H and H-H bond distance and
the distortion of geometry. Therefore, both metal-ligand rotating and Ni-H/N-H bond distance are
important reaction coordinate to reach the MECP, the transition state of the reaction on ( tBu, Me)
complex.
Keywords: Ni-diphosphine complex; H2 production; MECP; Donor- substituent
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EFFECTS OF OXYGEN VACANCY ON ELECTRONIC
AND ION CONDUCTIVITY OF LITHIUM TRIVANADATE
CATHODES OF LI-ION BATTERIES: A
COMPUTATIONAL STUDY

M. Chotsawat1, L. Ngamwongwan2, P. Komen1, P. Falun1, S. Jungthawan 2, A. Junkaew3, and
S. Suthirakun1, *
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First-principles calculations based on density functional theory (DFT) were carried out to
study the effect of oxygen vacancy (VO) on the insertion and diffusion of ion and polaron in lithium
trivanadate (LiV3O8). We find that the most stable polaronic site is on specific V center (V3) which
has the network of VO6 octahedra expressed as one-dimensional chain in LiV 3O8. Li is likely to
intercalate at the tetrahedral sites and diffuse along the [010] direction. The barriers of polaron
migration are much smaller than that of Li diffusion indicating that polaron transport does not
affect ion conductivity in LiV3O8 unlike other transition metal oxides such as V 2O5. Moreover, the
systems of LiV3O8 with an oxygen vacancy are investigated to study their electrochemical
property. The most stable VO locates far from most stable Li insertion site. The presence of Vo
somewhat diminishes the ion diffusion kinetic. However, the charge carriers generated from Vo
could significantly increases the electronic conductivity of the materials. Overall, the
electrochemical performance of the LiV 3O8 could be enhanced in the presence of oxygen
vacancies.
Keywords: First-principles calculations; Li-ion batteries; LiV3O8; polaron migration; oxygen
vacancy
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MULTIPLE GPU DEVICES
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*(E-mail: chaiyasit.tan@nectec.or.th, +66-25646900 ext. 2253)
Over recent years, the number of earth observation satellites has increased dramatically.
The satellite data gathering from various sources must be prepared and processed into satellite
products (indexes), which takes lots of computational time. Therefore, parallel computing
techniques to reduce time complexity should be utilized. Graphic Processing Unit (GPU) devices
are widely used to accelerate the computation process by massively parallel operations and thus,
are very suitable for this task. Although the index calculations were not complicated, the major
drawback of the GPU process is data transfers between the host and the device. Once data is
transferred, it should be reused to calculate all related satellite indexes instead of beginning the
transfer-compute cycle. In this paper, we investigate an efficacy way to produce satellite indexes
and compare the computational times among many different approaches, i.e., CPU process
executed based on NumPy and extended to multi-thread by Dask, single GPU device process
executed with Numba, and multiple GPU device processes launched asynchronously. The
experiments were carried out on three hardware environments the DGX workstation, the Highperformance computing (HPC) High memory node, and the HPC-DGX node. The results show
that the proposed GPU processes achieved overall more than ten times faster, and its kernel
computation is up to 250 times faster when compared with the CPU process.
Keywords: NDVI; LAI; MSAVI; CUDA; Parallel Programing; Asynchronous
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A health insurance network is a group of hospitals that the health insurance company
contracts with to provide medical services. The health insurance network is responsible for
preserving customers' rights and managing and protecting electronic health records (EHR) for
customers. Today’s health records are typically stored within a single provider. The hospital could
not share the patient event with the insurance companies in real-time. The health insurance claims
require a week to assure the rights of customers. Blockchain is a distributed decentralized database
and provides immutability, tamper resistance, and transparency features. Blockchain could be
adapted to improve the way they maintain insurance records, manage event transactions, and
interact with parties. Blockchain integrated data security and data privacy to establish trust
between network entities. Blockchain improves the interoperability problem better than current
technologies. A blockchain-based interoperable and comprehensive health record would most
likely be derived from existing EHRs in hospitals or insurance companies. A health insurance
network could select which information to share on the blockchain when a patient event appears.
Peer-to-peer blockchain provides a trustworthy transaction environment that is more suitable for
EHR. This paper proposes a health insurance network framework using R3 Corda, P2P
permissioned, and distributed ledger technology. We present the model to share health insurance
data on the blockchain and automate claiming procedures to replace traditional underwriting
processes. The blockchain oracle is used to manage existing health insurance databases and
blockchain together as well as the efficiency and automatization of the claims process.
Keywords: R3 Corda; Insurance; Permissioned Blockchain; Healthcare; Blockchain Oracle
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Nowadays, the main concern in agricultural production is how to balance the demand and
supply of agricultural products to avoid the supply-over-demand problem leading to much lower
market prices for the products. Agricultural zoning is a preferred solution to the above problem
that allows farmers and policymakers to choose an economic crop that is most suitable for a
particular area. The land suitability, climate, factory locations and distances, profits, and costs of
growing the crop are needed to take into consideration when choosing optimal areas for the crop.
For optimization problems, Mixed Integer Programming is one of the most common mathematical
optimization tools. In this study, we employed a mixed-integer programming solver called the
Gurobi optimizer, which guarantees to find the optimal solution if enough time is allowed, to find
the target areas for the given crop. In this multi-criteria optimization problem, the goal is to
maximize the land suitability of the desired crop, maximize profit, minimize the switching between
the current crop and the new crop and minimize the distance from the areas to the nearest market
or factory locations. The total amount of crop production should not be over the capacity of the
factories and the demand of the market. In numerical experiments, we apply the models to the realworld problem by assuming that the desired crop is Sweet Young Coconut in Ratchaburi province.
Land suitability of plants, economic inputs, and market locations are obtained from the Agri-Map:
Agricultural Map for Adaptive Management. We test the efficiency of the optimization models
with two scenarios: with factory purchasing capacity and without factory purchasing capacity. The
results show that the model with factory purchasing capacity constraints is applicable for choosing
the most suitable target areas to balance the crop supply with the market demand.
Keywords: Agricultural Zoning; Mixed Integer Programming; Agri-Map; Gurobi
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Modern applications such as artificial intelligence, material science, and digital twin have
taken a greater role in the industry and academia. These applications require powerful processing
power of HPC clusters to meet their computing demands. To build and operate a large-scale HPC
system, many HPC experts with the skills and expertise are required. The required skills range
from the hardware part to the software part and need to be acquired through training or learning
from the practical use of the HPC system. However, building a HPC system for training purposes
is difficult and requires a huge investment. Therefore, a small system that is able to imitate an HPC
cluster is an interesting alternative for educational purposes. In this project, We built a small cluster
from Raspberry Pi and showed that this small cluster can meet the requirements of training HPC
skills for personnel, students, or the general public. We also evaluated that our small cluster could
represent fullscale HPC clusters by using HPC applications and compared with the results from
HPC clusters.
Keywords: HPC; Raspberry Pi; Cluster; Parallel Computing
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QUANTUM COMPUTING: ITS APPLICATIONS,
CHALLENGES AND OPPORTUNITIES
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Advancements in computer technologies have been evolving in order to provide new
services or to improve recent computing performances. Applications of the computer technologies
to several real-world domains are becoming more realistic and more efficient. Two challenges are
taken into consideration when applying such technologies including more complicated user
requirements and exponential growth of data. In the real-world which is driven by business,
achieving the user requirements is one of promising way to yield competitive advantages.
Moreover, time constraint is also crucial for corporate users. Apart from the structured,
unstructured data have been significantly generated via several platforms. Such aspects make data
processing more demanding. Quantum technology which is initiated by physics have been utilized
in various fields including computer science. Even the real quantum computer is still in its early
development but other concepts such as quantum information and quantum computing are making
progresses. Furthermore, some quantum-based algorithms are analytically proven to have higher
performance compared to the traditional ones. According to such important milestones, quantum
computing has been regarded to one of the key infrastructures of the future computing. This paper
aims to focus on the main aspects of the quantum computing including its backgrounds and recent
advancements in order to see the clearer picture. Moreover, its recent applications, challenges and
opportunities are addressed. Several advantages, disadvantages and limitations are also outlined
based upon systematic review of existing works and case studies. Better understanding and proper
preparation of applying quantum computing are thus achieved.
Keywords: Quantum technology; Quantum computing; Application of quantum computing;
Future computation; Systematic review
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Digital infrastructure plays important roles in conducting research. Digitization of
information and processing occur in almost every aspect of research activities. The main
computing resources in digital infrastructure include storage, computing, and networking. These
resources offer large set of services, i.e., supercomputers, GPU computing, file and object storages,
communications bandwidth, dataset repository and diverse support services. High Performance
Computing (HPC) users cover a large portion of application areas. In the last decade, both public
and private sectors in Thailand have invested considerable amount of budgets in computing
resources. Research collaborations, based on common interests, are usually grouped up and
propose projects to allocate budgets according to their requirements. In many cases, similar
computing resources were deployed in difference institutions. The bird-eye view of high
performance computing infrastructure in Thailand is therefore important in many aspects. First,
estimation of total computing resources at the national level helps researchers to gain ideas on
complexity and scaling of problems that can be solved without using services from cloud
providers. Second, a list of computing resources in the country will encourage resource sharing
among institutions and researchers have information on existing HPC resources. Based on our
best knowledge, we gathered information on government procurements of HPC resources in the
past five years which cover several organizations and ministries, i.e., MHESI, NSTDA, MDES,
TMD. The system specifications, both hardware and software stacks, are listed and target
application areas for each systems are tabulated. When applicable, network connections are also
described. In 2022, the aggregated number of cores for HPC in Thailand, procured in the past five
years, is in the vicinity of 64K. For GPU, the total number of A100 and V100 is 84 and 12,
respectively. We also describe a list of cloud provider services that can incorporate with the
available HPC resources.
Keywords: High Performance Computing; Digital Infrastructure; Research and Education
Networks; Supercomputer; GPU Computing
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IS THE THIRD PRINCIPAL COMPONENT OF THE
YIELD CURVE IMPORTANT? A POINT OF VIEW FROM
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The movements of stressed yield curve can be represented by three principal component
scores (PC score): 1st PC score - Parallel shift, 2nd PC score - Tilt, and 3rd PC score - Bend. In this
work, we investigate on how including and excluding the 3 rd PC score from credit portfolio
Reverse Stress Test (RST) can result in different shape of stressed yield curve of credit portfolios
with different maturities and initial credit ratings. We found that 2-year credit portfolio with good
initial ratings (investment grade) is most affected by excluding the 3 rd PC score. The humped yield
curve is present when including the 3rd PC score while it is not present when excluding the 3rd PC
score. Credit portfolios with different maturity (10-year) and different initial ratings (speculative)
have less different between the stressed yield curves between including and excluding the 3 rd PC
score.
Keywords: Reverse stress test; Credit portfolio; Probability theory; Principal component
analysis; Credit rating

Figure 1. The humped yield curve (red circle) difference in stressed yield curves when including
and excluding the 3 rd PC score from credit portfolio RST.
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This manuscript provides a pinning control strategy for synchronizing a non-linear multiagent system (MASs) with time delays on the time scale. The communication among all agents is
derived by a set of switching directed graphs. For some error systems, the difficulty in obtaining
the exponential stability analysis is translated into the structure of a leader-following
synchronization of the required MASs. This ensures the leader and follower systems synchronizes
well, resulting in a concrete condition in the form of linear matrix inequalities (LMIs). The LMI
can be solved in MATLAB using the LMI Control toolbox. For the sake of demonstrating the
validity of our research findings, we give numerical simulations for the examples provided for our
main proofs.
Keywords: Exponential synchronization; Mixed delays; Multi-Agent Systems; Time scale
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In 2019, C. Duffy, G. Macgillivray, and P. Ochem introduced an oriented incidence
coloring. The oriented incidence chromatic number of a directed graph , denoted by ⃗ ( ), is the
least
such that
has an oriented incidence -coloring. In this paper, we prove that
⃗
⃗
⃗ ☐ ⃗ ≤ 5 for all , ≥ 4 where ⃗ is a
⃗
☐
= 4 for all , ≥ 3 and 4 ≤ ⃗
dipath of order .

Keywords: digraph homomorpism; graph coloring; oriented incidence coloring
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This work considers a great significant general problem that consists of many important
problems as particular cases. In this article, we propose an iterative scheme for solving a
generalized split common null point problem. The iterative method uses self-adaptive stepsizes
that do not depend on the Lipschitz constants of the underlying operators. Instead, the stepsizes
are updated using a simple updating formula. We prove the strong convergence theorems of the
sequence generated by the iterative scheme under some mild assumptions. Furthermore, we derive
iterative methods for solving split generalized variational inequality, convex feasibility and
minimization problems. In addition, we present some numerical illustrations to demonstrate the
computational performance, implementation of the proposed schemes, and comparisons with some
existing iterative methods in the literature.
Keywords: Split common null problem; Variational inequality; Lipschitz-type conditions;
Maximal monotone operator; Minimization problem.
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Two-dimensional skiving and cutting stock problem (2D-SCSP) is a variant of the cutting
stock problem in which skiving is allowed. By the assumption, the output sheets are generally
longer but narrower than the input coils. Thus, the subset of two or more coils must be considered
to join and cut to satisfy the demand sheet leading to the joining cost. Solving this problem requires
all subsets of coil groups and all patterns of each subset. Then, an integer linear programming
problem can be formulated in which the objective is to minimize the material and setup cost.
However, it is difficult to find all subsets of coil groups and their feasible patterns. In this paper,
we introduce a heuristic method that reduces the dimension of 2D-SCSP by separating it into two
steps: generating the feasible subset of coil groups and finding the optimal patterns by solving a
one-dimensional cutting stock problem. The algorithm repeats until the demand sheets are met.
The illustrative example is presented to show the efficiency of the proposed method.
Keywords: Heuristic; Integer programming problem; Separation technique; Skiving and cutting
stock problem
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Two-level capacitated facility location problem (TCFLP) is a variant of a capacitated
facility location problem that considers an additional level of facilities between the customers and
the main facilities. Since the main facilities have limited capacity and can be at risk of disruptions
in some situations, their failure may lead to a higher cost. Preventing this situation can be done by
fortifying the main facilities. In this paper, we propose an integer nonlinear programming model
for TCFLP that the main facilities are addressed to fortify under risk of disruption. Then, the
linearization technique is used to reduce the algorithm’s complexity for solving it. Moreover, a
case study is illustrated, and the simulated small problems were tested with the CPLEX solver.
Keywords: Capacitated facility location problem; Disruption; Fortification; Integer nonlinear
programming; Linearization technique
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VARIANTS BA.1-BA.5 AND BA.2.12.1
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We proposed the new mathematical model for computing the quantum genotype in the
curvature of Spike protein in SARS-CoV-2 from the Wilson loop of connection with the
Hamiltonian operator the Schrodinger equation in quantum biology. The Wilson loop is the loop
of the viral replication process with the invariant gauge field of quantum genotype. We applied
this to study the system of mutation in SARS-CoV-2 replication with parallel transport of quantum
genotype along the invariant gauge field in the geodesic evolutional path connecting the genetic
code in viral, RNA, and protein. We used the result of the eigenvalue from the computation from
the Schrodinger equation to detect the mutation in Spike protein. Finally, we applied this approach
to detect the mutation in Spike protein of the Omicron variant by plotting the curvature directly
from the underlying genetic code. We selected sample data of each 30 samples of the genome of
S protein from omicron variants from BA.1 to BA.5 and BA.2.12.1 from GISAID and plot their
curvature on the (d,r,p)-layer coordinate system. The result of computation of the curvature from
the genetic code of omicron variants was compared with quantitative measurement of quantum
genotype.
Keywords: Schrodinger Equation; Curvature; Genotype; Wilson loop; Omicron
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In an infinite-dimensional real Hilbert space setting, we introduce a new self-adaptive
inertial Halpern-type projection algorithm for solving multiple-sets split feasibility problem
assuming that the involved convex subsets are level subsets of strongly convex functions by
approximating the original convex subsets by a sequence of closed balls instead of the given sets.
Since the projection onto the closed ball has a closed form, the proposed algorithm is hence easy
to implement. Moreover, we construct a new self-adaptive stepsize that is bounded away from zero
and is independent of the operator norm. Under some mild assumptions and without the usual
Lipschitz's continuity of the gradient operator assumption, we establish and prove a strong
convergence of the sequence generated by the proposed algorithm. Several numerical illustrations
indicate that the proposed algorithm is computationally efficient and competes well with some
existing algorithms in the literature. The proposed method is an improvement and generalization
of many results in the literature.
Keywords: Split feasibility problem; Multiple-sets split feasibility problem; Self-adaptive
technique; ball; Strong convergence. Lipschitz continuity
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We introduce a novel twin support vector machine with the generalized pinball loss
function (GPin-TSVM) for solving data classification problems that are less sensitive to noise and
preserve the sparsity of the solution. In addition, we use a symmetric kernel trick to enlarge GPinTSVM to nonlinear classification problems. The developed approach is tested on numerous UCI
benchmark datasets, as well as synthetic datasets in the experiments. The comparisons demonstrate
that our proposed algorithm outperforms existing classifiers in terms of accuracy. Furthermore,
this employed approach in handwritten digit recognition applications is examined, and the
automatic feature extractor employs a convolution neural network.
Keywords: Twin support vector machine, Noise sensitivity, sparsity, generalized pinball loss,
handwritten digit recognition.
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In this work, we study the classes of enriched contraction and enriched nonexpansive
mappings in Hadamard spaces. These mappings are defined based on the notion of
quasilinearization. We prove existence and uniqueness of the fixed point of the enriched
contraction mapping. We then obtain strong convergence of the sequence of Krasnoselskii scheme
to the fixed point of the mapping. Also, we deduce that any enriched nonexpansive mapping has
demiclosedness-type property. Furthermore, using the demiclosedness-type property of the
mapping, we establish Δ and strong convergence theorems. Furthermore, we deduce some fixed
points theorems involving other classes of mappings such as Maia-type enriched contractions.
Keywords: Enriched contraction, enriched nonexpansive, fixed point, Hadamard space, Maiatype enriched contraction, Δ-convergence.
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APPLICATION OF HOMOGENEOUS-HETEROGENEOUS
REACTIONS IN SUTTERBY NANOFLUID FLOW PAST A
LINEARLY STRETCHED SHEET

Auwalu Hamisu Usman1, Poom Kumam 1 and Usa Wannasingha Humphries1
1
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*(E-mail: auwalu.mth@mail.kmutt.ac.th)

In this paper, the effect of homogeneous-heterogeneous reaction on the Sutterby
nanofluid model over a stretching surface is investigated. Using appropriate transformations, the
boundary layer partial differential equations are converted into ordinary differential equations. The
homotopy analysis technique is used to solve nonlinear ordinary differential equations. The effects
of various relevant parameters on velocity, temperature, and concentration profiles are graphically
discussed. The behavior of the skin friction coefficient and the Nusselt number is investigated.
Keywords: Boundary layer; Convection; magnetohydrodynamics (MHD); nanofluid;
homogeneous–heterogeneous reactions
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DARK MATTER PHENOMENOLOGY THROUGH
OBSERVATION OF SOLAR NEUTRINO
Suchakree Chiu*
*(E-mail: suchakree_chiu@hotmail.com)

The interactions between dark matter and standard model particles are still a mystery in
particle physics. We have studied dark matter that is captured by the Sun through the solar neutrino
which is produced from dark matter annihilation. This project analyzes neutrino data from IceCube
in the context of the Higgs Portal model. Our work presents a constraint on the Dark Matter-Proton
spin-independent scattering cross-section and constraint on the Dark matter-Higgs coupling
constant in the Higgs Portal model in the range of Dark matter mass between 100-3000 GeV.
Keywords: Dark Matter; Neutrino; IceCube; PPPC; Higgs Portal Model
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LITHIUM-SULFUR BATTERIES: A FIRST-PRINCIPLES
STUDY
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Lithium-sulfur (Li-S) batteries are among the next generation of rechargeable energy
storage technologies due to their high theoretical specific capacity and energy density. However,
critical problems inhibit their commercialization, including the shuttle effect of lithium polysulfide
(LiPS) and the difficult kinetics of phase transformation during charge/discharge process. A search
for novel host cathode materials has challenged to improve these problems. In this work, density
functional theory and ab initio molecular dynamic simulations were employed to explore the role
of transition metal and nitrogen-doped graphdiyne (TMN2@GDY, TM = Co or Fe) as a cathode
material in Li-S batteries. Our computations reveal that TM and N doping induces the change of
electronic structures of GDY host from semiconductor to metallic. The shuttle effect is efficiently
suppressed owing to strong chemical interaction between LiPS and the doped substrates with the
TM-N anchoring. The electronic structures of GDY host are still metallic upon LiPS adsorption,
resulting in high acceleration to redox reaction. The dynamic simulations suggest that LiPS
molecules are easily dissoluble in solvents due to chemical binding between soluble LiPS and
electrolyte molecules. Moreover, the analysis of catalytic LiPS decomposition reveals that both
CoN2@GDY and FeN2@GDY reduce the dissociation energy barrier during charging, which
promotes fast phase transformation. Overall, our results suggest that the co-doped GDY is an
efficient anchoring cathode in Li-S batteries.
Keyword: lithium-sulfur batteries; graphdiyne; density functional theory; first-principles
method; polysulfide solubility
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IMPROVING CURING PERFORMANCE FOR TIRE
MANUFACTURING BY USING COMPUTATIONAL
FLUID DYNAMICS
Watthanai Thamsamerdee1 and Jetsadaporn Priyadumkol1,*
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The curing process is the most important last step in tire manufacturing. Curing is the
process of applying pressure and heat energy to catalyze a chemical reaction between the rubber
compounds and other materials. In this research, fluid flow analysis was considered to optimize
airflow patterns in an autoclave for better quality of product. To develop the flow inside the
autoclave, the distance of the tire arrangement inside the autoclave was studied. In this study, all
four tire sizes were used with spacing as a ratio of autoclave size so that the results could be
converted into equations to be applied to other autoclave sizes. Validation of the data values
temperature during the test and simulation was therefore considered. The results as present as
temperature distribution and heat transfer coefficients using Computational Fluid Dynamics
package, ANSYS. The simulation models were verified by comparison with temperature value
needed to find the proper clearance for each tire size. Consequently, this simulation can be used to
figure out the heat transfer coefficient to achieve a better and more efficient curing process.
Keywords: Autoclave; Computational Fluid Dynamics; Interface; Curing; Retread Tires
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FIRST-PRINCIPLES STUDY OF SURFACE PROPERTIES
OF RUTILE PBO2

Aroon Ananchuensook,1 Chatchawal Wongchoosuk,1 Jiraroj T-Thienprasert,1
Adisak Boonchun,1 Sirichok Jungthawan,2 and Pakpoom Reunchan 1,*
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2
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For over past the decades, rutile phase lead dioxide (β-PbO2) has been investigated for
utilizing in many industrial applications such as photocatalytic degradation, coating, and
optoelectronics. The key performance of those applications involves the energetics and properties
of β-PbO2 surfaces. Here, we studied the low Miller-index surfaces of β-PbO2 through densityfunctional theory (DFT) calculations within the generalized gradient approximation revised for
solids (PBEsol), finding that (110) surface is the most energetically stable. Using Wulff
construction, the thermodynamic equilibrium morphology of β-PbO2 particle is predicted to be
acicular shape with (110) and (100) lateral facets capped with (101) facets. We also investigated
the redox properties, where the oxygen atoms can be removed from (reduced) or added into
(oxidized) the surfaces. The surface energies of non-stoichiometric β-PbO2 are calculated as a
function of oxygen chemical potential which can be associated with the oxygen partial pressure
and temperature in the growth conditions. Wulff construction suggests that, under moderate
growth conditions, the thermodynamic equilibrium morphology of β-PbO2 tends to be octahedrallike shape, mostly confined by (101) and (110) surfaces.
Keywords: PbO2; density-functional theory; surface energy; Wulff construction
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DESIGN OF DRUG DERIVATIVES AGAINST PROTEASE
OF HIV-1 VIA MACHINE LEARNING AND
COMPUTATIONAL TECHNIQUES

Hathaichanok Chuntakaruk1, Tanatorn Khotavivattana2, Chanat Aonbangkhen 2, Sarana
Nutanong3, Fahsai Nakarin3, Kajjana Boonpalit3, Jiramet Kinchagawat3, Thanyada
Rungrotmongkol1,4* and Supot Hannongbua1,5*
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3
School of Information Science and Technology, Vidyasirimedhi Institute of Science and
Technology (VISTEC), Rayong 21210, Thailand
4
Biocatalyst and Environmental Biotechnology Research Unit, Department of Biochemistry,
Faculty of Science, Chulalongkorn University, Bangkok 10330, Thailand
5
Center of Excellence in Computational Chemistry (CECC), Department of Chemistry, Faculty
of Science,Chulalongkorn University, Bangkok 10330, Thailand
*(E-mail: thanyada.r@chula.ac.th; supot.h@chula.ac.th, +66-2218-7707)
Nowadays, human immunodeficiency virus type-1 (HIV-1) protease is the main target of
suppressing acquired immunodeficiency syndrome (AIDS) progression by viral polyproteins
cleavage to prevent mature structural and functional proteins. Darunavir (DRV), approved by the
food and drug administration (FDA), is one of the potent HIV-1 protease inhibitors (PIs). DRV
interacts with HIV-1 protease via hydrogen-bonding and hydrophobic interactions within the
active site. However, mutations in HIV-1 protease were found to decrease DRV susceptibility. In
this study, Random Forest, which provided the highest performance compared to the other
benchmark models, was incorporated to find important features to identify potential substructures.
Then these substructures were guided to design and screen one hundred and ninety-nine DRV
analogs in silico. The docking results showed that the top five analogs significantly interacted with
the HIV-1 protease at the active site better than the darunavir. Then these analogs were investigated
by 300-ns molecular dynamics simulations using the AMBER20 program and binding free energy
calculations against the HIV-1 protease. The RMSD values and the number of H-bonds of
darunavir 1-14-1-3 and darunavir 1-14-1-5 were stable throughout the MD simulations. Both
complexes' MM/GBSA binding free energy values are -20.94 and -18.11 kcal/mol, respectively,
better than DRV (-5.95 kcal/mol), which additional binding residues D25, D25', D29' and D30'.
Moreover, the potency and effectiveness of these analogs are candidates for developing PIs.
Keywords: Human immunodeficiency virus type-1; Darunavir; Random Forest; Binding free
energy
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IN SILICO MOLECULAR MECHANISM OF INHIBITION
OF SARS-COV-2 VIRAL TARGET PROTEINS WITH
BIOACTIVE COMPOUNDS OF ALLIUM SATIVUM L.
P. Boonserm1, K. Saetang1, P. Khunrae1, and T. Sutthibutpong 2*

Department of Microbiology, Faculty of Science, King Mongkut’s University of Technology
Thonburi, Bangkok, Thailand
2
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Thonburi, Bangkok, Thailand

1

* (E-mail: thana.sut@mail.kmutt.ac.th, +66-967434712)
SARS-CoV-2 is a highly contagious pneumonia virus, known as the origin of COVID19
pandemic that has caused numerous infections and deaths worldwide. A number of herbal extracts
have been proposed as alternative means of treatment or preventive medicines of this disease.
Allium sativum L., also known as garlic, contains three bioactive compounds with antiviral
properties at various stages of viral infection. These compounds are allicin, quercetin, and
quercitrin. In this study, molecular modeling techniques were used to identify the interactions
between the three bioactive compounds and target proteins in the viral life cycle of SARS-CoV-2:
(1) Receptor Binding Domain of Spike Protein (RBD), (2) Main protease (Mpro), (3) Papain-like
protease (PLpro), and (4) RNA dependent RNA polymerase (RdRp). Our results showed that the
binding energy of bioactive compounds from Allium sativum L. with different targets estimated
by the Autodock Vina were ranged from -3.2 to -8.9 kcal/mol. The strongest interacting pair was
quercitrin binding to the Mpro domain. Furthermore, in silico site-directed mutagenesis was
performed to validate the interaction analysis from molecular docking results, in which the
residues His163 and Glu166 were identified as critical binding sites of the quercitrin-Mpro
complex that could interfered viral replication.
Keywords: Molecular Docking; Molecular Dynamics Simulation; SARS-CoV-2
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TOPOLOGICAL ANALYSIS OF PROTEIN RESIDUE
NETWORKS FROM ATOMISTIC STRUCTURES OF SARSCOV-1 AND SARS COV-2 MAIN PROTEASE ENZYMES.
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The understanding of evolutionary consequences of the SARS-CoV-2 at the molecular
level could lead to the development of effective drugs against the COVID-19. The main protease
enzyme (Mpro) is an important target for pharmacological action against the SARS-CoV-2 virus.
One way to obtain the physical insight of the molecular evolution from an Mpro protein in SARSCoV-1 to an Mpro protein in SARS-CoV-2 is to consider how subunits of the protein
communicates during interaction with the captured substrate. In this work, we analyzed the
topological parameters of the protein residue network of an Mpro enzyme, e.g. subgraph centrality
and communicability, which measured the mechanical signal transmission within the structures
of SARS-CoV-1-Mpro and SARS-CoV-2-Mpro. Moreover, the network of Mpro-peptide(nsp8/9)
complexes were also analyzed for both Mpro enzymes to understand the evolutionary effects from
the mutated residues on the network parameters. The results showed that the SARS-CoV-2-Mpro
was more capable of transmitting mechanical signals between two important subdomains than the
SARS-CoV-1-Mpro with the higher communicability parameters. The effects of mutated residues
were reflected by the extra possible paths for mechanical signal transmission created by the extra
hydrogen bonds between the substrate and the A46S mutated site. Physical interpretation of the
enhanced communicability by the mutations was further obtained by extracting adjacency and
communicability matrices from each snapshot of the molecular dynamics (MD) trajectories and
compare with per residue binding energy decomposition analysis and other physical parameters,
e.g. per residue fluctuation and radius of gyration (Rg), in which two important domains SARSCoV-2-Mpro displayed the increased compactness of the two important subdomains with smaller
Rg that corresponded to the increased communicability.
Keywords: Protein residue network; Subgraph centrality; SARS-CoV-2; Main protease enzyme;
Molecular dynamics simulations
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IDENTIFYING SARS-CoV-2 INFECTED INDIVIDUALS
USING HEART RATE AND STEP DATA COLLECTED
FROM SMARTWATCH

K. Kullapat1, N. Sarapong1, P. Suttirat1, M. Liangruksa 2, S. Teerapittayanon2, and
C. Modchang1*
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Agency (NSTDA), Pathum Thani 12120, Thailand
* (E-mail: charin.mod@mahidol.edu, +66-929832882)
The efficient real-time detection of COVID-19, a disease caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), is necessary to combat the ongoing pandemic.
The common methods for detecting COVID-19 are antigen test kits (ATK) and reverse
transcription-polymerase chain reaction (RT- PCR). However, the test frequency of these
techniques can be limited by economic factors. Using the published data collected from more than
3,000 participants, we proposed a COVID-19 detection technique using the isolation forest
algorithm to analyze the heart rate oversteps (HROS) collected from smartwatches. We found that
our proposed technique can differentiate SARS-CoV-2 infected individuals from the healthy
individuals based on the input HROS with the accuracy of 0.625 and the F1-score in the range of
0.48-0.65. Our results indicated that COVID-19 could be detected early using the smartwatches
data.
Keywords: Isolation forest; COVID-19; Pre-symptomatic detection; Smartwatch
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A COVID-19 SEVERITY PREDICTIVE MODEL FOR
PATIENTS WITH OTHER NON-COMMUNICABLE
DISEASES: AN ARTIFICIAL INTELLIGENCE-BASED
MODEL

P. Saligupta1, P. Udomsopagit1, M. Liangruksa 2, S. Teerapittayanon 2, P. Suttirat1, and
C. Modchang 1*
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COVID-19 is an ongoing worldwide pandemic the present day. The number of new
patients diagnosed with COVID-19 is continuously increasing. Previous studies reported that
COVID-19 patients with prior existing non-communicable diseases (NCDs) are at higher risk of
fatality than those without NCDs. Therefore, we developed machine learning models to predict the
severity of COVID-19 in patients. We aimed to predict whether a COVID-19 patient is likely to
become severe to prioritize their needs appropriately in case of limited medical resources. The
input data of our models include information such as the symptoms of COVID-19, their prior
NCDs, age, and gender of over 400,000 patients. The data was preprocessed and split into train
and test datasets. As suggested by previous studies, the machine learning algorithm using the Light
Gradient Boosting model (LGBM) was built to predict the severity of sickness. The interpretation
of feature importance reveals that cardiac, hypertension, and diabetes-related NCDs with coughing
symptoms and age are significant indicators of COVID-19 severity.
Keywords: COVID-19; Severity; Machine learning; Light Gradient Boosting
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Sorafenib (SOR) and Regorafenib (RG) are lipophilic oral multikinase inhibitors. SOR
impedes angiogenesis, proliferation, and invasion of cancer cells. RG is used to treat patients with
metastatic gastrointestinal stromal tumors, and hepatocellular carcinoma. However, the poor
aqueous solubility of SOR and RG limits their importance in practical applications. Cyclodextrins
(CDs; βCD and γCD) and their derivatives have been extensively used and widely acceptable
technique for improving the physicochemical properties of lipophilic drugs. To increase the
solubility, βCD, γCD and their derivatives were utilized to encapsulate such lipophilic guest
molecules into their hydrophobic cavity, while their hydrophilic outer part interacts with
surrounding water. In light of this interest, we select βCD and its hydrophilic derivatives;
hydroxypropyl-β-cyclodextrin (HPβCD), dimethyl-β-cyclodextrin (DMβCD), sulfobutylether-βcyclodextrin (SBEβCD) to generate inclusion complexes with SOR, and RG by Accelrys
Discovery Studio 2.5, CDOCKER module and compare their results with γCDs and their
derivatives inclusion complexes. The docking study indicated that SOR and RG can effectively
form inclusion complexes with βCDs, γCDs and their derivatives. In this study, SOR and RG
revealed two favorable orientations: pyridine ring insertion (A-form) and chlorobenzene ring
insertion (B-form), inside hydrophobic CDs cavity. The interaction energies of A-form (-36 to -43
kcal/mol) and B-form (-38 to -48 kcal/mol) of SOR/βCDs and A-form (-34 to -41 kcal/mol) and
B-form (-35 to -43 kcal/mol) of RG/βCDs, and interaction energies of γCDs were somewhat
similar; thus, initial structures of both orientations were selected for molecular dynamics (MD)
simulations.
Keywords: sorafenib; regorafenib; β-cyclodextrin derivatives; docking; molecular dynamics
simulations.
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Bronchogenic carcinoma or lung cancer caused most of the cancer death patients with an
estimated 1.8 million death (18 %) and fell to number two the most commonly diagnosed cancer
with an estimated 2.3 million new cases (11.7%) from both male and female in worldwide.
Chemotherapy by using anti-cancer drugs is the main therapeutic for lung cancer. Although, the
limitation is the degradation of drugs and side effects cause by lacking target cells. Nano
biomedical technology attended for the development of targeted therapy. In the present study,
cisplatin loaded calcium citrate nanoparticles (CaCit@CDDP NPs), the novel biocompatible
nanoparticles were synthesized by a bottom-up process. Epidermal growth factor (EGF), a specific
protein to epidermal growth factor receptor was applied to be a targeting molecule for lung cancer
cells. The X-ray pattern shown, CaCit@CDDP-EGF crystals exhibit anisotropic binding on other
molecules and ions. Cisplatin and EGF proteins exhibit when compared with CaCit crystals
positions. The synthesized nanoparticles were spherical shape. For computational, QM/MM was
used to improve the nanoparticles synthesis by analyzing emission spectra, study binding affinity
and interaction between citrate atoms from CaCit and cisplatin. The success of synthesized
nanoparticles will provide opportunities for novel nanomedicine, information of cisplatin loaded
nanoparticles by using computational and new lung cancer therapy with controlled targeting sites.
Keywords: Bronchogenic carcinoma; Calcium citrate nanoparticles; Cisplatin; Epidermal
growth factor protein; QM/MM
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Malaria has spread in many countries with steady death cases, about 627,000 cases from
2017 to 2020. Moreover, over the boundaries of Thailand, malaria is one of the harass diseases
with a highly drug-resistant rate. Serine hydroxymethyltransferase (SHMT), the key enzyme in the
one-carbon pathway, was reported as the novel antimalarial drug target. The drug development for
the SHMT target might take at least ten years on average to complete the journey from initial
invention to the marketplace; therefore, drug repurposing was introduced to reduce the time and
cost of novel drug development. In this study, 2,509 FDA-approved drugs were screened by
molecular docking approach using the seven crystal structures of SHMT with the AutoDock
VinaXB program. Eleven compounds exhibited a significantly lower binding energy than the
known SHMT inhibitor pyrazolopyran(+)-86 by approximately 5-8 kcal/mol and the first-line
antimalarial treatments; artemisinin and chloroquine by approximately 6-9 kcal/mol. The van der
Waals interaction was the primary driving force used for forming the complex between hit
compounds and Plasmodium SHMT. Y63, T183, and C364 in the binding pocket were essential
for most hit compounds binding via hydrogen bond interaction. Subsequently, these eleven drugs
will be investigated by the enzyme-based assay on Plasmodium SHMT (P. falciparum and P.
vivax). The hit compounds will be then studied by molecular dynamics simulations using the
AMBER20 program to clarify the protein-ligand binding affinity and interaction.
Keywords: Drug repurposing; Molecular docking; Antimalarial drug; Plasmodium SHMT
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Polyethylene vanillic (PEV), a bio-based material, has mechanical and thermal properties
similar to polyethylene terephthalate (PET), the most common polymer used in industries. The
present study aimed to investigate and compare their structural dynamics and physical data using
a computational approach. The simple model of a single-chain polymer and PET/PEV blends
systems with different composition ratios (0:5, 1:4, 2:3, 3:2, 4:1, 5:0) were performed by all-atom
molecular dynamics (MD) simulations. As a result, the flexibility of the PEV structure was greater
than that of PET. PET and PEV polymers had the predicted glass transition temperature Tg values
of approximately 345 K and 353 K, respectively and consistent with current experimental
evidence. After blending study, all of system showed similar Tg value around 344-347 K. Among
all ratios, the PET/PEV with 3:2 ratio showed highest contacting atoms and hydrogen bonding
between two polymers, indicating the most suitable ratio for polymer blend.
Keywords: polyethylene terephthalate; polyethylene vanillate; bio-based polymer; glass
transition temperature; molecular dynamics simulation
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16S ribosomal RNA (rRNA) gene is a standard marker for bacterial
identification. Recently, targeted amplicon sequencing of 16S hypervariable regions is a common
technique for studying microbial communities. Bioinformatics tools for analyzing short-read
sequences (e.g. QIIME2 and Mothur) have been developed and widely conducted. However, the
microbial taxonomic classification based on one or two consecutive hypervariable regions is
reliable only at a taxonomic genus level. The analysis of full-length 16S rRNA genes provides a
higher resolution of microbial taxonomic classification at a species level, which is now possible
by utilizing long-read nanopore sequencing technology. Nevertheless, the use of different 16S
rRNA databases for taxonomic classification could produce inconsistent results. Here, we aim to
compare and evaluate three different 16S rRNA databases for taxonomic classification of nanopore
full-length 16S rRNA genes. The investigated 16S rRNA databases include i) NCBI-nucleotide,
ii) NCBI-16S rRNA and iii) Silva138 databases. By conducting a mock microbial community
dataset, curated taxa annotation of Silva138 resulted in the highest taxonomic classification
accuracy, followed by the NCBI-nucleotide database and NCBI-16S rRNA database, respectively.
A high amount of unclassified and uncultured microbes were revealed based on NCBI databases.
The curated database of Silva provided a more comprehensive annotation of microbes at all
taxonomic levels. We discuss and suggest a bioinformatics approach and database for analyzing
microbiome data of nanopore full-length 16S rRNA sequencing for high-resolution microbial
taxonomic classification at a species level. The selection of a taxonomic database provides a more
informative annotation of the identified microbes.
Keywords: Full-length 16S rRNA gene, Nanopore sequencing, Taxonomic assignment,
Microbiome analysis, Targeted amplicon sequencing
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ANGIOTENSIN-CONVERTING ENZYME 2
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The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has been indicated
as a world pandemic. The receptor binding domain (RBD) of the spike glycoprotein of SARSCoV-2 is responsible for interacting with human angiotensin-converting enzyme 2 (ACE2)
receptor on the surface of the host cell in the first step of viral entry. The World Health
Organization (WHO) reported that B.1.617.2 (Delta) and B.1.1.529 (Omicron) strains of SARSCoV-2 hinder the treatment of SARS-CoV-2. The experimental studies of medicinal cannabis
reported that high concentrated cannabidiol (CBD) can block the binding between RBD and
ACE2. However, the mechanism of cannabis blocking RBD/ACE2 complex is unclear. In this
work, the medicinal cannabis compounds were selected to study their inhibitory effect on wild
type (WT)-, Delta- and Omicron-RBD with ACE2 using molecular docking and molecular
dynamics (MD) simulations. The obtained results revealed that, all 11 medicinal cannabis
compounds can occupy the protein-protein interface between WT-RBD and ACE2. However, after
200-ns MD simulations, there were nine medicinal cannabis agents moving out from proteinprotein interface, while cannabinol and CBD can interact within binding site. In addition, binding
affinity results indicated that only CBD could decrease the binding energy between WT- and
Delta-RBD and ACE2. Our results are important to develop novel drugs to fight against SARSCoV-2 and its mutations.
Keywords: SARS-CoV-2; RBD; ACE2; MD simulations; CBD
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Anaerobic digestion (AD) has received more attention worldwide as an alternative
technology for wastewater treatment and bioenergy production. AD process involves a complex
consortium of microorganisms converting organic compounds into biogas. However, various
anaerobic digesters have suffered from being periodically unstable of biogas production due to
limited understanding of microbial community structures and functions. As different sludge
sources contain various habitant microorganisms, revealing microbial profiles would provide
insights to monitor and control the systems. This study investigated microbial communities from
different anaerobic wastewater treatment plants of domestic (Domestic), fruit juice (FruitJuice),
palm oil mill effluent (PalmOil), pig manure (PigManure), seafood (Seafood), and starch (Starch)
industries using 16S rRNA gene sequencing and bioinformatics analysis. The microbiome of
Domestic and Seafood showed the highest and lowest alpha diversity, respectively. Common and
specific microbes among the investigated microbiome sources were revealed. For instance, the
phenol degrading bacteria Cryptanaerobacter (5.30%), fermentative bacteria Saccharofermentans
(2.07%), and hydrogenotrophic methanogen Methanospirillum (3.49%) were found uniquely in
Domestic, FruitJuice and Seafood samples, respectively. Common dominant syntrophic bacteria
and methanogens were revealed with average relative abundance in all sludge sources including
Acidaminobacter (3.02%), Anaerolineaceae (2.94%), Methanobacterium (9.44%), Methanolinea
(3.06%), Methanosaeta (10.71%), Peptoclostridium (6.33%), Smithella (4.61%) and
Synergistaceae (2.84%). These microbes show wide-range abilities to degrade various types of
wastewater. The FruitJuice and PigManure microbiome showed higher abundance of
methanogenesis pathway compared to others. We identified common and unique microbes in AD
full-scale wastewater treatment plants, leading better understanding of microbiome structures and
functions involving biogas production.
Keywords: 16S rRNA gene sequencing; Anaerobic digestion; Biogas production; Syntrophic
microorganisms; Microbiome analysis
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Organophosphate pesticides (Ops) are the most predominantly used in agriculture and
horticulture for controlling insect pests. The World Health Organization estimates that OP
pesticides are associated with about 3 million poisoning and 200,000 deaths annually. Ops toxic
effects mainly by inhibition of acetylcholinesterase enzyme (AchE) resulting in accumulation and
overstimulating cholinergic receptors leading to pathophysiology consisting of respiratory arrest,
seizures, and often death. 2-Pralidoxime (2-PAM) is currently the only therapeutic FDA-approved
drug for treating Ops, but the efficiency of antidotes has only 24-34% reactivation of AchE in the
peripheral nervous. So, increasing antidots’ proficiency in effectively passing the blood-brain
barrier (BBB) and dephosphorylate inhibited AchE with greater efficacy than the currently used
antidotes remains necessary. This study designed 84 2-PAM analogs in silico by electron-donating
group substitution on positions 2 and 6 on the pyridinium core. We found twelve 2-PAM analogs
with 2-8 kcal/mol higher binding affinity than 2-PAM (-10.11 kcal/mol). The highest binding
affinity of the 2-PAM analog is -18.69 kcal/mol having Pi-Pi interaction with the Phe338 and
Tyr341 and Van der Waals interaction with Trp236, Trp286, Val294, Phe295, Arg296, and Phe297
in the binding site. Our discovery provides a novel compound for the development of an AchE
reactivator in the future.
Keywords: Drug design; Organophosphate pesticides; Pralidoxime; Electron donating group;
Binding affinity
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Thai banded tiger wasp (Vespa affinis) is a dangerous vespid species in Southeast Asia,
and stinging mishaps involving this species continue to result in fatalities. The Ves a 1 protein
from V. affinis was discovered in 2013 and classified into a group of phospholipase A 1 enzymes.
This venom was 93% and 92% identical to the vPLA 2 protein from Vibrio basalis and the
VesT1.02 protein from Vibrio tropica, respectively. All of these enzymes exhibited the distinctive
catalytic triad, which consisted of Ser, His, and Asn. In addition, there was not only a catalytic site
but also an auxiliary site reported on Ves a 1. The three-dimensional structure of Ves a 1 was
automatically predicted by the AlphaFold. After a 300 ns of molecular dynamics (MD) simulation,
the last snapshot was then analysed by free energy landscape (FEL) that calculated as a function
of root-mean-square deviation (RMSD) and distance between two loops located on each catalytic
and auxiliary site to determine the closing/opening conformation. Then, a total of about 3,000
drugs, allowing access to approved FDA drugs from the ZINC 20 and e-Drug3D databases were
screened against the venom's opening conformation. The top five drug candidates from each site
were subjected to MD simulation. CPPTRAJ was then used to analyse the trajectories and calculate
the binding free energy. The results suggested that the free binding energy of Entrectinib was better
than from other drug candidates on the catalytic and auxiliary sites. The MD simulation study
revealed that Entrectinib formed stable conformations within the catalytic pocket and auxiliary
site. Therefore, Entrectinib can be a potent inhibitor that could serve as the starting point for the
development of more promising anti-venom therapeutic agents for Ves A 1.
Keywords: Ves a 1; Phospholipase A1; Molecular dynamics (MD) simulation; Docking
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The COVID-19 pandemic caused by a novel coronavirus, known as severe acute
respiratory syndrome‐coronavirus 2 (SARS-CoV-2) has exposed flaws in global health systems.
An appealing target for drug discovery is the SARS-CoV-2 3C‐like protease (3CLpro), a specific
viral enzyme that plays an essential role in viral replication and pathogenesis. In this study, we
aimed to identify effective compounds against the activity of SARS-CoV-2 3CLpro using
computational approaches. Because undesirable pharmacokinetics and toxicity are significant
reasons for the failure in the clinical phase, drug-likeness properties were used for initial screening
to collect a set of compounds with highly successful drug discovery. The chemical features,
binding mode and binding energy as well as the interaction with amino acid residues were studied
using pharmacophore-based virtual screening, molecular docking, and ONIOM (QM/MM)
method based on the structure of three peptidomimetic inhibitors (11a, 13b, and N3). There are
77,553 compounds from a set of 158,787 compounds possessed a characteristic of drug-likeness,
and 1,457 of them were selected as hit compounds from the pharmacophore-based virtual
screening. As a result, 26 docked compounds were suggested as antiviral candidates inhibiting
SARS-CoV-2 3CLpro with key residues THR25, CYS44, ASP187, and ARG188. Compounds
22370, 22371, and 12081 showed the best three fitness scores, which makes them promising
therapeutic agents for subsequent ONIOM calculation and enzyme-based assays to explore their
potential use in the treatment of COVID-19.
Keywords: SARS-CoV-2; 3C-like protease; Pharmacophore; Molecular docking; ONIOM
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The carbon dioxide reduction reaction (CO2RR) is one of the efficient ways to utilize
CO2. The bimetallic phase-separated Cu−Zn electrocatalysts can selectively produce C2H5OH
from CO2RR. However, the role of the Cu−Zn interface site has not been discussed before. Herein,
we theoretically investigate the character of the interface Cu−Zn sites on the separated phase
Cu−Zn catalyst in selective CO2RR toward C2H5OH production. Interestingly, the interface
facilitates the CO2 reduction to CO by stabilizing the *COOH intermediate. Then, the interface
site favors the CH4 production by lowering the reaction energy of potential-determining step and
stabilizing some intermediates along the pathway. Since the C 2 production requires the C−C
coupling reaction, we systematically studied the coupling between *CO and C1 intermediates. We
find that the *CO−*CH coupling is the most favorable step at the interface site which is more
favorable than that of the Cu site. Through the *COCH intermediate, production of C 2H5OH is
energetically preferred compared with that of C2H4. All intermediates of the C2H5OH route are
more stable at the interface site than at the Cu site. This study highlights the role of the Cu−Zn
interface site in the design of electrocatalysts in CO2RR to achieve high C2H5OH production.
Keywords: Carbon dioxide reduction reaction; Cu−Zn catalysts; Ethanol; Density functional
theory
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FIRST-PRINCIPLES STUDY OF 2D WO3/WS2
HETEROSTRUCTURE AS PHOTOCATALYSTS FOR
WATER SPLITTING
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A search for new photocatalytic materials for hydrogen production as an alternative
energy source has attracted tremendous attention. Two-dimensional (2D) materials have recently
been proposed as promising photocatalysts owing to their excellent charge transport properties. In
this work, we investigated the structural, electronic, and interfacial properties of 2D WO 3/WS2
heterostructures to explore the photocatalytic properties using the density functional theory
method. Our computations reveal that the valence and conduction band edges position of both
individual WO3 and WS2 change with the Fermi level of its heterostructure. WO3/WS2
heterostructure exhibits a type-II heterojunction which diminishes the electron-hole
recombination. Its band edge positions provide an effective potential for the water splitting
reaction. Furthermore, the charge density difference analysis suggests that the electron and hole
pair were separated due to internal interface electric field at the WO3/WS2 interface, leading to
suppression of carrier combination during the photocatalytic process. This work provides a better
understanding of how the WO3/WS2 heterostructure could enhance photocatalytic efficiency.
Keywords: Photocatalysis water splitting; tungsten oxide; tungsten disulfide; density functional
theory; heterostructure
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GRAPHENE DECORATED WITH TRANSITION METAL
SINGLE ATOM: A DFT STUDY
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The doping effects of nitrogen (N) and sulfur (S) on the stability of thirteen transition
metal single atoms (Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Ru, Rh, Pd, and Ag) supported on defective
graphene were investigated by applying density functional theory (DFT) calculations. We modeled
three different configurations, including the four nitrogen atoms doped defective graphene (4NGra), the one (4N1S-Gra), and two sulfur (4N2S-Gra) atoms doped on 4N-Gra. The results indicate
that the N atoms gain electrons from the neighboring C atoms on the graphene, while the S atoms
lose electrons to the adjacent C atoms. As a result, the doping S can increase the number of active
sites on graphene owing to the existence of S atoms leading to electron-deficient configurations.
Our investigations demonstrated that the doping of S on 4N-Gra can be enhanced the interaction
between the metals and the supporting surfaces with the binding energy in the range of -8.62 to 2.63 eV and -10.25 to -3.73 eV for 4N1S-Gra and 4N2S-Gra, respectively. The calculated
Hirshfeld charges indicate that the charge transfer arises from the metals to the supporting
substrates in all catalysts. Our calculations provide an insight into the details of N/S co-doped
graphene and guide a way to enhance the stability of catalysts by controlling the doping ratio of
N/S on graphene.
Keywords: N/S co-doped; Defective Graphene; Single-Atom Catalysts; Electronic structure;
Density functional theory
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Lithium-ion batteries (LiBs) have been a well-regarded technology as an efficient energy
storage. Searching for a promising electrode material is a challenge to improve overall
performance of the batteries. Among various cathode materials, V 2O5 has been proposed as a
promising one due to its high theoretical capacity and low cost. However, V2O5 cathodes still suffer
from capacity fading and low electronic conductivity. One strategy to improve the cathode
performance is to construct a hybrid-heterostructure cathode with electronically conductive
materials such as MXenes. Herein, we used the density functional theory approach to study the
synergetic roles of V2O5 and metallic Ti3C2O2 (Mxene), V2O5/Ti3C2O2 heterostructure, as a
cathode material in LiBs. The important properties are explored, including thermodynamic
stability, electronic structures and conductivity, Li intercalation, ion and polaron migration.
Computations reveal that the heterostructure is thermodynamically stable. The electronic
conductivity of the cathode turns to be metallic upon the formation of heterostructure. Polaron
migration is more facile with a lower energy barrier of 0.20 eV in the heterostructure when
compared to that in pristine V2O5 (0.28 eV). This is because the V2O5 obtains the additional charge
transfer from the Ti3C2O2 upon combination. Moreover, Li diffusion into V 2O5 is improved with
small energy barrier in the presence of Ti 3C2O2. Therefore, we can suggest that V 2O5/Ti3C2O2
heterostructure is a promising candidate as cathode materials of LiBs.
Keywords: V2O5/Ti3C2O2 heterostructure; density functional theory (DFT); lithium-ion n
batteries.
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The aerobic oxidation of aldehydes and alcohols over metal oxide-based catalysts is a
critical reaction for biomass conversion into value-added chemicals. However, understanding the
reaction mechanism is still challenging because it has a complicated reaction system and multiple
reaction pathways. This work presents a mechanistic study of 5-hydroxymethylfurfural (HMF) to
2,5-furandicarboxylic acid (FDCA) over the ꞵ−MnO 2(110) surface using the combined density
functional theory (DFT) method and microkinetic analysis. Computations reveal that HMF
oxidation prefers the 2,5-diformylfuran (DFF) pathway more than 5-hydroxymethyl-2-furan
carboxylic acid (HMFCA) pathway before proceeding to 5-formyl-2-furan carboxylic acid
(FFCA) and FDCA. The free energy profiles show that the dehydrogenation of the aldehyde group
is a difficult step. Microkinetic analysis suggests that the dehydrogenation at a formyl group of
DFF is the rate-determining step on a bare surface, whereas the dehydrogenation at group a formyl
of FFCA is the rate-determining step on the hydroxylated surface. The reaction rate indicates that
hydroxyl groups and active surface oxygen play a vital role in the HMF oxidation. A deeper
understanding at molecular level can lead to further development and designs of reusable, lowcost, and effective metal oxide-based catalysts for HMF conversion.
Keywords: 5-hydroxymethylfurfural; 2,5-furandicarboxylic acid; manganese dioxide; DFT
calculations; microkinetic modeling
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The catalytic activity of single transition metal atom decorated in nitrogen doped
graphene (M-N4Gra; M = Fe, Co, Ni, Ru, Rh, Pd and Cu) for HCOOH (FA) decomposition has
been investigated by using the cluster of M-N4Gra modelled by density functional theory (DFT)
study. Our calculation results reveal that Fe is strongly bound to N 4Gra surface compared to others,
forming Fe-N4Gra catalyst with the strongest binding energy of -8.51 eV. Fe-N4Gra catalyst
provides a highest binding energy, demonstrating that it is a more stable surface than others. The
FA dehydrogenation mechanism over M-N4Gra has been extensively investigated to understand
the catalytic efficiency of the M-N4Gra substrate. There are two possible pathways namely (i)
formate (HCOO) and (ii) carboxyl (COOH) pathways. It occurs through two steps: the first step is
the formation of formate (HCOO) or carboxylate (COOH) intermediate. The second step is the
CO2 and H2 formation. The results show that the formate pathway is the most favorable for FA
dehydrogenation over the Fe-N4Gra surface (HCOOH*→HCOO*+H*→H2 + CO2). The rate
determining step is the H2 formation with the activation barrier of 1.31 eV. Our findings will be a
guideline for experimentalist to improve the performance of catalyst for H 2 production from FA.
Keywords: Nitrogen-doped graphene; Density functional theory (DFT); Formic acid
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Over the past century, the burning of fossil fuels such as coal and petroleum has increased
the level of carbon dioxide (CO2) in the atmosphere, resulting in global warming. Therefore, CO 2
needs to be removed or reduced. In this study, the reaction mechanism of CO 2 hydrogenation over
transition metal incorporated nitrogen and sulfur dual-doped graphene (M-NS-GRA; M= Fe, Co,
Ni, Ru, Rh and Pd) have been investigated by means of the Density Functional Theory (DFT) with
GGA-PBE functional. Our results demonstrated that transition metal atoms can be stably adsorbed
on NS-GRA with a large binding energy in the range of -9.20 to -6.22 eV. Moreover, the adsorption
energies (Eads) of the most stable configuration of reactants on Ru-NS-GRA catalyst showed the
highest Eads of -0.30, -0.65, and -0.42 eV for CO2, H2, and co-adsorption, respectively. As a result,
we proposed the reaction mechanism of CO2 hydrogenation to formic acid over Ru-NS-GRA in
two possible pathways: (i) formate (HCOO) and (ii) carboxylate (COOH) pathways. This
theoretical investigation could be helpful in designing transition metal incorporated nitrogen and
sulfur dual-doped graphene for the conversion of CO 2 toward formic acid.
Keywords: CO2 hydrogenation; Transition Metal; Nitrogen and sulfur dual-doped graphene;
Density Functional Theory (DFT)
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Corrosion of metallic surface inside a wet gas transportation pipeline is a major problem
in the oil and gas industry. Injection of corrosion inhibitor molecules at the bottom of the pipeline
followed by their diffusion and adsorption to the metallic surface leads to decreasing of contact
area between the metallic surface and the corrosive species and hence reduces the corrosion rate.
The adsorption stability of the inhibitor molecules on the metallic surface is the key determining
their inhibition effectiveness. It is mainly attributed to the interaction strength between the
inhibitor molecules and metallic surface and shows differences in neutral and protonated or
deprotonated forms.
Four organic compounds with various sizes, geometries, and reactive groups, namely
hexylamine, morpholine, pyrazine carboxamide, and 11-mercaptoundecanoic acid, which have
been reported experimentally for their corrosion inhibition property for both the bottom and the
top metallic surfaces, are investigated by computational chemistry using density functional theory
(DFT) simulations. The inhibition property is considered and briefly discussed using several
parameters such as HOMO/LUMO energies, global softness, and fraction of electrons transferred
to metallic atom. The reactive sites are studied through Fukui function. The fraction of
protonated/deprotonated molecules to non-reactive molecules in water is determined by the acid
dissociation constant, pKa, calculated over the thermodynamic cycle using Solvation Model based
on Density (SMD) with B3LYP and M06-2X density functional methods. Results from many
parameters show that pyrazine carboxamide tends to be the best potential candidate as corrosion
resistant due to its highest reactivity and ability to donate electrons.
Keywords: corrosion inhibitor; DFT; SMD; pKa; wet gas pipeline
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The COVID-19 outbreak has dramatically altered the society in the last two years. A fast
and eﬃcient method for detecting COVID-19 biomarkers is necessary to control the spread of this
disease. Herein we propose a metal-organic framework (MOF) to be a performance gas sensor for
detecting COVID-19 biomarkers from exhaled breath using density functional theory and
experimental studies. The five dominant COVID-19 biomarkers and common exhaled gases are
comparatively studied by exposing them to MOFs, namely MIL-100(Al) and MIL-100(Fe). The
adsorption mechanism, binding site, adsorption energy, recovery time, charge transfer, and
variation in the bandgap are systematically investigated. We found that MIL-100(Fe) has a higher
sensing performance than MIL-100(Al) in terms of sensitivity and selectivity. Both materials are
sensitive to COVID-19 biomarkers, namely 2-methylpent-2-enal and 2,4-octadiene. An
experimental study also showed that the MIL-100(Fe) provides high sensitivity and selectivity
toward 2-methylpent-2-enal. In conclusion, we suggest that MIL-100(Fe) could be used as a
potential sensor for the exhaled breath analysis. We hope that our research can aid in the
development of a biosensor for quick and easy COVID-19 biomarker detection in order to control
the current pandemic.
Keywords: COVID-19, MIL-100, Sensor, VOCs biomarker, Density functional theory (DFT)

Figure 1. The calculated percentage change in the bandgap of the system after gas adsorption
with reference to the solitary MIL-100(Al,Fe)
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The performance of perovskite solar cells (PSCs) controlling the hole mobility is of
fundamental importance. The development of novel hole transport materials (HTMs) with good
stability, low cost and high hole mobility for PSCs have attracted much attention for researcher.
In this work, new isoindigo-based hole transport materials (HTMs) substituted with two
triphenylamine (TPA) with the donor-acceptor-donor (D-A-D) architecture, were designed
computationally. The effect of π-extenson influence on the charge transfer process was
investigated by inserting also symmetric insertion of two vinyl groups between acceptor and
donor parts (D-π-A-π-D). The correlation between electronic structure and hole transport
properties of the designed HTMs was investigated by tuning the connection between donor and
acceptor. The ground state of the designed HTMs was fully optimized by density functional
theory (DFT) method at B3LYP/6-31G(d,p) and the excited state, absorption and emission
properties of the designed HTMs were carried out by using the time-dependent DFT (TD-DFT)
at B3LYP/6-31G(d,p) in dichloromethane solvent based on the conductor-like polarizable
continuum model (C-PCM). The calculated HOMO, LUMO and band gap values of the HTMs
showed higher than MAPbI3 (perovskite). The adsorption spectrums were broader, indicating
that the proposed HTMs absorb a large amount of visible light, which might impact the -electron
delocalization. Hence, the charge distribution in HOMO and LUMO of our designed structures
could qualitatively understand and predict the carrier injection and transportation in the
PSCs. The results of the present computational study might be useful for the synthesis of new
HTMs.
Keywords: Hole transport materials (HTMs); Isoindigo; Triphenylamine (TPA); DFT; TDDFT
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The electrochemical CO2 reduction reaction (CRR) has been identified as a highly
promising CO2 utilization approach via converting CO 2 to valuable chemicals and fuels. The
development of electrocatalysts with high catalytic performance is crucial for CRR process.
Herein, we designed double–atom catalysts (DACs) including homo and hetero Ni dimers
doped on the graphdiyne monolayer (MNi@GDY where M is Ti, V, Cr, Mn, Fe, Co, Ni, and,
Cu) and evaluated their electrocatalytic performance for CRR using the density functional
theory calculations. Among all the studied systems, NiNi@GDY is the most efficient candidate
for converting CO2 to produce CH4 with the low limiting potential of −0.28 V, which is
comparable and even better than their single Ni@GDY and triple Ni 3@GDY counterparts. The
limiting potential scales have a strong positive correlation with the adsorption free energies of
*OH, which is significantly dependent on the structure relating to descriptor ψ that based on the
valence-electron number and electronegativity of the catalytic centers. Moreover, NiNi@GDY
shows a good thermal stability and a great ability to suppress the competing hydrogen evolution
reaction (HER). This research not only provides the potential CRR catalyst but also guides the
method to improve the development of efficient CRR catalysts.
Keywords: Double-atom catalyst; Graphdiyne; CO2 reduction reaction; DFT
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In this work, a quantitative structure–activity relationship (QSAR) analysis and
machine learning (ML) method were conducted on the series of Bisarylimino-acenaphthene
nickel metallocene with various substituents acting as catalyst for polyethylene (PE)
polymerization. The electronic and steric descriptors were obtained from the optimized
structures based on M06L method in which these descriptors were used to establish a
relationship between the catalyst activity and the optimal molecular descriptors. For QSAR
analysis, the best model of MAO and Et2AlCl divided by type of co-catalyst were selected on
the basis of its statistical significance and predictive potential with a good correlation R2 of 0.79
and 0.82, respectively. Moreover, Comparative Molecular Field Analysis (CoMFA) method is
performed to explain the effect of different substituent at varieties positions. Obtained 3D
contour map based on the steric and electrostatic fields suggest that minor substituents on R1
position is favorable to catalytic activity for both MAO and Et 2AlCl
co-catalyst, while minor substituents with positive charge and bulky substituents with positive
charge are beneficial catalytic activity for R3 and R4 positions for MAO and Et 2AlCl,
respectively. For ML method, KNN and DT models show acceptable RMSE of 0.142 and 0.111
for MAO and Et2AlCl, respectively. The average charge of position R3 is the importance of
descriptors that favorable for catalytic activity. The present work indicates that ML could give
useful guidance for the new design of homogenous polyolefin catalyst.
Keywords: QSAR analysis; Machine learning; MAO; Et2AlCl; CoMFA method
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Arsenic is an environment toxic chemicals. To eliminate the arsenic from water, the
nanosensor with bioorganic molecule modified with metal nanoparticles has been researched to
improve accuracy. We studied the interaction of cysteine on As(III) modify with metal clusters
with M06L density functional theory. The basis set is LANL2TZ for metal atoms while 6311+G(2df,2p) for the rest. The strong interaction between cysteine on As atom was found on
Au4 and Ag4 nanoclusters. The adsorption complexes are cysteine-As-Ag4 and cysteine-As-Au4
clusters. The excited states of complexes were calculated with time-dependent density
functional theory to locate the maximum adsorption spectrum. The Natural Bond Orbital
analysis indicates the electron transfer from metal cluster to cysteine. These suggest that both
Au and Ag clusters can be used for arsenic poisoning detection in water.
Keywords: Arsenic; Cysteine; Gold nanocluster; Silver nanocluster; DFT
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The Terahertz (THz) frequency range can be exploited in various technological
applications, such as, information and communication (ICT), detection of narcotics or explosive
materials, and medical applications. However, there are a few materials providing suitable
properties for THz sources. Herein, we aim at using the conventionally available material ZnO as
a THz source. First-principles calculations based on density functional theory (DFT) were
conducted to unravel the electronic and optical properties of the ZnO/(Sb, N) codoped ZnO/ZnO
quantum well. Various fundamental properties including electronic density of states (DOS), band
structure, effective masses of carriers of ZnO and (Sb,N) codoped ZnO were exhaustively
calculated. The findings reveal that undoped and (Sb,N) co-doped ZnO are semiconductors with
different energy gaps. The combination of these materials creates the ZnO/(Sb,N) codoped
ZnO/ZnO quantum well of which the band lineups show type-II. The valence and conduction band
offsets are 0.14 and 0.38 eV, respectively. Moreover, optical absorption coefficients calculated
from intersubband transitions indicate that varying the width of the quantum well and applying the
external electric fields can tune the absorption spectrum to be in the THz scale. The increase in
well width and the strength of the electric fields leads to the redshift and blueshift in the absorption
spectrum, respectively. Hence, ZnO/(Sb,N) codoped ZnO/ZnO quantum well is a potential
candidate for Terahertz sources
Keywords: Terahertz; ZnO/(Sb,N) codoped ZnO/ZnO quantumwell; Density functional theory
(DFT)
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COVID-19 is an infectious disease that the contagious period of infected individuals might
begin before the symptom onset. Therefore, early disease detection can mitigate the spread of
infection due to early self-isolation and treatment. This study aims to construct machine learning
models that identify infected individuals early using the abnormal activity of signals (e.g., heart
rate and step counts) collected from smartwatches. These health factors ought to be at a stable rate
in the case of regular healthy individuals. Hence, the significant change in these rates might
indicate abnormality caused by the disease. We explored several machine learning (ML)
algorithms to detect COVID-19 before symptom onset using the activity signals such as heart rate
and step counts collected from smartwatches. Specifically, we found that an elliptic envelope
method can detect COVID-19 from the anomaly signals with an accuracy of up to 65%. The results
indicate that these machine learning models can help detect abnormal activity signals and
contribute to the early detection of COVID-19.
Keywords: COVID-19; Smartwatch; Machine learning; Anomaly detection; Elliptic envelope
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Data reduction is a necessary procedure to calibrate the spectral information of the
observed galaxy. One of the most critical parts of data reduction is wavelength calibration. Data
from Subaru/FOCAS spectroscopy are usually analyzed by Image Reduction and Analysis Facility
(IRAF) software, which is no longer updated and has a problem with a new computer. In this work,
we examine whether we can use another package to perform data reduction and analysis on
Subaru/FOCAS data. We used a galaxy with spatially extended Hαλ6563 emission at z ~ 0.40 as
a reference of comparison. Data reduction has been conducted using 2 different pipelines: IRAF
and RASCAL packages. The redshift of the galaxy was determined by a Hαλ6563 emission line
to be z = 0.4067 and z = 0.4008 after using IRAF and RASCAL, respectively. This results in the
difference in the corresponding luminosity distance of 45.71 Mpc. Moreover, the different values
of cosmological redshifts affect the determination of outflow velocity for 1258-1264 km/s. As the
targeted galaxy was originally selected by using the narrowband filter whose center wavelength
corresponds to the expected redshift of z = 0.4012, the RASCAL package seems to provide a closer
redshift to the expected one than the IRAF package.
Keywords: spectroscopic; data reduction; galaxy; redshift; emission line

161
The 25th International Annual Symposium on Computational Science and Engineering

PFD-P-4

THEORETICAL AND FORMULATION OF THE
SPECTRAL FUNCTION OF SUPERCONDUCTORS
Pataiy Praiypan1,* and Udomsilp Pinsook1,**

1

Department of Physics, Faculty of Science, Chulalongkorn University, Bangkok, 10330,
Thailand
*(Email: dartaiji008@gmail.com, Tel: (+66)-650391351)
**(Email: udomsilp.P@chula.ac.th, Tel: (+66)-839276363)

In order to explain the superconducting materials, 2we need to consider the interaction
between pairs of electrons, which is so called “Cooper pair”. It can be completely illustrated by
the Bardeen-Cooper-Schreiffer theory (BCS theory), Where only weak interaction between two
electrons is taken into account. If the interaction becomes strong, we need a modification of the
BCS theory such as Eliashberg theory which leads us to the calculations of the Spectral function
and then the critical temperature of superconductors. In this research, we will consider Spectral
functions of MgCaH12 , Ga, Zn and Cu. Magnesium Calcium superhydride (MgCaH 12) is a sample
of strong interaction, whereas Gallium (Ga) Zinc (Zn) and Copper (Cu) are samples of weak
interaction. By using curve fitting, we found that their critical temperatures are 251, 6.47, 0.71 and
60.48 K respectively. 1Moreover, this research extends to evaluate molar heat capacity of materials
above the critical temperature by using the parameter λ. This result may be used as a thermal
insulation or conduction from superconductors near their critical temperature. This is 2because the
behavior of heat capacity below and above critical temperature of superconductors are extremely
difference, compare to each side. The heat capacity coefficient for Gallium equal to 34.6 µJ/mol.K2
Keywords: Superconductor; BCS theory; Eliashberg theory; Critical temperature; Temperature
dependent heat capacity
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Due to large surface area and high electronic conductivity, graphene was widely used as
an electrode material for supercapacitors. However, the quantum capacitance or the intrinsic ability
of graphene to store electrons within low biasing voltage is relatively low. Based on density
functional theory calculations, the effects of S, O, N and H doping on graphene structures to the
formation energy, electronic structures, and quantum capacitance were investigated. As the result,
it was found that the formation energy of each doped configuration depended on both number the
type of dopant atoms and should affect the likeliness of each doping pattern after sintering.
Interestingly, it was also found that the quantum capacitance of graphene was enhanced
significantly with the doping and co-doping of S and N atoms. This enhancement of quantum
capacitance was directly related to the density of state which represents the localized states around
the Fermi level contributed mainly from N and S atom. These results provided new idea on choices
of doping materials to improve the quantum capacitance of graphene-based electrodes for
supercapacitors and other energy storage applications.
Keywords: Density functional theory; Quantum capacitance; Graphene; Supercapacitor
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Zinc-ion batteries (ZIBs) are an exceptionally compelling technology for large-scale
energy storage due to their high volumetric capacity of zinc, high safety, and low cost. In recent
years, most research for ZIBs has been conducted using water-based electrolytes, which suffer
from various issues such as hydrogen evolution reaction, corrosion of zinc, dendrite growth, and
so on. The use of alternative nonaqueous electrolytes, i.e., organic electrolytes, is an appealing
option due to their wide-stability window. It is importance to obtain an in-depth understanding of
organic electrolyte properties and behavior that govern in part application performance of ZIBs.
In this work, classical molecular dynamics (MD) simulations of zinc trifluoromethanesulfonate or
zinc (II) triflate (Zn(OTf)2) in ethylene carbonate (EC), propylene carbonate (PC), and N, Ndimethylformamide (DMF) organic solvents were carried out at ambient conditions. The solvation
structure and transport properties of ions were investigated. The first solvation shell of Zn 2+ ions
was dependent upon the organic solvents. Analysis of radial distribution function and coordination
number showed that Zn2+ ions in PC have more stable solvation structure, compared to that
obtained in EC and DMF solvents. Zn 2+ ions and Otf – anions in DMF solvent have higher selfdiffusion coefficient and ionic conductivity than others.
Keywords: Zinc-ion batteries; Organic electrolytes; Solvation; Molecular dynamics

164
The 25th International Annual Symposium on Computational Science and Engineering

PFD-P-7

MECHANICAL AND ELECTRONIC PROPERTIES OF
MOLYBDENUM NITRIDE UNDER BIAXIAL STRESS
K. Kotmool*

College of Advanced Manufacturing Innovation, King Mongkut’s Institute of Technology
Ladkrabang, Bangkok 10520, Thailand
*(E-mail: komsilp.ko@kmitl.ac.th, +66-23298264)
The two-dimensional materials, Mxenes, have been intensively attracted because they
have many promising properties to implement in various applications, including transparent
electronic devices, energy storage, battery materials, photocatalysis, toxic gas sensors, and
wearable sensors. The recent work reports the energetic and dynamic stabilities and electronic
properties of Mxene-Mo2N under biaxial stress employing an ab initio study. The hexagonal phase
(2H) of Mo2N is more energetically stable than the tetragonal phase (1T) by lower energy of 90
meV/atom at an unstressed condition. The ultimate strength (σmax) of the 2H-Mo2N is about 37
GPa at a biaxial strain (εb) of 12% with an elastic modulus € of 438 GPa. The 2H-Mo2N is
dynamically stable at the wide-range biaxial strain of -6% to 5%. Under stable conditions, 2HMo2N is a nonmagnetic material. It exhibits a metallic feature with high electron density at around
the Fermi level, mainly dominated by 4d-Mo states. Furthermore, the electron-phonon coupling of
2H-Mo2N will be performed and discussed through the strain range.
Keywords: Mxene; Molybdenum Nitride; Biaxial stress; Density functional theory
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Zinc-ion batteries (ZIBs) are promising alternatives for large-scale energy storage
applications owing to their high theoretical density, high safety, and cost-effectiveness.
Electrolytes are one of the most important parts of the ZIBs as they are responsible for the transport
of ions between the electrodes. Understanding fundamental interactions and dynamical properties
of electrolytes are critical aspects controlling bulk electrolyte parameters. In this work, molecular
dynamics (MD) simulations were performed to investigate structural characteristics and transport
properties of ions in aqueous zinc sulfate (ZnSO4) electrolyte with and without manganese sulfate
(MnSO4) additive. The simulated results included radial distribution function, coordination
number, mean square displacement, self-diffusion coefficient, and ionic conductivity. It was found
that the presence of MnSO4 additive affects the solvation structure and the mobility of ions,
particularly at high concentration of ZnSO 4. The calculated ionic conductivity was compared to
the experimental data.
Keywords: Zinc-ion batteries; ZnSO4; Solvation; Ionic conductivity; Molecular dynamics
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