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Forewords

Professor Dr. Hailiza Kamarulhaili
Dean
School of Mathematical Sciences
Universiti Sains Malaysia

I am pleased to welcome our plenary speakers, invited speakers, presenters, and all participants from
countries across the globe to MathTech 2022. In December 2018, MathTech 2018 was initiated to
ignite interest among Mathematics and Science educators and researchers world-wide. Followed by
our second MathTech in 2020, that was conducted fully online, and despite the pandemic challenges,
MathTech 2020 was successfully organized. And today, MathTech 2022 is organized to continue providing
an international platform for discussions and to share latest policies, research findings, and outcomes
among academia, researchers, and industries. This gathering is also to bridge the gap between the
academia at the tertiary level and those at the pre-university level and secondary school. It is imperative
to support and promote the Science, Technology, Engineering and Mathematics (STEM) agenda for
the country as well as for STEM’s global agenda. MathTech 2022 is to provide pools of knowledge on
current issues related to Pure Mathematics, Applied Mathematics, Mathematics Education, Financial
Mathematics, Statistics, Operations Research, Mathematics & Technology, and other related disciplines
in Mathematics. It is hoped that the knowledge shared among the researchers and participants would
benefit the entire community, locally and globally, MathTech 2022 aims to bring together ideas to promote
growth of innovation research, to network and to connect with each other in a more conducive manner.
Mathematics plays a very important role in the realization of digitalization, and it serves as a building block
in transdisciplinary research. Therefore, MathTech 2022 is committed to provide full support in reshaping
the future of higher education landscape. The use of technology in teaching and learning Mathematics is
now widespread. The teaching methodology needs to be aligned with the post pandemic demand and the
current tools available that offers a new learning experience. Innovative and creative teaching has been a
focus in the recent years and MathTech 2022, serves as an agent of change to transform higher education
to meet the current demand and technology in the everchanging norm. Now, the challenge is not just
to innovate teaching and learning but also to redefine and re-imagining mathematics to help younger
generations to face future challenges especially in job creation and as elements to support sustainability
development goals (SDG).

Finally, I would like to take this opportunity to express my sincere appreciation to all those who have
contributed towards the organisation of this conference, especially to the MathTech 2022 team. Thank
you all, for the continued support and tremendous effort towards making this event a success.

Thank You.

I am Math@USM

Professor Dr. Hailiza Kamarulhaili
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Dr. Amirah Azmi
Chair
MathTech 2022

Welcome to The International Conference on Mathematical Sciences and Technology 2022 (MathTech
2022). On behalf of the entire program committee, I am proud to present to you the third edition of
the conference, a pleasant gathering in two environments: virtually through an online platform, and
physically in the vibrant city of Penang, Malaysia. This hybrid conference has received around 130
participants from 10 different countries/regions. We anticipate that this conference will be an excellent
podium for discussing and advancing knowledge on the present and foreseeable issues in mathematics and
technology.

Following the tradition of previous successful events, MathTech 2022 will feature international plenary
sessions as well as invited talks from leading researchers and educators. In addition, MathTech 2022 also
provides workshops covering a wide range of topics related to mathematics and technology.

The technical sessions comprise of more than 70 presentations that explore multiple topics related to
technology in mathematical research and mathematics education. All papers presented at MathTech 2022
have been peer-reviewed and will be published in a prestigious conference proceedings series. Selected
manuscripts will be invited for submission in Indexed Journals after a rigorous review process. I would like
to thank the international and national reviewers for their great dedication to providing detailed feedback
on all submitted papers.

I would like to express my appreciation to all who contributed to this event. To the Dean of the School
of Mathematical Sciences, Universiti Sains Malaysia, thank you for being so encouraging and keeping us
motivated and supported throughout the program. To our co-organizer, the University of the Philippines,
Baguio, for their unwavering support since the beginning. To the members of the program committee who
contributed a significant amount of their time and effort to make this event possible and successful. Also,
a special thanks to our main sponsors, Statworks & Texas Instrument for their invaluable assistance.

I sincerely wish you all a wonderful time at the conference!

Dr. Amirah Azmi
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Conference Programme

INTERNATIONAL CONFERENCE ON MATHEMATICAL SCIENCES AND
TECHNOLOGY 2022 (MATHTECH 2022)

13 - 15 SEPTEMBER 2022

Day 1, 13 September 2022 (Malaysia Time / GMT+8)
08:15
–

08:45
Registration

08:45
–

09:00
Welcoming remarks

09:00
–

10:00

Room A
(DKG31)

PT Prof. Dr. Min Dai
The Hong Kong Polytech University,
Hong Kong
National University Singapore,
Singapore
Chairperson: Prof. Dr. Michael Khoo
Boon Chong

Bitcoin Mining and Electricity
Consumption

10:00
–

10:40

Room A
(DKG31)

IT Prof. Dr. Hirohide Haga
Doshisha University, Japan
Chairperson: Dr. Mohd Hafiz Mohd

Programming and Programming
Languages Based on Mathematical
Concepts

10:40
–

11:00
Break

11:00
–

13:05

Room A – C CT Parallel Session 1

WS Workshop 1

13:05
–

14:00
Lunch

14:00
–

14:40

Room A
(DKG31)

IT Assoc. Prof. Dr. Dzati Athiar
Ramli
Universiti Sains Malaysia, Malaysia
Chairperson: Assoc. Prof. Dr. Noor
Atinah Ahmad

Unlock Your World with Your Heartbeat:
Evolution and Recent Trend of
Electrocardiogram (ECG) Biometrics

14:40
–

15:00
Break

15:00
–

17:05

Room A – C CT Parallel Session 2

WS Workshop 2

PT - Plenary Talk IT - Invited Talk CT - Contributed Talk WS - Workshop
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Day 2, 14 September 2022 (Malaysia Time / GMT+8)
09:00
–

10:00
Room A

PT Prof. Dato’ Dr. Noraini Idris
National STEM Association, Malaysia
Chairperson: Dr. Nur Jahan Ahmad

Bridging Technology and Mathematics:
Usage of Graphing Calculator

10:00
–

10:40
Room A

IT Prof. Dr. Noriszura Ismail
Universiti Kebangsaan Malaysia,
Malaysia
Chairperson: Dr. Shamsul Rijal
Muhammad Sabri

Experience Rating using Bonus-Malus,
with Applications in R

10:40
–

11:00
Break

11:00
–

13:05

Room A – C CT Parallel Session 3

WS Workshop 3

13:05
–

14:00
Lunch

14:00
–

15:00
Room A

PT Assoc. Prof. Dr. Ioannis
Ivrissimtzis
Durham University, UK
Chairperson: Dr. Ahmad Lutfi Amri
Ramli

Steganography and Steganalysis for 3D
Models

15:00
–

15:20
Break

15:20
–

18:00

Room A – C CT Parallel Session 4

WS Workshop 4

PT - Plenary Talk IT - Invited Talk CT - Contributed Talk WS - Workshop
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Day 3, 15 September 2022 (Malaysia Time / GMT+8)

09:20
–

10:00
Room A

IT Assoc. Prof. Dr. Shariffah
Suhaila Syed Jamaludin
Universiti Teknologi Malaysia,
Malaysia
Chairperson: Dr. Nuzlinda Abdul
Rahman

Application of Functional Data Analysis
Tools in Hydroclimate and Health Science
Areas

10:00
–

10:40
Room A

IT Assoc. Prof. Dr. Intan
Muchtadi-Alamsyah
Institut Teknologi Bandung, Indonesia
Chairperson: Assoc. Prof. Dr.
Andrew Rajah Balasingam Gnanaraj

On Orthogonal Circulant MDS Matrices

10:40
–

11:00
Break

11:00
–

13:05

Room A – B CT Parallel Session 5

WS Workshop 5

13:05
–

14:00
Lunch

14:00
–

14:40

Room A

IT Mr. Sinan Ismail
Durioo Sdn Bhd, Malaysia
Chairperson: Dr. Norazrizal Aswad
Abdul Rahman

WS Workshop 6

From USM to Didi & Friends to Durioo+:
Creating Impact to Millions of Children
Globally

14:40
–

16:00

Room A

Room B

Poster Presentation

CT Parallel Session 6

WS Workshop 6

16:00 Closing

PT - Plenary Talk IT - Invited Talk CT - Contributed Talk WS - Workshop
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Parallel Sessions & Workshops
Day 1, 13 September 2022 (Malaysia Time / GMT+8)

Parallel Session 1 / Workshop 1

Time Room A Room B Room C Workshop
Chairperson: Chairperson: Chairperson:

Assoc. Prof. Dr.
Teh Su Yean

Dr. Shamsul Rijal
Muhammad Sabri

Dr. Maisarah Haji
Mohd

11:00 – 11:25 AM0023 ST0017 PM0022
Destiny S. Lutero Promsiri Anunak Sim Kai An Workshop 1

11:25 – 11:50 AM0060 ST0031 PM0048
Christian Aiphie G.

Bitanga
Ademola Abiodun

Adetunji
Jerico B. Bacani Developing Problem

Solving Ability in

11:50 – 12:15 AM0063 ST0041 PM0098 Mathematics using

Ivy Lorelei G.
Miranda

Joseph Ludwin DC.
Marigmen

Nuha Alkhattaf Classwiz Scientific
Calculator

12:15 – 12:40 AM0064 ST0042 PM0099
Maria Czarina

Lagura
Fong Ying Foo Mohamed Illafe Assoc. Prof. Dr.

Leong Kwan Eu

12:40 – 13:05 PM0073 ST0047
Nurul Amiera
Sakinah Abdul

Jamal

Nurul Adlina Maslor

Parallel Session 2 / Workshop 2

Time Room A Room B Room C Workshop
Chairperson: Chairperson: Chairperson:

Dr. Majid Khan
Majahar Ali

Assoc. Prof. Dr.
Ang Miin Huey

Dr. Nur Nadiah Abd
Hamid

15:00 – 15:25 ST0021 ME0040 AM0026
Elaine D. Baniaga Mohd Mursyidi

Yahaya
Kunlapat Sansuk Workshop 2

15:25 – 15:50 ST0082 ME0054 AM0050 Predictive Analytics

Jhurdan G. Pilay Chan Cheng Yow Boon Seng Loke in Medicine and

15:50 – 16:15 ST0083 ME0055 AM0094 Health using R

Shaina D. Gaudillo Nurul Hidayah
Johari

Douaa Mohamed

16:15 – 16:40 ST0092 ME0103 AM0096 Assoc. Prof. Dr.

Jeric C. Briones Angelica Ortega Nur Nadiah Mohd
Rahan

Kamarul Imran Musa

16:40 – 17:05 PM0061 ME0006 AM0024
Gregoria Ariyanti Rosmawati

Mohamed
Siti Nurul Aifa

Mohd Zainul Abidin
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Day 2, 14 September 2022 (Malaysia Time / GMT+8)

Parallel Session 3 / Workshop 3

Time Room A Room B Room C Workshop
Chairperson: Chairperson: Chairperson:

Dr. Norazrizal
Aswad Abdul
Rahman

Dr. Azhana Ahmad Dr. Johnny Lim
Khai Yang

11:00 – 11:25 AM0034 OR0003 PM0027
Liqiang Chen Lay Eng Teoh Dlal Bashir Workshop 3

11:25 – 11:50 AM0062 OR0057 PM0028
Soo Lin Lee Xian Xiang Wong Michael Frondoza Teaching

11:50 – 12:15 AM0066 OR0080 PM0059 Mathematics with

Zuhaila Ismail Friday Oduh Adejoh Annie Lyn
Oliveros-Yusiong

GAME!

12:15 – 12:40 AM0087 PM0086 Assoc. Prof. Dr.

Abhineshwary
Bhalraj

Jim Ralphealo
Mijares

Mazlini Adnan

12:40 – 13:05 AM0097 PM0090
Said Al Kathiri Daryl Allen B. Saddi

Parallel Session 4 / Workshop 4

Time Room A Room B Room C Workshop
Chairperson: Chairperson: Chairperson:

Assoc. Prof. Dr.
Saratha Sathasivam

Assoc. Prof. Dr.
Sek Siok Kun

Dr. Muhammad
Fadhil Marsani

15:20 – 15:45 AM0033 ST0043 FM0012
Mohd Najir Tokachil Khang Yi Sim Helena Margaretha Workshop 4

15:45 – 16:10 AM0076 ST0052 FM0039
Salaudeen

Abdulwaheed
Adebayo

Sayed Kushairi
Sayed Nordin

Kie Van Ivanky
Saputra

Get Started With
Wolfram Mathematica
for Data Analytics

16:10 – 16:35 AM0077 ST0058 FM0019 & Machine Learning

Ibrahim Hailat Daniel Bezalel A.
Garcia

Xi Li (Part 1)

16:35 – 17:00 AM0079 ST0091 FM0037 Mr. Peter Lim

Anthony Anya
Okeke

Siti Mursyida Abd
Mutalib

Fu Dingyu

17:00 – 17:25 AM0106 ST0093 FM0013
Ammar

Abuualshaikh
Alhaji Abdullahi

Gwani
Helena Margaretha

17:25 – 18:00

9



Day 3, 15 September 2022 (Malaysia Time / GMT+8)

Parallel Session 5 / Workshop 5

Time Room A Room B Room C Workshop
Chairperson: Chairperson:

Assoc. Prof. Dr.
Mohd Tahir Ismail

Assoc. Prof. Dr.
Noor Atinah Ahmad

11:00 – 11:25 FM0051 AM0016
Ferry Vincenttius

Ferdinand
Caicai Feng Workshop 5

11:25 – 11:50 ST0072 AM0029 Design and Teach

Nur Idayu Ah
Khaliludin

Timothy Robin Y.
Teng

Trigonometric Function
Graph using

11:50 – 12:15 ST0100 AM0089 GeoGebra

Faiz Elfaki Rwat Solomon Isa

12:15 – 12:40 ST0105 AM0104 Miss Sanqeetha

Noratiqah Mohd
Ariff

Nurul Ashikin
Othman

Kunasaikaran

12:40 – 13:05

Poster Presentation / Parallel Session 6 / Workshop 6

Time Room A Room B Room C Workshop
Chairperson: Chairperson:

Dr. Yazariah Mohd
Yatim

Dr. Hajar Sulaiman

14:00 – 14:40

Workshop 6
14:40 – 15:05 Poster 1 PM0009

Poster 2 Mark Anthony C.
Tolentino

Get Started with
Wolfram Mathematica

15:05 – 15:30 Poster 3 PM0030 for Data Analytics

Poster 4 Mamika Ujianita
Romdhini

& Machine Learning
(Part 2)

15:30 – 16:00 Poster 5 PM0035
Poster 6 Athirah Nawawi Mr. Peter Lim
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List of Abstracts – Plenary Talks
PT Plenary Talk 1

Professor Dr. Min Dai
Department of Applied Mathematics
The Hong Kong Polytechnic University
Hong Kong
Department of Mathematics
National University Singapore
Singapore

Dr. Min Dai is Chair Professor in Applied Statistics and Financial Mathematics, Department of Applied Mathematics,
The Hong Kong Polytechnic University (HKPolyU). Prior to joining HKPolyU in 2021, he taught at National
University of Singapore and Peking University after receiving his PhD degree from Fudan University in 2000. His
research focuses on financial derivative pricing, portfolio selection with market imperfections, corporate finance, and
financial technology. He published in peer-reviewed journals of different disciplines, such as Journal of Econometrics,
Journal of Economic Theory, Management Science, Mathematical Finance, Review of Financial Studies, and
SIAM Journals. Currently he is a Co-editor of Digital Finance and serves in editorial boards of many academic
journals, including Finance and Stochastics, Journal of Economic Dynamics and Control, SIAM Journal on Financial
Mathematics, and Mathematics and Financial Economics.

Bitcoin Mining and Electricity Consumption

We propose a dynamic industry equilibrium model for Bitcoin electricity consumption in a general framework,
including Bitcoin miners’ optimal entry and exit with technology innovation. By adopting average operating costs
as an approximation to the true operating costs, we overcome the difficulty of strong path-dependency due to the
interaction among entry, exit, and technology innovation. The model can capture both the upside and downside
co-movements of miners’ computing power, electricity consumption, and mining revenue. Our model shows that
the Bitcoin electricity consumption will not grow indefinitely, with the ratio of Bitcoin electricity consumption to
the miners’ revenue fluctuating within a range. This work is joint with Steven Kou, Shuaijie Qian, and Ling Qin.
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PT Plenary Talk 2

Professor Dato’ Dr. Noraini Idris
National STEM Association
Malaysia

Professor Dato’ Dr. Noraini Idris is a Founder and President, National STEM Association Malaysia and President
IMT-GT Uninet STEM She gained her PhD from The Ohio State University, USA. She published a variety of
national and international academics publications to her credit and is a Fulbright Research Fellow.Conducted several
researches with UNESCO, the British Council, Australian Universities and the Sumitomo, Japan. Among her
distinctions are the Distinguished Diversity Enhancement Awards, Graduate Research Alumni Student Award from
Ohio State University, a Gold Medal for ITEX (Geneva, 2005) and Best Award at MTE since 2007 on designing
assessment system for school-based assessment and higher education on Gold Medal at ITEX 2011, 2013, 2018 for
designing Module of Teacher Education. Most recently, she has been awarded the Leadership STEM 2018 from the
Japan Intellectual Property Association (JIPA) and Visionary Leadership Category from the International Education
Award 2018.

Bridging Technology and Mathematics: Usage of Graphing Calculator

In this era of fast technological advancement, keeping up with the latest innovations and inventions that technology
can offer is essential to be relevant now and in the future. The graphing calculator provides millions of students
worldwide as well as in Malaysia, with useful and exciting experiences, enhancing their mathematics learning with
computer visualizations. Educators are now able to present mathematical ideas, concepts, and applications in both
traditional as well as computer-generated numeral and graphical representations. Students who are engaged in
their mathematical works are energized by four goals: success, curiosity, originality, and satisfying relationships.
But the questions now are “How do we cultivate these drives in the students’ lives? How can we connect them?”
To prepare students for life in today’s highly technical society, their mathematical knowledge must include and
go beyond knowing the simple skills to solve more complex problems, and the use of graphing calculator-based
instruction materials would be beneficial. One of the questions in the educational community is whether students
will have a more meaningful learning experience by engaging themselves with mathematics and technology. In
this presentation, the presenter will share what kind of work they find engaging and how to engage in work that
stimulates students’ curiosity, permits them to express their creativity, and fosters relationships with others.
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PT Plenary Talk 3

Associate Professor Dr. Ioannis Ivrissimtzis
Department of Computer Science
Durham University
UK

Dr. Ioannis Ivrissimtzis holds a PhD in Mathematics from the University of Southampton, UK, and is an Associate
Professor at the Department of Computer Science at Durham University, UK. He has contributed to the areas
of computer graphics and geometric modelling, in particular subdivision surfaces, triangle mesh compression, and
surface reconstruction. His most recent work is on triangle mesh watermarking and steganalysis, computer vision
applications in biometric identification, and proof of concept investigations on watermarking 3D printed objects.

Steganography and Steganalysis for 3D Models

Digital steganography is the embedding of information into carrier files, which could represent text, audio, images,
video, or 3D models. Typical applications include copyright protection, copy control, protection against unauthorised
alteration, and covert communications. Steganalysis, on the other hand, aims at the detection of hidden messages
embedded into the carrier file. In this talk, we present our work on steganographic and steganalytic algorithms for
3D triangle meshes. At the end of the talk, we will also present our work on the related problem of embedding and
extracting information from physical 3D printed objects, rather than digital ones. The focus of that part of the talk
will be on the different requirements, challenges, and employed techniques, between these two settings of digital vs
physical carrier.
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List of Abstracts – Invited Talks
IT Invited Talk 1

Professor Dr. Hirohide Haga
Faculty of Science and Engineering
Doshisha University
Japan

Dr. Hirohide Haga received his B.Eng and M.Eng in electronics from Doshisha University, and Ph.D. in computer
science from Kyoto University in 1978, 1980, and 1995 respectively. He is now a professor of computer science
and engineering at Faculty of Science and Engineering, Doshisha University. Before joining to Doshisha, he was
a research staff engineer of Hitachi, Ltd., Japanese computer company. In 2021-2022 academic year, he was
appointed to an Academic Fellow of USM, School of Mathematical Science. His research interests include the
theory and practice of programming languages, multi-agent system and its application, secure database, and image
processing. He was appointed as a Chartered IT professional (Chartered Engineer of Information Technology) from
British Computer Society.

He was appointed as a Chartered IT professional (Chartered Engineer of Information Technology) from the British
Computer Society. Dr. Hirohide Haga was appointed as an Academic Fellow of USM, School of Mathematical
Science for the 2021-2022 academic year. His research interests include the theory and practice of programming
languages, multi-agent system and its application, secure database, and image processing.

Programming and Programming Languages Based on Mathematical Concepts

In this talk, non-popular programming style and languages are introduced. They are based on mathematical concepts.
These programming languages provide “declarative programming style” which is a different programming style from
that of conventional programming languages such as C and other popular languages. For example, declarative
programming languages do not provide iteration description such as “for” loop and “while” loop. Instead, they
provide recursive processing to realize iteration. Furthermore, as declarative programming style and languages have
strong theoretical background, they are suitable for theoretical analysis of programs and programming such as
program verification and proof of correctness. Basic concepts and some examples of two declarative programming
languages are provided in this talk.

14



IT Invited Talk 2

Associate Professor Dr. Dzati Athiar Ramli
School of Electrical & Electronic Engineering
Universiti Sains Malaysia
Malaysia

Dr. Dzati Athiar Ramli is currently an Associate Professor at the School of Electrical & Electronic Engineering,
Universiti Sains Malaysia (USM) and her current administration post is as a Quality and Commercialization
Programme Chairman. She is also a member of Intelligent Biometrics Research Group (IBG), USM. She was
previously the visiting lecturer at the Department of Computer Science, University of Surrey, United Kingdom.
She received her Bachelor of Applied Science (Computer Aided Geometrical Design) and Master of Science
(Mathematics) from the School of Mathematical Sciences, USM. She then obtained a Ph.D. degree in Electrical,
Electronic and Systems Engineering from UKM. Her areas of interest are Digital Signal Processing and Artificial
Intelligence with applications to Speech, Palmprint and ECG Biometrics and Blind Source Separation (BSS)
as well as in Healthcare Informatics for Stroke Monitoring and Foetal ECG Signal Separation. She is also the
principal investigator of several projects funded by USM and Ministry of Higher Education (MoHE) grants as well
as a co-researcher for the ASEAN IVO International Grant and has published her research findings in local and
international proceedings and journals.

Unlock Your World With Your Heartbeat: Evolution and Recent Trend of Electrocardiogram (ECG)
Biometrics

Biometric recognition provides automated security for identity recognition based on physiological or behavioral
characteristics. It becomes one of the hottest topics in technologies nowadays as it offers an essential improvement
over usernames and passwords. Emerging innovations to a mobile device, portable, wearable and other innovations
are bringing biometrics to mainstream marketplaces. So far, various biometrics have been implemented in a real
application for instance; face, speech, iris, signature and fingerprint. However, a security breach is one of the
limitations of common biometrics. Recently, electrocardiogram (ECG) signal which is one of the most prominent
biomedical signals for heart abnormality detection has been studied for the use of secure identity recognition. ECG
has extremely discriminative characteristics in the biometric field and has recently received significant interest as a
promising biometric trait. This innovation attracts intention among researchers owing to ECG signal is difficult to
counterfeit through latent patterns as it is intrinsically originated from a critical heart activity. ECG signal analysis
for biometric recognition can combine several steps, such as preprocessing, feature extraction, feature selection,
feature transformation, and classification which is a very challenging task. Moreover, the selected success measures
and proper structure of the ECG signal database play significant roles in biometric system analysis, considering that
publicly available databases are essential to the research community to evaluate the performance of their proposed
algorithms. To date, ECG technology has emerged as a new viable alternative approach in a biometric scenario. In
this talk, we highlight the recent advances in ECG biometric technology, its challenges and feasible future research
opportunities.
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IT Invited Talk 3

Professor Dr. Noriszura Ismail
Department of Mathematical Sciences
Faculty of Science & Technology
Universiti Kebangsaan Malaysia
Malaysia

Dr. Noriszura Ismail is a Professor in Actuarial Science Program, Department of Mathematical Sciences, Faculty of
Science & Technology, Universiti Kebangsaan Malaysia since Aug 2016. She previously was an Associate Professor
(2008-2016), a Senior Lecturer (2007-2008) and a Lecturer (1993-2007). She specializes in Risk Modelling
& Applied Statistics. Her current research interests are non-life insurance, GLM, zero-inflation, pension, social
security, and copula. She received her B.Sc (Actuarial Science, 1991) and M.Sc (Actuarial Science, 1993) from
University of Iowa, USA and later, PhD (Statistics, 2007) from Universiti Kebangsaan Malaysia. She has also
passed five professional papers from the Society of Actuaries USA in 1994 (SOA100, SOA110, SOA120, SOA140
& SOA165).

Experience Rating Using Bonus-Malus, With Applications in R

Bonus-malus system, which is used interchangeably as “no-fault discount”, “merit rating”, “experience rating” or
“no-claim discount” in different countries, is based on penalizing insureds who are responsible for one or more
claims by a premium surcharge, and awarding insureds with a premium discount if they do not have any claims.
Insurers use bonus-malus systems for two main purposes; to encourage drivers to drive more carefully in a year
without any claims, and to ensure insureds to pay premiums proportional to their risks based on claims experience.
In this presentation, we relate the NCD system with a discrete time parameter Markov Chain, and show some
applications of the Markov Chain model on the NCD system such as stationary distribution, convergence rate,
premium evolution, and premium rating. We also show briefly the application of R on several insurance data.
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IT Invited Talk 4

Associate Professor Dr. Shariffah Suhaila Syed Jamaludin
Department of Mathematical Sciences
Faculty of Science
Universiti Teknologi Malaysia
Malaysia

Dr. Shariffah Suhaila Syed Jamaludin is an associate professor in the Department of Mathematical Sciences,
Faculty of Science, Universiti Teknologi Malaysia. Currently, she is one of the research fellows at the UTM Centre
for Industrial and Applied Mathematics (UTM-CIAM). She completed her PhD degree in the field of Statistics
in 2010 from the Universiti Kebangsaan Malaysia. In 1999, she received her Master’s degree in Statistics from
Universiti Kebangsaan Malaysia. She spent her undergraduate at Carleton Univerity, Ottawa, Canada, and received
a bachelor degree in Statistics in 1997. Her research interests include Statistical Modeling & Analysis for Climate
and Hydrological Data, Functional Data Analysis, Spatial Statistics, and Disease Modeling using Generalized Linear
and Additive Models. She actively publishes several research articles and received several research grants from the
government and university.

Application of Functional Data Analysis Tools in Hydroclimate and Health Science Areas

In the era of high-dimensional data, a growing research area has focused on the development of functional data
analysis (FDA) as statistical tools in visualizing, exploratory, summarizing dataset and modelling. Modelling has
become a difficult task, especially when dealing with complex and high-dimensional data. With the advancement
of technology, a modern statistical tool known as functional data analysis (FDA) is increasingly being employed
in various scientific domains, including biomedical, public health, biology, environmental sciences, climatological,
hydrological, and demographic research. Functional data analysis is a new modern statistical method that converts
data at discrete time intervals as observations over a continuum interval, viewed as a single entity or curve. The
technique provides alternative ways to current conventional statistical methods by adding temporal aspects to the
statistical analysis. The FDA’s flexibility, such as the ability to provide additional information from smoothing
functions and the lack of concerns about correlations between repeated measurements, makes the method extremely
demanding. The objective of this study is to examine the applications of functional data analysis in hydroclimate
analysis and health sciences areas. The methods such as functional descriptive, functional principal components,
functional analysis of variances and graphical plots via rainbow plots, functional bagplot and functional high
density range plot are often used as functional tools. The outputs of functional approach were presented in
terms of smoothing curves which provide additional information on the shape and variations; outliers; velocity and
acceleration which could be analysed at any time interval which is not available from the current conventional
statistical methods.
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IT Invited Talk 5

Associate Professor Dr. Intan Muchtadi-Alamsyah
Faculty of Mathematics and Natural Sciences
Institut Teknologi Bandung
Indonesia

Dr. Intan Muchtadi-Alamsyah received her M.Sc. and Ph.D. in Mathematics at the University of Picardy France. At
present, she is an associate professor in the Algebra Research Group, Faculty of Mathematics and Natural Sciences,
Institut Teknologi Bandung. She was also appointed as the Vice President of the Southeast Asian Mathematical
Society and a member of the International Center of Pure and Applied Mathematics (CIMPA). Her research topics
are representation theory, ring theory, and applications of algebra in coding theory, cryptography and artificial
intelligence.

On Orthogonal Circulant MDS Matrices

In 2019, Cauchois and Loidreau gave a necessary and sufficient condition for circulant maximum distance separable
(MDS) matrices using q-polynomial rings. This paper proves the non-existence of certain orthogonal circulant MDS
matrices. Then we give a necessary and sufficient condition for orthogonal θ-circulant matrices using q-polynomial
rings. We also discuss orthogonal circulant MDS matrices over Galois rings.
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IT Invited Talk 6

Mr. Sinan Ismail
Durioo Sdn Bhd
Digital Durian Malaysia

Mr. Sinan Ismail is an alumnus of the School of Mathematical Sciences, USM, where he received his Bachelor
of Applied Science (Computer Modelling) in 2003. He is a co-founder and CEO of Digital Durian that produces
Didi & Friends, a 3D animation. The animation is dubbed into seven languages including English, Malay, Spanish,
Portuguese and Bahasa Indonesia, and has 5 billion views on YouTube and more than 7 million subscribers. Digital
Durian also produces Omar & Hana animation, which was launched in February 2017. The animation targets young
Muslim children around the world to teach them good Islamic values and virtues. Currently, he is the founder
and CEO of Durioo+, a safe-streaming platform with an aspiration to create a positive impact through fun and
meaningful high-quality content for Muslim children.

From USM to Didi & Friends to Durioo+: Creating Impact to Millions of Children Globally

Follow the journey of Sinan Ismail, the founder of Didi & Friends, Omar and Hana and now Durioo+. From creating
YouTube cartoons with billions of views to now a tech start-up invested by global investors including the No. 1
Start-up Accelerator in the world - Y Combinator. Learn from his ups and downs, and be inspired by his journey.

19



List of Abstracts – Workshops
WS Workshop 1

Associate Professor Dr. Leong Kwan Eu
Faculty of Education
University of Malaya
Malaysia

Developing Problem Solving Ability in Mathematics using Classwiz Scientific Calculator

Workshop Synopsis: Problem solving is crucial in mathematics and should be emphasised at all levels. Mathematical
instructors, on the other hand, may not always be aware of how to meaningfully incorporate problem solving into
the mathematics curriculum. Problem solving refers to mathematical assignments that may be used to increase
students’ mathematical learning and growth by posing intellectual difficulties. It is an essential process that is
emphasised in the Malaysian Standard Curriculum for Secondary Schools’ Mathematics (KSSM) framework. In
this workshop, participants would learn how to develop problem solving tasks that involves going through Polya’s
four phases of solving a problem. Furthermore, the task developed would be solved with the assistance of the
Classwiz scientific calculator. Not only will the learner solve the problem, but they will also validate the solutions
with different methods.

Objectives:

• To develop mathematical problem solving tasks

• To develop mathematical problem solving abilities using Classwiz scientific calculator

Who should attend:

• Undergraduate & postgraduate students in mathematics

• Primary mathematics teachers

• Secondary mathematics teachers

• Mathematics educators

• Researchers

Requirements:

• Casio fx570EX/fx-991EX Classwiz Scientific Calculator

• https://edu.casio.com/freetrial/en/freetrial_form.php (90 days Free Trial)
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WS Workshop 2

Associate Professor Dr. Kamarul Imran Musa
School of Medical Sciences
Universiti Sains Malaysia
Malaysia

Predictive Analytics in Medicine and Health Using R

Workshop Synopsis: Predictive analytics is a branch of advanced analytics that makes predictions about future
events, behaviours, and outcomes. It uses statistical techniques – including machine learning (ML) algorithms. ML
is used to explore their large volumes of data and to automate processes. It involves training algorithms, neural
networks, or processing computers to analyze data. In this workshop, the participants will be given brief introduction
on predictive analytics. Then, they will learn about some ML packages available in R language which are useful to
run ML algorithms. To do this, participants will use either RStudio IDE on the cloud or on their own devices.

Objectives:

• To describe common predictive analytics in medicine

• To describe common ML methods available in R language

• To gather basic ML skills in RStudio IDE

Who should attend:
Participants who want to learn about predictive analytics and ML in R and acquire basic skills to perform ML
methods in RStudio IDE.

Requirements:

• Experience with R language is useful but not necessary

• Have a free account for RStudio Cloud (sign up for free account at https://rstudio.cloud/plans) or
have installed R and RStudio on your device
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WS Workshop 3

Associate Professor Dr. Mazlini Adnan
Department of Mathematics
Faculty of Science and Mathematics
Universiti Pendidikan Sultan Idris
Malaysia

Teaching Mathematics with GAME!

Workshop Synopsis:
One of the best ways to make mathematics fun and build a love of learning Mathematics is GAME. Games are a
fun and engaging way to reinforce concepts taught in the classroom. Often, students are having so much fun that
they don’t even know they’re learning. For instance, ChesuTI, is one of my games to play with form 2 students.
ChesuTI was developed as a teaching aid. Inspired by the famous game of Chess and Yu-Gi-Oh cards in Japan. The
four topics involved in ChesuTI are Polygons, Circles, 3 Dimensions and Isometric Transformations. The objective
of ChesuTI is to engage students in learning mathematics and improve their mathematical achievement in the areas
of measurement and geometry. ChesuTI is also a game-based learning that challenges knowledge and skills namely
cooperation, communication, creativity, critical thinking, and values.

Objectives:
Share experiences to develop ChesuTI with participants.

Who should attend:

• Undergrad & postgrad students (Mathematics Education)

• Secondary mathematics teachers

• Mathematics educators

Requirements:
None
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WS Workshop 4 & 6

Mr. Peter Lim
Wolfram Mathematica,
OEMS IntiPakar Corporation Sdn Bhd

Get Started with Wolfram Mathematica for Data Analytics & Machine Learning

Workshop Synopsis:
Wolfram is a high-level scripting, multi-paradigm programming language. It allows users to use the natural-language
style to perform advanced computations. Thus Wolfram is not just suitable for serious researchers and technology
developers, it is even vastly used for teaching and learning in tertiary institutions as well as among students from
primary and secondary schools as a STEM curriculum.

Wolfram has the largest collection of built-in statistical functions with the reliability of arbitrary-precision numerics
and symbolic analysis. Instantly analyze data from any data source like spreadsheets, rapidly create interactive test
models, seamlessly scale up to large, high-powered simulations, and present fully interactive charts and reports—all
with one integrated workflow.

In addition, Wolfram has also pioneered highly automated machine learning, making state-of-the-art machine
learning in a full range of applications, like predictive analytics, accessible even to non-experts. Backed by powerful
computation and data capabilities, you could easily predict from historical data, detect anomalies, and identify
clusters and trends, completing your machine learning projects in a compressed time confidently!

Objectives:
This crashed course would hand-hold attendees with little prior experience in Wolfram to explore the powerful and
yet practical approach to data analytics and machine learning technologies.

Who should attend:
Ideal for those who are interested in learning, project exploration, or teaching data analytics or Artificial Intelligence
using Machine Learning in a very practical way!

Requirements:

• High-speed internet

• Windows 10 and above

• Preinstalled with Wolfram Mathematica desktop version or cloud version

• Basic math background
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WS Workshop 5

Miss Sanqeetha Kunasaikaran
Sekolah Menengah Kebangsaan Raja Ali
Kuala Lumpur
Malaysia

Design and Teach Trigonometric Function Graph using GeoGebra

Workshop Synopsis:
In this workshop, GeoGebra will be introduced as a teaching tool to enhance students’ understanding on the
trigonometric function graph and its modulus graph. Participants will also design task sheet to further develop
students’ thinking skills based on the graph that has been created.

GeoGebra is a powerful tool use to teach geometry, algebra, spreadsheets, graphing, statistics and calculus in class.
It is an easy-to-use application which can be used to create interactive learning resources. It is also an open and
free software to be used by anyone around the World to conduct fantastic Mathematics class.

Objectives:
At the end of the workshop, participants will be able to design the sine, cosine and tangent function graphs using
GeoGebra. Participants will create simple sliders to show what happens to the value of a, and b in these graphs.
Participants will also design the modulus sine, cosine and tangent graph on the original graph. Participant will
create button to hide and unhide the original and modulus graphs. Participants will also be guided to create task
sheet based on the original and modulus graph.

Who should attend:
Ideal for those who are interested in designing and teaching trigonometric function using GeoGebra.

Requirements:

• High-speed internet

• Windows 10 and above

• Sign up for GeoGebra account using organisation or personal Google email

• Mathematics and Additional Mathematics for high school background
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List of Abstracts – Contributed Talks
Applied Mathematics

CT AM0016 Modelling Leptospirosis Outbreak using SIR Hybrid Optimization Model

Caicai Feng1,a, Saratha Sathasivam1,b, Nur Hana binti Amri1,c , Nur Izzah binti Basir1,d , Majid Khan Majahar
Ali1,e and Muraly Velavan2,f

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Pulau Pinang, Malaysia
2School of General Foundation Studies, AIMST University, 08100 Bedong Kedah, Malaysia

feng_caicai2022@163.coma, saratha@usm.myb, nurhanaamri99@gmail.comc , nurizzah81@gmail.comd ,
majidkhanmajaharali@usm.mye , dsmuraly@yahoo.comf

Leptospirosis, as a potential worldwide public health problem, has been a notifiable disease in Malaysia since 2010.
This paper aims to establish an epidemic model for the outbreak of leptospirosis, so as to better understand the
dynamic trend of leptospirosis and provide theoretical basis for the government and health departments to formulate
corresponding prevention and control policies. In this study, we proposed the SIR hybrid optimization model of
leptospirosis based on Runge-Kutta fourth order (RK4) method, and obtained the simulation results of the outbreak
process of leptospirosis from 2012-2013 to 2031-2032, and compared the results with actual data.

CT AM0023 Mathematical Analysis of a COVID-19 SEIQR Model with Time-Varying
Transmission

Destiny S. Lutero1,2,a, Timothy Robin Y. Teng1,b and Mark Anthony C. Tolentino1,c

1Ateneo de Manila University, Loyola Heights, 1108 Quezon City, Philippines
2University of the Philippines Los Baños, Los Baños, 4031 Laguna, Philippines

destiny.lutero@obf.ateneo.edua, tteng@ateneo.edub, mtolentino@ateneo.educ

Threshold conditions for a COVID-19 susceptible-exposed-infectious-treated-recovered (SEIQR) model with constant
recruitment rate and time-varying transmission rate are studied. Results show that the condition R < 1, with R as
the reproduction number of the average system, is sufficient but not necessary to establish the local asymptotic
stability of the disease-free equilibrium of the system (SEIQR). Furthermore, as long as R < 1, the disease is
eradicated regardless of the number of infectious agents at the beginning.
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CT AM0024 Transport of Reactive Solute in Herschel-Bulkley Model of Blood Flow with
Chemical Reaction in a Catheterized Overlapping Stenosed Artery

Siti Nurul Aifa Mohd Zainul Abidin1,a, Nurul Aini Jaafar1,b and Zuhaila Ismail1,c

1Department of Mathematical Sciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 Johor Bahru,
Malaysia

nurulaifa@graduate.utm.mya, nurulaini.jaafar@utm.myb, zuhaila@utm.myc

The purpose of this study is to examine the solute dispersion through an annular pipe in the presence of homogeneous
chemical reactions in the bulk flow through an overlapping stenosed artery. The influence of catheter radius and
chemical reaction parameter on the dispersion function of the solute were investigated. A mathematical model was
deployed to investigate the dispersion of a solute in the flow of a Herschel-Bulkley (H-B) fluid in an annulus, whereas
the dispersion process was studied using the Generalized Dispersion Model (GDM) by solving the convection-diffusion
equation. Resultantly, the dispersion function reduces following an increase in the chemical reaction parameter and
a reverse behavior is shown, as the catheter radius ascends considerably. To summarize, this study is applicable to
hemorheology, diseased arteries, and coagulating hemodynamics, which may aid physiologists in developing a better
comprehension of diffusion processes in cardiovascular hydrodynamics.

CT AM0026 Generating Theorems for Schwarzschild Static Einstein-Gauss-Bonnet
Metrics

Kunlapat Sansuk1,2,a, Petarpa Boonserm1,2,b and Tritos Ngampitipan2,3,c

1Department of Mathematics and Computer Science, Faculty of Science, Chulalongkorn University, Bangkok 10330,
Thailand
2Thailand Center of Excellence in Physics, Ministry of Higher Education, Science, Research and Innovation,
328 Si Ayutthaya Road, Bangkok 10400, Thailand
Physics Program, Faculty of Science, Chandrakasem Rajabhat University, Bangkok 10900, Thailand

Kunlapat11032540@gmail.coma, Petarpa.Boonserm@gmail.comb, tritos.ngampitipan@gmail.comc

The modified Einstein’s field equations, that is the Einstein-Guass-Bonnet, explain a higher dimensional curvature
gravity which is expressed in terms of the Lanczos tensor and love lock. In this paper, we will find the constraint
to solve the Einstein-Guass-Bonnet, and use the constraint to obtain the differential equation and generate the
solution generating theorems that apply to perfect fluid spheres. Finally, we analyze the result of the theorems and
determine how to classify the metrics using these theorems.

26



CT AM0029 Mathematical Analysis of a Two-Strain Compartmental Model with Vacci-
nation and Quarantine

Timothy Robin Y. Teng1,a, Vincent Emmanuel M. Jamias1,b, Norwyn Nicholson L. Kah1,c , Lu Christian S.
Ong1,d and Rodrigo Dexter A. Perando1,e

1Department of Mathematics, Ateneo de Manila University, Katipunan Avenue, Loyola Heights, 1108 Quezon City,
Philippines

tteng@ateneo.edu, timothyrobin.teng@gmail.coma, vincent.jamias@obf.ateneo.edub,
norwyn.kah@obf.ateneo.educ , long@ateneo.edud , rodrigo.perando@obf.ateneo.edue

We formulate a two-strain compartmental model that incorporates interventions such as vaccination and quarantine.
The model is applicable for infectious diseases such as Influenza and COVID-19, and it’s expressed as a system
of ordinary differential equations. We establish the existence of four equilibrium solutions based on reproduction
numbers R0,1 and R0,2, and threshold parameters R̃1 and R̃2. The local and global stability of each of these
solutions is then analyzed, providing a long term outlook on epidemic progression. Numerical simulations that
support the results on stability are also presented.

CT AM0033 Semi Analytical Iterative Method for Solving Chemical Reaction System

Mat Salim Selamat1,a, Rahmah Shahril1,b, Rosha Mohamed1,c and Mohd Najir Tokachil1,d

1Faculty of Computer and Mathematical Sciences, Universiti Teknologi MARA Negeri Sembilan, Seremban Campus,
70300 Seremban, Negeri Sembilan, Malaysia

matsalimselamat@uitm.edu.mya, rahma949@uitm.edu.myb, rosha618@uitm.edu.myc ,
najir2992@uitm.edu.myd

The aim of this study is to implement a Semi Analytical Iterative Method (SAIM) to solve a non-linear chemical
kinetics system. To determine the reliability and effectiveness of the method, the result obtained by SAIM was
compared with an existing result by the Runge-Kutta method (RK4). Both results showed good agreement in terms
of precision. Consequently, this method provided a simple and efficient technique which requires less computational
work.

CT AM0034 The Bound and Asymptotic Properties of Solutions for a Class of Second
Order Differential Equations with Fixed Points

Liqiang Chen1,2,a and Norazrizal Aswad Abdul Rahman1,b

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia
2School of Mathematics and Physics, Hechi, University, 546300 HU, Hechi, China

chenliqiang@student.usm.mya, aswad.rahman@usm.myb

The research of differential equations has a long history, among which there are limited types of equations with
definite solutions. However, the solution of a large number of differential equations is ambiguous.The study of
bounded and asymptotic properties for solutions of differential equations plays an important role in the qualitative
theory and application of differential equations. In this paper, we study the bounded and asymptotic properties
of a class of second-order differential equations. By constructing Banach space, cleverly defining the operator,
using Schauder-Tikhonov fixed point theory and L’hospital rule, the bounded and asymptotic properties of equation
solutions are studied, and the existing results are generalized. Finally, the results can be used to study the asymptotic
properties of differential equation solutions.
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CT AM0050 Weightage Allocation and Identification of Potential Employees in an
Organization

Boon Seng Loke1,a, Pei Shan Fam1,b and Chee Ming Lim2,c

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia
2Business Wise Consulting, 1-3-21, Krystal Point Corporate Park, Lebuh Bukit Kecil 6, 19000 Bayan Lepas, Penang,
Malaysia

lokeboonseng469@gmail.coma, fpeishan@usm.myb, cheeming@bizwiseconsult.comc

In this study, the weightage score of each evaluators and weightage score of each evaluation criteria is estimated.
The estimation process is conducted by using factor analysis on the original performance evaluation (PE) score of
employee. Potential employee is then found by conducting further analysis on the weighted PE score. This study
aims to reduce biasness and ambiguity caused by different perspective view on evaluated employees by adopting
factor analysis approach. After the weightage of evaluators and weightage of criteria is determined from the
communalities of factor analysis, another four different analysis on the weighted score is conducted to discover the
potential employees. The four analysis include classify by quantiles, rank by weighted score, determine outstanding
employee by multivariate outlier detection using minimum generalized variance (MGV) approach and last compare
performance by Kruskal-Wallis and Wilcoxon Rank Sum tests. The result of the analysis suggest employee with
ID M000001, M000008, and M000009 are the top employees. Next, there are many outstanding employees are
discovered, these outstanding employee exist some unusual characteristic as compare to their colleague. Also, the
result shows branch X3 is the best follow by X2 and X1.

CT AM0060 A Mathematical Model for the Control of COVID-19 by Vaccination in
Baguio City

Christian Aiphie G. Bitanga1,a, Rizavel C. Addawe1,b and Jhunas Paul T. Viernes1,c

1Department of Mathematics and Computer Science, University of the Philippines Baguio.
Governor Pack Road, 2600 Baguio City, Philippines

cgbitanga@up.edu.pha, rcaddawe@up.edu.phb, jtviernes@up.edu.phc

Effects of COVID-19 is evident. An SEIR model was proposed to understand the transmission of COVID-19 in
Baguio City. The positivity and boundedness of solutions, and the local stability of the equilibrium points were
explored in this study and were proven to show realism in the model. Then, the basic reproduction number, R0, was
estimated to calculate the optimal vaccination coverage in the said city while the effective reproduction number in
presence of vaccines, Rv , was approximated to show the effectiveness of vaccines in mitigating the disease.
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CT AM0062 An Economic Production Quantity (EPQ) Model with Rework Process and
Reworked Items Sold in Secondary Markets

Soo Lin Lee1,a, Yeo, I2,b and Wan Yoke Chin1,c

1Department of Mathematical and Data Science, Faculty of Computing and Information Technology, Tunku Abdul
Rahman University College, Kuala Lumpur Main Campus, Jalan Genting Kelang, Setapak, 53300 Kuala Lumpur,
Malaysia
2Lee Kong Chian Faculty of Engineering and Science, Department of Mathematical and Actuarial Sciences, Tunku
Abdul Rahman University, Sungai Long Campus, Jalan Sungai Long, Bandar Sungai Long, Cheras 43000, Kajang,
Selangor, Malaysia

sllee@tarc.edu.mya, yeohg@utar.edu.myb, chinwy@tarc.edu.myc

The sustainable inventory system aims to increase the quality of production and reduce the impact to environmental
without increasing cost to industry. This study presents an economic production quantity (EPQ) model with a
rework process where the production of good quality items is used to fulfil primary market demand, whereas the
reworked defective items is used to fulfil secondary market demand. There are five cases being observed during
the simultaneous production and reworking process and a generalised model that minimises the total cost per unit
time (TCUT) is developed. The proposed model is experimented with a variety of numerical examples, sensitivity
analysis, and the effect of the different system parameters on costs. The main result of this analysis indicates that
the proposed model is fairly robust to changes in parameters; however, the higher the proportion of defective items
in a production lot size, the more serious impact of the optimal cost on the system. The results of the sensitivity
analysis show that the TCUT is increasing exponentially with respect to the proportion of defective items in a
production lot size.

CT AM0063 Mathematical Modeling of Antibiotic Resistance in Hospital with Dysbiosis

Luzz Claire P. Llenos1,a, Ivy Lorelei G. Miranda1,b and Juancho A. Collera1,c

1Department of Mathematics and Computer Science, University of the Philippines Baguio, Gov. Pack Road, Baguio
City 2600 Philippines

lpllenos@up.edu.pha, igmiranda2@up.edu.phb, aadomogo1@up.edu.phc

In this paper, we propose and study a model of transmission of antibiotic-resistant bacteria among individuals in a
hospital considering dysbiosis. The transmission of antibiotic-resistant bacteria in a hospital setting has been the
focus of several previous researches. However, the aspect and contribution of antibiotic-induced dysbiosis was not
considered in the existing literature. Antibiotics impact the human intestinal microbiome for it unintentionally affects
the needed gut microbiota diversity which are fundamental drivers of human health and disease. This unintentional
destabilization of healthy human microbiome results in microbial imbalance called dysbiosis. The goal of this paper
is to analyze the dynamics of the proposed model in order to come up with insights and possible strategies to control
the transmission of antibiotic-resistant bacteria among individuals in a hospital considering dysbiosis. Possible
equilibria of the model system include the resistance-free equilibrium and the endemic equilibrium. The stability of
the former means that the antibiotic resistance dies out, while the stability of the latter implies that the antibiotic
resistance persists. We determined using sensitivity analysis that the most influential parameter is the drug 1
treatment rate. Moreover, we found a threshold value for this parameter, using numerical continuation, where the
antibiotic resistance persists. These results provide insights on how to strategize to control the transmission of
antibiotic-resistant bacteria in this setting.
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CT AM0064 Modelling COVID-19 Dynamics with Vaccination and Reinfection

Maria Czarina Lagura1,a, Roden Jason David1,b and Elvira de Lara-Tuprio1,c

1Department of Mathematics, Ateneo de Manila University, Katipunan Ave. Quezon City, 1108, Metro Manila,
Philippines

maria.lagura@obf.ateneo.edua, rjdavid@ateneo.edub, edelara-tuprio@ateneo.educ

In spite of the availability of COVID-19 vaccines, the disease remains a global epidemic. New variants can escape
the immunity induced by the vaccines, and past infections re-emerge. In this paper, we develop a compartmental
model for the transmission dynamics of COVID-19 in the presence of vaccination programs and the possibility of
reinfection among recoveries. We use the next generation matrix approach to derive the basic reproduction number
R0 which, along with other conditions, determines the number of equilibrium solutions. When R0 < 1, we establish
conditions for the global asymptotic stability of the disease-free equilibrium solution. Finally, we use numerical
simulations to support the results of the stability analysis.

CT AM0066 Wall Shear Stress Distribution of Non-Newtonian Blood Flow in Stenosed
Bifurcated Artery

Norliza Mohd Zain1,a, Muhammad Sabaruddin Ahmad Jamali1,b, Zuhaila Ismail1,c and Lim Yeou Jiannd

1Department of Mathematical Sciences, Faculty of Science, Universiti Teknologi Malaysia, 81310 UTM Johor
Bahru, Johor, Malaysia

norliza45@live.utm.mya, sabaruddin94@gmail.comb, zuhaila@utm.myc , jiann@utm.myd

Stenosis is localized plaque that caused narrowing of the artery wall and thus an alternation in the flow structure
which consequently reduced the fluid flow passing to the heart and this may lead to heart attacks. The formation
of stenosis could disturb the normal hemodynamics in blood rheology. The geometry of the bifurcated artery with
different types of stenosis is considered in order to show the four possible morphology formations of plaque from
healthy artery to disease artery. The artery wall is modelled as a two-dimensional rigid wall since the wall of a
disease artery is reported to be less compliant. Blood flow model is assumed to be steady, laminar, incompressible
and characterized as the non-Newtonian generalized power-law model. The numerical simulation is performed using
COMSOL Multiphysics, which is based on finite element method. Simulation results show that the presence of
different types of stenosis in the bifurcated artery produces a considerable effect on the velocity profile and the
distribution of wall shear stress.
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CT AM0076 Transmission of Hepatitis B Dynamics in Malaysia Using Modified SIS
Hybrid Model with Euler and Runge-Kutta Method

Saratha Sathasivam1,a, Salaudeen Abdulwaheed Adebayo1,b, Muraly Velavan2,c , Tan Ho Yee1,d and Teoh
Pei Yi1,e

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang Malaysia
2School of General Foundation Studies, AIMST University, 08100 Bedong, Kedah, Malaysia

saratha@usm.mya, salaudeenadebayo@gmail.comb, dsmuraly@yahoo.comc , hoyee@student.usm.myd ,
peiyiteoh62@student.usm.mye

The population size, susceptible population, as well as infected population, are vital components of the SIS Model,
susceptible and infected populations split the population size into two groups, Individuals who have not been infected
by the infection makeup one group, while those who have been infected and recovered from the infection make up
the other. As a result of this fact, the conventional SIS epidemic models must be reformed in order to fully examine
the epidemic’s dynamics. with the assumption that the number of individuals in a population is constant each year
under review. The dynamics of transmission of hepatitis B in Malaysia were studied using a modified SIS model
with the Euler method and a modified SIS model with the RK(4) method to predict the infection rate of hepatitis B
in Malaysia from 2014–2019. The results obtained for infection rate for both modified SIS with Euler and modified
SIS with RK(4) are identical with a negligible difference. a clear indication that made us infer that the obtained
transmission rate is appropriate and can be used in predicting Hepatitis B transmission dynamics in Malaysia.

CT AM0077 Computationally Efficient Laplace Transform with Modified Variational
Iteration Method for Solving Fourth-Order Fractional Integro-Differential Equations

Ibrahim Hailat1,a, Zarita Zainuddin1,b and Amirah Azmi1,c

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia

helat_ibrahim@yahoo.coma, zarita@usm.myb, amirahazmi@usm.myc

In this paper, nonlinear boundary value problems for fourth-order fractional integro-differential equations are solved
by Laplace transform with modified variational iteration method (LT-MVIM). The suitable initial approximation has
been selected based on a rule to adjust the determination of the initial guess that satisfies the boundary conditions.
Illustrative example of nonlinear boundary value problem for fourth-order fractional integro-differential equations
are presented in order to demonstrate the effectiveness of the proposed method. Furthermore, comparisons are
made between the results obtained by LT-MVIM and Laplace transform variational iteration method (LT-VIM)
depending on the exact solutions, revealing that the LT-MVIM contributes to reduce the amount of computational
work to obtain the first order approximate solution which greatly accelerates the convergence of the solution.
Whereas LT-VIM needs more iterations to obtain a suitable approximate solution, which results in an increase in
the computational workload.
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CT AM0079 A Numerical Technique for Solving Time-Fractional Navier-Stokes Equation
with Caputo’s Derivative Using Cubic B-Spline Functions

Anthony Anya Okeke1,2,a, Nur Nadiah Abd Hamid1,b and Muhammad Abbas3,c

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia
2Federal University Gashua, P. M. B. 1005 Gashua, Yobe State, Nigeria
3Department of Mathematics, University of Sargodha, Sargodha, Pakistan

anyaokeke@gmail.coma, nurnadiah@usm.myb, muhammad.abbas@uos.edu.pkc

In this study, a numerical technique for solving the generalized time-fractional Navier-Stokes equation in cylindrical
coordinates via cubic B-spline (CBS) basis functions is proposed. The suggested technique for solving the problem
is derived from the finite difference method and the collocation method. Caputo’s derivative of order 0 < α ≤ 1

and CBS functions are employed for the time and spatial discretization, respectively. The Fourier stability analysis,
derived from the von Neumann method was performed and indicate unconditionally stable. The convergence analysis
of the presented numerical technique is of order O(h2 +4t2−α).

CT AM0087 Numerical Analysis on the Effect of Different Number of Interventions on
Tuberculosis Transmission Model

Abhineshwary Bhalraj1,a and Amirah Azmi1,b

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia

abhineshwary695@yahoo.coma, amirahazmi@usm.myb

Tuberculosis is an airborne bacterial infection caused by Mycobacterium Tuberculosis and has caused large number
of deaths worldwide. In this study, an extended mathematical TB SvaEsIQTR model with five interventions of
vaccination, awareness, screening, quarantine, and treatment is presented together with second case with four
interventions, third case with three interventions, fourth case with two interventions, fifth case with one intervention,
and the sixth case without any intervention which is our basic SEIR model are formulated with the aim of analyzing
the impact of different number of intervention measures implemented on the spread of TB disease transmission.
Numerical simulations show that the greater the number of intervention strategies being implemented particularly
five interventions, the more decreasing the number of infected population and the basic reproduction number.
Graphical representations showing the variations in basic reproduction numbers illustrate that by increasing the rate
of quarantine, treatment for infected, vaccination, awareness and screening, the reproduction number gradually
decreased. The results of this study can guide policy makers decision-making process on the implementation of
intervention strategies to prevent, control and reduce the TB burden worldwide.
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Vaccination has been the main strategy to contain the spread of COVID-19. However imperfect vaccine has been
reported to induce backward bifurcation and hysteresis in mathematical models of disease transmission. Backward
bifurcation is a phenomenon where a stable endemic equilibrium co-exists with a stable disease-free equilibrium when
the basic reproduction number is less than 1. From epidemiological perspective, this situation can cause difficulty in
controlling an epidemic because the basic reproduction is no longer the only indicator for disease eradication. In
this paper we propose a mathematical model of disease transmission which includes imperfect vaccination. We
show that our model is capable of capturing backward bifurcation under certain conditions. By using parameters
that are relevant to COVID-19 transmission in Malaysia, we have conducted a numerical analysis that indicates how
vaccine efficacy can trigger backward bifurcation.

CT AM0094 Hybrid Trigonometric Bezier Curve Interpolation with Uniform Parameteri-
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In this paper, we interpolate data points by General Hybrid Trigonometric (GHT) Bezier curve. GHT-Bezier
curve contains four free parameters to allow curve flexibility. By determining control points on the GHT-Bezier
curve based on a certain degree, we interpolate the curve that pass through the data points. We use uniform
parameterization method on GHT-B curves. Firstly, we discussed the uniform parameterization of GHT-Bezier
curve. Then we demonstrate the parametrization method on few sets of data points. We observed the curvatures
of the parametrized curves for selected different values of free parameters in GHT-Bezier curve.

CT AM0096 Solving Benjamin-Bona-Mahony Equation using Extended Cubic B-spline
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The Benjamin-Bona-Mahony (BBM) equation is solved numerically using this research’s extended cubic B-spline
(ECBS) collocation method. The BBM equation is transformed into a system of two equations, and Besse’s
formula is applied to the nonlinear term. The key idea is to replace the BBM equation with a system of two linear
equations to find the average value for the nonlinear term. Then, Forward Difference Approximation is used to
discretize the time derivative while the ECBS function is used to discretize the space dimension. Two numerical
examples are discussed and compared with the exact solutions.
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In this paper we develop a non-standard finite difference method for solving a fractional decay model. The proposed
method is an exact finite difference scheme, that is constructed by using a non-standard denominator function.
Two examples are used to illustrate the performance of the proposed numerical scheme, where many step sizes
ranging from small to large are used to compute the solutions. The results obtained by the method are compared
to three methods from the literature, that are using classes of Runge–Kutta methods.

CT AM0104 Strategies for Producing Reliable Trends Forecasting of COVID-19 Pandemic
in Malaysia using Dynamic Mode Decomposition
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Dynamic Mode Decomposition (DMD) with time delay embedding has been used to predict dynamic patterns in
univariate time series. An important pattern that can be extracted using DMD is the trend or global change in
a time series which is useful for producing reliable forecast. DMD utilizes the computationally efficient singular
value decomposition (SVD) and it translates trend as a dynamic mode with slow varying frequencies. The time
evolution of this low frequency pattern produces forecast of the time series. In this paper, we outline the strategies
for extracting trend component from COVID-19 time series of Malaysia. It is discovered that, other than identifying
modes with slow varying frequencies, we need to also resolve the time stamp delay so that mean-square error of
the reconstructed time series is minimal. We compare the performance of DMD with another SVD-based method
which is the singular spectrum analysis (SSA) and our results highlight certain fundamental difference between
these two methods. While the forecasts from SSA tend to lean towards the direction of maximum variance, DMD
is able to provide a better prediction of temporal events.
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In this paper, a new generalized differential transform method is used to obtain an approximate solution of nonlinear
fractional differential equations. The new generalization is applied based on the generalized Taylor formula and the
Riemann-Liouville fractional derivative. Theorems with their proofs are presented. Several examples of fractional
differential equations are given to demonstrate the effectiveness of the proposed method. A comparison is made
with the generalized differential transform method, the fractional differential transform method, and the variational
iteration method. The result obtained with our method shows the exact approximate solution with the least
iteration.
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As life expectancy increases, the funds needed to finance daily lives also increases. Moreover, the risk of falling
long-term interest rates may destabilize return on assets held in the future. Not to mention the fact that financial
stability is the dream of the majority of people. Therefore, this study presents one way to combat these problems,
that is by introducing guaranteed annuity option. Guaranteed annuity option is an option that provides a guarantee
to convert the accumulated policy funds at maturity into a life annuity using a fixed rate, namely guaranteed
conversion rate. Hull-White interest rate model is used to determine option prices. Also, predicted mortality using
Lee-Carter and Renshaw and Haberman models are implemented to compare option prices. Taking into account
individual’s mortality improvement is expected to produce option prices that better reflect real world problems. The
results obtained show that the price of guaranteed annuity option in Indonesia is in the range of 1.56 - 2.58 for
every fixed face value of 100. Option prices for female are higher compared to male’s and using Lee-Carter model
produces higher option prices compared to Renshaw and Haberman’s.
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Cancer prevalence worldwide increases yearly, and cancer treatments are costly. The means of ’insurtech’ enables
us to model disease-specific insurances that help ease the financial burden. Moreover, we can also personalize the
premium so that policyholders will not be charged more than they should be. In this paper, we demonstrate the
methodology by using the claim data of a private insurance company from 2013-2020. The company is located in
Indonesia, which has a large geographical span and population. This research utilizes a permanent disability model
with three states without a chance of recovery. The factors observed in this study were gender, age group, and
geographical location of the policyholder. Our claim data is sufficient to be categorized based on those factors. We
also obtain the healthy and diseased exposure value necessary for calculating the claim incidence rates. The product
tested here is term insurance with coverage up to 75 years old. The benefits are cancer annuity benefit and death
benefit. A Poisson generalized linear model (GLM) is applied to obtain the transition intensity. Assuming processes
are continuous, the transition probabilities are modeled using the Chapman-Kolmogorov differential equations. The
calculated females’ net premiums are higher than males’. Two premium reserves are calculated: reserves for healthy
insured and sick insured. The methodology enables the company to precisely manage risk for 12 geographical
locations.
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In this paper, we evaluate down-and-out put option prices when the underlying asset is driven by a hybrid model
with constant elasticity of variance and stochastic volatility (SVCEV) using an asymptotic expansion approach. We
give the explicit closed-form formulae for the zero-order and first-order correction terms. In addition, we perform
a sensitivity analysis numerically on the asymptotic terms, and then compare the barrier option prices obtained
by these asymptotic terms with those calculated by Monte-Carlo simulations to illustrate the accuracy of the
asymptotic expansion pricing formula.

CT FM0037 The LSTM Model Combines with Technical Analysis to Forecast Cryptocur-
rency Prices
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Cryptocurrency has a considerable market value and massive trading volume. Moreover, it is also known for
its extreme volatility. Thus, this paper intends to attempt a new approach to forecast cryptocurrency prices by
combining the long short-term memory (LSTM) model and technical analysis. The LSTM model has the advantages
of a recurrent neural network and solves the gradient disappearance problem that adjusts weights and biases of
long- or short-term memory, which is suitable for processing time series problems. Meanwhile, technical analysis is
still one of the important price trend analytical methods. Overall, the results show that the combined methods get
a better effect than only using a single price as a feature. Under the same condition, only using price as features
for LSTM model accuracy rate is 46.3%, but the model accuracy rate will be improved to 67.6% if traditional
technical indicators are combined as features at the best condition.

CT FM0039 Predicting BPJS Health Insurance Premiums using SIR-like Participant
Models and Frequency–Severity Model
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This work will give a novel approach in predicting premium of Indonesian’s health insurance for the next 30 years
using application of dynamical systems. First, we fit Indonesian population dataset from 1960−−2018 and the
number of policy holders to estimate the coefficients of our dynamical systems using Markov Chain Monte Carlo
Process. We used models fit to predict the number of participant for the next 30 years. We then implemented the
frequency-severity model to evaluate the premium of each segment in the insurance policy. The projected premium
for the next 30 years will be calculated using the same frequency-severity model but with new parameters obtained
from the numerical solution of the dynamical system. We assumed a constant proportion between population data
to the number of participant in the sample data and a gradually decreasing proportion between the number of zero
claim and the number of sample data. Premium in all segments overestimated costs regulated by the government
with one exception in one segment.
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This paper studies about how Jakarta Composite Index is affected by the movement of four international index
which is Dow Jones, S&P 500, Hang Seng Index and Nikkei 225 by comparing model Vector Autoregressive and
Vector Autoregressive Moving Average. Recent literature conducted by George and Farshid has applied VAR and
VARMA model in US market and we are considering of the result if the method is applied in Indonesia’s stock
market. We are testing the four indices using monthly data gathered from January 2000 until June 2021. Before
the models are assembled, we tested for stationarity, cointegration and causality of the data. From the result, it
was found that the four international indices had a direct causal relationship with the JCI as the dependent variable.
This shows that Dow Jones, S&P 500, Hang Seng Index and Nikkei 225 price movement might have an impact
towards JCI but not the other way around. Then we generate the VAR and VARMA models to study more of the
impact. Results showed that the VARMA method in general can be more accurate in predict the value of JCI when
compared with the VAR method. The variable that has the smallest residual value when used for forecasting is the
index Hang Seng.
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This study utilizes bibliometric analysis with a systematic review of fractions as part-whole and fractions as measures
in academic literature. Since the term ‘fraction’ belongs to various disciplines, it is indeed challenging to get specific
articles; therefore, 25 keywords related to fractions as part-whole and fractions as measures in primary education
were utilized in the searching strategy. A total of 27 articles were retrieved from the Scopus database and later
emerged with VOSviewer software to generate and visualize the data. Bibliometric indicators include the number
of articles and citations, h-index, co-citation analysis and co-occurrence of all keywords presented in this study.
Results indicated that the trends of article publication have increased since 2016; however, in previous years, varying
frequency of publication was reported. It reflects that recent researchers in this field have focused on developing
a solid foundation of fractions in primary education. Prior studies on fractions in primary education emphasized
equivalence fractions and reasoning of fractions, also reported.

CT ME0040 The Effect of Paired Learning on Students’ Performance in Year 6 Mathe-
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Students’ pattern of learning that does not involve active thinking will make it difficult for them to master the
elements of higher order thinking skills (HOTS) in mathematics. Therefore, more effective learning methods need
to be implemented to help students deal with this problem. This paper presents the results of a study after a
cooperative method through paired learning was conducted on a selection of Year 6 students for the subject of
Mathematics. The purpose of the study was to see the effectiveness of paired learning methods in the teaching and
learning process of mathematics that apply the elements of HOTS. A total of twenty-eight Year 6 students from a
school in Penang were selected as the sample for this study. Students’ performance was tested before and after
treatment to see if there was a difference between their performances. After that, a questionnaire was given to
see the level of students’ motivation and identify the factors contributing to their difficulties in mastering HOTS.
From the results of this study, all students (100%) have shown an improved performance in the post-test. The
mean scores from the questionnaire responses also indicated that students had a positive perception of the paired
learning method.
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There was an issue about the shortage in conceptual understanding of adding fraction among the Year 4 students.
This study aimed to compare manipulative and traditional lecture-based in two groups of Year 4 students to examine
the effects of understanding topic addition of fraction. Sixty students participated in this study. This study occurred
throughout a six-week time frame in a Chinese elementary school in Temerloh, Malaysia. A quasi-experimental
non-equivalent compare the students’ effects in two groups has been used. The finding showed that the conceptual
understanding of adding fraction in the experimental group was significantly better after using virtual manipulative
during the intervention, t (29) = 10.877, p<0.05. Cohen’s d demonstrated the effect size for comparison (d=1.988),
showing a significant effect. This study proved that students in the experimental group were getting improvement
in conceptual understanding of adding fraction.

CT ME0055 Effectiveness of Collaborative Method in Teaching and Learning Secondary
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Basic concepts of algebra have been taught while students are at the lower secondary school level so that the
concepts can be used to solve problems involving algebra when they get to the upper secondary and subsequently
higher school levels. Thus, in strengthening the foundation of algebraic concepts among students, 21st century
learning methods have been proposed and applied in the Malaysian education system. One of the method proposed
is collaborative learning where a group of students cooperate in performing the learning tasks with guidance from
their peers to achieve the same goal. The topic of Factorization and Algebraic Fractions was chosen to be explored
in a collaborative environment involving 45 students at a secondary school in Perlis, Malaysia. The aim was to
identify whether collaborative method can improve students’ performance in the topic. The research involved
only one experimental group using a single-group pre-test and post-test method. In addition, a questionnaire was
distributed to see the acceptance and motivation of students towards collaborative learning methods. Results from
the statistical analysis of the students’ achievement scores in the pre-test and post-test showed that there was
a significant improvement in performance following the collaborative teaching and learning. Responses from the
questionnaire also showed that the acceptance and motivation towards learning mathematics with the collaborative
method was also positive.
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Online learning became rampant all over the world to help in preventing the spread of the COVID-19. Due to
the rise of this learning set-up, different educational platforms and applications (EduPlatApps) were introduced
to make learning easy and convenient for everyone. Using the TPACK Framework, the researchers investigated
how the existing EduPlatApps are utilized in teaching probability at a university in the Philippines in the online
education set-up and constructed a set of guidelines that would help teachers to effectively utilize the existing
EduPlatApps. Phenomenography was used as the research design of the study. The existing EduPlatApps that
teacher-participants use in teaching probability was identified and examined to know how teachers utilize it in
teaching probability concepts. The participants were also interviewed to know their experiences and perceptions in
using the EduPlatApps. It was found out that the EduPlatApps used by teachers in teaching probability courses
are classified into five categories: (1) video conferencing and chatting, (2) digital whiteboards, (3) simulators,
(4) videos and interactive learning materials, and (5) probability calculators. While it is not possible to find one
application that could provide maximum interactivity among students, the researchers found that the combination
of several EduPlatApps that complement each application’s features could suffice. In combining these applications,
two themes must be considered: internalization and abstraction. Unless these two themes are taken into account
when using the EduPlatApps, there would be less interaction in the online classroom setup.
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In response to the outbreak of COVID-19 pandemic, vaccination programmes have emerged as the top priority for
many countries over the world. In spite of various strategic measures in accelerating vaccination, the implementation
of vaccination planning is greatly driven by the vaccine supply and demand which are uncertain (stochastic). Thus, a
properly-developed vaccination planning model is essentially needed to carry out the vaccination programme so that
the residents can get vaccinated as soon as possible. Correspondingly, this paper aims to integrate both aspects of
stochastic vaccine supply and demand in vaccination planning. Besides, the set-up of numerous types of operational
vaccination centres, with varying capacities, would be determined appropriately under uncertainties. By analyzing an
illustrative case study, the results revealed that stochastic supply and demand would highly affect the vaccination
planning. In particular, the total vaccination demand met by the vaccine supply could reach up to 115% in relation
to the initial targeted level. In average, the vaccination programme would require 711 additional vaccination centres
(which comprises mobile, small, semi-mega and mega centres) throughout the planning horizon. This would result
in a total of 36,710,900 vaccinations within 24 weeks. Concisely, it is anticipated that the developed study is
advantageous to assist the relevant authorities to implement the vaccination planning appropriately in achieving
herd immunity rapidly.
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The common setup problem for chip mounters in a Surface Mount Technology (SMT) line is to group different
device models, each of them consisting of different components, into minimum number of clusters where each
cluster has a maximum component size. The common setup problem is classified as a clustering problem with
feature weight constraints which cannot be fulfilled by traditional data clustering. In this study, we introduce some
vital modifications on standard k-means algorithm such that it can incorporate feature weight constraints adapted
from cluster size constraints. We also propose a modification to the elbow method to determine correct number of
clusters of the clustering problem with feature weight constraints. The results show that the proposed algorithm
(modified k-means with feature weight constraints) is able to fulfil the feature weight constraints and solve the
common setup problem. The results verify the proposed algorithm has superior performance over standard k-means
algorithm in clustering problem with feature weight constraints. For the common setup problem on a given data
set, the analysis shows that 1000 runs of the proposed algorithm implemented using MATLAB is able to obtain at
least one valid clustering result within a reasonable run time.
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It is widely recognized that primary healthcare is crucial for achieving public health and that its performance
evaluation is essential for continual development. This study aims to assess the performance of primary healthcare
centers (PHC) using games theory approach. Primary and secondary data collection methods were used to collect
2019 data from 15 PHCs on 2 inputs (beds, and medical and non-medical staff), 2 intermediates measures
(outpatients, and inpatients), and 3 outputs (antenatal, deliveries, and quality of care), as well as from the Lagos
State Primary Health care Board (LSPHCB). Stackelberg’s game theory model, with the aid of designed R software
code, was used to assess the performance of the PHC in Lagos state. The results indicate that 3 PHCs were
efficient when the production division (Stage 1) was the leader while four PHCs were efficient when service quality
division (Stage 2) was the leader. Comparing the two stages, Sango PHC was found to be the only fully efficient
PHC among the 15 PHCs in Lagos State. The service quality division (Stage 2) proves to be the dominant stage
in the dominant test result and should be given serious priority. There is evidence of prevalent inefficiency in the
PHC as a result of financing and governance. It is recommended that government and stakeholders should do all
that is within their power to pay serious attention to PHC, the backbone of good health.
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Given a vertex coloring c of a graph G, the neighborhood color set of each vertex v in G is defined as the set of
colors of all the vertices adjacent to v . If there are no two adjacent vertices that have equal neighborhood color
sets, then c is called a set coloring of G. The set coloring problem on G refers to the problem of determining
its set chromatic number, which refers to the minimum number of colors using which a set coloring of G may
be constructed. In this work, we consider the set coloring problem on graphs obtained from applying middle
graph, a unary graph operation. The middle graph of G is the graph with vertex set V (G) ∪ E(G) and edge
set {{u, uv} : u ∈ V (G) and uv ∈ E(G)} ∪ {{uv1, uv2} : uv1, uv2 ∈ E(G) and v1 6= v2}. We consider the set
coloring problem on the middle graph of different tree families such as brooms, double brooms, and caterpillars. We
construct set colorings of such graphs using algorithms or explicit formulas. By proving the optimality of these set
colorings, we obtain the set chromatic number for these different graph families.
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The Tribonacci sequence {Tn}n≥0 has been extensively studied where many interesting algebraic properties were
documented. In this paper, we investigate some properties of the generalized Tribonacci sequence {Hn}n≥0 and
obtain the sum

∑k
i=0Hk . Subsequently, we study the extended family of {Hn}n≥0 namely {H′n}n≥0 and found an

interesting relationship between these two sequences which generalises a result by Natividad and Policarpio.
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An hour glass matrix is a nonsingular matrix obtained from quadrant interlocking factorization calledWH factorization.
In this paper, we establish the determinant of hourglass matrix and show its application in the triangular blocks of
hourglass matrix called Hsystem. Therefore, WH factorization exists for every nonsingular matrix and hence its
Schur complement exists for every Hsystem.
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This paper continues the authors’ previous work on developing a theory of conditional expectations in uncertainty
spaces. In a previous paper, they adopted the standard definition from classical probability by defining the conditional
expectation E[X|G] of an uncertain variable X with respect to a σ-algebra G as a G-measurable function provided
by a version of the Radon-Nikodym Theorem for uncertainty spaces. In this current work, a definition is provided
by minimizing the expected mean squared error (X − Y )2 among G-measurable functions Y . The development,
adopted from an existing work on non-additive probability spaces and repurposed for the current setting, similarly
assumes a finite sample space and hence finitely many atoms for G. It also justifies the existence of conditional
expectations and discusses some of their properties.

CT PM0030 On the Spectral Radius and Energy of Sombor Matrix of Non-Commuting
Graph for Dihedral Groups

Mamika Ujianita Romdhini1,3,a and Athirah Nawawi1,2,b
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The non-commuting graph is defined on a finite group G, denoted by ΓG , with G\Z(G) is the vertex set of ΓG and
vp 6= vq ∈ G\Z(G) are adjacent whenever they do not commute in G. The Sombor matrix of ΓG , is denoted by

S(ΓG) so that its (p, q)-entry is equal to
√
d2vp + d2vq, if vp 6= vq and they are adjacent in ΓG , and zero otherwise,

where dvp as the degree of vp. The Sombor energy of ΓG is the sum of the absolute eigenvalues of S(ΓG). Whereas,
the spectral radius of ΓG is the maximum absolute eigenvalues. In this paper, we find both the spectral radius
obtained from the spectrum of ΓG and the Sombor energy of ΓG for dihedral groups of order 2n.
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Dihedral Groups
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Let Γ̄G and ΓG be the commuting and non-commuting graph on a finite group G, respectively, having G\Z(G)

as the vertex set, where Z(G) is the center of G. The order of Γ̄G and ΓG is |G\Z(G)|, denoted by m. For ΓG ,
the edge joining two distinct vertices vp, vq ∈ G\Z(G) if and only if vpvq 6= vqvp, on the contrary, whenever they
commute in G, vp and vq are adjacent in Γ̄G . The degree subtraction matrix (DSt) of ΓG is denoted by DSt(ΓG),

so that its (p, q)-entry is equal to
√
d2vp + d2vq), if vp 6= vq, and zero if vp = vq, where dvp as the degree of vp. For

i = 1, 2, . . . , m, the maximum of |λi | as the DSt-spectral radius of ΓG and the sum of |λi | as DSt-energy of ΓG ,
where λi are the eigenvalues DSt(ΓG). These notations can be applied analogously to the degree subtraction
matrix of the commuting graph, DSt(Γ̄G). Throughout this paper, we provide DSt-spectral radius and DSt-energy
of ΓG and Γ̄G for dihedral groups of order 2n, where n ≥ 3. We then present the correlation of the energies and
their spectral radius.

CT PM0048 On the Solutions of Some Mersenne Prime-Involved Diophantine Equa-
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Solving the exponential Diophantine equation ax + by = z2 has been a subject of research study for various
mathematicians. However, only a few consider the difference ax − by as part of a Diophantine equation. In
this research study, we determine the nonnegative integer solutions (M, x, y , z) of the exponential Diophantine
equation Mx − (M + 1)y = z2, where M is a Mersenne prime. Moreover, we also deal with positive solutions
(Mp,Mq, x, y , z) of the Diophantine equation Mx

p − (Mq + 1)y = z2, where Mp and Mq are Mersenne primes. We
solve these equations with the aid of elementary methods in number theory like the Factoring Method and Modular
Arithmetic Method. We also utilize Mihailescu’s Theorem, the concepts of quadratic residue and Legendre symbol,
and some properties of Mersenne primes. Results of Diophantine analysis show that the Diophantine equation
Mx − (M + 1)y = z2 has trivial solutions only which exist when x = 0 and y = 0, and that Mx

p − (Mq + 1)y = z2

has two positive integer solutions.
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We present a pseudo-QR algorithm that solves the linear response eigenvalue problem Hx = λx . H is known to be
Π-symmetric with respect to T = diag{J,−J}, where J(i , i) = ±1 and J(i , j) = 0 when i 6= j. Moreover, y ∗Tx = 0

if λ 6= γ̄ for eigenpairs (λ, x) and (γ, y). The employed algorithm was designed for solving the eigenvalue problem
Qv = σv for pseudo-orthogonal matrix Q such that Q′TQ = T . Although H is not orthogonal with respect to T ,
the pseudo-QR algorithm is able to transform H into a quasi-diagonal matrix with diagonal blocks of size 2× 2

using J-orthogonal transforms. This guarantees the pair-wise appearance of the eigenvalues λ and −λ of H.

CT PM0061 A Note on Invariant Time Linear System over Semiring
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A linear time-invariant system is a system that satisfies the property that the input-output characteristics do not
change with time. A semiring is an algebraic structure defined as a non-empty set with two binary operations (addition
and multiplication). In addition, a semiring is a commutative monoid, and it is a semigroup for multiplication. The
specific purpose of this research proposal is to determine the necessary or sufficient conditions for the completion of
a linear time-invariant system on a semiring. The problem of linear time-invariant system is limited to state u = 1,
so we get Ax = c. The linear system has a solution if the matrix A has an inverse. A semiring is an associative
structure, so the inverse of the matrix over the semiring is viewed from the matrix partition.

CT PM0073 Novel Forgery Mechanisms in Multivariate Signature Schemes
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Multivariate cryptography is one of the candidates for post-quantum cryptography primitives. Its hard problem
depends on the difficulty of solving m multivariate quadratic equations in n variables over a finite field, hence the
name Multivariate Quadratic Problem (MQP). In this paper, we present three multivariate digital signature forgery
mechanisms by a rogue service provider. We also lay out techniques to identify two of such mechanisms. As for a
potential signature forgery mechanism via Greatest Common Divisors of evaluated polynomials in the system, it is
still an open question on how to detect it. This third strategy seems to inherit the NP-hard difficulties of a random
MQP in totality.
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We consider shift spaces generated by maps, called random substitutions, that send a letter from a finite alphabet
to a finite collection of words over the same alphabet. Specifically, we study the dynamics of the shift spaces
generated by the family of random n-bonacci substitutions, which is a generalization of the famous Fibonacci
substitution. Using a numeration system derived from a sequence of lengths, we show that, although such shift
spaces are known to be non-mixing, they satisfy a weaker condition called semi-mixing.

CT PM0090 Matrix Representation of Martingale Measures with Quantized Marginals
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A sequence of random variables {St}t∈[0,T ] is called a martingale process if E[Sn|Sm] = Sm almost surely for all
m ≤ n. Martingale processes are often used in arbitrage-free pricing of financial assets due to its “fair game”
property, that is, when an asset is modeled using martingales then no one can consistently make or lose money
through trades in that asset.

In this paper, we focus our attention on random variables that follow a Pareto distribution. We then look at the set
of martingale measures on R2 having marginals measures which are quantized using the so-called Un-quantization.
We shall then represent the transition kernel of such martingale measures as bistochastic matrices. Finally, we shall
give some characterization of the set of such matrices.

CT PM0098 Coefficient Estimate of Toeplitz Determinants for the Class S?α
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The aim of this work is to investigate coefficient estimates by symmetric Toeplitz Determinants for function
belonging to the class S?α defined by subordination.

CT PM0099 A New Construction for a Subclass of Analytic Bi-Univalent Functions
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In this paper, we aim to define a subclass of bi-univalent functions involving Chebyshev polynomials of the second
kind and Zero-Truncated Poisson ZTP distribution. Furthermore, we will find the first two initial coefficients
and Fekete-Szegö inequality for the newly defined subclass. Several new corollaries and consequences will be
presented.
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In this paper, we present an analytical formula for conditional moments of the extended Heston-CEV hybrid model,
where the underlying asset price dynamic is modeled under the hybrid framework of a constant elasticity of variance
(CEV) process that is the March–Rosenfeld process. The formula is received by successfully solving the partial
differential equation corresponding to the infinitesimal generator for two-dimensional process. The formula obtained
is easy to use in practice and relatively more general compared with the currently existing results in the literature.
In addition, we conduct numerical validations to illustrate the accuracy of our analytical formula by comparing with
results obtained from the Monte Carlo (MC) simulations.

CT ST0021 An Application of the Lotka-Volterra Model with Time Series Analysis to
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This study proposes a forecasting framework which aims to forecast Spotify streams and identify the competitive
relationship between two genres, OPM and K-Pop, by applying the Lotka-Volterra (LV) model with time series
analysis. The number of accumulated streams of each genre for a span of one year, divided into three periods, is
considered. The data is decomposed into three components: aggregate, competition, and seasonal component,
where the LV model is used to forecast the competition component. Observations show that the competitive
relationship varies from pure competition to predator-prey depending on the period and decomposition method
used. The role of the predator and prey also switches for certain periods. K-Pop gains streams mainly due to
new releases while OPM gains streams from older releases. Results also indicate that new releases and holidays
affect the stream forecast. This research helps Filipino artists and recording labels to come up with strategies to
encourage more listeners and support local music.
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Count data are usually dispersed (variation between mean and variance) and hence cannot be efficiently modelled
using any of the classical distributions like the Poisson distribution. This study introduces a new count distribution
suitable for modelling over-dispersed observations inherent in many real-life observations. The new mixed Poisson
distribution is obtained by using a two-parameter Cubic Rank Transmutation Exponential Distribution as a mixing
distribution. Various mathematical properties of the distribution are obtained and real-life application in claim
frequency reveals that the new proposition can fit observations with many zeros quite well.

CT ST0041 Modelling Baguio City COVID-19 Trend during Alert Level 1 using Non-
Homogeneous Poisson Process
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The Non-Homogeneous Poisson Process has been used to determine the occurrence of COVID-19 in an area.
Being a Stochastic Process of the Poisson distribution, it deals with the probability of rare events. Unlike the other
distributions, including the Poisson distribution and the Homogeneous Poisson Process, the Non-Homogeneous
Poisson Process incorporates the idea of having non-homogeneous intensities. In this paper, we apply the process of
modelling the trend of COVID-19 cumulative data in Baguio City during Alert Level 1 from March 1, 2022 to May
31, 2022. As part of model fitting, the Linear Intensity Function and the Power Law Process were incorporated.
Applying the Non-Homogeneous Poisson Process in determining the best fit for the data through the Markov Chain
Monte Carlo algorithm, it concluded that the daily cumulative cases and daily cumulative recoveries follow the
Linear Intensity Function. On the other hand, the daily cumulative death follows the Power Law Process.
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As COVID-19 continually to invade all the continents globally, a projection of the spread of COVID-19 is crucial in
combating the outbreak. Thus, the main objective of this research is to forecast the spread of COVID-19 pandemic
in Johor at sub-district level. The daily cases of COVID-19 for 190 days in 92 sub-districts in Johor were collected.
The COVID-19 situation in each of the sub-districts was classified into three distinct state spaces, which are the
green zone (zero reported cases per day), alert zone (one to seven reported cases per day), and the danger zone
(more than seven reported cases per day). The Markov chain method is adopted to get the stationary distribution
for all the 92 sub-districts in Johor. Most of the sub-districts have the equal chance of being in a green zone, alert
zone, and danger zone in the long term. Only the Plentong sub-district in Johor Bahru district is predicted to have
a 50% chance of getting 1 to 7 reported cases per day and a 50% chance of getting more than 7 reported cases
per day in the long run. However, there is one sub-district that failed to get the stationary distribution which is
Sembrong sub-district in Mersing as its Markov chain is either transient or recurrent. This situation reflects the
limitation of using Markov Chain technique in providing the prediction of Covid-19 status in the long run.

CT ST0043 How Do Pandemic Uncertainty and Carbon Dioxide Emissions Influence the
Nexus Between Energy Consumption and Economic Growth? The Case of U.S.
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The outbreak of the COVID-19 pandemic has affected numerous countries worldwide, among which the U.S. is the
leading country. Meanwhile, the U.S. has the world’s second-highest primary energy consumption, and the country
is still heavily reliant on petroleum and natural gas that emit greenhouse gases such as carbon dioxide (CO2) during
combustion. This study examines the direct and indirect effects of pandemic uncertainty and CO2 emissions on the
nexus between energy consumption and gross domestic product (GDP) by employing discrete threshold estimation.
Besides investigating the net or total asymmetric effects of energy consumption, this research includes four sectoral
datasets in the model estimations, which are residential, commercial, industrial, and transportation. The period
covered is 1996–2021, using quarterly data. The estimation results report an asymmetric relationship between
energy consumption and GDP triggered by pandemic uncertainty and CO2 emissions. Yet, these asymmetric effects
are small compared to the influences of GDP lag(s) and CO2 emissions. In addition, the pandemic uncertainty
discloses a direct positive impact besides the indirect effect on the GDP. It is most likely due to the rebound effects.
Total and sectoral CO2 emissions also have consequences on GDP directly and indirectly, where the direct impacts
vary across regimes. The observable asymmetric effects of energy consumption, CO2 emissions, and the preceding
economic situations could deliver more informative insights to the U.S. local government and policymakers.
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Over the years, researches used various statistical methods to analyse the daily temperature and daily wind speed
data. This study uses the method of repeated measures ANOVA and the result shows that there are significant
differences in the daily maximum temperature means among the meteorological stations in Malaysia. The post hoc
pairwise comparisons using paired t-test with Holm’s and Bonferroni’s methods are conducted to determine which
station differs so that the results become more evident. The tests indicate that the means between all possible pairs
of stations differ except for Kota Bharu and Labuan, Senai and Kuantan as well as for Melaka and Kota Kinabalu.
Analysis on the daily wind speed data is performed to investigate similar pattern which resulted in the existence of
significant differences among the stations. However, pairwise comparison tests indicate that the means between
all possible pairs of stations differ. It is noticeable that there is no similar pattern between the daily maximum
temperature and the wind speed among the stations. This study successfully make use the method of repeated
measures ANOVA in analysing environmental data, which in turn, allowing more future environment and climate
research to apply this method.

CT ST0052 Investigating Impact Factors of CO2 Emissions in ASEAN Countries using
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Many theories have been developed to analyse the nexus as well as find solutions to environmental issues linked to
human factors. In contributing to the existing literature, this study has two main objectives: (1) to examine the
human factors that affect environmental degradation by considering the cross-section dependency effect; and (2) to
determine the appropriate model for explaining the relationship between the factors. Using panel data from the year
2000 to 2018, this study employs the Stochastic Impacts by Regression on Population, Affluence and Technology
(STIRPAT) model to assess human environmental impacts, focusing on ASEAN countries. The factors tested
include population, GDP and energy intensity, with CO2 emissions as the dependent variable. To overcome the issue
of ignoring the cross-section dependency effect in panel data regression in past literature, the heterogeneous panel
estimators of the mean group, common correlated effects mean group and augmented mean group (MG, CCEMG
and AMG) are employed. The results reveal that CCEMG is the best estimator, with the smallest root mean
square error (RMSE). The estimated GDP and energy intensity significantly contribute to higher CO2 emissions.
The findings also show that cross-sectional dependency influences GDP. The results of this study may provide
perspective into how the economy should be developed without affecting the environment.
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This paper used Bayesian Hierarchical Models, particularly the usual Poisson-Gamma model and the Poisson-Gamma
model with Covariates in estimating the relative risk of HIV prevalence in Ilocos Region instead of using the
Standardized Incidence Ratio (SIR) which is a frequentist approach. The study in the relative risk of HIV prevalence
is significant due to its present nature of being incurable. The use of Poisson distribution as likelihood in relative
risk estimation is appropriate because HIV prevalence is independent, that is, when the infection occurs, it does not
affect the probability of another infection occurring in the same area. The appropriateness of Gamma distribution as
the prior distribution is due to the fact Poisson and Gamma distributions are from the same family of distributions.
Covariates are considered in this study to possibly improve the precision of results and to prohibit alternative
explanations for the results due to the population of sexually active males and the number of diagnosed tuberculosis
patients per municipality or city. It is confirmed that the application of Bayesian Poisson-Gamma and Poisson-
Gamma with Covariates hierarchical models exhibit more stable HIV relative risk estimates and shrinkage when
compared to SIR. There is no implication of a significant difference between the two Bayesian Hierarchical Models
after the application of Deviance Information Criterion (DIC). It is recommended when applying the Poisson-Gamma
model with Covariates to consider other fixed effects related to HIV prevalence to further improve the model. Lastly,
the Bayesian Hierarchical Models presented in this paper can be utilized in estimating the posterior relative risk of
other rare or infectious diseases.
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Almost all motor insurance uses No-Claim Discount (NCD) system in which the premium depends on the level
at which the policyholder belongs. At the end of a claim-free year the policyholder moves to a level with a lower
premium or stays on the level he/she is currently at. On the contrary, if the policyholder made at-fault accident(s)
in the previous year, he/she moves to a level with a higher premium. In this case, the policyholder is penalised by
surcharges. This system can be modelled using Markov chains. Transitions from one premium level to another are
determined once the number of claims is known. However, we should be aware that policyholders might decide not
to report small claims to the insurance company if they believe that this is profitable for them. Such behaviour is
called bonus hunger. This research examines the effect of bonus hunger on the five NCD systems namely Malaysia,
Thailand, the United Kingdom, the Co-Operative Insurance and Brazil using Markov Chains processes and several
actuarial tools. It is found that Malaysia has the toughest system, but it has the best spread of policyholders
between the premium classes, and it is the most responsive to a change in the number of claims. Nonetheless, the
presence of bonus hunger makes the main objective of the NCD system less achievable. The system is unable to
punish bad drivers as they do not report the claims and thus, resulting in less sensitivity to claim frequency and
even higher concentration of policyholders in lower premium classes.
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Vegetable farming is one of the major agricultural activities in Benguet, Philippines given the environmental and
climatic conditions allowing growth and propagation of vegetables, particularly highland vegetables. The general
data (2012 - 2020) gathered from OPAG - Benguet was subjected to normality, descriptive statistics and correlation
with temperature, relative humidity and amount of rainfall, where results showed normality and very low to low
correlation with the climatic factors. Extracted from the general data, the raw data (2012 - 2019) was subjected
to SARIMA modeling by Box - Jenkins methodology to forecast the vegetable production where log10, square root
and Box - Cox transformation were used for normality and variance stability. Significant differences were noted in
the variances for some time interval shifts, i + k in the transformations, and the log10 transformation yielded the
overall best model, ARIMA(3,1,3)(2,1,1) among the four competing initial models from raw data and the three
transformations. The forecast for 2021 to 2024 shows increase in the vegetable production, however, this may be
affected by external factors. The analysis of the behavior of the vegetable production can help the people including
government and non-government organizations to understand the dynamics of the production for reforms and
policies.
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This study aims to analyze the spatio-temporal of the rice yield in the twenty-nine (29) municipalities of Cagayan
based on the recorded data in year 2014, 2017, and 2020. The temporal forecasting of the volume of rice production
in Cagayan is used to determine the best model for the forecasting of the volume of rice production, employing
the available data from 1987-2021. Spatial autocorrelation using global and local Moran’s index is employed to
identify the spatial clusters of the rice yield among the municipalities. It demonstrates an exploratory analysis of the
significant temporal hotspot municipalities and clustering of rice yield by mapping the rice yield of each municipality.
Results of the study provide a useful guide in implementing policies of rice productivity in Cagayan, Philippines.

CT ST0091 Cluster Analysis: A Case Study of Malaysian Meteorological Data

Husna Hasan1,a, Siti Mursyida Abd Mutalib1,b, Siti Nur Athirah Ismail1,c and Norhashidah Awang1,d

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia

husnahasan@usm.mya, sitimursyida1202@gmail.comb, sitinurathirah231@gmail.comc , shidah@usm.myd

Climate zones of Malaysia are classified into group by using the mathematical method of cluster analysis. The
aim of this study is to group the meteorological stations in Malaysia based on maximum temperature, minimum
temperature, precipitation and wind speed. The data covers the time span of 1994 until 2017. The method of
hierarchical clustering analysis which are the complete linkage, single linkage, average linkage and the Ward’s linkage
was applied. The result shows that the Ward’s linkage is the best method to cluster the meteorological stations.
We conclude that the meteorological stations can be clustered into 4 groups namely, a developed centre city, an
urban forest, a coastal city facing the Malacca strait and a coastal city.
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CT ST0092 Mathematics as a Tool for Critical Citizenship: The Case of the Philippine
National Elections 2022

Jeric C. Briones1,a, Vitus Paul L. de Jesus1,b, Eden Delight P. Miro1,c , Nhoriel I. Toledo1,d and Catherine P.
Vistro-Yu1,e

1Department of Mathematics, Ateneo de Manila University, Katipunan Avenue, Loyola Heights, Quezon City,
Philippines 1108

jbriones@ateneo.edua, vitus.dejesus@obf.ateneo.edub, eprovido@ateneo.educ , nhoriel.toledo@obf.ateneo.edud ,
cvistro-yu@ateneo.edue

This paper showcases an example of how mathematics was utilized to debunk a suspected anomaly in election
returns in the aftermath of the Philippine national elections last May 2022. Initial results of the automated
elections yielded numbers that the public deemed suspicious. In response to a call for experts’ opinions on the
matter, we processed and analyzed large samples of preprocessed data to which we have been given access. Using
data analytics techniques, we examined transmission arrivals of election returns and compared them against the
total votes transmitted, with the analysis performed at different aggregation levels. Our analyses showed that
the seemingly suspicious numbers can be explained by examining the distributions of the transmission arrivals of
election returns and analyzing those distributions using different levels of aggregation. From the perspective of
critical mathematics education (CME) particularly, focusing on mathematics for critical citizenship, we highlight the
importance of mathematics to help fight disinformation and spread of unfounded rumors. The paper concludes with
recommendations for enriching students’ mathematical experiences that could pave the way for a responsive and
engaged citizenry in our country.

CT ST0093 Dynamic Modelling of Renewable Energy Consumption and Production on
African Economic Growth and the Environment Using Vector Error Correction Models
(VECMs): Global Approach

Alhaji Abdullahi Gwani1,2,a and Siok Kun Sek1,b

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia
2Department of Mathematical Sciences Bauchi State University Gadau, Nigeria

aagwanir@student.usm.mya, sksek@usm.myb

Prior research has explored the influence of renewable consumption on economic growth and carbon emissions
(CO2), but few studies have examined the impact of both renewable energy consumption (REC) and renewable
energy production (REP) on economic growth and CO2 emissions in Africa. The objective of this work is to
dynamically estimate the effects of both REC and REP on economic growth and CO2 emissions in Africa, based on
empirical evidence and using a data set from the years 1965 to 2020. This research aims to determine how REC
and REP affect the economies and ecosystems of Africa. The Error Correction Models (ECMs) utilized in the
analysis, focusing on how REP and REC influence economic growth and environmental carbon dioxide emissions
(CO2). Vector Error Correction Models (VECM) and Johansen cointegration methods were used on the data set.
The results revealed that there are long-run relationships between REP and REC in Africa, as well as between CO2
emissions, GDP, and REP in Africa. Moreover, the result shows that both REC and REP improved environmental
degradation. The REP drives economic growth, and both the REP and REC cut carbon emissions. Africa can
lower the negative impacts on environmental pollution caused by the consumption of non-renewable energy sources
by adopting and aggressively promoting renewable energy production and utilization.
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CT ST0100 Imputation Methods for Exponential Survival Model Via Partly Interval-
Censored Data

Salman Umer1,a, Faiz Elfaki1,b and Abdullah Zyoud2,c

1Statistics Program, Department of Mathematics, Statistics and Physics, College of Arts and Sciences, Qatar
University, P. O. Box 2713, Doha, Qatar
2SecuHost IT Solution and Media Services Sdn. Bhd., Kuala Lumpur, Malaysia

su1305814@student.qu.edu.qaa, felfaki@qu.edu.qab, abdallahzyoud@yahoo.comc

Survival analysis is a collection of statistical approaches for data analysis when the outcome variable of interest is
the time until an event occurs. The time to failure of an experimental unit may be censored and this can be right,
left, interval, and Partly Interval Censored (PIC). PIC contain the exact observations and interval-censored. In
this paper, more than 25% of exact observations from the medical simulation data set will be used based on the
exponential survival model via the imputation techniques. In addition to that, Multiple Imputation (MI) will be
compared to the left imputation via the simulation study. The result of this simulation study suggested that for
more exact observations, the results are well performed and easily implemented especially for the MI method.

CT ST0105 Time Series Clustering of Malaysia Air Quality Time Series Data

Fatin Nur Afiqah Suris1,a, Mohd Aftar Abu Bakar1,b, Noratiqah Mohd Ariff1,c , Mohd Shahrul Mohd Nadzir2,d ,
Kamarulzaman Ibrahim1,e and Tan Zhen Jie1,f

1Department of Mathematical Sciences, Faculty of Science and Technology, Universiti Kebangsaan Malaysia, 43600
UKM Bangi, Selangor, Malaysia
2Department of Earth Sciences and Environment, Faculty of Science and Technology, Universiti Kebangsaan
Malaysia, 43600 UKM Bangi, Selangor, Malaysia

p112489@siswa.ukm.edu.mya, aftar@ukm.edu.myb, tqah@ukm.edu.myc , shahrulnadzir@ukm.edu.myd ,
kamarulz@ukm.edu.mye , a164616@siswa.ukm.edu.myf

Air quality is often associated with the area location and activities where air quality in cities is usually more polluted
than in rural areas. This study aims to study the pattern of time series data from air quality stations by performing
cluster analysis of air quality station based on the particulate matter 10 micrometers or less in diameter (PM10)
and particulate matter 2.5 micrometers or less in diameter (PM2.5) time series data. The clusters obtained from
the cluster analysis were compared with the station area category and station location. This study which uses air
quality data obtained from the Department of Environment, Malaysia from 5 July 2017 until 30 June 2019, shows
five types of air quality patterns in Malaysia. The results also show that none of the clusters is dominated by any
station’s category. Therefore, it is less appropriate to relate the air quality patterns and the station area category.
However, the results show that air quality patterns were related to the station’s location, where nearby stations
have similar air quality patterns.
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List of Abstracts - Posters
Poster 1 Baguio City’s COVID-19 Deaths, Age, and Vaccination Status and Their
Association

J. Viernes1,a, R. Addawe1, C. Libatique1, S. Domilies1, J. Marigmen1, A. Pajimola1, J. Punzalan1 and D.
Panes2

1Department of Mathematics and Computer Science (DMCS), College of Science, University of the Philippines
Baguio
2Epidemiology Surveillance Unit, Baguio City Health Services Office, Baguio City, Philippines

jtviernes@up.edu.pha

This work aims to investigate the association of mortality, age, and vaccination status of COVID-19 patients. It
briefly describes the distribution of COVID-19-related deaths in Baguio City with their vaccination status from
March 2020 to August 2022. The findings of this study can be utilized to inform the public and combat false
information about COVID-19 vaccinations.

Poster 2 A Note on Invariant Time Linear System over Semiring

Gregoria Ariyanti1,a and Ana Easti Rahayu Maya Sari1,b

1Department of Mathematics Education, Faculty of Teacher Training and Education, Widya Mandala Surabaya
Catholic University, Madiun City, Indonesia

gregoria.ariyanti@ukwms.ac.ida, anaeasti42@gmail.comb

A linear time-invariant system is a system that satisfies the property that the input-output characteristics do not
change with time. A semiring is an algebraic structure defined as a non-empty set with two binary operations (addition
and multiplication). In addition, a semiring is a commutative monoid, and it is a semigroup for multiplication. The
specific purpose of this research proposal is to determine the necessary or sufficient conditions for the completion of
a linear time-invariant system on a semiring. The problem of linear time-invariant system is limited to state u = 1,
so we get Ax = c. The linear system has a solution if the matrix A has an inverse. A semiring is an associative
structure, so the inverse of the matrix over the semiring is viewed from the matrix partition.
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Poster 3 Modelling Bed Availability Percentage During COVID-19 using ARIMA Model

Mursyidah Nasrudin1,a and Nur Qurratu Ain Hamdan1,b

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia

mursyidah18@student.usm.mya, qurratuainhamdan@student.usm.myb

On 11th March 2020, World Health Organization (WHO) has declared the novel coronavirus, COVID-19 has
become a global pandemic disease after the first transmission from Wuhan, China which affected everyone and
many lives are lost. It has tremendously impacted all sectors especially healthcare sectors around the globe. During
the pandemic, hospitals have been flooded with new incoming patients in need of doctors’ supervision, resulting in
the rate of inflow patients requiring care to increase rapidly causing low bed availability. This scenario is increasing
at an alarming rate as the hospital could not regulate patients to attend when necessary. In Malaysia, there was a
peak period where the cases are transmitted rapidly and there were times where the admitted patients would have to
wait longer than usual to receive treatment. Therefore, we investigate the problem with bed availability among the
hospitals in Malaysia. We analyze the trends of patients being admitted by state, identify the states whom reached
the assumed critical line when a state reached a considered low percentage of bed availability, as well as to predict
the bed availability percentage based of the data we obtained. Autoregressive integrated moving average (ARIMA)
model was employed for the analysis. The result showed the best model to describe the daily bed availability
percentage for the identified 3 chosen states which are Johor, Pulau Pinang and Sarawak is ARIMA(0,1,1). Thus,
the result from forecasting indicated that the level of percentage of bed availability is considered to be above the
expected risk percentage of 50% bed availability. Therefore, the results show that various government actions are
effective in reducing the number of patients being admitted daily in Malaysia.

Poster 4 Modeling and Animation of “The Diary of a Mountain Tree”: A 3D Animation
Short Story

Shameemi Musthafa1,a and Nur Fathihah Rosli1,b

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia

shameemimusthafa@student.usm.mya, fathihah@student.usm.myb

3-dimension (3D) modeling and animation play an important role in many fields with the advancement of technology.
This animated short story is an animation about trees that live their normal lives happily and enjoy the change of
weather or seasonal changes together until one day an illegal logger comes and cuts down the tree. The animation
is built from the point of view of the tree, to show the tree’s reaction when facing all the events and also to show
the importance of the tree. This work started with the process of creating a storyline, then converting it into a
storyboard, designing and modeling the objects, animating them, and finally rendering the animation to form a
short story video. We mainly construct, create, and animate the 3D models like trees, rocks, and hikers using
3ds Max. Yet, there are some models such as the illegal logger, that we construct using other software, namely,
Blender. With the advancement of functions and features that are built-in and also plug-in in each respective
software, it really helps in enhancing the formation and animation of 3D models. The application of the Skin and
Bones function to the model can make it easier to animate and make the object’s movement smoother. By adding
some texturing like Vertex Paint and Physical Material to the model, it can help in making the animation more
interesting and add vibrancy, colour, and realism to the animation itself.
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Poster 5 The Application of GIS-Based Spatial Modelling in the Study of COVID-19 in
Asia

Jiun Guan Wong1,a and Min Jun Lim1,b

1School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia

wongjiunguan@student.usm.mya, minjunlim@student.usm.myb

The SARS-CoV-2 virus is an infectious illness known as coronavirus disease (COVID-19). It has caused unprecedented
threat to all people in the world. Thus, this study aims to reveal the main determinants of the outbreak of COVID-19
of the Asia countries. In this study, the data used is from 48 Asia countries with 5 selected periods which are
6th January 2020, 6th July 2020, 6th January 2021, 6th July 2021 and 6th June 2022, to analyze the change of
the pattern on COVID-19 data. Besides, this study also investigates the existence of spatial dependence in the
COVID-19 data. The accumulated data and explanatory variables such as pandemic indexes and macroeconomic
factors are included in this study. Queen matrix order 1 and Queen matrix order 2 are applied for Local Indicators of
Spatial Association (LISA) and regression to investigate the spatial effect in the data. Three models are associated
with the dependent variables of accumulated cases, accumulated deaths and accumulated vaccination. These three
models are estimated by comparing non-spatial model, OLS and spatial models (spatial error and spatial lag). The
GIS mapping reveal the most severe condition in Period 1 was China. However, the pandemic is spreading rapidly
and broadly around Asian region from Period 2 to Period 4. The severe condition (high fatality, confirmed cases
and vaccination) is clustering around West Asia and Southeast Asia. Nevertheless, the condition is getting better in
Period 5, except China. The results also detect the existence of spatial effect. The regression reveals that income
level determines the accumulated cases and accumulated death while severity determines the vaccination.

Poster 6 Mathematical Dynamics and Simulation of a Pertussis Model in Infant with
Passive Immunity

Aisha Aliyu Yakubu

School of Mathematical Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia

aishaaliyu@student.usm.my

In this study, the dynamics of pertussis in newborns utilizing a Maternally derived immunity-Susceptible-Latent-
Infected-Recovered (MSLIR) compartmental model are investigated. The M class contains newborns with passive
immunity while the immunity in the R class would be temporary so that the infants can become susceptible again.
The threshold parameter which is the basic reproduction number is obtained using the next-generation method.
Numerical simulations are illustrated considering both 2D and 3D planes.
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