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Dr. Abdolali Basiri Gy Salloe 5o

Chairman of the Conference

Greetings!
Ladies and gentlemen,

As Chairman of the Conference, I take great
pride in welcoming all the attendees of the first
International and third National Conference on
Biomathematics. Specially I take great pride in
welcoming Prof. Dr. Manzoor Hussain Soomro,
President of ECO Science Foundation and
Professor Hossein Salar Amoli, Acting Minister
for International Scientific Cooperation.

I hope that this annual conference can provide a
good opportunity for exchanging knowledge and
experience in this field. We are looking forward
to an excellent meeting with great scientists from
different countries around the world and sharing
new and exciting findings in this conference. I
add my best wishes for a successful and fruitful
conference and my thanks to all organizers,
Scientific, Arbitration,
Committee’ members, especially Professor
Mahdi Behzad for his scientific advice, Dr.
Arezou Rezaei, Secretary of the Scientific
Committee, for her hard work in holding this
conference.

executive and

I am also looking forward to seeing you in
coming meetings and seminars, here and there,
to share our new experience and knowledge with
each other!

Thank you
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Dr. Arezou Rezaei

The Scientific Secretary of the Conference

Good morning, ladies and gentlemen. I am
very pleased that we are hosting the First
International & Third National Conference on
Biomathematics.

Let me introduce myself. For those of you who
don't know me, my name’s Arezou Rezaei, the
scientific secretary of the Conference.

I warmly welcome each and every one of you.
Thank YOU all for accepting our invitation.

My special thanks to Prof. Hossein Salar Amoli,
Acting Minister for International Scientific
Cooperation and also Prof. Dr. Manzoor Hussain
Soomro, President of ECO Science Foundation.

I'd like to thank all my friends, colleagues and
the members of scientific committees for their
cooperation and helps. I cannot imagine any
success without your presence.

I studied Biochemistry and this conference
provided me with an exciting opportunity to
figure out why even Leonardo DaVinci said:
“those who don’t know math don’t enter my
painting workshop!” 1 desire to invite you,
mathematicians, and my friends in other fields to
see a small window called Metabolism, if you
are not that concerned with biochemistry.

The alphabet of the living world is written by 4
biomolecules: Nucleic acid (DNA-RNA),
Proteins; Lipids; Carbohydrates, that the
metabolism of the mentioned biomolecules is
interwoven and interrelated in such a
complicated network like this
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I'd like to shed more light on sugar blood-
glucose metabolism based on this complicated
network. It is noteworthy the fact that the
currency of energy within the cell is called ATP.
Glucose will turn to a molecule called pyruvate
in a linear direction (Glycolysis). Pyruvate will
turn to Acetyl coenzyme A. Acetyl coenzyme A
will enter a circular pathway called Krebs cycle;
TCA. During the mentioned process, some
molecules will be produced, in addition to ATP,
in a direction called oxidative phosphorylation,
which can be considered a currency exchange.

All cellular metabolism directions have multi
stages. To give an illustration, glucose has 10
and Krebs has 8 stages. It is worth mentioning
that in each and every metabolism direction there
will be two or more reactions, which will be
regulated based on the needs, the circumstances
of the growth, development and differentiation.
This regulation is so precise. Any sort of disease
or even death is derived from the faults of the
mentioned system. Another critical point is the
fact that each stage is done at a certain speed.
However, the general speed of the metabolism
direction is determined by the stage with the
lowest speed (rate-limiting steps)

The main objectives of mine: In a teamwork like
this conference, coordinating others involved in
the process would be of high significance.

Any sort of misarrangement might potentially
lead to chaos and disorder and even failure of
that team.
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in Biophysics,

Any strength or positive point in this conference
is the outcome of the help and support of all the
people who have accompanied us; both
scientifically and logistically. Without their
presence and help, we could not take any steps.

There would be some misarrangements
including late announcing of the Conference
schedule. Accordingly, accept my deep apology
for the mentioned fault and I'd like to take it on
my own, even though it could have been better.

The last word:

Descartes reached his philosophical assumptions
through the logic in math. His best-known
principle is: “I think, therefore I am.”

I hope, from the bottom of my heart, human
minds, especially those who engaged with
mathematics and  biomathematics, gets
accustomed to discipline and order in Math.
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Consequently, without a shadow of a doubt,
human’s life will get gradually separated from
the anomaly and chaos, poverty and lack of
harmony in team work and will move to logic,
wisdom and kindness. Ultimately, everything
which is going to be done will certainly happen.

If we think properly, precisely, and
systematically our “being” and “becoming”
could be precise, exact and orderly.

Sincerely, I express my appreciation for your
kindness. I highly appreciate your presence.

Wish you happiness and health
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Lehninger, A. L., Nelson, D. L., Cox, M. M., & Cox, M. M., Lehninger principles of biochemistry. 7th

edition. Macmillan. (2017).

Pena FJ, Ortiz-Rodriguez JM, Gaitskell-Phillips GL, Gil MC, Ortega-Ferrusola C, Martin-Cano FE. An
integrated overview on the regulation of sperm metabolism (glycolysis-Krebs cycle-oxidative
phosphorylation). Anim Reprod Sci. 2021 Jul 14:106805. PMID: 34275685.

Link of the Lecture:

https://drive.google.com/file/d/1afY1z)BstKR8WI-loeA4ONW5-jPT-dzN/view?usp=sharing
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In the name of God. Distinguished guests, Professor Basiri, president of Damghan University, excellency
Professor Manzoor Hossein, president of ECO science Foundation, ladies and gentlemen.

It's my great honor to be with you to have a talk regarding the first international conference on
Biomathematics which in fact is the third conference in this regard. At first, I should thank the organizer
who managed this kind of meeting. Thanks to all of you for you facilitating and providing support for
everybody to take part in this important event. I hope the deliberation of this meeting to be fruitful for
everybody. When we are talking about math and biomath we should see this important point that in history
always Iran has done a great job in the world. A great number of the people, a great number of the scholar
in the history actually we can introduce them to the world. Omar Khayyam, a philosopher and also a
mathematician. Khwarizmi who created the Algoritm. And also, many others, such as Nasir al-Din al-Tusi,
who is again a philosopher and also a mathematician. Not only in the history, but now we can see that a
great number of the people is doing well in this regard, Maryam Mirzakhani, is one of the Iranian Professor
who was done a great job. God bless her soul. And also, in every year Olympia we can see the number of
Iranian young people are doing well in this regard. So, we can say that, we have done a great job in history.
I do want actually to emphasize a series of point that I do hope to be useful. The first and most important
point is internationalization. We believe that transferring knowledge from our country to other country, and
vice versa is crucial for any development. We believe that in this regard the knowledge can transfer and
increase the science and technology development in each country. When we are talking about the
internationalization, our mean is to transfer the knowledge, experience, and also to full wide support for
everybody for moving. Moving of the student, moving of the Professor from one country to another country.
And also, we are seeing the important points regarding the joint-venture projects. Definitely, joint-venture
projects could help us actually to understand the problem and to find solving for any problems. I want to
say that you have done a great job to promote your conference from national level to international level.
You have done a great job in this regard which I should emphasize is a positive step in this level. The
second point is regarding the application of math and biomath. Unfortunately, many people believe that
math belong on the future, next 100-year, next century and maybe a few next centuries. But we should see
that everyday life of human being is connected to math. When we are watching the television, when we are
talking by cell, when we are sending a satellite to orbit. In everyday actual activity we are seeing that the
role of the math and biomath is crucial. I am happy to see the articles that you have accepted in this
Conference, many of them are related to problems that people are involved with it just now. For example,
modeling of the covid-19 behavior. Also, we should say that such other articles such as modelling of the
energy consumption, and it shows that the math is working with the problem that the people are facing
every day. We should consider this important point and we should say to other people that application of
the math is related today everyday living activities. It is crucial for the progress of the math activity and
biomath infact promotion. And the third point is that year 2022 is name as international year of basic science
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for sustainable development. It was confirmed by the UNESCO and after that about 3-4 months ago it was
concerned but United nation general assembly. So now we are in the year of basic science for sustainable
development. It is very important for us and for everybody in the world to understand that basic science

ot el ol

which math is a part of that, definitely physics, chemistry and others are a part of the basic science, they
are crucial not only for the future of the science but also for today, for sustainable development, and
everybody should understand this important issue. So, I want to suggest all of you to consider this year ﬁ
2022 and provide support for such conferences and the same actually conferences and activities to run .
studies of the courses of this regard to understand much more regarding the sustainable development and e Gl Orgeizaion
the role of the basic sciences. Thank you very much. I should thank again to organizer who manage this
meeting. I hope to be succussed and I hope the output of this conference to be useful to for everybody. i Toin

Thank you very much. God bless you all. Thank you.
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Link of the Lecture: iyt S
https://drive.google.com/file/d/1SU55YXLMtoz sBEcgB3mBWC7ZH8-e2YZ/view?usp=sharing
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STEM Education for Sustainable Development

MANZOOR HUSSAIN SOOMRO
PRESIDENT

ECO Science Foundation

http://www.ecosf.org

1st International and 3rd National Conference on Biomathematics
Damghan University, Iran

January 19, 2022
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The Sustainable Development Goals
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Sustainable Development

The issue
Brought forward in view of the challenges at a scale never seen before!
Demographic challenge:

Strong population growth, notably in the developing world. 200 years ago there were less than one billion
humans living on earth — currently it is 7+ billion of us- A Seven folds increase!

Resource challenge:
An increasing usage of resources, renewable and non renewable alike.

Raw materials.
Energy.
Food.
Environmental challenge:
Higher levels of environmental impacts of human activities.

The capacity of this world to sustain its population is compromised!
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Sustainable Development

“Development”

Development is about people, not necessarily the economy! & i
It is a process for Improvement of the welfare of the population: o M

And we need to Create an enabling environment for the people.
It is often forgotten in the immediate concern with the Accumulation of
Commodities and Wealth.

Thus the real Challenge is to Find ways to satisfy and improve

human needs

An STI (SETI) framework for
Sustainable Development

¢00N°M'° GO“Ls
Principle: Principle:
ACCOUNTABILITY OPENNESS

National

Governance,
Policies e
& Academia Government | Infrastructure
Regulation Researchers Ministry officials
Scientists Public sector workers

Technologists Representatives ]
&

== g

i Private Sector | £

E SOCiOW Investors.
Entrepreneurs
Business staff Human

NGO workers
Grass-roots innovators
Finance Excluded communities
Capital

National

Regional

Knowledge
and
Data

Principle:
COLLABORATION

Principle:
INCLUSIVITY
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{ Key Factors Affecting Long Run Economic Growth
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Research Innovation Enterprise
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And STEM education is overarching!

Emerging Technologies for Sustainable Future

» We are in the midst of the 4th Industrial
Revolution; wherein complete sectors of the
economy are going digital. It is a rather a Digital
Revolution with Al, Machine Learning, Big data & IOT
across the technologies!
» Even if we do not know what tomorrow’s 1st Industrial 2nd Industrial 3rd Industrial 4th Industrial
Revolution Revolution Revolution Revolution
occupations will be, most of the research agrees on  wawrsnasiemn  eiocticiy Aaboowalion ybarPhysia
the fact that the future jobs will require strong critical

thinking, adaptability and continuous learning

T

Elec

» Itis thus urgent to develop global competencies &
technological skills that will allow everyone to fit in
the world of tomorrow for sustainable future
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ECOSF

CHANGE: Impact of 4t Industrial Revolution

Replacement Human Cognitive Labor

ot e e 4
—.
United Nafiotrs

Educational, Sciensiic and
Cultural Organization

IMPACTS

uni Twin
Assistive

1900
Assistive

rd
1t znd 3
Steam + Water Information
IMPACTS Electricity Technology
Rep|acementv Human Physical Labor
www.heathermcgowan.com

MCGOWAN | SHIPLEY

New skills require new mindsets around learning

First Industrial Revolution Fourth Industrial Revolution

Learning Mastery of basic skills and Developn?em .o : “"T°'° pesmea
Objectives [knowledge (e.¢, reading, math) across multiple intelligences (e.g.,
] = . emotional, intellectual, social)
Rolo of Expert Facilitator R 9’-‘
Educator Q_H
Learner “Factory model” - Passive, *Custom model” - Active, self-

Experience | structured, directed, en masse

-

directed, exploratory o

oA

Target Age K-12

=3

e

Lifelong learning

Expertise “Teacher knows best” “Anyone can teach”

Access Physical classroom ij; Anytime, anywhere, any device

Rt il B ' WO
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i@t Competitiveness — Importance of Human Capital

Returns to research and development and subsequent innovation depend
critically on the human capital base of countries, which determines their
capacity to recognize, assimilate, and apply new technologies

Skills Workplace training to increase people’s occupational mobility
uni Twin
Ente rprise Programs for start-ups e.g. Start-Up Chile, Young Innovative wg%,..,.m;

Companies in France, Entrepreneurship First (UK)

Mobility Housing market reforms to improve affordability and geographical
mobility
STEM Investment in improved access to and quality of teaching in STEM

subjects (Science, Technology, Economics!, Engineering and Maths)

Qutcomes

1 ; ; :
| Human Capital Physical capital

Appropriate social, political, legal
and economic conditions.

1
1
| Conditions:
:
1

M IO " i I
Development Outcomes
 Improvement of the physical and
| E—— " human capital.
1 ]
I ) 1 Human capital:
: -Health- -ngh‘ts : Improved health or knowledge.
;| -Education —1— -Equity " ",
| -quality of life LR e ; Improved opportunities for people to
| 1 use their acquired capabilities.
: : Improved work or leisure conditions.
: -Employment : Physical capital:
'L ____________________ : Improved private infrastructures.
Conditions/Ingredients Improved collective infrastructures.
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Sustainable Society

Sustainable Development

, }

. Economic Environmental un i
Social Equity ficier i
Efficiency Responsibility o
« Living conditions + Economic growth + Consumption of resources
« Equal opportunity - Efficiency & competitiveness * Materials and wastes
« Social cohesion « Flexibility & stability * Risks
« International solidarity » Production / consumption * Rate of change
+ Maintenance of human + Employment » Natural and cultural
capital. + International trade landscape

Why STEM education is important?

The decline of STEM education in some parts of the world with
growing interest in liberal arts and finance, resulting in the shortage of
engineering human resource to create real economy.

We define engineering as an application of science to create technology.

Civil, Mechanical and Electrical Engineering are the application of physics to
create Technology

Chemical Engineering is the application of Chemistry to create Technology
Biomedical Engineering is the application of Biology to create Technology

The Foundation of Science is Mathematics which sharpens our logical,
analytical and deductive reasoning skills
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-@
I STEM Drives Technological Innovation and
Economic Growth
GDP per
capita
Innovation and application  New s e O per Uni Tain
of emerging technologies percapita | PR
are critical for socio- T"';‘;:::’j;;ﬁi;"‘ 014 GDP T
economic development s pe

per capita

Source: Value Concept and Ecanomic Growth Model

Workforce for Sustainable Development

Solid fundamentals of Science, Technology, Engineering
and Mathematics are a must to meet the development and
infrastructural needs of the sustainable future

Work with industry players to give exposure and
opportunities to work on real life problems

STEM helps students to become independent thinkers,
decisive, team players and be life-long learners
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5 Yy ECOSF
&
L] - - o
SETI capabilities: What are they? i
-Scientific capabilities — the ability to learn, understand and apply scientific iy
knowledge and skills to solve problems.
Engineering capabilities — the ability to learn, understand and apply engineering uni Twin

knowledge and skills to solve problems.
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Technological capabilities — the ability to learn, understand and master the use
of existing (both traditional and recent) technologies to solve problems and to
produce new technologies.

> Innovative capabilities — the ability to innovate. Technological learning by
enterprises (firms and farmers most importantly) is important for technological
development of a country.

Policy learning by STI policymakers is also very important!

Infrastructure
Development
Job Creation/ .
Economic G b
Opportunities esource

SETI Framework ‘

Agricultural
Productivity
Environment
al Protection
Social
Inclusion

Sustainable Development
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Conclusions

STEM education leads to strong SETI capabilities

STEM improves human capital, and access to technologies e o
(and absorption)
. . . . uniTwin
STEM drives innovation systems for sustainable and
inclusive growth and economic development. e

Thank You!

president@ecosf.org
registry@ecosf.org
www.ecosf.org

Link of the Lecture: 1ol yide ST
https://drive.google.com/file/d/1sYlpz72WI 5engTptyjlgvzdrkvGO eo/view?usp=sharing
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Dr. Mehdi Behzad

The founder of Iranian Mathematical
society, the first secretary-general of
the Iranian Academy of Sciences

A Few Points and Recommendations

A short conversation with Dr. Arezou
Rezaei dated 23/6/2021 reminded me of a
few memories which I hope will be useful:

1- In 1975, Dr. Lisa and her husband Dr.
Fereydoon Javadi founded the Center for
Basic Research in Cellular and Molecular
Sciences, (known as the Institute of
Biochemical and Biophysical Research) in
the University of Tehran and began research
in the field of biology in collaboration with
several researchers including Dr. Khashayar
Javaherian and Dr. Mohammad Sabur.

2- During the years 1973 to 1975, Dr.
Abdolhossein Samiei was appointed to the
Ministry  of  Sciences.  After  the
establishment of  several scientific
institutions, including the  Scientific
Research Council and the Imperial
Academy of Sciences of Iran, he appointed
me as the head of the Basic Sciences
Department of the Council and the secretary
general of the Academy. There was also a
good budget allocated to each of the groups
of this Council for distribution to the active
researchers of the country according to the
written rules. For the first time, I met Dr.
Lisa and Dr. Javadi, who were asking the
Council for funding to facilitate further
research at IBB.

3- The Council of the Academy of Sciences
asked me, while corresponding with the
Nobel Foundation, to make arrangements
for a cooperation between these two
scientific institutions. In response to my
letter I was invited, as a free listener, to
participate in a seminar entitled "Ethics in
Science Policy", which was to be attended
by about 25 famous scientists from different
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countries for three consecutive days. There
was a great deal of debate about "nuclear
energy" and "gene engineering" as well as
the dangers of such research for humanity
and all the living creatures. The conclusion
was that such research cannot and should not
be stopped: you can kill people with a knife,
but you cannot confiscate all the knives in
the restaurants and kitchens of the world
because of that!

4-  "The Challenging Problems of
Mathematics in the Twenty-First Century"
was the title of a conference held in the year
2000 at the University of California, Los
Angeles. One-hour lectures were delivered
by about 20 great masters of various subjects
of mathematics. This Conference was
reminiscent of the 1900 Conference, in
which Hilbert raised about 20 challenging
problems. "The century that has passed has
been the century of mathematics and
physics, and the century ahead is the century
of mathematics and biology," said Professor
Karp of Berkeley University. "Our team at
Berkeley is studying the human brain," he
said. The brain as a graph, has 10'° neurons
and 10'* synapses! We want to know how
many independent components this graph
has; that is, humans can think of how many
different subjects at the same time.

5- In 2014, I went to Neishabour to revisit
the city that I had its honorary citizenship
and to visit the University of Neishabour and
the House of Mathematics there.
Accompanied by Dr. Mohammad Hossein
Rahmani Doost, I went to meet the president
of the university, Dr. Mahmoud Sakhaei,
and heard about the scientific programs the
university had planned. At this meeting I
reminded him of the importance of
biological mathematics in the coming
decades. Fortunately, with the diligent
pursuit of the officials of University of
Neishabour, the first seminar on biological
mathematics was held, and now, after the
University of Tabriz, the third seminar is
being planned by Damghan University.
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Do Recommendations: Gwl.a.ww) 5 Q‘ M Gé,[_l) sl dr°-”.‘-3‘ 6, Ken L Y
1- Find appropriate candidates for holding 2y len of a ) €y DLk, e )
the fourth, the fifth and possibly the sixth  gaslin (sloo jglims 3l eolitl yasd o5lSal pac &y
seminars on biological mathematics as soon o ) . . ) )
) ozl ol o lasls «olpl Lol ezl el
as possible. ﬁm
DS IS 1y €l pl (Lol ) el (g SLSL, =L
2- In cooperation with the Iranian vy 09
Mathematical Society and the Biological S
Associations, register the "Biological . .
mbehzad @sharif.ac.ir :_Jees] ool =
Mathematics Association" and, if not o uni Twin
possible, establish a branch called the N . i
"Biological Mathematics Branch of the T T

Iranian Mathematical Society" similar to the
"Women's Branch of the Iranian
Mathematical Society".

Email address: mbehzad @sharif.ac.ir

Link for the lecture is not available.
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Dr. M.H. Rahmani Doust

The Secretary of the 1st National
Conference on Biomathematics

Greetings to the dear scientists, researchers and
participants in "The First International
Conference on Biomathematics and Third
National Conference on Biomathematics". Many
thanks to Damghan University, especially Dr.
Basiri, the President of Damghan University. As
soon as I asked him to hold the third National
Conference on Biological Mathematics, he
announced his acceptance and made
arrangements for the international conference to
be held. From Dr. Zaare, the Executive
Secretary, and Dr. Rezaei, the Scientific
Secretary, who have been working hard since the
beginning of the Conference. Special thanks to
Dr. Mehdi Behzad, who was the first to propose
holding a biomathematics conference in Iran. I
well remember that in 2017 he came to my house
and said that “the previous century was the
century of physical mathematics and the
application of mathematics in engineering, and
chemistry is clear, while the current century is
the century of biological mathematics and the
essential needs of society. It is an urgent need of
society to conduct research in this regard.” He
did not hesitate to help in holding this conference
and is pursuing the next courses of this
conference. Problems and objections are kindly
expressed so that less problems will occur in
later periods. Considering that holding a
specialized conference in the field of bio-
mathematics plays an important role in
optimizing the health of life and minimizing and
controlling diseases, it is hoped that an annual
international conference on biomathematics will
be held in cooperation with other universities
and institutes.

Link of the Lecture:
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Dr. Hossein Kheiri

The Secretary of the 2nd National Conference
on Biomathematics

In the name of God

Most Merciful Greetings and respect to the
participants of the Third National Conference
and the First International Conference on
Biological Mathematics. Therefore, it is
appropriate to thank these loved ones as well.
Special thanks to our dear friend and colleague
Dr. Rahmanidoost from Neishapour University.
He is the chief editor of the first conference, our
incentive, and the best supporter in holding the
second conference on Biomathematics at the
University of Tabriz and one of the sponsors of
the third conference. But about the importance of
mathematical modeling: the process of changing
a natural phenomenon in terms of physical and
mechanical conditions governing it in the form
of  mathematical equations is called
modeling.  Most  natural
phenomena change over time, the mathematical
model of this type of phenomenon can be
expressed by dynamic systems. On the other
hand, by having a dynamic model of a practical
problem and knowing its information in a
moment of time, the future and past of the

mathematical

problem can be predicted and, if necessary,
appropriate controllers can be considered for the
problem.

Since all biological problems, including cell
function, infectious disease behavior, non-
infectious diseases, demographic and intra-host
diseases, change over time, the mathematical
model of most of them can be expressed by
dynamic systems. A look at the research work
published in books and articles on biology over
the past few decades has convinced us that much
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of the progress in medical and biological matters
is due to mathematics.

As a representative of the University of Tabriz, I
request to host the fifth national conference and
the  third international = Biomathematics
conference at the University of Tabriz. I hope we
have an effective and good conference with the
cooperation of all our loved ones. Thank you for
giving me the opportunity and I say goodbye to
your presence.

Link of the Lecture:
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Dr. Carlo Cattani

Tuscia University, Italy

Carlo Cattani is Professor (Habil. Full
Professor, since 2017) of Mathematical Physics
and Applied Mathematics at the Engineering
School (DEIM) of Tuscia University (VT)-Italy,
since 2015. He has been previously appointed as
professor/research fellow at the Dept. of
Mathematics University of Rome “La Sapienza”
(1980-2004) and Difarma and Dept. of
Mathematics, University of Salerno (2004-
2015). Research fellow at the Italian Council of
Research, CNR in 1978-1980 and Visiting
Research fellow at the Physics Institute of the
Stockholm University (1987-1988). His main
scientific research interests is focusing on
numerical and computational = methods,
mathematical models and methods, time series
and data analysis, computer methods and
simulations. Author of more than 300 scientific
papers on international journals and co-author of
several books he has given significant
contributions to fundamental topics such as
numerical methods, dynamical systems,
fractional calculus, fractals, wavelets, nonlinear
waves. Editor in Chief of the journals “Fractal
and Fractional”, and “Information Sciences
Letters”, he is serving also as Editor in Several
International Scientific Journals. He has been
awarded Honorary professor at the Azerbaijan
University (2019), at the BSP University, Ufa-
Russia (2009) for “his contribution in research
and international cooperation”, and (in 2018) as
adjunct Professor at the Ton Duc Thang
University — HCMC Vietnam. For the many
achievements in research (H-index: Scopus (43),
WoS (36), Google Scholar (48)) he has been
listed in the 2020 World Ranking of Scientists
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On the fractal nature of DNA 1181

Carlo Cattani

uni Twin

Engineering School, DEIM, University “La Tuscia", i
Largo dell’Universita, 01100, Viterbo, ltaly. et oA st

Email: cattani@unitus.it

Indicator function

Let § = {Ik}kzl
relation, such that

xRy = TRUE v FALSE (h,k=1,..,N),

Ny T = {yr =1 N be two given sequences and R a binary

1 if zpRyr, = TRUE
.lzf__;; = “R(i‘h- Yk) = 1 i
0 if zpRyr = FALSE

EXAMPLE

rp Rz = TRUE iff zp is a prime A j is a prime
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Fiaure 1. Indicator matriz with n < 10, n < 20 (top) and n <
50, n < 100 (bottom) on the distribution of primes.

Parameters of complexity and fractality
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T Let vg(n) the frequency of the element @ among the first n elements of the
N-length sequence S, with n < N and pg(n) the corresponding probability, i.c.
pz(n) = vz(n)/n. The probability and the frequency count can be extended to a

set of points in R? by the ratio

pi(r) = va(r) /12

heing r the size of a gliding square.

The normalized Shannon entropy is a measure of the information which is defined,

: R ; i ) uniTwin
for a distribution over the alphabet (1) (see, e.g., Chen et al. 2005; Crummiler et al.
2011; Schmatt and Herzel 1997), as e —

4
= 1 log, pr(n) if pr(n) #0
H{”)_ﬁ;pkm)xlﬂ if pg(n) =0 (®)

where pg(n) is given by (5). (6).

In order to have a measure of complexity, for an n-length sequence, we use the defi-
nition (Berger et al. 2004)

| 1/n

"\ anlcy Ign!r,;I

with

a= Y V0nA), = ) v 0,

=1 n h=1,....n
(10)
&n = Z U*(rh‘ G), Iy = Z v (xp, T)
h=1...., n h=1,....n

D: Fractal dimension: is computed on the dot-plot, by the box counting al-
“ ]
gorithm [11, 12], as the average of the number p(n) of 1’s in the randomly
taken n x n minors of the N x N indicator matrix upg

N
I log p(n)
B QNZ logn

n=
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e D: Lacunarity: is also computed on the dot-plots, and it is the measure
of gaps in the distribution (see e.g. [28] and references therein). It can
;@} be easily computed by the ratio of the second and first moment of the
: : distribution
N
) 12
> [pr (R)]
k=1
Ry = N i

L;l pr (K J]

as a function of the gliding box size r on the binary image.

uni Twin

hetwrh on Fizaear=: and Postz acuzs
technabogy s Emsecnmental Hasth

In two dimensions this parameter can be easily computed on the binary
image, by using the indicator function on a squared gliding box with r-
length side, so that let upr (h, k =1,...N) be the indicator matrix which
gives rise to the binary plot. On the binary image we take a squared
oliding box with r-length side, so that

h4+r—1k4+r—

o (hy k) = Z Z Ust

is the frequency of 1 within thc hox. In other words in each square we
compute the number of 1. The corresponding probability is

htr—1k+tr—1

pp (B, k —}.2 Z Z iyt

s=h
Then the box moves over the }iainar}-" imagc in order to cover different
pieces of the image and to obtain the probability distribution

{p-r (A, ’{l)} hk=1,...N
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D: Succolarity: is computed on the dot-plot, by the box counting algorithm

[11, 12], as the average of the number p(n) of 1’s in the randomly taken
n x n minors of the N x N indicator matrix upp.

The succolarity of a fractal set is a parameter which quantifies the
capacity of flooding through the set. Thus, succolarity depends on the
obstacles along a fixed direction. The succolarity as a fractal measure
in image analysis has found some interesting applications [34, 35]. In
particular, it gives a simple algorithm to evaluate the succolarity on a
binary image.

uni Twin
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T

>. OP(BS(k)) PR(BS (k), pc)
SU (Bs (k) . (?) - B (3.2)
> PR(BS(k), pc)
k=1

where, OP is the occupation percentage, with respect the full image,
k is an index ranging from 1 to n, which corresponds to the number
of box. The occupation percentage of the k-th box is OP(BS(k)) and
PR(BS(k),pc) is the pressure applied on the centroid of the k-th box,
being pc the centroid of the box.

EXAMPLE
(IIIZZ:.‘\
000001
101010
000100
101010
010000 ..
\1 01010 ..)

The flow along the direction from top left corner to bottom right corner
changes the previous matrix into the follwoing (only two barriers are
shown)
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so that the pressure is 6

/Z .
e
) 1
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the pressure is 5

Recurrence plots for dynamical systems

Let us assume, without restrictions, that the dynamical system is a one-
dimensional system so that the solution is the n-length sequence S = {zp}r=1.. .n
representing the solution x(¢) at time t = k, (k= 1,..., n < oo). For a given
distance § we can define the boolean operator (indicator function)

w:8%x8—+{0,1} , 50
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e such that for r, € S, 7, € S

: Up = U (TR, ;Ik) =

0, if |;1’h_ = -T'k| >0 .

—_—
1181}
5.1. Example. For instance for the classical Cauchy problems of the eclastic G O
vibrations 5
d .lr =0 uni Twin
di? .
( J‘ Wetwork on Resear and Postgraduuse
&l—p =3 — =1 S
dt |,
and vibrations with damping
d*x dx
— 4+ 008— +2x =0
a2 T dt
| 3 dx i
Ilt=p = - T =
dt |,

with
n=100 , 6=0.2

we have the orbits and recurrence plots of Figure 2
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Fiaure 2. Orbits (left column) and recurrence plots (right col-
umn) with 0 = 0.02 for the free vibration system a).b) and vibra-
tion with damping c),d).
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Ficure 3. Typical textures in recurrence plots: a) homogenous,

b) periodic, ¢) disrupted and d) drift.

Fractal analysis of DNA sequences

Our analysis of DNA sequences is based on the 4-alphabet of nucleotides
R4 = {w] , W, W3, 11,'4}
where w| = A adenine, wy = C cytosine, w3 = G guanine, wy = T thymine.

LA, 0 AT Bt
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it Let Sy be a N-length ordered linear sequence of nucleotides (6.1) the indicator
function is defined as [21, 22, 24, 23])

u: (Sy) x (Sy) — {0 .1} (6.2)

such that

W if zp=— &k : )
u(y, w) = _ , (zn € (SN) , 7k € (SN)) (6.3)
0 if @ # ayp
uniTwin
k
def ]- * w;:‘m&.:mm—
ACEES P TS
j=1
My
> vilk) =1
h=1

As approximated value of probability to find the nucleotide A, €, G, T at the
position k in the sequence Dy(Sy ), can be taken the following

Pa(k) = va(k) . (6.5)

Fractal analysis on binay plots.

If we plot the indicator matrix of some bacteria and compare it with a pseudo-
random and periodic sequence, we can see that (Fig. 5)

(1) the main diagonal is a symmetry axis for the plot

(2) there are some motifs which are repeated at different scales like in a
fractal;

(3) periodicity is detected by parallel lines to the main diagonal (Fig. 5, a2)

(4) empty spaces are more distributed than filled spaces, in the sense that
the matrix wupy is a sparse matrix (having more 0’s than 1’s);

(5) it seems that there are some square-like islands where black spots are more
concentrated; these islands show the persistence of a nucleotide (Fig. 5,a2
and bl)

(6) the dot plot of archaea is very similar to the dot plot of a random sequence
(Fig. 5, al and h3)
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Fig. 1 Typical patterns in the binary image for a short sequence of nucleotides

Fig. 2 Typical patterns with symmetries in the binary image for a short sequence of nucleotides
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o s Fig. 3 Gray-scale binary image A c G
representation of the indicator

m} matrix Tr

Gt 1= =

L

|

|
|

Al 1A uni Twin

A o G T etk o s 2 Proatiums
Beotechnaiogy and Ervesanmental Haskh

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022




Uhnlsoliﬁulb—quJ&mabJulouhmumgmguunll O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University

PDF Compressor Free Version

ot i ol il

.
-2 \.) \.

'?“’f uni Twin
ool >
1 50 ==
ask

Hrusie :?
At i 'f’i
501 WYNLLL D)
=':‘¢'>’>‘e"°»'3¢"&53:'
.;«.-,? GACT O
!}.4. ‘t}.’ {.4'.' gﬁ' ]
ittt bt
AR IR 34

(Y
S

a6

Tl G T
" ‘;l. l;l:.l;z.;.lgl}il
50 _;&.u ;4 }'.{ ...._;_.?,?n:

B3RS % :&o’;{

)
4
A\
&
Ny
5
N
nd’
N -:’.‘.
1§

FIGURE 5. Indicator matriz for: al) pseudo-random 70-length se-
quence; a2) pseudo-periodic T0-length sequence with period m = 35;
bl) 70-length Dna sequence of Mycoplasma KSI1 bacter; h3) 70-
length Dna sequence of Acidilobus Archaea.
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Fig. 5 Gray-scale BIIM of DMT and NM 164339.3
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Table 5 Fractal values for
chromosomes

Table 6 Max values of fractal
dimension

Table 7 Min values of fractal
dimension

Chromosomes of Drosophila

Fractal dimension values

2r
21
3r
31
4

X

1.20776
1.21205

—_—
1.21322 11l
1.21191 [
121246 Gl e
1.21226

uniTwin

Type of sequences

Max fractal values

ek, on Fizsear= arel Ptz scuzn
Estucation in Bioohysics,
technabogy s Emsecnmental Hasth

Accession number

Introns
Whole gene
Coding (cds)
Repeats
Random

1.32707
1.30217
1.26203
1.30910
1.29961

DMT

MPI

NM 164315.2
BS4DM
Number 38

Type of sequences

Min fractal values

Accession number

Introns
Whole gene
Coding (cds)
Repeats
Random

1.29056
1.26349
1.24867
1.26680
1.29248

MSTS87-F
CG14641
NM 164339.3
(CAA)N
Number 37
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kit Table 1 Values of complexity ; ,
for chromosomes Chromosomes of Drosophila Complexity values
| 2r .2835:
2 128352
21 1.35006
_—
3r 1.36786 11H]
31 1.34794 e
Educational, Scientiic and
4 1.35691 Eu Ommin
X 1.35328
uniTwin

Hebwerk on Fisaeach and Posigradiusts

Table 2 Values of Shannon

entropy for chromosomes Chromosomes of Drosophila

Estucation in Bioohysics,
technabogy s Emsecnmental Hasth

Values of Shannon entropy

2r
21
3r
3l
4

X

0
0.788

0.763
0.870
0.827
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ki e Table 3 Complexity values
Sequences Complexity values

‘:@} NM 164315.2 1.31000

' NM 164339.3 1.24747
MPI 1.30454 ﬁ
CGl14641 1.05593 .=L.

United Nafiotrs
BS4DM 1.30840 it b
(CAA)n 0.952922
DMT 1.30037 oniTwin
MST87-F 1.21599
Random # 38 1.31686 I
Random # 37 1.24618
Table 4 Entropy values

Sequences Shannon entropy values
NM 164315.2 0.98933
NM164339.3 0.87744
MPI 0.98132
CG14641 0.61549
BS4DM 0.98696
(CAA)n 0.45934
DMT 0.96579
MST87-F 0.78892
Random # 38 0.99942
Random #37 0.89529

Fig. 6 Lacunarity for the Voss 1 I
indicator of the nucleotide [ 4
C (empty square), G (filled H
square), for the first 50 [
nucleotides of the linear
sequences DMT (coloured) and
NM 164339.3 (black),
respectively (Color figure
online)

(=]
tn

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022




Ulnnl_\olgﬁul_\—UJMuJ&hmeulnuiulnmumgmgUunll O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University

gleals alsdils

PDF Compressor Free Version

ik o Fig. 8 Lacunarity on the BITM,
for the indicator matrix on the
first 90 nucleotides of DMT

(empty box) and NM 164339.3

(filled box)

Fig. 11 Frequency of adenine
for the first 100 nucleotides of
DMT and NM 164339.3

<
n

uni Twin

Wetwork on Resear and Postgraduuse
| ] Eduesten 1 Braphyses,
Betechnabogy and Erveanmental Hasth

42 SR 2111150 s g s RS RS2 = i

20 &0 a0

50 100
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Lo Fig. 12 Frequency of cytosine
for the first 100 nucleotides of

DMT and NM 164339.3

uni Twin

Hebwerk on Fisaeach and Posigradiusts

NM 164339.3

technabogy s Emsecnmental Hasth

50

Fig. 13 Frequency of guanine
for the first 100 nucleotides of ‘
DMT and NM 164339.3

Npf 164339.3

50 100
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Fig. 14 Frequency of thymine
for the first 100 nucleotides of

DMT and NM 164339.3
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Ficure 6. Walks on the first 200 nucleotides: b1) Mycoplasma
putrefaciens , b2) Mortierella verticillata , b3) Blattabacterium ,
hi) Aervopyrum pernixz , h2) Acidianus hospitalis , h3) Acidilobus
saccharovorans.

Fractal similarities between the distribution of primes and
nucleotides in DNA

November 2020 - Proceedings of the Institute of Mathematics and Mechanics National Academy
of Sciences of Azerbaijan 2(2)

On the Fractal Geometry of DNA by the Binary Image Analysis

June 2013 - Bulletin of Mathematical Biology 75(9) - G = Follow journal
DOI: 10.1007/s11538-013-9859-9

Nonlinear dynamical model for DNA 2 2018
HM Baskonus, C Cattani
Advances in Mathematical Inequalities and Applications, 115-141

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022




Ulﬂn|3°l§ﬁu|)—UJmJJl:JLuabJulnufulnﬁum9m9Uunj| O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University
gleals alsdils

PDF Compressor Free Version

ot i ol il

Cattani, C. (2010a). Fractals and hidden symmetries in DNA. Math. Probl. Eng.. 2010, 507056.
Cattani. C. (2010b). Wavelet algorithms for DNA analysis. In M. Elloumi & A. Y. Zomaya (Eds.), Wiley

series in bioinformatics. Algorithms in computational molecular biology: techniques, approaches
and applications (pp. 799-842). New York: Wiley.
4 j Cattani, C. (2012a). On the existence of wavelet symmetries in archaea DNA. Comput. Math. Methods Ehmiing
Med., 2012, 673934.
Cattani, C. (2012b). Complexity and symmetries in DNA sequences. In M. Elloumi & A. Y. Zomaya m
(Eds.), Wiley series in bioinformatics. Handbook of biological discovery (pp. 700-742). New York: —_—
Wiy e
Cattani, C., & Pierro. G. (2011). Complexity on acute myeloid leukemia mRNA transcript variant. Math.
Probl. Eng.. 2011, 37T9873.
Cattani, C., Pierro, G., & Altieri, G. f20]2.). Entropy and multifractality for the myeloma multiple TET 2 uni Twin
gene. Marh. Probl. Eng., 2012, 193761.

Link of the Lecture: il it S
https://drive.google.com/file/d/1Mc7eMGvrxIW3zGgAOuCUE KozXplwPhJ/view?usp=sharing
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Dr. Shahram Jalilian

Professor at Department of History, Shahid
Chamran University of Ahvaz

Shahram Jalilian was born in Khorramshahr in
1978. He studied history at Yazd University
from 1996 to 2000. In 2002, he defended his
master's thesis entitled "The Medes Diplomacy"
at Shahid Beheshti University. In the same year,
he was accepted to the University of Tehran for
a doctoral program in the history of ancient Iran,
and in 2008 he defended his dissertation entitled
"The Problem of Succession in the Sassanid
Period". He has been a scholarship holder of
Shahid Chamran University of Ahvaz since
2004. Dr. Jalilian has been working in the
History Department of the Faculty of Letters and
Humanities of this university since 2008. In
2013, he became an associate professor and in
2018, he was promoted to the rank of professor
of ancient Iranian history. His field of study and
teaching is the history of ancient Iran, especially
the Sassanid period.

A view of culture and knowledge in pre-
Islamic Iran and its continuation in the
Islamic period

Abstract:

Iranians were the creators of a brilliant and
global culture and civilization before Islam.
Especially in the Achaemenid and Sasanid
periods, as evidenced by various historical
sources and archaeological data, science and
knowledge have a valuable place in Iran.
Iranians have achieved remarkable
achievements in various fields of science such as
medicine, mathematics, astronomy, philosophy,

etc. With the arrival of Islam to Iran, Iranian
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scholars played a significant role in the cultural
and civilizational progress of Islam in the fields
of mathematics, logic, philosophy, astronomy,
alchemy, mechanics, music, basic arts, industry,
ethics, history and geography, and even
jurisprudence and literature in the first centuries
of Islam and then. And of course, this interest
and effort of Iranians to learn various sciences
have been also reflected in a prophetic hadith
about our educated ancestors, which says: "If
knowledge hangs on the shores of the sky, a
group of Iranians will achieve it." This speech of
the Holy Prophet Muhammad (peace and
blessings of Allah be upon him) refers to a
historical fact that is the leadership, interest, and
effort of Iranians in learning knowledge and the
unforgettable role of Iranians in the rise and
flourishing of world culture and civilization. The
study of the history of the emergence and
flourishing of sciences in the Islamic world
shows that Iranians were the pioneers in many of
sciences, and Islamic civilization owes a lot to
them.

Keywords:  Ancient Iran, science and
knowledge, Achaemenids, Sasanids, Iranian
scientists, medicine, mathematics, astronomy,
philosophy.

Link of the Lecture:
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Mahmoud Reza Delavar has obtained a BSc. in Civil Engineering-Surveying from KNT University,
Tehran, Iran in 1988, a MSc. in Civil Engineering-Photogrammetry and Remote Sensing from University
of Roorkee (currently IIT Roorkee), Roorkee, India in 1992 and a PhD in Geomatic Engineering-GIS from g
the University of New South Wales (UNSW), Sydney, Australia in 1997. Dr. Delavar has joined College
of Engineering, University of Tehran in 1998 and now is a full Professor in GIS and Director, Center of
Excellence in Geomatic Eng. in Disaster Management, School of Surveying and Geospatial Engineering,
College of Engineering, University of Tehran. Prof. Delavar has founded Iranian Society of Surveying and
Geomatic Eng. (ISSGE) in 2001. He is the national representative to the International Society of Urban
Data Management (UDMS) since 2006, Scientific Secretary of International Society for Photogrammetry
and Remote Sensing (ISPRS) WG II/4 (Uncertainty Modeling and Quality Control for Spatial Data), 2008-
2012, and chairing ISPRS WG 1V/3 (Spatial data analysis, statistics and uncertainty modeling), 2016-2022.
Prof. Delavar is the representative of University of Tehran in the International Geomatic network for
networks (NfN). Dr. Delavar is in the editorial board of a number of national and international scientific
Journals such as ISPRS International Journal of Geo-Information (IJGI), Spatial Statistics (Ex. Editorial
Board) and International Journal of Geo-spatial Information Science (GSIS). Prof. Delavar has published
more 373 papers in national and international conferences and scientific Journals. Prof. Delavar has
supervised 95 MSc., 13 PhD students and 1 Postdoc research so far. His research interests are in spatial
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data quality and uncertainty modeling, spatio-temporal GIS, disaster management, smart cities, land
administration, SDI, spatial data fusion, spatio-temporal data mining, spatial data science, spatial big data,
urban growth modeling, land use and land cover change modeling, remote sensing and GIS integration.
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Google Scholar: https://scholar.google.com/citations 7user=PjpuPtMAAAAJ&hl=en
Skype ID: Mahmoud Reza Delavar
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Urban Growth Modeling Using Smart Spatial Data Fusion
Prof. Mahmoud Reza Delavar,
Center of Excellence in Geomatic Eng. in Disaster Management,
School of Surveying and Geospatial Eng., College of Engineering,

The University of Tehran,
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Abstract:

Ever-increasing urban population and increasing immigration from rural areas to cities have created
improper and uncontrolled urban expansion in a number of urban areas worldwide. Based on the United
Nation report (2018), urban population in 1950 was about 750 Million which was 30% of the world
population. It is estimated that the urban population reaches 9.7 Billion which would be 68% of the world
population. In addition, UN has estimated that by 2050 Iran's urban population would be reached about
90% of Iran's population. This will cause a number of problems such as food insecurity, shortage of urban
houses and drinkable water as well as environmental degradation.

This presentation has considered some solutions for overcoming urban sprawl and unplanned urban growth
by considering some urban growth regulations, implementation of some incentive policies, more efforts to
construct urban areas, increase of public awareness regarding urban sprawl disadvantages, the conversion
of agricultural and forest lands to urban areas, the growth of energy consumption, the increase in urban
infrastructure construction, climate change, earth warming, ecosystem changes, and environmental
pollution. Some of the urban sprawl reasons include cheaper land value in urban suburbs, lower rate of land
tax in suburbs, urban population increase, industrialization of societies, the tendency of people to have large
homes in suburb areas, the ease of access to suburbs, an irregular programs for mass home production, the
support of some loan mechanisms in suburbs development, and lack or insufficient urban policy or its weak
implementation.

Elements of a smart city including smart mobility, smart environment, smart living, smart government,
smart people, smart economy and smart disaster management have been discussed. Future vision for the
next 5 to 10 years research in geospatial information and services proposed by United Nation Working
Group on Geospatial Information Management (UNGGIM, 2020) have been discussed which covers
drivers and trends in GI research. The drivers include rise of new data sources and analytical solutions,
technological advancement, evolution of user requirements, industry structural shift, and legislative
environments. The major trends covers big spatial data, data mining, smart city, VGI, innovations and
knowledge-based private sector involvement, cyber security, ubiquitous connectivity, real time
information, meta verse technology, seamless outdoor and indoor environments, digital twins and
interoperability. A number of taxonomies for GIS uncertainty assessment have been discussed. There is a
need to harmonize the taxonomy among scholars regarding the fundamental concepts of urban growth,
urban expansion, urban development and urban sprawl modeling. It is concluded that smart city modeling
is a promising area to assist urban planners and decision makers to manage the cities in an informed way.
There are a number of artificial intelligent algorithms for urban growth modeling which should be
thoroughly and comprehensively compared and selected for each case study. There are a variety of errors
and uncertainties in urban growth modeling which affects decision making process in urban management.
Smart urban growth modeling should be coupled with urban development plans to be able to assist urban
planners and decision makers in their routine urban management decision making processes. New types of
spatial data such as unmanned aerial vehicles (UAV), laser scanned data, high resolution remote sensing
images (HRSI), volunteered geospatial /geographic information (VGI), ... should be also incorporated in
future urban growth modeling processes. Future research can also be undertaken on employing internet of
things (IoT), big spatial data and spatial data science in urban growth modeling.

Link of the Lecture: 1 il it S
https://drive.google.com/file/d/18010nrAZan58rxA 44MIHXp8vLoROX6A/view?usp=sharing
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Dr. Gholam Reza Rokni Lamouki is an
associated professor at the University of Tehran
(Iran). He did his Ph.D. at the University of
Exeter (UK) under the supervision of Professor
Stuart Townley and Professor Hinke Osinga. He
joined the University of Mazandaran; and then,
moved to the University of Tehran. Based on his
engineering and pure-mathematics backgrounds,
Dr. Rokni Lamouki’s main area of research is
control theory and dynamical systems with real-
world applications, especially in mathematical
biology and its modeling. He is also interested in
the theory of interdisciplinary research.

Biomathematics: Genesis and

Development

Abstract— Biomathematics was born in the first
half of the 20" century and step-by-step moved
towards solving biological problems and at the
beginning of the new century enjoyed the
prestigious legacy so that the view of the relation
between mathematics and biology in the 21st
century becomes completely different from the
previous era. This point of view is in debt of the
wended path which is paved by many famous
names in mathematics and biology. People in
both fields of mathematics and biology granted
us with their modern epistemology and thought
by focusing on questions that highly contributed
to the development of human society. In this
plenary talk, this path and some of these names
are briefly presented.

Link for the lecture is not available.
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Dr. Padmanabhan Seshaiyer is a tenured Professor of Mathematical Sciences at George Mason University
in Fairfax, Virginia. His research interests are in the broad areas of Computational Mathematics,
Biomechanics, Mathematical Biology, Design and Systems Thinking and STEM Education. During the last
decade, Dr. Seshaiyer initiated and directed a variety of educational programs including graduate and
undergraduate research, K-12 outreach, teacher professional development, and enrichment programs to
foster the interest of students and teachers in STEM at all levels. He serves on several prominent local and
national organizations including the National Math Alliance; SIAM Diversity Advisory Group; the Virginia
Mathematics and Science Coalition; Council on Undergraduate Research; the US National Commission for
Mathematics Instruction by the National Academy of Sciences and; on the STEM Advisory Board to the
Governor of Virginia. In 2019, he was selected as Figures that Matter and was awarded an honorary
doctorate from Vrije Universiteit Brussel. This was given to committed scientists who transcend the
boundaries of their own disciplines and to personalities that have been at the frontiers of societal change.
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Modeling and Analysis of the Spread of COVID-19 with simultaneous Variants of
Concern

David Yablonski, Sam Thomas, Susan Tarabulsi, *Padmanabhan Seshaiyer

George Mason University, Fairfax, Virginia, USA

*pseshaiy@gmu.edu

Abstract— With COVID-19 and its variants still of concern globally, researchers
continue to develop mathematical models to capture the dynamics of the spread
of the infection. Many of these models utilize a compartmental framework of
sub-populations. The typical categories include, but are not limited to, suscep-
tible, exposed, infected, and recovered populations. These SEIR compartmen-
tal models are used widely to model infectious diseases such as Zika, Dengue,
and COVID-19. These models typically vary in the types of compartments uti-
lized as well as a plethora of parameters. While current research suggests that
COVID-19 spreads through the interactions of multiple populations with one
another, several of these models may not fully account for such interactions.
For instance, there is evidence that multiple variants of the COVID-19 virus
impact these sub-populations differently. In this paper, we introduce a new
multi-variant COVID-19 model that will help provide insight into the dynamics
of the spread of infections. Specifically, the dynamics of the sub-populations
are modeled through a coupled system of ordinary differential equations. The
basic reproduction number for this model is derived that can potentially inform
policy makers to make data-driven decisions. We also perform simulations to
study the influence of various parameters employed in the model.

Keywords—COVID, Epidemiology, Compartmental models, Reproduction Number,
Variants

I. Introduction

SARS-CoV-2, also known as COVID-19, has had a historic impact across the globe since its first
designation as a pandemic in March 2020 by the World Health Organization (WHO). The virus
has been so widespread that it has become difficult to find a family or person who’s life hasn’t
been affected by COVID-19. Since its first reported cases in December 2019 researchers have been
working to understand the dynamics of this disease. In particular, many mathematical models
have been developed to better understand the spread of COVID-19 as well as predict possible
impacts of the disease such as expected number of deaths due to the disease and number of
possible hospitalizations over time. Through these models researchers were able to make informed
suggestions as to lessen the impact of the virus.

The primary methods to model the spread of infectious diseases are the Susceptible-Infected-
Recovered (SIR) and Susceptible-Exposed-Infected-Recovered (SEIR) compartmental models [1].
These models utilize a coupled system of ordinary differential equations (ODEs) that describe the
flow of populations from one state such as susceptible or infected to the next state such as exposed
or recovered. These models are not limited to the aforementioned categories as other models use

This work is supported in part by US National Science Foundation DMS-2031029.
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compartments for social behaviors such as face-mask usage and quarantining [2]. Models such as
these aim to illustrate the impact of such behavioral changes on the spread of a disease which in
turn are used to guide policy-maker’s decisions on how to deal with the disease at hand.

Along with focus focusing on social behaviors and dynamics [2, 3], a new consideration must
be made: COVID-19 variants of interest. In particular we seek to model the impact of variants of
concern as defined by the Centers for Disease Control and Prevention (CDC) and who with the
possibility of being infected by the given variant after recovering from COVID-19 and vice-versa.
With variants such as Alpha for B.1.1.7 (U.K. variant), Beta for B.1.351 (South Africa), Gamma
for P.1 (Brazil), Delta for B.1.617.2 (India), Omicron for B.1.1.529 (South Africa), it is important
to study the disease dynamics of these new threats. This consideration is main focus of this work.

Note that these variants do not happen separately from the ongoing COVID-19 pandemic as
they are spreading simultaneously. Therefore this paper works to establish a model that captures
the dynamics of such a situation focusing on two simultaneous viruses while also taking into
consideration some social behaviors such quarantining and hospitalization. This model will take
the classical SEIR model and utilize a few social behaviors as presented in [2] and build upon
them. The assumptions and choices of social behaviors of this model is such that the model will
be effectively represent the complex set of circumstances of two viruses but simple enough to begin
to understand the implications of such a situation.

This paper be outlined as follows. In section II, we present important definitions as well as
the mathematical underpinnings of our model. Here we present the flow diagram of the model as
well as the governing system of ODEs that are the computational basis of this model. In section
IIT we state and prove the basic reproduction number, R, for the model. Section IV will update
the baseline model given in section 2 to include the possibility of those exposed to the virus as
being able to also transmit the virus. Section V will present numerical experiments and their
corresponding graphs and implications of model we have presented. Finally, section VI will be
dedicated to conclusions and future work.

II. Mathematical Model and Governing Equations
A. Model and Sub-populations

In this work, an extended SEIR compartmental model is given that incorporates a simulta-
neous variant of the COVID-19 virus, as well as quarantine, recovered, hospitalized and dead
sub-populations. For simplicity this model does not include vital dynamics such as birthrate and
natural death rates. This model is organized around the flow diagram (see Figure 1). The model
includes the following sub-populations:

e Susceptible (S): Individuals who have not been infected with COVID-19 or the considered
variant

e Exposed (F;): Individuals who are in the incubation period of disease progression of virus
i

o Second Exposure (E; ;): Individuals who have recovered from virus ¢ and currently in the
incubation period of disease progression of virus j

e Infected (I;): Individuals who have been infected with virus ¢

e Second Infection (/; ;): Individuals who have recovered from virus 4, and currently infected
with virus j

e Quarantine (Q;): Individuals that are quarantined after being infected with virus ¢

o Second Quarantine (Q; ;): Individuals that have recovered from virus 4, and currently
being quarantined after being infected with virus j

e Hospitalized (H;): Individuals who have been hospitalized by virus ¢

e Second Hospitalization (H; ;): Individuals who have recovered from virus 7 and currently
hospitalized for virus j

e Recovered (R;): Individuals who have recovered from virus ¢

e Fully Recovered (R): Individuals who have recovered from virus ¢ and j

e Dead (D): Individuals who did not survive either virus

uni Twin
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Here we assume that the states Q;, Q; ;, H;, H; ; no longer spread COVID-19 or its variants but
those who have recovered from one virus can be infected at the same rate as someone who has not
contracted either virus.
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Fig. 1. Flow diagram for the two variant COVID-19 model

The dynamics of the spread described is shown in the following flow diagram Figure 1.

B. Governing Differential Equations

The flow diagram in figure 1 is described with the following equations:
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In a population of NV individuals where N is the sum of all sub-populations, susceptible individuals
S move to the either exposed state E; or Es after interacting with individuals infected with
COVID-19 or its variant respectively. This transmission is represented by a proportion of the
respective infected classes, I; and I involved in the transmission and an infection rate that is
proportional to the infected individuals. This transmission rates are given by the constants 81 and
B2. While an individual is in either exposed state, E; or E5, the virus has an incubation period,
oy L and oy ! such that by the end of this period, individuals move to their respective infected
state I; or Iy. At this point, individuals that are mostly symptomatic, go into the appropriate
quarantine state, Q1 and ()2 at a certain rate denoted by A; and As. Quarantined individuals then
enter either the recovered states, R; and Rs or the Hospitalized states Hy and Hs respective to
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the virus contracted at a proportion, ¢; and gy of the recovery rate v, and 7, respectively. While
in the hospitalization state individuals can either move to the respective recovered state R; or Rs
or into the death state D at a proportion p; and ps of the recovery rate p; and pe. This model
then allows for individuals to be be infected with a second virus after recovering from the first.
The change of states follow the same process as outlined above. Here we denote these states by
F15 which represents an individual who has recovered from virus 1 and is in the exposed state for
virus 2. For this work we assume that the rates that induce state changes are the same whether
or not an individual is infected for the first time or the second time. For example, an individual
in the E4o will change states to I12 with the same incubation period of o5 L. The various rates in
the diagram and equations are summarized in table I.

Table I. Symbols and definitions of parameters

Parameter | Definition

Bi Transmission rate of virus ¢ per person per day

o; Rate at which individuals exposed to virus ¢ are infected per day

A Rate at which individuals infected with variant ¢ are Quarantined per day

Yi Rate at which individuals quarantined with virus ¢ become hospitalized /recovered per day
H; I Duration at which hospitalized individuals infected with virus ¢ recover or die per day

q; Fraction of quarantined individuals infected with virus ¢ recover per infection

i Fraction of hospitalized individuals infected with virus i recover per infection

ITI. Basic Reproduction Number

In this section we will derive the basic reproduction number, R for this model. This number can
be used to quantify the transmission potential of two different variants of COVID-19 as modeled
by the system(1)-(21). Ro is the average number of secondary infections produced by a typical
case of an infection in a population where everyone is susceptible. We will use the Nexzt Generation
Matriz described in [4] to solve for Rg.

Theorem 1. The basic reproduction number Rq is given by

B b
A1’ Ao

Proof. Given infections states E1, Eo, I1, I2, E1 9, E2.1,11 2,121 in equations (2)-(5) and (12)-(15)
we create vector F representing the inflow of new infections into the aforementioned infectious
states. Given S &~ N in the beginning,

(22) Ro —fnax {

(23) F = {51-[17/32]270707 ﬁ2R1‘[1’2 BleIz’l,O,O}

N 7 N
Similarly we define vector V by the outflow of equations (2)-(5) and (12)-(15) respectively.
V ={01E1,02E2, —01Ey + M1, —02E + Xoly, 001 5,01 E5 1, —02E1 2 + AoI1 2, —01E2 1 + M1z 1}

Next, we now compute the Jacobian matrix F' from vector F and Jacobian matrix V from vector

v

0 0 /4 0 0 0 0 0 7 [ oy 0 0 0 0 0 0 0]
00 0 B 00 O 0 0 o2 0 0 0 0 0 0
00 O 0 0 0 0 0 —o1 0 MO 0 0 0O 0
F_|00 0 000 o0 0 v |0 o2 0 X 0 0 0 0
oo 0 0 00 22 9 1o 0 0 0 o, O 0 O
000 000 0o &F 0 0 0 0 0 o 0 O
00 0 0 0O0 0 0 0 0 0 0 —o3 0 X O
00 0 0 00 0 0 | 0 0 0 0 0 =—o1 0 M\J
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The Next Generation Matrix given by FV ! can be calculated as:
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The basic reproduction number is the maximum eigenvalue of FV~!. For this we take the uniTwin
determinant of FV~! — AI and solve for the roots of the characteristic polynomial. Note that
A # A1, \g as it represents the eigenvalues of the matrix. =

_ B1 B2 B2 Ry B1 Rz
det(FV'=AD) =X == X) [ === - A - A
et( ) ()\1 A2 Ao N NN
Ry Ry . . .
Note that —, — < 1 since we assume that the outflow of state S is partitioned between F; and
FE5. This implies that the basic reproduction number for this system is given as

B1 ﬁ2}.

Ro = et i
0 maX{Al,A2

O

Remark 1. The result given by theorem 1 implies that the basic reproduction number for the
system (1) — (21) is the largest ratio of the transmission rate to quarantine rate of the two variants

of COVID-19.
IV. Effect of Exposed population

One may also consider the impact of the interaction of exposed populations to cause new infec-
tions. This can be modeled by updating equations (1) - (3) and (10) - (13) as follows:

dsS S S
(24) =7 A —%(Elﬂl)—%(mﬂz)
dE S
T . A 1 1) — 011
(25) d; ﬁzlv (E1+ 1) — o E
dE S
(26) =2 = b2 (Ey + 1) — 02Es
dt N
dR R
(27) — = amQi+pimH - Petty (Br2+ 1 2)
dt N
dR R
(28) T: = @272Q2 + papoHy — bilty (Eaq+I21)
dFE R
(29) d;’Q = '82N : (Br2+1i2) —02E 2
dFE R
(30) di’l = 'BIN 2 (Eap +121) —01E2,

A basic reproduction can also be derived for the updated system with the impact of the exposed
states, following the steps shown in Theorem 1. This gives the following new result.

Theorem 2. The basic reproduction number Rq is given by

_ B B P2 B
(31) Ro—max{m—i—)\l, O'2+)\2}

Proof. We follow the same process as shown in the proof for theorem ?7 to calculate,
BeRi(E12 + 1i2) BiR2(E21 + 121) 0 0}

F = {51(11+E1)752(12+E2),0707 N ; N
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and

ot el gl

V ={01E1,00E,—01Ey + A\ 11, —02E> + Xol2,00F1 2,01 FE2 1, —02FE1 2 + Aol 2, —01F2 1 + Al }

Then the respective Jacobians can be calculated as:

31 0 B 0 0 0 0 0 ] o1 0 0 0 0 0 0 0]
0 B 0 B O 0 0 0 0 o3 0 0 0 0 0 o7
0 0 0 0 0 0 0 0 —o1 0 XA O 0 0 0 0=
p_|0 0 0 0 0 0 0 0 v |0 o2 02 0 0 0 Gl
0 0 0 o0 2 o 2B 0 0 0 0 o 0 0 0
0o 0 0 0 o &R o 4Ok 0o 0 0 0 0 o1 0 0}
0 0 0 0 0 0 0 0 0 0 0 0 —op 0 A 0 0iT@in
0 0 0 0 0 0 0 0 | L O 0 0 0 0 —or O NI __ . ..
The next generation matrix can then be computed as: o .
[ (R 0 0 0 0]
g1 1 1
0 Bey B g £ 0 0 0 0
g2 2 2
0 0 0 0 0 0 0 0
_ 0 0 0 0 0 0 0 0
FVv—=
B2 R B2 R B2R
0 0 0 0 2N +RN ) 0 o NN ﬁ%
0 0 0 O O 011]\/?+A11]\f2 0 )\11]\/?
0 0 0 0 0 0 0 0
| 0 0 0 0 0 0 0 0 |

Next, we compute the characteristic equation as before with det(FV~! — AI) = 0 which yields,

B, B B2, Be BaR1 | Bal PRy | BiR2\|
N [A (alﬂlﬂ P <02U2>] [A (@N ¥ AZN)] [A (olN * AlN)] B

Since R; < N for i = 1,2, the basic reproduction numberis given by

Rozmax{ﬁl—i—ﬁl 52—&-62}

01 )\17 g2 A2
O

Remark 2. The result given by theorem 2 implies that Ro for the updated system with (24) - (30)
s impacted by the rate of exposed people becoming infected along with the transmission rate and
quarantine rate of the two variants of COVID-19.

V. Computational Experiments

In this section, we study the dynamics of the system proposed in this work to understand the
impact of variants of concern.

A. Initial Conditions and Parameter Values.

The parameters for COVID-19 we employ are listed in table II while parameters for variants
B.1.1.7 and B.1.427 are given in table III and IV. Note that these are only chosen for simplicity to
demonstrate the importance of studying variants and one may expand this work to new variants
such as Omicron B.1.1.529 also once we have more reliable data.

For the parameters not listed in table III or IV, we assume that they are equal to their cor-
responding parameters of table II. For our numerical computations we will assume that §; = .5.
Since the CDC estimates that Ry = 2.5 [5] for COVID-19 we can then use the result of theorem
1 to estimate A;. Assuming the Ry estimation is referring only to the original virus we have that
B2 = 0. Thus we have Ry = max {fl, O} which implies that 2.5 = )\—5 and hence \; = .2.

1 1
Remark 3. Note that as scientific research continues to evolve, these parameters are subject to
change.
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Table II. SARS-CoV-2 parameters

ot el gl

Parameter | Value | Reference(s)
51 5 Assumed
o ! 6 days [5]
A .2 Computed ==
N b i
Y1 5 days [ ] =
= Unid s
/1/1 14 days [ ] Ew,mm
¢ 81 [2]
P1 93 [5] =
uniTwin
Table ITI. Variant B.1.1.7 Pt et Py

in Biophysics,
dechnaboq o Emsecnmental Hasth

Table IV. Variant B.1.427

Parameter | Value | Reference(s)
Ba 75 [6] Parameter | Value | Reference(s)
q2 81 [ ] Ba .6 [ ]
P2 91 [ ]

With these initial conditions and parameters we can calculate the basic reproduction for various
scenarios (See table V and table VI.) Note that because it is assumed that the quarantine rate A;
and infection rate o; are equal across the viruses, R is determined by whichever virus has the
larger transmission rate ;. To put these values into perspective, table VII gives R values of past
infectious diseases.

Table VI. Updated Model

Table V. Model (1)-(21) with equations (24)-(30)

Virus 1 Virus 2 | Ro
SARS-CoV-2 | B.1.1.7 | 3.75
SARS-CoV-2 | B.1.427 | 3

B.1.1.7 B.1.427 | 3.75

Virus 1 Virus 2 | Ry
SARS-CoV-2 | B.1.1.7 | 8.25
SARS-CoV-2 | B.1.427 | 6.5

B.1.1.7 B.1.427 | 8.25

Table VII. Basic Reproduction Numbers for well-known diseases

Disease Ro Reference

Measles 12-18 [9]
Chickenpox 10-12

Pertussis 5.5

Smallpox 3.5-6
COVID-19 2.4-34
HIV/Alds 25 [T4]
Common Cold | 2-3 [15]
Influenza 1.3 [16]

B. Understanding the dynamics

To study the dynamics of the disease modeled by the system of ODEs (1) - (21), we employ a
higher-order Runge-Kutta method in MATLAB. For our simulation we used the population of Vir-
ginia, USA as N = 8,570,400 which was around the population in April 2020. We assumed in this,
the initial population of the various groups in the system of equations were given to be the follow-
ing: S = 7000000, EY = 1000000, ES = 7000, I? = 490000, IS = 7000, EY, = 1000, E5;01000, 9, =
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Do 700, I3, = 700. The rest of the initial conditions for quarantined, hospitalized, recovered and dead ECOSF
' were taken to be zero.
Figure 2 shows the impact of increasing the quarantine rate. Clearly as more people quarantine o
‘i@} the basic reproduction number R, decreases. The figure suggests that one can get epidemic to

: vanish with Ry < 1 if we are able to quarantine more than 90% of the population. While this S
maybe unreasonable, it may be noted that by getting over 30% quarantines, we can get Rg < 2 ==

which is very reasonable. m

Usnited Natiotrs.

uniTwin

Hebwerk, on Fisasarch and Posigradiuste
Sokechosboq and Errveanmenl Haskh

Basic Reproduction Number RU
i
_—

0 1 1 1 1 1 1
0.1 0.2 0.3 04 0.5 06 0.7 0.8 09 1

Quarantine Rate A

Fig. 2. Ry in response to increased quarantine

Next we plot the various susceptible, exposed, infected and recovered population fractions for
those that were infected once (Figure 3) and those that were reinfected by another variant (Figure
4). As expected the peaks shift as people move from the first recovered states to being reinfected
as they are exposed to new variants.

We also plot the population fractions for all the infected populations including those that were
infected by one of the variants and then were reinfected by another in Figure 5. We also plot the
two recovered states for people who were infected by one virus and also plot the fully recovered
state after they were reinfected again in Figure 6. These graphs exhibit expected behaviors which
can be used to inform policy.
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Fig. 5. The dynamics of
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VI. Conclusions and Future Work

In this work we have created a COVID-19 model that incorporates a simultaneous variant as
well as the possibility to recover from one virus and be infected with the other. We then derived
a basic reproduction number for this model. Next we formed an updated model by allowing for
infections to be spread by individuals who have been exposed to the virus and derived a basic
reproduction number for this updated system. Finally, through simulations of these models we
analyzed the role of multiple parameters and their effects on different sub-populations.

In the future, we plan on adding more compartments to simulate social behaviors. In addition,
we will split the infected state to asymptomatic and symptomatic which will have their own infec-
tion and quarantine rates. We will also look to modify the updated model by splitting the exposed
state into carriers and non-carriers. We may also look into adding a third virus to the model. We
hope to study the impact of certain social behaviors such as face mask usage and lock-downs on
the number of infections and deaths. By adding a third virus, we may look to further understand
interactions between these viruses and the effectiveness of safety measures such as quarantining.
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SARS-CoV-2 in Iran. Using of our approach, we
analyze and forecast the evolving spread of the
coronavirus during the fifth wave. This is
informed by fitting a multi-variant model to data
after 6 May 2021. Our approach combines both
epidemic dynamics and machine learning
models to provide the data-fitting ability of the
epidemic model with the predictive ability of the
machine learning model. The model also
evaluates the effect of implementation of
protocols such as social distancing measures and
vaccination roll out.

Link of the Lecture:

Lo o0 by |, olpl ;o SARS-CoV-2
) Bo)S (mans g0t Joo5 35 5,50, 5l oolitul
L ool oS oo (St 9 oS omiy mse Jsb o
ole pl 7 51 oy sloosls &y aygumiz oo S G5l
Joxe 90 o Lo 0,05, 0ed oo plxl YoV o
WS o0 S 5 ) edle 6550k g (eool (Sl
SUle b1y seanl Jaw eole- sl oble b
Sl dawe ol o a1l cpile (6,500 Joo Son i
&S alols Sleladl wsle Slo JSSg, (g5l ooly

S (b)) GgelinSTy 9 (eloxx]

:Lsi| oL W e

https://drive.google.com/file/d/1yzWMz7PSx9s10XE5X7ffSMCollZwtpF3/view?usp=sharing

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l

School of Biology, School of Mathematics and Computer Sciences

uni Twin

ek, on Fizsear= arel Ptz scuzn
Estucation in Bioohysics,
technabogy s Emsecnmental Hasth

|Feo og | Gisa P9
19 - 21 January 2022



https://drive.google.com/file/d/1yzWMz7PSx9s10XE5X7ffSMCo1IZwtpF3/view?usp=sharing

Uhnlsoliﬁulb—quJ&mabJulouhmumgmguunll O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University

gleals alsdils

PDF Compressor Free Version

ot i ol il

Dr. Arman Rahmim

‘ $ University of British Columbia,
Canada
uni Twin
What is Radiomics? e

technabogy s Emsecnmental Hasth

What is its Relationship to Machine Learning
and Deep Learning?

Arman Rahmim, PhD

University of British Columbia / BC Cancer
Vancouver, Canada

arman.rahmim@ubc.ca

www.Qurit.ca

- Qurit

Quantitative Radiomolecular Imaging & Therapy

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022



gleals alsdils

ot el ol

Ulﬂnl.)olSﬁul_\—uJou&hmeulnuiulmbumg.mguUnll O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University

PDF Compressor Free Version

PN AW R

Acknowledgements i
_
JL1H]
Very helpful discussions and/or slides: sﬁ%

Saeed Ashrafinia (special thanks for multiple valuable educational slides) uni Twin

Kevin Leung

Wenbing Lv i—

Ivan Klyuzhin

Isaac Shiri

Mathieu Hatt
Alex Zwanenburg
Martin Lodge
Alan McMillan
Greg Zaharchuk

Outline

Motivations for Quantitative Analysis

What is Radiomics?
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Visual Interpretation

» Visual interpretation is the
primary method of clinical

image analysis. m
— Incorporates clinical experience. ‘."‘2

— Expectation of disease patterns.
— Knowledge of normal variants.
— Knowledge of artifacts.

uni Twin

ek, on Fizsear= arel Ptz scuzn
Estucation in Bioohysics,
technabogy s Emsecnmental Hasth

+ Although visual assessment
continues to be the mainstay of
clinical interpretation, it has
some potential limitations.

— Particularly for assessing
response to treatment.

Imaging Biomarkers

* Diagnosis

Prognostication

* Progression tracking

Treatment response assessment
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Quantifying Tumor Burden

ROI definition has a strong influence on SUV (accuracy &

reproducibility). ' e
1141}
«  Maximum pixel ROI max { EM“
— Objective and easy to measure. Culusal Opanizaten
— Subject to noise.
* Manually defined ROI uniTwmin
— Highly subjective. ‘
— Average of potentially heterogeneous tumor. ROl manual e e e P
Ll o

* |socontour ROI
— Objective but optimum segmentation approach not yet
established. '
* Peak ROI |

— Small fixed size VYOI (e.g. 1 mL sphere) positioned so asto ROl isocontour
maximize the VOI average.

— Similar to ROlp,,, RO, reflects most active region but is
more robust with respect to noise. ,

ROI peak

Courtesy of Dr. Martin Lodge

Multi-metric analysis for improved clinical assessment
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100

80 +
60 ] * Partial

Response

@ 40 — i
= o e
a —l Stable
= 0 | J. T
Yo
-40 ¥ A Progression

'
(=)
Q

I

-200 -100 0 200 300
A¥olume Tyiski et al., SNM 2008
* Joint analysis involving both tumor SUV and Volume was needed to recover
the clinical classification
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Tumor Heterogeneity

* Intra-tumor heterogeneity due to regional variations in
proliferation, cell death, vascular structure, etc.

* Implications in disease progression & treatment response.

uni Twin

Network on Fesear and Postgraduse
Educabon in Biophysics,
Bepdechnabogy and Erveeanmenal Hasth
&
More uniform

’ More resilient to therapy?

More heterogeneous V

Hatt, Cheze-le Rest, et al., INM 2011

Aim for Improved Quantification

* Take SUV,,, (maximum uptake) as an example...

Discarding potentially valuable information!

4 [ae e[ o v o | we o e 12| e

P FTPRETH RRPRPY OSSO RIS

SUVimaion = 987 |-

Primary tumor in a patient with NSCLC
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Radiomics: Images Are More than
Pictures, They Are Data

uni Twin

g
g
E
g
3
g
3
| |
1]
]
(]
H
=
=
m
g
-]
=

Hebwerk on Fisaeach and Posigradiusts
Sokechodboqy and Ervveanmental Haskh

K, MD, PhD, Drihe)

s practice is wrmed radiomics. T

of rreating medir
visual interprer

Radiology: ke 276 et 2—Fetrury 2016 o radigyrsnag 563

Radiomics

* Radiomics: Extract numerous quantitative features
from radiological images using data-characterization
algorithms.

* Radiomic features may uncover disease
characteristics that fail to be appreciated by the
naked eye.

* Hypothesis: Distinct imaging features between
disease forms improve diagnosis, prognhostication
and therapy response assessment for various
conditions, providing valuable information for
personalized therapy.
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Radiomics .

——

|

ANATOMICAL

ANATOMY /

|
|

_m
B,

ot

Imaging Segmentation Feature extraction Analysis

%’{f;&v
PROTEINS f g
—/
GENOME %/\ /

P Lambin, et al. Radiomics: extractmg more information from medical images using
advanced feature analysis. £ur J Cancer 2012

]

IMAGING

MOLECUL/

Radiomics: convert imaging data into a high dimensional
minable feature space

Z-score Patients

Radiomics

i | [ BRI i i (2 =W
::: I IIII‘IIIII A AR OO A 0 Al IlIIIIIII i III %ill
vt o | 1111100 RN N0 AR R DO 5 v
e T T T T

Adenocarcinoma [Jf] Squamous cell carcinoma [ Large cell carcinoma [JliNot othenwise specified (nos) [JNA

Aertz et al, Nat. Comm., 2014.
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Radiotherapy and Oncology 130 (2019) 2-9 ﬁ
F— 3
Contents lists available at ScienceDirect - Uriled Nasiotns
oty
Radiotherapy and Oncology
journal homepage: www.thegreenjournal.com uni'lmin
Original article
s & " " w;:‘g.&.:mm_
Vulnerabilities of radiomic signature development: The need for 1)) ook Enésemer st
safeguards S

Mattea L. Welch®% Chris McIntosh “*, Benjamin Haibe-Kains "/, Michael F. Milosevic >,
Leonard Wee#, Andre Dekker ¢, Shao Hui Huang "', Thomas G. Purdie ™*", Brian O’Sullivan ™',
Hugo JW.L. Aerts ", David A. Jaffray *>-i

*Department of Medical Biophysics, University of Toronto; " Department of Radiation Oncology, University of Toronto; “ Ontario Institute of Cancer Research, Toronto; " IBBME,
University of Toronto; * Radiation Medicine Program, Princess Margaret Cancer Centre, Toronto; ' The Techna Institute for the Advancement of Technology for Health, Toronto, Canada;

£ Department of Radiation Oncology (MAASTRQ), GROW Research Institute, Maastricht University, the Netherlands; " Dana-Farber Cancer Institute, Brigham and Women'’s Hospital,
Harvard Medical School, Boston, USA; ' Princess Margaret Cancer Centre, University Health Network; and ’ Vector Institute, Toronto, Canada

Radiomic Feature Classes

* First order
— Statistical
— Morphological
— Histogram
* Higher order
— Gray-Level co-occurrence matrix (GLCM)
— Grey level zone size (GLZSM)
— Grey level run length (GLRLM)
— Neighborhood grey tone difference (NGTDM)
— Grey level distance zone (GLDZM)
— Neighboring grey level dependence (NGLDM)
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First-order: Morphological

e Geometric or shape aspects of ROI 116}
* Features: e

— Volume, Surface area, sphericity, asphericity, compactness, TLG,
SUV,e.ks center-of-mass shift, max. diameter, major axis length, ...

_ hetwrh on Fizaear=: and Postz acuzs
N n -
? o

Morphological Characterization of
Tumors

uni Twin

» 3D geometrical shape:

— Hypotheses: associated with growth rate, metastatic
potential, aggressiveness, ...

» Shape of PET uptake can be of a prognostic value!-?

» Tumors have the same SUV,,., and SUV,can, and are almost at same location {courtesy of Dr. Saeed Ashrafinia}

. Apostolova |, et al. Quantitative assessment of the asphericity of pretherapeutic FDG uptake as an independent predictor of outcome in NSCLC. BMC
Cancer. 2014

Hofheinz F, et al. Increased evidence for the prognostic value of primary tumor asphericity in pretherapeutic FDG PET for risk stratification in patients
with head and neck cancer. Eur J Nuc/ Med Mol Imaging. 2015
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First-order: Morphological

PDF Compressor Free Version

Compactness 1
Compactness 2

Spherical disproportion

Vol. density {OMBB)
Area density (OMBB)
Vol. density {AEE)

* Captures geometric or shape as IR
Educational, Sciersifc and
Cultural Organization
Volume (mesh-based) Elongation
Volume (ceunting) Flatness uni Twin
Surface area Vol. density (AABB)
Surface to Vol. ratio Area density (AABB) i i i Pkt
Educabon in Bophyscs,
Betechnabogy and Erveanmental Hasth

Sphericity Area density (AEE)

Asphericity Vol. density {MVEE)

Maximum 3D diameter Area density (MVEE)

Centre of mass shift Vol. density {convex hull) (Solidity)
Major axis length Area density (convex hull}

Minor axis length Integrated intensity {=TLG)

Least axis length Moran's | index

Courtesy of Dr. Saeed Ashrafinia

Multimodal characterization of tumors
Characterization: geometrical shape

* 3D geometrical shape:

Low
1. Hatt, et al. A fuzzy locally adaptive Bayesian segmentation approach for volume determination in PET.
IEEE Trans Med Imaging. 2009

2. ElNaga, et al. Exploring feature-based approaches in PET images for predicting cancer treatment
outcomes. Paftern Recognit. 2009

High

Volume
Solidity =

Convex Hull volume

Rectangularity
Volume

= Min bounding box volume

V36 7 Volume?

Sphericity = Surface
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Textural features in PET

Ew Radiol (2014) 24:2077-2087 Educational, Scientiz and
DOI 10.1007/500330-014-3269-8

HEAD AND NECK
uni Twin

Hebwerk on Fisaeach and Posigradiusts

Asphericity of pretherapeutic tumour FDG uptake provides s B
independent prognostic value in head-and-neck cancer

Ivayla Apostolova - Ingo G. Steffen - Florian Wedel -
Alexandr Lougovski - Simone Marnitz - Thorsten Derlin - Holger Amthauer -

Ralph Buchert - Frank Hetheinz - Winfried Brenner

Textural features in PET

* Shape

— Asphericity
a ' 2
volume = 43ml
ASP=75 >
?
b | g5 | A 1
- Y
volume = 52ml
ASP = 54 g
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Textural features in PET

—_—
Urvted Naotrss
, Scierdiic and
Cultiral Organization
MTV SUVmax ASP MTV+ASP

24 p=0.011 24 p=0.003 2 =0.002 24 $<0.001
§ 27 S 3 S uniTwin
"
£ 2 24 2 G4 2 24 2 =
2 e 2 3 2 — high MTV+ASP
@ v 0 g g other Mnkmﬁ—m-im—
L L o | L o | - | - | Educabon n Braphycs,
o o o [SIF=1 0 g O = Bokechnudogy ond Ermvnmental Haskh
®
Fre o~ o~ o ~

= s s =

—_— MTV>145 — SUVmax>13.2 — ASP>24
= | MTV 5 14.5 o | SUWmax < 13.2 o ASPs24 = |
= T T T =) T T T & T T T = T T T
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40

Time (months) Time (months) Time (months) Time (months)

First-order: Histogram

— Divide image counts into discrete ranges.
— Count how many pixels in each range.
— Quantify the histogram

— Mean, variance, skewness, kurtosis, 10t" percentile,
CoV, interquartile range, mean absolute deviation, ...

Fraction of total voxels

02
0.18
0.16

0.14

012

0.1

0.08
Q.08
0.04

0.02
Q

2 4 & & 10 12 14 18 18 20 22 24

SUV values
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Issue with Histogramming

®* Neglects spatial relations 1181}

— e.g. an image with 50% black and 50% white distribution of voxels. Educationsl, Scienic and

mufl | |-

* Three different images with the same intensity distribution,
but with different textures.

uni Twin

ek, on Fizsear= arel Ptz scuzn
Estucation in Bioohysics,
technabogy s Emsecnmental Hasth

Image Preparation for higher-order
Radiomic features

1. Resampling:
— Resample images to isotropic 2D/3D voxel dimensions
2. Discretization:

— Discretize/Quantize to 4, 8, 32, 64, 128, ... grey-levels

* Example:
— 4.27%4.27%3.27 mm = 4x4x4 mm
— Graylevels=4

Original segmented ROI Resampled & Discretized ROI
o o © 0 o o o ¢ 0o 0 0 0 0 0 0 0
o 0 383 55 51000 0 CENONESE 1 1 2 1 NS
0 | 185 11 144 1385 767 | 0 o0 1 203 2 1o
0 | 219 113 Im 17.15 1432 238 g g i ; : i . 3 i
ﬁ | 2.55 [1001 1758 825 1304 212 ‘ 0 0 1 2 -3' 2 1
o KRRl - Rl N | - 1 g
@ e @ 9 o0 o 0 00 0 0 o0 0 0
0 6 o 0o 0 0o o 0.0 0 0 0 o 0
Manually 8x8 9x9
segmented slice 427 mm oty
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Second-order: Gray-Level
isc Co-occurrence Matrix (GLCM)

*  GLCM expresses how combinations of discretized GLs of
neighboring voxels are distributed along a direction

f Haralick Texture Measures:

Entropy

Energy

Dissimilarity uni Twin
Homogeneity

Difference average

Difference variance by
Bepdechnabogy and Erveeanmenal Hasth

0 0 0 o 0 Difference entropy
0 m 1 o 0 GL 1 @ 2 4 Sum average
C =0 3 2 0 Create t 0 . Calculate Sum variance
200 1 5 0
1 —— . P—— Sum entropy
1 GLCM o CEBEA TS 0 GLCM Contrast
E 3 &) 2 3 1 4 0 0 1 features Inverse difference
o EEENNEEN o BN o Inverse difference moment

Inverse variance
Correlation

Cluster tendency
Cluster shade

Cluster prominence
Information correlation
Agreement

L~

Courtesy of Dr. Saeed Ashrafinia

Feature Engineering
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Feature Engineering for Cancer Outcome Prediction
Inspired by the Generalized Equivalent Uniform Dose (gEUD) in RT

generalized effective
total uptake (gETU)

Squamous cell cancer
of the oropharynx

uniTwin
SUVmax gETU (a=0.25) I .
HR=1.34; p=0.43 3 HR=3.94; p=0.0067 et i st
9 —+— Lower percentile 9
~09 —+ Upper percentile ~0.9
w [ Y ———t
(o} o
o 0.8 o 0.8
807 Szl e
g . RXER RETS 'g “t.t
0.6 : -
3 38 T
0 50 100 0 50 100
Follow-up (Months) Follow-up (Months)

*Rahmim et al. A novel metric for quantification of homogeneous and heterogeneous tumors in PET for enhanced
clinical outcome prediction. Phys. Med. Biol., 2016.

gETU metric

For a tumor with N sub-volumes of uptake u; (e.g. in PET) and
volume V; (i=1...N), the gETU metric is given by:

N 1/a

gETUa = ZU?VL‘

i

* qgisthe only free parameter

Phenomenological model derived using analogy to the Lyman-
Kutcher-Burman (LKB) model for normal tissue complication
probability (NTCP) models in radiation therapy (RT)
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Relation to Generalized Mean

* Consider n tumor voxels of equal volume Av (V=nAv).
* n-dimensional vector u=(uy...,u,)
* The generalized mean of v is given by:

1 n 1/a uni Twin
M, = = Z ujt o
Note: i

* M, = arith. mean=SUVmean
* M= max{u)=SUVmax

n 1/a
gETU, = z ué yla = M, y1/e
i

el I

Interpretation

n 1/a

1
gETU, = HZ ué yla = M vi/e

i
i

We can ascribe physical interpretations to the meaning of the parameter ‘a’
given properties of the generalized mean M,:

« gETU_=M._isSUV,,.

* gETU,=M,V=SUV, ...V is total lesion glycolysis (TLG) for FDG.

* For g<J, the risk due to the tumor volume is somewhat dominant

* For g>1, the risk due to uptake is somewhat dominant

*  For a>1, voxels with greatest uptake become solely responsible for risk,
* For 0<a <1, volume is increasingly dominant.
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uni Twin

Standardization of Radiomics

ek, on Fizsear= arel Ptz scuzn
Estucation in Bioohysics,
technabogy s Emsecnmental Hasth

34

Radiomics from patient to decision

Image biomarker standardisation initiative (IBSI)

image
biomarker modelling
computation

image image

image

patient 2
processing

S 5 segmentation
acquisition reconstruction =

2206

200x200 400x400

algorithm 1 algorithm 2 256 8
resolution segmentation discretisation

* Radiomics workflow involves many steps.
* Every step may introduce variability.

A. Zwanenburg (2019) 10.1007/s00259-019-04391-8;
C. Bailly et al. (2016) 10.1371/journal.pone.0159984;
M. Hatt (2018) 10.1016/j.media.2017.12.007;
S. Reuzé (2018) 10.1016/j.ijrobp.2018.05.022
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Image Biomarker Standardization Initiative 0

isc (IBSI)

25 instituti i 4 K e
from 8 countries D B m::l;;";tg B _"[“ﬂ
|, Scientiic and
Cultural Organization
* Goal:
— Standardization of radiomics methodology L5 uni Twin
(definitions, workflow, feature dkfz. . R
i i ] : " Inserm oty Sl Eimsemensl Hasth
computation,...) and reporting guidelines. @ s coene MUIEIER
— Improve the reproducibility of radiomics. o MDArsmn

7 T @ UNIVERSITE
ﬁ‘ PARIS
D D
Wy ey mP

(@) stanford University

https://arxiv.org/abs/1612.07003
A. Zwanenburg et al. The image biomarker standardization initiative: standardized quantitative radiomics for high-
throughput image-based phenotyping Radiology, 2020.

A36
Zwanenburg et al. (2016) arXiv:1612.07003; A. Zwanenburg et al. (2019; under revision)

How to find feature reference values?

phase | Lung cancer

. hase Il
{no image processing) dlgltal pha"tom cT image p

{with image processing)

imaging imaging

80-voxel phantom for Public CT data set of an ‘
biomarker calculation

o -

‘ without image processing 10.17195/candat. 2016.08.1

biomarker
computation

biomarker
computation
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- A37 Zwanenburg etal. (2019; under revision)

What about image processing?

- - * The IBSI devised a
ey ! general radiomics image

- £ : processing scheme.
mmm intensity mask morphelogical mask ? )
uniTwin
segmentation re-segmentation —
Eh—:“n&.w_ PR
image interpalation compulaton
RO extraction Compination
,[ computation
intensity stafistics

5 GLDZM
image feature computation

A38 Zwanenburg et al. (2019; under revision)

Initial consensus on reference values

phase | - without image processing phase Il - with image processing

1001

754
S
4
[}
=
5

£ 504
2
=
®
j=2
@
E

254

o =
o wn o n [=1 el o w o w0 (=1 wn
— - ~N o~ - - o~ o~
analysis time point Months
consensus . weak moderate strong . very strong

* No consensus on reference values for > 75% of the biomarkers.
*  Strong or better consensus for < 10%.
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Initial results with image processing °

o) o 0 o [ =] ie)
- « LY - -

phase | - without image processing phase Il - with image processing
_—
1004 I l [ : I ﬂ
II A—
United Naiotrs.
75 Cultural Organization
g
4
£ o200
£ uni Twin
504
5
2
@ Hebwerk on Fissesch aedl Posigeaduse
oD Educabon in Bophyscs,
@® Betechnabogy and Erveanmental Hasth
E
254
ol -llllllIII
o o °

20
25

analysis time point
consensus - weak moderate strong . very strong

* Initial consensus was poor: no consensus on 2/3 features

A41 Zwanenburg et al. (2019; under revision)

Final results

phase | - without image processing phase Il - with image processing

- jrTT

o

504

ol .llllllIII LLEEL R
o w0 (=] ['s) [=] wn o w

=} [t} =1 0
- -

o (3]
analysis time point Months
consensus - weak moderate strong - very strong

=]

image biomarkers (%)

2]

= - «
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Some IBSI-Compliant Radiomics Packages

(Publicly-available)

Package Institution Source Language website
Name
PyRadiomics Maastricht; Harvard Python radiomics.io/pyradiomics.html
LIFEX INSERM Orsay Java lifexsoft.org
i i o i _' - -
CERR Memorial Sloan Kattering Matlab cerr.github.io/CERR/ uni Twin
MITK German Cancer Research Crt mitk.org/wiki/Downloads
Center {DKFZ) e ——
Educsbon in Bophyscs,
Bepdechnabogy and Erveeanmenal Hasth
QIPM INSERM Brest; McGill Matlabh ithub.com/mvallieres/radiomics
Johns Hopkins Univ; ;
ERA ’ Matlab it ft
» Univ of British Celumbia atia St Bt

A pyradiomics LIFE Xﬁ

A

|
|
AN I N

A

|
|
S A

N I~ A
|
|
|—

|<https://github.com/mvallieres/radionics/=|
—= A package providing MATLAB programming toels for radiomics analysis.

Standardization vs. Harmonization

Standardization: For same image, how reproducible
are features as generated by different software?

Harmonization (not discussed in this talk): If same
patient is scanned in different centers/scanners,
how consistent will radiomic features be?
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Multi-modality Radiomics iniTai

Hebwerk on Fisaeach and Posigradiusts
Sokechodboqy and Ervveanmental Haskh

Head and Neck Cancer
The treatment strategy is mainly based on TNM stage.

Patients with the same stage may have distinct outcome

73 years old, male, T3N2MO, Chemoradiotherapy

With Recurrence Without Recurrence
571 days 2648 days

Head and neck cancer, data from The Cancer Imaging Archive (TCIA) http.//www.cancerimagingarchive.net
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oy Fusion Radiomics

Fusion method

PET CT I Wavelet-based fusion (WF) | Fused image Matrix
| CT weight: 0.2, 0.4, 0.6, 0.8 |l Features

=
-+ J Gradient transfer fusion (GTF)R
| | KL
] Guided filtering fusion (GFF) |

s g s e i Wi

Image-level fusion

c

o

3

% PET matrix CT matrix Fused matrix ECaleS uni Twin

5 Matrix summation 7

2 G (sumMat) W P s P
X St o

: Bepdechnabogy and | Haskt,
@

=

Fused features Model construction
- ] G
Feature averaging I T
{avgFea) 30

Feature concatenation

=
]
L)
=)
2
o
¢
5
= {conFea)
fid

Wenbing Ly, et al. Multi-level multi-modality fusion radiomics: application to PET and CT imaging
for prognostication of head and neck cancer IEEE JBHI, 2020.

Some Results

/:\
=

T3N3MO T3N3MO
Our fusion radiomics score: 0.62 Our fusion radiomics score : =0.61
With recurrence 186 days Without recurrence 943 days
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Relationship to Machine Learning and

uni Twin

Deep Learning s

Estucation in Bioohysics,
technabogy s Emsecnmental Hasth

Traditional Machine Learning Workflow

- Define the task at hand
(supervised, unsupervised)

Unsupervised Feature extraction Machine learning Grouping of objects

& s

- Meaningful explicitly-defined,
hand-crafted features for the
given task are extracted from
the data

Training set

- Features are fed into an ML
algorithm that performs the
task at hand

https://www.pantechsolutions.net/blog/machine-learning-projects-and-ideas/
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Deep Learning

- “Deep learning allows computational
models that are composed of multiple
processing layers to learn
representations of data with multiple
levels of abstraction.” (LeCun, Y., et al.
Deep Learning.)

uni Twin

ek, on Fizsear= arel Ptz scuzn
Estucation in Bioohysics,
technabogy s Emsecnmental Hasth

- Deep learning allows for automatic
feature extraction and learns higher
levels of representation of the input ;
data for a given task.

rom Neural Networks and Deep Learning, by Michael Nielsen.

Deep learning - Function Approximation

- The universal approximation
theorem (1989-): a neural
network with just a single hidden
layer and a finite number of
neurons can approximate any
continuous function (but the
height can become exponentially
large)

- Newer proofs (2017-): Height-
limited networks can approximate
any continuous function with
increasing depth.

Neural network with single hidden layer.
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Machine learning vs Deep learning

Deep learning has been shown to e G ﬁll[“ﬂ
.y . Deep Learning ‘ ndustry Giants mm“
outperform traditional machine g - Cusity Gapin Al procucts s S
learning in image analysis and 5 | Ll
computer vision tasks when scale uni Twmin
to very large amounts of data
Amoun!‘ul data wﬁz‘:.‘;".&.:n;h:::

Graph by Andrew Ng.

However, medical imaging datasets
are usually very limited in number
(e.g. less than 1000 images)

In the case of small dataset sizes,

traditional machine learning may not
be as sensitive to overfitting.

Deep learning (CNN) based Extraction of Radiomic Features

1) Stochastic simulation of tumor growth;
2) Simulations of PET scanner resolution and noise.

Several common radiomic features were computed: b=l i
" : 2 %
g
z e
&
w @

Suv
Simulations were used to generate data for training: e I e

1}intensity (Mean SUV, standard deviation} ] “’
2} shape (Volume, volume density, compactness) 50

pixels

s
i

3) texture (Haralick features — homogeneity, entropy)

™ w0 EC

ap 4
pixels pixels pixels

. Convelutional neural networks of different complexity were trained to predict the radiomic features, and tested.
1) Standard 3D and 2D architectures 2) State-of-the-art 2D architectures trained on ImageNet

3 Conv. Layers 5 Conv. Layers
Inception-VV3 network (42 layers) x4

Convolution MaxPool Fully-connected
Adapted from Google’s “Advanced guide to Inception v3”

Ivan S. Klyuzhin et al., UBC/BC Concer, SNMIMI 2019
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Findings — “Standard” 3D Networks

i s _—
Prediction errors, %MAE m
Vol density
ooad Volume Ny © Sonity) Feature 3 Layers 5 Layers 9 Layers _—
o Urited Maiotrs
3 7 075 e 2 Mean (SUV) 3.1 3.2 3.0 Educational, Sciersiic and
g2 A5 E " o Cultral Organization
32 & 3o S StDev 48 41 41
BY /f gow i < stDev/Mean _ 14.8 13.2 12.7
05 06
Volume 4.7 5.0 3.6 Lo
%0 M 234 05?}‘55 06_065 07 075 08 uni Twin
e vl True value g Surf. Area 6.3 5.3 3.9
&
_.1f Surface Area g, Compactness & el hetweah s s e Pass iz
| 7 1 dens. 16.7 15.9 15.6 BB e oy e SO
EN 3" P Compactness 14.3 15.5 15.0
@ 4 [
29| j =" o Contrast 6.0 6.2 5.5
2 il =1
A S £ Energy 14.1 10.3 8.4
ol L L . 6 | | = .
U R ol O 08 0B 07 G55 0 Homogeneity 9.2 6.5 6.9

* CNNs can be trained to estimate the values of most radiomic features with error of 10% or less.
= Shape features are more difficult to estimate compared to intensity/texture features — no
improvement with added layers.

Ivan S. Kiyuzhin et al.,, UBG/BC Concer, SNMIMI 2019

Findings — Standard and Advanced 2D Networks

Standard convolutional architectures State of the art ImageNet-pretrained networks
(“Convolution-ReLU-Maxpaool”) (only the last layer was re-trained)
Feature 5 Layers 9 Llayers Feature InceptionV3 DenseNet201 NASNetMobile
2 Mean (SUV) 3.2 2.1 Z Mean (SUV) 11.9 8.9 9.4
g StDev 55 6.0 § StDev 14.6 8.0 9.2
= stDev/Mean 12.5 9.5 = StDev/Mean 128.1 24.9 26.6
o Area 2.0 11 o Area 5.7 4.9 5.2
E Area density 12.8 12.3 E Area density 101.6 21.4 20.3
2 Extent 12.6 11.1 - Extent 55.6 12.7 15.7
¢ Entropy 6.7 6.2 ¢ Entropy 18.0 8.5 9.6
é Energy 10.3 7.1 ‘E Energy 182.4 30.8 33.0
= Homogeneity 8.4 4.4 - Homogeneity 72.3 14.0 12.9

= Common radiomic features {(or similar type of information) are not represented among the state-of-the-art CNN features.

* New architectures may require design specifically for medical image analysis.

lvan S. Klyuzhin et al., UBC/BC Cancer, SNMMI 2019
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Deep Radiomics? i Tin

hetwrh on Fizaear=: and Postz acuzs
technabogy s Emsecnmental Hasth

1) Use texture images as input of CNNs

SR

Original nodule image K‘-F“ a

\ / Law’s texture images

Input image Convolution Max pool  Convolution Max pool Merge Convolution Max pool  Fully connected |
100x100 - 3 channels 64 5x5 filter 3x3 64 2x2 filter 3x3 64 2x2 filter 22 sigmoid

B@-H-@-H-?-@-H—H
o .

Paul, Rahul, et al. "Towards deep radiomics: nodule malignancy prediction using CNNs on feature images." Medical
Imaging 2019: Computer-Aided Diagnosis. Vol. 10950. International Society for Optics and Photonics, 2019.

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022




Uhnlsoliﬁulb—quJ&mabJulouhmumgmguunll O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University
gleals alsdils

PDF Compressor Free Version

ot i ol il

2) Extract heterogenuity features from the last convolution layer

r—
212122 =1l =l E= Y (B
|| slglaslzle
| | x| glel|lelal £ -
>l > 2225551515 ]
clgl=zlglglElZ|X|IXX] o =z
ol |T|w|=
S(813|18[(S|B(S|T|SlTlc|s|x]|%
s |88 |8|g|lefle|loflel%|3|(=]|0
2 ([ F|1Z || |FIFIFIFIS|2|E| 9
s1Z1Z2|2(Z2|8|lz|z|zlzl2(2|5|8
gle|le|o|o|s|a|ld|ald|ls|ald]s s
clElT]|E|E A EAEd Ed K 2 uniTwin
ol=|l=|1=21=218
clec|lc|c == =
c|o|o|o8|T|5|5|515|0 o
181818 3(3l18181a
©|w|©o|w© el =4 Pl P e
-— s — — © | © @© @ Sotechring ] Emsceprert Hasth

Then extract
radiomic features

» 3

Feature maps

Peng, Hao, et al. "Prognostic Value of Deep Leaming PET/CT-Based Radiomics: Potential Role for Future Individual
Induction Chemotherapy in Advanced Nasopharyngeal Carcinoma." Clinical Cancer Research (2019): clincanres-3065.

3) Regard fully-connected layer as deep features

fulle full7 Deep features
5
convl conv2 conv3 conv4 okt
: 512
o eedkemel W =
sty 17" Max pooling
33 kernel

224x224 G woen

1-channel 5x5 kernel

96 4096 4096 A

7x7 kernel

Lao, Jiangwei, et al. "A deep learning-based radiomics model for prediction of survival in
glioblastoma multiforme." Scientific reports 7.1 (2017): 10353.
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Problems (10,000-foot view)

1. s radiomics really valuable? Do conventional features (e.g. volume included) -
get the job done? If not, how many radiomic features (e.g. entropy) are actually ﬂ
useful? M;L:%

2. Will explicit radiomics be replaced by implicit radiomics (DL)?

3. Deep radiomics. Any future? uni Twin

4. What is best way to perform multi-modality fusion?

5. What's the smallest dataset we need for proper radiomics vs. deep learning T
training?

6. Should we engineer more disease-specific features? More semantic features
(e.g. fibrosis)?

7. What's the relationship between optimal explicit radiomic features vs. DL
features?

8. Do we really need segmentation?

9. Can (or should) clinicians re-learn image assessment; i.e. add more perceptual
features when annotating images?

Current Radiology

Local
PACS

Archive

Patient
Chart

Re-rendering of a slide by Bob Gillies
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Radiology Reading Room of the Future

C Dachive —
Patient ‘ Local e

uni Twin

ek, on Fizsear= arel Ptz scuzn
Estucation in Bioohysics,
technabogy s Emsecnmental Hasth

Genomic /-\
Data \ v
N

Mining &
idedical “ Database “ Sedign
Extract Data Support
Features [~~———
mm) | Radiomic N
Data
o Re-rendering of a slide by Bob Gillies

Thank you

Link for the lecture is not available.
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Dr. Cemil Tung By Jeoz 250

Van Yuzuncu Yil University, Turkey

uni Twin
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Dr. Osman Tung &y Olede 25O

Van Yuzuncu Yil University, Turkey

Cemil Tun¢ born in Yesiloz Koyu, Horasan-Erzurum, Turkey. He received PhD degree in Applied
Mathematics from Erciyes University, Kayseri-Turkey, in 1993. His research interests include fixed point
theory, qualitative theory of ordinary, functional differential, integral and integro-differential equations,
partial differential equations and so on. At this moment, he is Full Professor of Applied Mathematics at
Department of Mathematics, Faculty of Sciences, Van Yuzuncu Yil University, Van-Turkey.

Osman Tung¢ was born in Talas, Kayseri-Turkey. He received PhD degree in Applied Mathematics from
Van Yuzuncu University, Van-Turkey, in 2020. His research interests include qualitative theory of
ordinary, functional differential, integral and integro-differential equations, summability methods and so
on. At this moment, he is Assistant Professor at Van Yuzuncu Yil University, Van-Turkey.

Effects of Lyapunov- Krasovskii functionals on the qualitative criteria to integro
—delay differential equations

Cemil Tung
Department of Mathematics
Faculty of Sciences
Van Yuzuncu Yil University
65080, Campus, Van — Turkey
E-mail: cemtunc @yahoo.com

and

Osman Tung
Department of Computer Programing
Baskale Vocational School
Van Yuzuncu Yil University
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65080, Campus, Van — Turkey
E-mail: osmantunc89 @ gmail.com
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Abstract. This paper considers certain non-linear unperturbed and perturbed systems of integro-delay

differential equations. Here, fundamental properties of solutions such as uniformly stability, uniformly ﬁ

asymptotically stability, integrability and instability of the un-perturbed system of the integro-delay _

differential equations as well as the boundedness of the perturbed system of integro-delay differential Em;:u:mm

equations were investigated. Some new and improved qualitative results, which have less conservative

conditions, were constricted on these qualitative properties of solutions. The technique of the proofs =
uni Twin

depends on Lyapunov- Krasovskii functionals. In particular cases, examples and their numerical
simulations were provided as numerical applications of this paper. The results of this paper provide new, e e e e
extensive and improved contributions to the theory of IDDEs . -

Keywords. Non-linear system, integro-delay differential equations, constant delay, LKF, stability,
instability, integrability, boundedness

2020 MSCs. 93D20; 26D15; 34K06; 24K20
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Dr. Jahed Naghipoor

1-Alexander Thamm GmbH, Germany;
2-Ferdowsi University of Mashhad, Iran

Dr. Jahed Naghipoor

PhD in Applied Mathematics - Joint Program of
the University of Coimbra and Porto, Portugal,
4-year Portuguese Government Scholarship

Postdoctoral researcher in Applied Mathematics,
Bahasa Weimar University, Germany, with a 3-
year scholarship from the Alexander van
Humboldt Institute

Educational-research  scholar of Ferdowsi
University of Mashhad, Iran

Data researcher, Alexander Tom Company,
Frankfurt, Germany

Job opportunities for medical and bio-
mathematics graduates in Europe

The application of mathematics and data science
in the fields of medicine and healthcare is one of
the future fields. Today, with the advancement
of medical knowledge and new tools, large and
diverse data are produced in many branches of
medicine and healthcare. This data can be a
powerful resource for gaining deeper insights to
improve diagnostic, treatment, and cost
reduction methods. Over the years, start-up
companies have entered with interesting ideas.
At the same time, the demand for mathematics
and data science graduates who have the
experience and ability to analyze and evaluate
this data is increasing. In this talk, we will
overview the European markets and the
necessary prerequisites to enter this field.
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Dr. Hashem Rafieitabar

(The representative of the
Academy of Science)

Shahid Beheshti University of Medical
Sciences, Iran

Professor Hashem Rafii-Tabar attended the
conference as a speaker and as the representative
of the Iran Academy of Sciences. He is the full
professor in the Department of Medical Physics
and Biomedical Engineering at Shahid Beheshti
University of Medical Sciences. His research
interests include Computational and Theoretical
Nano-Science, Nanomedicine and
Nanotechnology, BioNano-Physics, Nanoneuro-
Science and Materials Modelling. He was
elected the Eminent Science Personality in
Nanotechnology in 2007, and the Distinguished
National Professor in 2014. He was the founder
of the Nanotechnology field in Iran in year 2000,
and was one of the founders of the field of
Computational Nano-Science in England and
Japan in the period 1990-1993. He was the
recipient of the prestigious Allameh Tababatee
Prize for distinguished scientists in 2014. He
received the Medal and Order of Honor of the
Shahid Beheshti University of Medical Sciences
in 2007, and shared the Prize of the Institute of
Materials in London in 1994 for his fundamental
contribution to the development of Nano-
Science in England. In 2020 his Memorial
Stamp was published by the Islamic of Iran’s
Postal Services. In addition to publishing more
than 120 specialist papers in five different
scientific fields, he has published two books;
Computational Physics of Carbon Nanotubes
(Cambridge University Press 2008), and joint
book: Continuum Mechanics of Nanoscopic
Structures -Nonlocal Elasticity = Approach
(Springer Verlag Publisher 2019). The latter
book was chosen by COMSTECH (Organization
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of the Islamic Cooperation Standing Committee
on Scientific and Technological Corporation) as
the Best Scientific Book of 2021. In 2020 and
2021 he was selected by the University of
Stanford (USA) international panel to be among
the 2% Superior International Scientists.

Computational Sciences as the Third
Methodology of Research

H. Rafii-Tabar

Department of Medical Physics and Biomedical
Engineering, Faculty of Medicine, Shahid
Beheshti University of Medical Sciences & The
Physics Branch of Academy of Sciences of Iran

Abstract:

For more than four centuries, two distinct
methodologies of research , namely the
experimental and the analytical-theoretical
methods, have been employed in the progress of
sciences. The main aim of the experimental
method has been defined as the discovery of
observable perceptual data in order to utilize
them as basis to formulate physical models to
explain these data and possibly predict new ones.
The theoretical mode, epitomized by work of
Newton aimed at decodeding theoreticallythe
regularities and observed patterns in the physical
world and establish mathematical relationships
among the observables of physical systems and
phenomena. In the final analysis, the aim of these
two methods has been to establish the laws
governing the structure and function of
inanimate, animate, and smart matter and create
realistic possibilities to predict their properties
and functions under varied and possibly
inaccessible experimental conditions.

By the end of the third wave of socio-economic
development in the 20th century and the
beginning of the fourth wave in the present
century, with the emergence of powerful
computational facilities and the organization of
the Information Technology, a new science,
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referred to as the Computational Science, has
been added to the two traditional methodologies
of research having applications in such diverse
areas as basic sciences, medical sciences,
engineering sciences, and economic and social
sciences. The application of this science in such
areas as nano-science and nanotechnology,
biotechnology, neuroscience, materials science
and dynamics of complex systems has been
spectacular. In this talk, we will expound the
foundations of this science and provide
examples of it is use in various branches of
science.

Link of the Lecture:

s ol ol 4 4SS b el oo Lol LS g,
(ke Sby ly pole sloasly oS o o8
5 ol n ol 00 83 g eelazz] pole ¢ olazdl
w08 slagilvand 5 soue ilwdae &b
Gt rodez 5l (0 kes 5 LSl aill) 4 anly
9 b slrodudy g (S g () slaailels
Ol ol ol 8 axdllas 0,90 1) (goladl- clos
¢ 5918 9 5 3L8 95U slrojg> 50 ogr Bpo ple
lgo (wdige ¢ (o 0 Shos g LSL) Slach pgle
4 baye blee g ooy gt Swlyo
ol gl oy [ Keie s g Cns ) Jae
Slols g ool (Byre Slawlre ple Sl Gl idens

gl oo a3l Galizes sWwojg> 5l sSUsS
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Dr. Changiz Eslahchi

Shahid Beheshti University, Iran

Changiz Eslahchi is a professor in the department of computer sciences at Shahid Beheshti University's
School of Mathematics and a senior researcher at the Institute for Research in Fundamental Sciences'
School of Biological Sciences in Tehran, Iran. The efforts of Changiz and his colleagues resulted in the
establishment of Iran's first PhD program in bioinformatics. He is currently concentrating his efforts on the
application of graph algorithms, matching learning approaches, and statistical analysis to bioinformatics,
system biology, and precision medicine problems. Changiz has published over 90 papers in the fields of
bioinformatics and computational biology.

Predicting Anti-Cancer Drug Response by Finding Optimal Subset of Drugs
Abstract
Motivation

One of the most difficult challenges in precision medicine is determining the best treatment strategy for
each patient based on personal information. Since drug response prediction in vitro is extremely expensive,
time-consuming and virtually impossible, and because there are so many cell lines and drug data,
computational methods are needed.

Results

MinDrug is a method for predicting anti-cancer drug response which try to identify the best subset of drugs
that are the most similar to other drugs. MinDrug predicts the anti-cancer drug response on a new cell line
using information from drugs in this subset and their connections to other drugs. MinDrug employs a
heuristic star algorithm to identify an optimal subset of drugs and a regression technique known as Elastic-
Net approaches to predict anti-cancer drug response in a new cell line. To test MinDrug, we use both
statistical and biological methods to assess the selected drugs. MinDrug is also compared to four state-of-
the-art approaches using various k-fold cross-validations on two large public datasets: GDSC and CCLE.
MinDrug outperforms the other approaches in terms of precision, robustness and speed. Furthermore, we
compare the evaluation results of all the approaches with an external dataset with a statistical distribution
that is not exactly the same as the training data. The results show that MinDrug continues to outperform the
other approaches.

Link of the Lecture: 1 iyt S
https://drive.google.com/file/d/1M9dRepKyHR3YKTpyoqFUil-fQrxrOgFb/view?usp=sharing
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Dr Schmitz is an Associate Professor of Bioinformatics at the James Cook University (Australia). i e ok
He did his PhD at the University of Rostock (Germany) under the supervision of Prof Olaf Wolkenhauer.

Thereafter, he moved to Australia where he worked at the Centenary Institute (University of Sydney) as
postdoctoral Research Officer within the Gene and Stem Cell Therapy Program headed by Prof John Rasko.
He also held an appointment as Conjoint Senior Lecturer at the Faculty of Medicine & Health (University
of Sydney) before accepting an A/Prof position at the James Cook University (mid last year).

Dr. Schmitz' research interests focus on computational RNA biology and systems medicine. He develops
integrative workflows, databases, and software tools for the analysis of gene regulation in cancer.

Studying the epigenetic regulation of alternative splicing in cancer

Ulf Schmitz

Department of Molecular and Cell Biology, James Cook University, Townsville, Australia

Keywords
Nucleosome remodelling; epigenetics; alternative splicing; histone marks; DNA methylation; splicing code

Background

The phenomenon of widespread and dynamic intron retention (IR) programs in cells of vertebrate species
has recently gained increasing attention [1, 2]. It has been shown that IR is involved in a multitude of cell-
physiological processes, while aberrant IR profiles have been associated with numerous human diseases
including several cancers [3]. After many years of neglect in the field of alternative splicing, the importance
of IR has come into focus following landmark discoveries of aberrant IR patterns in cancer [4-6]. Many
solid and liquid tumours are associated with drastic increases in IR and such patterns have been pursued as
both biomarkers and therapeutic targets [7].

Results

By applying deep RNA sequencing (RNA-seq) to granulocytes of 5 vertebrate species we found that the
phenomenon of IR is well conserved in vertebrates spanning at least 430 million years of evolution. We
have shown that retained introns and their host genes have preserved intrinsic characteristics including their
length, GC content, and splice site strength. Moreover, we found that IR is a means of preserving
transcriptomic complexity in species with fewer protein-coding genes [2].
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Analysing different hematopoietic lineages, we uncovered dynamic IR programs in human and mouse
immune cell differentiation pathways, including monocyte-to-macrophage differentiation [8§],
megakaryocyte, and erythroid maturation [9].

It is known that vast transcriptomic changes are characteristic of human cancers. We have therefore
conducted a pan-cancer analysis of IR and found that breast cancer (BrCa) is the only tumour type in which
IR is reduced compared to adjacent normal breast tissue. Strikingly, we found that reduced IR in BrCa can
be largely attributed to normal breast tissue having the highest occurrence of IR events compared to other
healthy tissues. Our analyses suggest that low numbers of IR events in breast tumours are associated with
poor prognosis, particularly in the luminal B subtype. We found that aberrant RNA binding protein (RBP)
expression and changes in tissue composition are among the causes of low IR in BrCa.

We also explored transcriptomic profiles in chronic myeloid leukemia (CML) patients at diagnosis and
remission via RNA-seq. We found that alternative splicing (including IR) is drastically increased in the
peripheral blood of CML patients. While our analyses revealed that gene expression profiles normalise at
remission, following successful tyrosine inhibitor (TKI) treatment, abnormal splicing persists and thereby
distinguishes remission samples from healthy controls [4]. Most remarkable are the high IR levels at
remission that are independent of the TKI drug used and even exceed those observed in the diagnosis
samples. Increased IR affects cell cycle regulators at diagnosis and splicing regulators at remission. We
showed that aberrant splicing in CML is associated with reduced expression of some RBPs and histone
modifications. Using whole-genome bisulfite sequencing (WGBS), we found that CpG methylation is
reduced in retained introns and may therefore mediate dynamic IR profiles in CML.

Despite consistent reports about intrinsic sequence features that predispose introns to being retained,
conflicting findings about cell type or condition-specific IR regulation by trans-regulatory and epigenetic
mechanisms demand an unbiased and systematic analysis of IR in a controlled experimental setting. We
therefore integrated matched RNA-seq, WGBS, nucleosome occupancy methylome sequencing (NOMe-
Seq), and chromatin immunoprecipitation sequencing (ChIP-seq) data from primary human myeloid and
lymphoid cells. Using these multi-omics data and machine learning we trained two complementary models
to determine the role of epigenetic factors in the regulation of IR in cells of the innate immune system [10].
Our results suggest that intrinsic characteristics are key for introns to evade splicing and that epigenetic
marks can modulate IR levels. However, cell type-specific IR profiles are largely mediated by changes in
chromatin accessibility, whereby predisposed introns in nucleosome free regions are more likely to be
retained.

Conclusions

Our results have profound implications for the analysis of other forms of alternative splicing in regard to
their conservation, regulation and role in normal physiology as well as in diseases such as cancer. Our
findings suggest that IR should be considered for therapeutic manipulation in BrCa patients with aberrantly
low IR levels and that further work is needed to understand the cause and impact of high IR in other tumour
types. We also generated novel insights into the changing transcriptomic landscapes of CML patients during
remission. The conceptually unanticipated observation of widespread aberrant alternative splicing after
remission induction warrants further exploration. Of particular interest should be the role of epigenomic
marks in facilitating sustained IR. These results have broad implications for studying CML relapse and
could inform treatment of minimal residual disease.

Our findings about epigenetic IR regulation coincide with an increasing number of studies describing
pathogenic alterations in splicing regulation and therapeutic approaches targeting aberrant splicing.
Therefore, our findings could inform novel epigenetic therapy development.
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Dr. Frithjof Lutscher is Full Professor and Assistant Chair — Research at Department of Mathematics and
Statistics of the University of Ottawa.

He did his PhD at University of Tuebingen (Germany) in December 2000. The title of the thesis is:
"Modeling moving polarized groups of animals and cells"

Dr. Lutscher's research interests focus on developing and analyzing mathematical models for spatio-
temporal dynamics of complex, non-linear biological systems. Mathematically, this results in qualitative
analysis of dynamical systems, given by ordinary or partial differential equations, integro-difference- or
integro-differential equations. Several analytical and numerical approaches are used to investigate
bifurcations, traveling waves and other phenomena. Biologically, topics come from spatial ecology and
evolution: species invasions, habitat fragmentation, persistence and coexistence in rivers, adaptation,
disease and resistance.

Dr. Lutscher is co-editor of CMS/CAIMS books in mathematics (Springer). He is an editorial board
member in DCDS-B, MASE, MBE. Dr. Lutscher is also a Member of SMB, CAIMS (Member of the board
of governors), and ESMTB.

Population dynamics in patchy landscapes:
models, results, and future challenges

Frithjof Lutscher

University of Ottawa

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022



ol > 8181 — i jludls y oLo filos ¢ puoguw g Lol ¢y iislosd ¢ paiuus

The 1* International and 3" National Conference on Biomathematics - Damghan University
gleals alsdils

PDF Compressor Free Version

ot i ol il

Spread of invasive species

muskrats in Europe

cane toads in Australia
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local establishment — local reproduction — spatial spread

Islands of suitable habitat

@ B soem  MONTANA

1
! B WYOMING

local reproduction — dispersal— population decline
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Overview

@ Modelling with reaction-diffusion equations

e Patchy landscapes and interface conditions
e Initial observations

uni Twin

@ Application: Ecosystem engineers

ek, on Fizsear= arel Ptz scuzn
Estucation in Bioohysics,
technaiogy s Emsesnmental Hasth

© Technique: Homogenization
© Application: Moving habitats

© Extension: Two dimensions

Population dynamics in homogeneous landscapes

Population growth
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Reactlon diffusion equation
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Random walk
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Extensions:

systems of equations
higher space dimensions
more...

Basic results
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Challenge: heterogeneous Iandscapes
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Extreme fragmentation: an isolated island

I Reaction-diffusion equation
island du '57'
S8 39 L) xale,i)
hostile hostile ’ t axz ¢ .

o PEEEY SRR

.Bo'undary condition: hostile

uloE) = u(L,¢) =0

minimal patch size: Fisher-KPP

minimal patch size: Allee

Challenges

- real landscapes are in between the two extremes
- more than one good patch

- intervening habitat not completely hostile
- individuals make movement choices

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l

1Foo yags | Liss P9
School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022



Ulaolgoliﬁulb—uJMuJ&mabJulothlnmumgmguunll O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University
gleals alsdils

PDF Compressor Free Version

ot i ol il

Source-sink landscapes

sink source sink
‘p <0 \ X0 (<O ]—m’F
du 2 / - Fu - rearore
= d %i.,_ = Y-(“\ + interface 3t =D — + (W) Educsiora, Scersc and
" matching conditions ¥
Ludwig et al 1979 l Shigesada et al, 1986 =~
single source patch continuity of periodic landscape uni Twin
minimal length density and . invasion speed
e T
small sinks sy S sty
extinct large sinks
\ / 5
d ]
L
Individual movement behavior at an interface
AX
s D= lm —
IANS
l }‘ VS
L VERER e e by e W2 it

4

defete o) Nl

@D

v.
-m
e lewsianc] . -

Crone et al. (2019) Kuefler et al. (2010)

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022




Ulﬂn|3°l§ﬁu|)—UJmJJl:JLuabJulnufulnﬁum9m9Uunj| O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University

gleals alsdils

PDF Compressor Free Version

Ovaskainen and Cornell, 2003

Interface ma‘tChing conditions Random walk at an interface Maciel and L, 2013
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Alternatives:
@ Skew Brownian motion cantrell and Cosner 1999

@ Midway sensing points, no preference rotapov et al 2014

@ Limit of smooth transitions maciel and Lutscher 2015

Initial results

sink source sink
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Ludwig et al 1979
single source patch
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Maciel and Lutscher, 2013, Am Nat
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Overview

@ Modelling with reaction-diffusion equations

e Patchy landscapes and interface conditions
e Initial observations

@ Application: Ecosystem engineers and a free boundary
© Technique: Homogenization
© Application: Moving habitats

© Extension: Two dimensions
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boundary moved by species' activity
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A free boundary problem L, Fink, Zhu 2020 Bull Math Biol

Ecosystem engineering species alter their -\..w“.u-r';' |
-~ abiotic environment to increase their own
e success.

l~l(.— oy
a 'B 3 “l rg.\)ul 9 i—
F i i Y “w
-—::D,,_, +F(w) _source/ eﬂngGEFEd o sink / not engineered = 243w
L=L(¥) 7
4D (U ) = o AE.‘_‘(L* : ! ) uniTwin
ax\ ™ oy I&\ discontinuous density
hetwrh on Fizaear=: and Postz acuzs

Estucation in Bioohysics,
technaiogy s Emsesnmental Hasth

(1)3_‘; Ll a) o= ( o\%‘_; +Ud) (L)
Case 1= L(E) ~ (D u(l,)
Cﬂsg 2

| A (-
'®~-D '&U— £)
(Two-sided) Stefan Problem mimura et al 1985, Lin 2007, Du and Lin 2010, Du and Guo (2012), ...

continuous flux

Existence of traveling waves
The TW problem is equivalentto L' = ¢ =nD(1 — ay — a2)U(07) and
DU"+clU +F(U)=0, z<0, U(-o0)=1 (1)

with DU'(0~) = bU(0~), where

b=—-c+ Ac/2—- Ay/c?/4+ dm, A:Z12§<1. (2)
1

If F(U) is Fisher-KPP:

L, Fink, Zhu 2020 Bull Math Biol
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Existence of traveling waves || L Fink: 2hg2020 Bull Math Blel

Theorem: Let F be of Fisher-KPP type.

@ There exists a solution of (1)—(2) precisely when

1151
Azdm United Natiotrss
~{/ 1= <¢<2vOF) e it
@ There exists a unique solution of the TW problem. uni Twin
- Bebechnbogy and Erveeonmmental Haskh
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Existence of solutions Basiri, L, Moameni 2020, J Nonlin Ana
: ;= Duyy + fifu), (.x)€ (0, T] x (a, L(1)),
Equations ' ’
q ;= Douyy + fo(u), (1,x)€(0,T] x (L(1),b),
u(t, L()7) = ku(t, L)), te (T,
(D[u ¢+ L'(f)u)| = (Dgu\- + LI(()H) , te(0,T1],
side (L)) (r,L(HT)
conditions U (t,a) = uy(t,b) =0, te (0, T],
LO)=1ly, a<L@®) <b, te[0,T],
(0, x) = up(x), x € |a,b],
moving i g
boundary L(t) =2n Djcu (r.L(I) ) tel0,T].
Theorem:

Existence of local in time solutions.

Proof: Existence for given L(t), using subdifferential operators (Otani, 1982).
Then fixed point argument.
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Overview

@ Modelling with reaction-diffusion equations

e Patchy landscapes and interface conditions
e Initial observations

@ Application: Ecosystem engineers

© Technique: Homogenization

uni Twin

© Application: Moving habitats

© Extension: Two dimensions

actual solution

average

€
Multiscale problem Yurk and Cobbold, 2018; Cobbold, L, Yurk, 2022
%
large scale
u= u(ylxs‘{) multi-scale expansion
small scale Problem: discontinuity

Residence index (Turchin 1998): proportional to steady-state density in pure movement model
proportional to time spent at a location

| I el + g0,
$ = 300 5:% D« s il 0r 2,
Dynamic level (Skellam 1973): populations flow down gradients in dynamic level
Turchin (1998): steady state density = residence index * dynamic level
(3> .
F(x.%,t\ = T . u(‘;l\s‘k\ Problem solved: continuous
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Homogenization Yurk and Cobbold, 2018; Cobbold, L, Yurk, 2022
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Application: Pattern formation
% Prey = diffusion + quoustha

3 S Jacobian matrix at steady state [+ _]
% predator = dilffusion + qrowla

Diffusion-driven instability occurs if )% >0 &) d<«d —» Spatially patterned stable states

How does heterogeneity and movement behaviour affect pattern formation?

prey dies prey grows logistically
O—

—> Jacobi matrix at patch level [:_ :]

ha

predator dynamics are homogeneous

Jacobi matrix of homogenized system [1 : I

i | A
o 4 * <0
E A patch
M g / preference
I3 I
,"d/ \__
,'/
2 & = Zaker 2021
Zaker, Cobbold, L, 2022 i - patch length
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@ Modelling with reaction-diffusion equations ﬁ
e Patchy landscapes and interface conditions Frecrrrove
e Initial observations G O
@ Application: Ecosystem engineers
© Technique: Homogenization iy
@ Application: Moving habitats e

© Extension: Two dimensions
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Moving habitat models
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Intrinsic speed c*=2

Constant speed and constant size:

Ly=ct i \_zlk) =L +ct

Special case

=D, =t, oh=|3=ll ES QV\EMMA\“

Theorem (Potapov and Lewis, Berestycki et al)
For all c<2, there is a minimal L such that

the population persists above this L.

There is no persistence for ¢>2.
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Persistence at high speeds MacDonald and L, 2018
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Numerical challenges MacDonald et al, 2021
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Extension: 2 dimensions
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Tehran University, Iran o‘y.l ‘OI " olEails

uni Twin
Hamid Pezeshk is a professor in School of Mathematics, Statistics and Computer Science, University of

Tehran and a senior researcher at the Institute for Research in Fundamental Sciences' (IPM). He is an invited Pt e s Pty
member of the Academy of Science of Iran, a fellow of the Royal Statistical Society and former secretary T
of Iranian Statistical Society. His research interests include Bayesian Statistics, Stochastic Models in
Bioinformatics, and Clinical Trials. He is the author or coauthor of some scientific papers and translated 4
books to Persian. He is currently visiting the department of Mathematics and Statistics at Concordia

University.
Statistics and Uncertainty
Hamid Pezeshk
School of Mathematics, Statistics and Computer Science
College of Science
University of Tehran
Abstract

In this talk a short history of statistics is presented. Two main branches of statistics namely, frequentist and
Bayesian statistics are briefly mentioned. It is discussed that the probability is the calculus needed to deal
with uncertainty. It is argued that statistics in 19th century was a useful tool to analyze big datasets to
answer easy questions such as the number of births or deaths in certain area. In the 20th century several
methods were developed to analyze small datasets but to answer difficult questions. The 21st century is the
era of big datasets and statistics must be ready to answer complex questions. Several historical cases are
also reviewed and it is concluded that the statistics of 21st century is mostly based on indirect evidences,
for which Bayesian approach produces excellent methods.

i 09290 yideas S
Link for the lecture is not available.
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Dr. V. Lokesha has presently working as a Professor and Dean (Pure Science), Department of Studies in
Mathematics, Vijayanagara Sri Krishnadevaraya University, Jnana Sagara Campus, Ballari. He obtained
his Doctoral degree in 2003 from the University of Mysore. He sustained his research works and obtained
Doctor of Science in the year 2016 from Berhmapur University, Berhampur Orissa, which shows his
dedication of learning and research. He also worked as administrative position as Director (AIT-MCA)
Registrar (Evaluation), Special officer (academic and Examination) Chariman, Department of Mathematics
in VSK University.

V. Lokesha collaborated with Prof. Y. Simsek, Akdeniz University, Turkey, under the esteemed programme
entitled Mevlana Exchange programme from 16th- 24th November 2014. In this project, he delivered 4
Main seminars for the Faculty of Science community and researchers of Akdeniz University. He engaged
the students and researchers with special discussion sessions on Mathematical inequalities, Topological
indices and their applications.

He has been invited for collaborative Research work by Prof. C. K. Gupta, FRS, Distiguished Professor,
Department of Mathematics, University of Manitoba, Canada from 12th Nov to 8th Dec 2015. In this
project, he worked on SDD index of graphs and its operations. He delivered seminars for researchers. His
collaborative research works are published in reputed International Journals. He has life member of many
academic body/Society.

He was also invited for Research activities by Department of Mathematics, University of Evry, France in
the 2011, Kyunpook university, Kwangwoon university, Kunganam University, South Korea in the 2009,
Shahid Chamran University, Ahwaz, and Ilam University, Iran in the year 2005 and 2010. Uludag
University, Akadeniz University, Turkey during years 2005, 2008 and 2014.

He delivered invited talks at the National and International level conferences. He has foreign collaboraters
namely Prof. C. K. Gupta, Canada, Prof. Naci Cangul, Prof. Zhi-Hua-Zhang, China, Prof. Y. Simsek,
Turkey, Prof. Bayad, France , Prof. H. M. Srivatasva, Canada Prof.Y.D Dong, China. Prof. Dafik,
Indoanisa. Dr. Saraj, Iran.

With his characteristic diligence, he made rapid progress in the research work, he had 204 papers published
in National and International reputed journals. Lokesha has been successfully guided 20 Ph.D students and
28 M.Phil students till date. At present 7 students are working for their Doctoral degree. He is working in
pure as well as applied mathematics viz, diverse fields like Analysis, Discrete Mathematics, Computer
science and some applications related problems.

He is a reviewer of American Mathematical society, USA and Zentralblatt Mathematical society, Germany.
He reviewed 54 articles for AMS and 165 articles for ZBL. He severed as editor/ refree/ reviewer/Scientific
committee member for many International/ National journals as well as conferences. He has been identified
by VTU as one of the expert members for delivering live-telecast lectures in VTU-EDUSAT Programme
during 2010-12. He co-authored six Engineering Mathematics Books.
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Prediction of Wear Behavior of Modified Epoxy-based Composites for
Orthopaedic Implants using machine learning algorithms

Poornima Hulipalled', Virupaksha Gouda H?, V Lokesha®, Veerabhadrappa Algur*

"Department of studies in Computer science, Vijayanagara Sri Krishnadevaraya University, Ballari, Karnataka, India

24Department of Mechanical Engineering, Rao Bahadur Y Mahabaleshwarappa Engineering College, Ballari,
Karnataka, India
3Department of studies in Mathematics, Vijayanagara Sri Krishnadevaraya University, Ballari, Karnataka, India
corresponding author
poornima.algur @ gmail.com

Abstract— The current work has mainly focused on predicting the wear performance of femur bone
fabricated by modified epoxy-resin composites with varying percentage of kenaf natural fiber (12%, 18% and
24%) along with Al2Os3 as filler material. The composites were fabricated by vacuum bag method. The
experiments of wear behaviour were conducted with parameters such as applied loads, sliding velocity and
percentage of fiber. Supervised machine learning algorithms such as k-nearest neighbor (KNN), support vector
regression (SVR) and Random Forest (RF) were used to predict the wear loss. Results of adopted machine
learning algorithms with the performance rate of R2 for training and testing are closely nearer. RF has yielded
the superior results in R2, MAE and RMSE among the constructed models. The findings could aid in
replacement of femur bone with the fabrication of light weight polymer composites using vacuum bag method.

Keywords— pin-on-dis wear testing machine, femur bone, k-nearest neighbor, random forest, support vector
regression,
vacuum bag method

Introduction

Engineers nowadays are focusing on designing futuristic innovative materials that meet the realistic
needs, materials have shown their value from several years of everyday life. Mainly mechanical parameters
improve the performance of the device in modern advanced engineering [1]. Biomaterials are an essential
part of medicine for functional restoration and healing from injury or disease. A biomaterial is a substance
that is non-viable and used in a medical device to communicate with a biological system. The structure of
the skeleton system helps to protect the human body [2]. The human skeletal system provides bone structure
and internal organ protection. Over the years, the materials used in the treatment of injury and body disease
have been essential for medicinal products (biomaterials). In the late 1800s, the use of biomaterials
increased rapidly, especially Dr. Joseph Lister's introduction of aseptic surgical techniques in the 1860s.
In the skeleton of the human being, the longest and strongest bone in the body is the femur bone [3-4]. The
rapid population growth and increased use of automobiles contribute to a steep rise in everyday accidents.
During accidents, involving men or women are directly subjected to fractured or a broken bone. The task
of replacing this fracture or severely damaged bone with biocompatible material called implants plays a
vital role in the life of the human being, for both the Orthopaedic Surgeon and even for Mechanical
Engineers [5-6].

H G Hanumantharaju et al. (2012) conducted wear testing on Alumina and SS316L shows that the
alumina material loses very less weight than the SS316L material and has found that Alumina is a low-
density material and a low weight compared to SS316L [7]. K R Dinesh et al. (2013) concluded, the natural
fibre and epoxy resin can also be used for reinforcement of composites from orthopaedic implants, and the
reinforced epoxy composites from sisal fibre have good mechanical properties such as tensile and
compressive properties [8]. Kotresh Sardar et al. (2014) experimental results concluded that hybrid fibres
(sisal and banana) have good bending strength for various reinforcement, such as 10%, 20%, 30% and 40%
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HFRPC, of which 30%, and 40% have a good bending strength and are suitable for bone cortical properties.
Finally, the results will give a better mechanical property than bending properties to hybrid fiber-reinforced
polyester composites by increasing the percentage of hybrid fibre [9]. Chennabasappa Hampali et al. (2020)
as alternative materials in orthopaedic applications, Poly Tetra Fluoro Composites Ethylene as well as
Titanium Dioxide have been developed. Hom Nath Dhakal et al. (2020) concluded that adding
lignocellulosesic hemp fibres, in comparison with the nice PCL sample, improved its properties of a
HF/PCL bio-composite samples. All results show that hemp fibres are a promising reinforcement material
for the development of sustainable thermoplastic bio-composites that are renewable, cheap, and cargo-
bearing, significantly having optimal nano-mechanical as well as thermal properties of a durable HF/PCL
bio-composite [10].

This research will focus on developing a bio-composite as an artificial bone material aiming to be used
in the femur implant by conducting wear test. Use of prediction methodologies by applying machine
learning algorithms such as k-nearest neighbor (KNN), Support Vector Regression (SVR) and Random
Forest (RF) is intended to reduce the large time of material fabrication and testing.

Methodology

Data acquisition

Development of polymer composite materials using Vacuum Bag Moulding technique with different weight
fractions using the rule of mixture. After curing laminates, the laminates are cut into specimens according
to ASTM Standards for conducting the Wear test experiments.

Wear test have been conducted under various operating conditions like applied load, 20N, 40N and 60N
and sliding speeds 1-m/s, 2-m/s and 3-m/s and 12%, 18%, 24% Natural Fibers Reinforcement. This test
technique is a laboratory method for the wears of materials during sliding using the DUCOM TR-20LE
pin-on-disk devices and are produced according to standard ASTM G-99. [11-12]

Machine learning algorithm

The input parameters namely applied load, sliding speed and natural fiber reinforcement are used to train
the ML algorithms. The experimental results of wear loss are considered as output parameter. Therefore,
depend upon the input variables, the ML algorithms predict the wear rate. Dataset is collected by conducting
27 experiments for natural fiber reinforced composites. The dataset that contains the related inputs and
outputs was arbitrarily divided into training and testing sets for utmost ML algorithms. The training set was
utilized to train the model to improve the features associated with inputs to the outputs, while the testing
set was used to evaluate the model's performance by comparing the model's output to the results of several
machine learning techniques described in the below sections. The datasets were split into training sets and
testing tests each 70% and 30% of the total datasets respectively [13].

K-Nearest Neighbor

This supervised machine learning algorithm used to handle both regression and classification problems.
Initially it stores all the available data and then classifies the newly arrived data into the respective group
based on the result of Euclidean distance in reference to the K number of neighbors.

Support Vector Regression

In multidimensional space, the SVM model is essentially a representation of distinct classes in a hyperplane.
SVM will generate the hyperplane in an iterative manner in order to reduce the error. SVM's purpose is to
partition datasets into classes so that a maximum marginal hyperplane can be found. A Support Vector
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Regressor (SVR) is a strong tool that allows to pick the error tolerance, both in terms of an acceptable error
margin and in terms of tuning the tolerance for slipping outside of that acceptable error rate.

m} Random forest

Instead, then relying on individual decision trees, the core principle of RF is to merge numerous decision 11§l
trees to determine the final output. It is based on ensemble learning, which is the process of integrating e
numerous classifiers to solve a complex problem and improve the model's performance. Cohact oz

ot el ol

uni Twin

Results and Discussions

Hebwerk on Fisaeach and Posigradiusts
Sokechodboqy and Ervveanmental Haskh

The adopted models for deriving a linear relationship among the input features (applied loads, sliding
velocity and percentage of fiber) and output (wear loss) for Epoxy-based composites for Orthopedic
implants, then the predicted wear loss may be calculated with admire to the given input features. The
predicted wear loss of composites via KNN, SVM and RF are shown in Fig. 1, Fig 2 and Fig 3. The training
data and test data are represented as red and blue scatter points, the predicted train data and predicted test
data are represented as red and blue dashed lines which are plotted over the plane. From the Figs. (1, 2 and
3), it is perceived that epoxy-based composite shows the most values of train prediction and train data are
noticeably deviated for individual tests. Tablel shows the predicted R squared values of training dataset
and testing dataset for KNN are ~0.830 and ~0.774, for SVM are ~0.904 and 0.834 and for RF are ~0.945

and 0.834.

g Experimented vs Prediction- KNN
E R2-Training=0.830
"
E 4| R™Test=0.744
E
= -
I -
S
]
(L]
&
— 7 -
i Fit
_: === Train Prediction
£ e === Test Prediction
(=] P
= « Train Data
@ * Test Data
8 o : T . ;

0 1 2 3 4 5

Experimental wear loss (104 mm3fm )

Fig 1. Wear loss prediction using KNN
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Experimented vs Prediction- SVR
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Fig 2. Wear loss prediction using SVR
Experimented vs Prediction- RF
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Fig 3. Wear loss prediction using RF
Tabele I. model performances
R2-Training R2-Test MAE RMSE
KNN 0.830 0.774 1.121 1.498
SVM 0.904 0.834 0.869 1.306
RF 0.945 0.927 0.328 0.447

The MAE and RMSE values for KNN are 1.121 and 1.498, for SVM are 0.89 and 1.306 and for RF are
0.328 and 0.447. The RF predicts the wear loss of epoxy-based composites for orthopedics implant with
the maximum accuracy and minimum RMSE and MAE value compared with the other algorithms used in
this present study.

Conclusions

In the present work, the input parameters (applied loads, sliding velocity and percentage of fiber) on the
experimentally measured output (wear loss) for epoxy-based composites in orthopaedic implants. The
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efficacy of three different types of machine learning algorithms to predict the wear loss of composites is
explored. The three machine learning algorithms are ranked in order of prediction accuracy: RF, SVM and
KNN. The RF algorithm predicts the wear loss of composites with the maximum accuracy, with R2 of
training dataset and test dataset are ~0.945 and ~0.927, respectively. RF has yielded the superior results in
R2, MAE and RMSE among the constructed models. These findings could aid in replacement of femur
bone with the fabrication of light weight polymer composites using vacuum bag method. This research
solely dedicated to the human being who creates the world and saves the environment that promotes
mechanical engineering in the medical field. This research also benefits the poor people of India by
recommending cost-effective, manufacturable, and biocompatible, stable biomaterials for orthopaedic
implants.
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Dr. Hamid Mobasheri
(The representative of the
Iranian Biology Society)

University of Tehran, Iran

Hamid Mobasheri, Full Professor of
Biophysics, is presently working as an academic
member of the Institute of Biochemistry and
Biophysics at University of Tehran, Iran. He is
the head of the Laboratory of Membrane
Biophysics and Macromolecules (LMBM), head
of committee of the biophysical detection and
tackle with coronavirus, University consortium
of Covid-19, Coordinator of the
UNESCO/UNITWIN network in Biophysics,
Biotechnology and Environmental Health,
member of International Science Council (ISC)
and Inter-Academic Partnership (IAP). He
conducted his Post Doctorate after receiving his
Ph.D and MSc in Biophysics from the University
of East Anglia, United Kingdom. He is affiliated
member of several scientific societies and
recipient of several scholarships, grants and
awards including; Welcome Trust, MCHE,
WHO’s Who, IBS and so on. He is a member of
Editorial boards of scientific journals and has
authored number of books and full articles
published in scientific journals. Dr. Mobasheri’s
research interest includes; Bio-electromagnetics,
Bio-resonance, Biophysics of Nano fibers and
microtubule  polymerization, = Biophysical
characteristics of OEC’s and stem Cells,
Biophysical effects of electric and static
magnetic field on wound healing, cancer cells,
and spinal cord activity in cell culture and rat’s
body Nano-environment, Effects of
Electromagnetic fields (EMF) on single ion
channel activity and translocation of antibiotics
and oligonucleotides through OmpF porin nano-
channel at molecular level in real time aimed for
genome sequencing.
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Physics and mathematics of voltage gated
channel forming protein and the effects of
electromagnetic fields

Hamid Mobasheri
Professor of Biophysics

Laboratory of Membrane Biophysics &
Macromolecules, Institute of Biochemistry and
Biophysics (IBB)

Institute of Biomaterials IBUTUMS),
University of Tehran, Tehran, Iran

Biological macromolecules; including ion
channel forming proteins in cell membranes, are
consisted of atoms and molecules that possess
either positive or negative charges or are neutral
and their unique arrangement across the
molecule defines their structure/conformation as
well as function. Understanding their
distribution, dynamics and the way they interact
with each other through electrostatic,
hydrophobic or other interactions in a highly
mobile and polar water medium with a relaxation
time of femtosecond helps one to work out the
mechanisms involved and requires thorough
chemistry, mathematical
knowledge.

physics,  and

Ion channel charges at certain parts of its lumen
play major roles in the translocating ions in
conducting path through which they experience
certain electrostatic interaction either in hydrated
or non-hydrated states. Consequently, both
longitudinal and transverse fields within the
channel as well as the extracellular and
intracellular charges and membrane potentials
form certain electrostatic filters that direct the
ions at any given time and locations. The
understanding of the forces that each
translocating ion experiences during the course
of influx and out flew requires thorough
mathematical and physical formulation and
analysis and serves to work out the mechanisms
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involved in conductivity, gating, selectivity,
sensitivity and so on at molecular, atomic and
even subatomic and quantum levels.

There are different aspects and corresponding
techniques based on the physics, mathematics,
electric and electronics, signal processing,
statistics and modelling approaches to work out
different channel properties including; gating
frequency conductivity, selectivity, sensitivity
and so on. Analysis of current traces against time
by time series reveals the correlation between
each conformational state of the channel and
nearby events. Further analysis of the events by
Markov theory helps to understand the stochastic
and deterministic nature of the gating. Fourier
transform analysis, is also used to work out
different gating frequencies of gating. Analysis
of short and long range Newton's and Coulomb's
forces through physics algorithms defined in the
Molecular Dynamics give a realistic view of the
channel constituent atoms spatial and temporal
position at femto to nano second time scales.

Having the structure and function of channels
known at atomic and subatomic levels in short
time scale, one will be able to work out the way
they work and to identify the effects of magnetic,
electric and electromagnetic fields, and their side
effects as well their therapeutic safe application.
Here, after addressing some physics and
mathematics of the channels, the result of our
real time practical experiments on the effects of
cell phone 940MHz electromagnetic fields
applied on single channel is presented.
According to the results the voltage sensitivity of
OmpF channel was decreased by ~40%, and the
durability of the effects last some milliseconds.
Though, the conductance of the channel
remained unchanged in the presence of the
applied EMF, the thermal analysis, revealed that
the very low strength field induced changes in
the channel activity in the way temperature
change would exerts its effects.

The biological systems are the most complex
systems in the world and understating spatial
and temporal characteristics of their
constituents’ building blocks through physics
and mathematics laws is vital to understand the
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way they work and to find reliable means to
treat diseases.

Keywords: Biophysics, Ion channel, Time
series, Molecular Dynamics, Fourier
Transforms, Electromagnetic fields

Link for the lecture is not available.
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Dr. Fatemeh Vafaee

1-UNSW Data Science Hub;
2-Computational Biology, Bioinformatics;
3-UNSW SYDNEY, Australia

Dr. Fatemeh Vafaee is the Deputy Director of UNSW Data Science Hub and leads the ‘Health Data
Science’ priority area at University of New South Wales (UNSW Sydney) which is one of the top
universities in Australia. She is a Senior Lecturer in Computational Biomedicine in the School of
Biotechnology and Biomolecular Sciences, UNSW-Sydney (2017 — Present). She has launched and leads
Artificial Intelligence in Biomedicine Laboratory (VafaeeLab.com) at UNSW which currently holds over
12 members collaboratively working on deploying advanced Al techniques to address variety of biomedical
pressing problems. Dr. Vafaee has received her PhD in Artificial Intelligence from the School of Computer
Science at the University of Illinois at Chicago, USA (2011) followed by 2 multidisciplinary postdoctoral
fellowships at University of Toronto, University Health Network and Ontario Cancer Institute on
computational biomedicine (2011 — 2012), and at the University of Sydney, Charles Perkins Centre on
computational systems biology (2013 — 2017). Dr. Vafaee has a strong track record of multidisciplinary
research leadership and industrial engagement. She has co-authored >40 publications (68% corresponding
author) in prestigious venues—e.g., Nature Methods, Nature Communications, Briefing in Bioinformatics,
Patterns Cell Press, Bioinformatics, Cancers, Systems Biology & Applications, and Precision Oncology—
demonstrating her research impact, leadership, and substantive contribution in methodological changes.

Title: Big data and Al — driving personalised medicine of the future

Summary: Big data has become a ubiquitous watchword of biomedical innovation advocating deployment
of advanced data-driven artificial intelligence techniques and systems thinking to revolutionise biomedical
research and practice. Al-empowered Biomedicine Laboratory led by Dr. Fatemeh Vafaee develops cutting-
edge innovative machine-learning and network science methodologies to leverage large-scale molecular
and clinical data to find hidden structures within them, account for complex interactions among the
measurements, integrate heterogeneous data and make accurate predictions in different biomedical
applications. In this talk, Dr. Vafaee provides some examples of ongoing projects across three main themes
in her research program including 1) minimally-invasive biomarker discovery for personalized medicine,
2) single-cell sequencing data analysis and integration, and 3) computational drug repositioning and
network pharmacology. Across all themes, Dr. Vafaee’s research heavily relies on multidisciplinary
expertise and cross-faculty collaborations to generate translatable outcomes impacting upon biomedicine
of the future.

Link of the Lecture: 1ol yide ST
https://drive.google.com/file/d/1BpNeS oJmrIR-nGwBY-z5bDt3xVT20ih/view?usp=sharing
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Dr. Mostafa Mohaghegh

Senior Coordinator and the Representative
of UNESCAP-APDIM

Mostafa Mohaghegh is an international disaster risk management specialist with 25 years of experience
in the national system, the United Nations and International Red Cross and Red Crescent Movement. He
has coordinated many disaster response operations in different regions and led the development of disaster
Lmanagement and risk reduction policies, strategies and laws and regulations at national and international
levels. He also led the process for the establishment of a number of regional centres and offices on disaster
risk reduction and management.

Key executive positions and responsibilities

January 2018- present

Senior Coordinator for the United Nations Asian and the Pacific Centre for Development of Disaster
Information Management (APDIM), a subsidiary body of UNESCAP in Tehran. The responsibility
included high-level negotiations with the host government and ESCAP member States and partners,
coordinating the process for the establishment, operationalization and opening of APDIM and developing
its programme of work and organizing high-level and technical regional meetings.

2013-2017

Manager, Global Partnership on Urban Disaster Risk Reduction. International Federation of Red Cross and
Red Crescent Societies (IFRC), Geneva, Switzerland. The responsibility entailed developing the IFRC
global strategy for urban disaster risk reduction and implementing city level risk reduction projects in
Jakarta, Nairobi, La Paz, Yerevan and Tehran.

2010-2012

-Technical Adviser to the Office of Vice-President of the Islamic Republic of Iran for Strategic Planning
and Supervising, responsible for the development of proposal for the establishment of APDIM and
supporting the drafting process and negotiation for the adoption of APDIM resolution which was adopted
as ESCAP Resolution 67/4 in 2011.

-Senior Adviser to the United Nations Resident Coordinator in Iran for the development of disaster risk
management segment of United Nations Development Assistance Framework in Iran (UNDAF 2011-2015)
-International Affairs Adviser to the President of the Iranian Red Crescent. The responsibility included
developing the international cooperation strategy and partnership frameworks for the Iranian Red Crescent.

2007-2009

Head of UNISDR Regional Office for West Asia and North Africa based in Cairo, United Nations
International Strategy for Disaster Risk Reduction (UNISDR). The position included leading the process
for the establishment of UNISDR Regional Office in Cairo, developing regional policies, strategies and
programmes as well as expansion of partnership with the states and organizations in the region.

2004-2006

Operations manager for Africa and the Middle East in the International Federation of Red Cross and Red
Crescent Societies (IFRC) in Geneva, Switzerland. The responsibility entailed leading and coordinating
IFRC international response to major disasters in Africa and the Middle East, developing regional disaster
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management and risk reduction strategy and frameworks as well as strategic partnerships with national and
regional actors.

2001-2003

Director General for International Affairs in the Iranian Red Crescent Society. The responsibility covered

ot el ol

a wide range of tasks including developing international strategic plans and partnership for the Iranian Red nn
Crescent and coordinating international assistance to various crises and disasters such as Afghanistan 2001, .
Iraq 2003 and Bam earthquake in 2003. e Gl Orgeizaion
1998-2000 uni Twin
Desk officer for Middle East and North Africa in the International Federation of Red Cross and Red

Crescent Societies (IFRC) in Geneva, Switzerland. .
1996-1997

Deputy Director General for International Affairs in the Iranian Red Crescent.

1995-1996
Disaster Relief Delegate of the International Federation of Red Cross and Red Crescent Societies (IFRC)
in Central Asia based in Tajikistan.

1992-1994
Programme officer for international disaster relief and recovery projects in the Iranian Red Crescent.

Selected assignments and activities
e Adviser to the Parliament of the Islamic Republic of Iran for drafting the new National Disaster
Management Law.

e Adviser to the Iranian Ministry of Road, Housing and Urban Development on disaster risk reduction
e Disaster management and risk reduction missions to over 140 countries.

e Lectures, speeches and presentations on disaster management and risk reduction in the various
international conferences, meetings and workshop and UN official meetings.

e A member of Advisory Board of Crisis Response Journal, published in the UK since 2004
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| The 1st International and 3rd National Conference on Bicmathematics
Damghan University, Iran (Virtual)

Risk-informed and Climate Resilient Development
a 10 Year Outlook for Iran v
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Dr. Mostafa Mohaghegh

Senior Coordinator, United Nations Asia and Pacific Centre for
Development of Disaster Information Management {UNESCAP-APDIM)

1- Key concepts \“ [ J ,’

W e <
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* Sustainable development - \
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The 2030 Agenda for Sustainable Development, adopted by all United
Nations Member States in 2015, provides a shared blueprint for peace
and prosperity for people and the planet, now and into the future. At
its heart are the 17 Sustainable Development Goals (SDGs), which are
an urgent call for action by all countries - developed and developing - in
a global partnership.
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2015 was a landmark year for multilateralism and international policy
shaping, with the adoption of several major agreements:

*» Sendai Framework for Disaster Risk Reduction (March 2015)
» Addis Ababa Action Agenda on Financing for Development (July 2015)

* Transforming our world: the 2030 Agenda for Sustainable
Development with its 17 SDGs was adopted at the UN Sustainable
Development Summit in New York in September 2015.

* Paris Agreement on Climate Change (December 2015)
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* Disaster Risk Reduction

Definition: (UNDRR Terminology)

Disaster risk reduction is aimed at preventing new and reducing
existing disaster risk and managing residual risk, all of which contribute
to strengthening resilience and therefore to the achievement of
sustainable development.

Annotation: Disaster risk reduction is the policy objective of disaster
risk management, and its goals and objectives are defined in disaster
risk reduction strategies and plans.
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Key factors of disasters risk e
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Environmental Business
Coping capacity Assets
Adaptive capacity

Definition of resilience (UNDRR)

* The ability of a system, community or society exposed to hazards to
resist, absorb, accommodate, adapt to, transform and recover from
the effects of a hazard in a timely and efficient manner, including
through the preservation and restoration of its essential basic
structures and functions through risk management.
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Sendai Framework for Disaster Risk Reduction

Sendai Framework Sliw o e

for Disaster Risk Reduction :  a
2015 - 2030 LMW sl Lals sty
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Sendai Framework

Priorities for Action:

Priority 1. Understanding disaster risk

Priority 2. Strengthening disaster risk governance to manage disaster
risk

Priority 3. Investing in disaster risk reduction for resilience

Priority 4. Enhancing disaster preparedness for effective response and
to “Build Back Better” in recovery, rehabilitation and reconstruction
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Sendai Framework
7 Targets

SUBSTANTIALLY REDUCE

-Jv\- A. Global disaster mortality

-+) 8. Number of affected people

$) c. Economic loss in relation to GDP

@) o. Damage to critical infrastructure NN W uni Twin
i i sy
and services disruption [ withinatioral snd focel
DRR strategies by 2020 hetweah s s e Pass iz

in Biophysics,
technaiogy s Emsesnmental Hasth

SEVEN TARGETS B i vecione sopentin
TO ACHIEVE T i Y
BY 2030 @ o Artebity anducossmto ety
T SUBSTANTIALLY INCREASE

Reciprocal relation between sustainable development and
disaster risk

* Disasters impose heavy “damages” on communities and countries and thus
delay development of countries by reducing available human capitals and
assets and interrupting planning.

* Disasters impose considerable “losses” on communities and countries and
thus decrease the economic potential of society by exacerbating poverty,
inequities, unemployment, disrupting small business and industry
activities.

* The difference between disasters “damages” and “losses” can be explained
by “iceberg tip” model.

* Ineffective and imbalanced development policies and planning increase
physical, social, economic and environmental vulnerabilities and thus
contribute to generation of more disasters risk.
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. Development and disaster risk reduction
Disaster risk generation vs Disaster risk reduction

Development Speed of risk generation as consequence of
imbalanced socio-economic development uni Twin
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. Speed of disaster risk reduction

Estimated economic losses of disasters

Iran (Islamic Republic of) 4,859

’ , -
= 4 Germany - 5,048 \i s

wﬂ 626

% 3 Senegal - 12!’
Yol K

Multi-Hazard m))
Average Annual Loss (AAL) ‘ du X ‘7Indla 9,825

{in million USS]
Earthquake, flood, cyclone wind,

storm surge and tsunami
— Peru-4,038 '

146- 244
244-420 W
420-927

927-3,300

I > 3,300

( Phlllppines -7,893

N

Indonesia - 3,575 - "

Brazil - 4,508
Madagascar - 243

Expected future disaster losses annualized over the long term
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Sustainable
development,

Sustainable Development
The 2030 Agenda
for Sustainable Development

d|sastgr risk =
reduction and i
climate change

Resilience
development
of community

nexus uni Twin

International action
on climate change
Paris Agreement

Disaster risk
management
Sendai Framework

Recognizes close linkages
between climate action and Notes that DRR is essential

sustainable development for sustainable development
- -

Notes that addressing climate change
is the mandate of the UNFCCC

Framework for
Disaster Risk
Reduction

Recognizes climate change as
a driver of disaster risk

Direct references =y Thematic linkages = = = = = B
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How does integration/mainstreaming of disaster risk reduction

into development planning work?
; : UNESCAP-2017
Tasks during the disaster management cycle AI l [ “ﬂ
United Naiotrs.
/ Early warning
evacuation
st uni Twin
Pre-disaster resp:l:'e
Risk assessment w,( . ,'*-'-':',R_" ,,,,;'a,;"—, R
risk prevention l
risk mitigation
:;:::zt:s Post-disaster
Early recovery

damage-loss assessment
\ rehabilitation
reconstruction

Principles of integrating/mainstreaming DRR into development
planning

1. Develop legal and regulatory mechanisms;

2. Set up institutional mechanisms;

3. Adopt framing policies and planning;

4. Provide financial and budgetary support;

5. Decentralize responsibilities to local levels; and
6. Build capacities at all levels

From a theoretical perspective, these principles provide “a horizontally
and vertically integrated systems approach with strong coordination
across sectors and a delegation of responsibilities at the local level
based on the principle of subsidiary
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Risk-informed and climate resilient development

A 10-year outlook for Iran

Global Distribution of Vulnerability to Climate Change
Combined National Indices of Exposure and Sensitivity

5l ) -

uni Twin
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6 Moderate
5 Modest
4 Modest
no data

I 10 Extreme vulnerability 1
B 9 Severe '
I 8 Serious s
7 Moderate by
. ¢

ies dissolved

Scenario A2-550 in Year 2100 with Climate Sensitivity Equal to 5.5 Degrees C
Annual Mean Temperature with Aggregate Impacts Calibration

Key climate change challenges on Iran’s development

Some statistics and projections:

« Iran will experience an increase of 2.6 °C in mean temperatures and a 35%
decline in precipitation in the next decades.

* Iran by total greenhouse gas (GHG) emissions nearly to 616,741 million
tons of CO2 is the first in the Middle East, and seventh in the world.

* Several researchers have reported the heat waves will be increased (30%)
by the end of the century for Iran and West Asia
* The high-level contribution of Iran to emissions of GHG depends on a
significant production of oil, gas, and rapid urbanization.
—!_Ngv.e.l_m.eth@d.s_t_e APl oA el dolealnea : -0 i - i oS- Ee+e-mA it ‘- =)
Gfl]jG emissions in order to overcome the increased risk of climate change
effects
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Key climate change challenges for development in Iran:

;@} Main climate and weather-related hazards:
‘ . * Drought
* Flood

* Sand and dust storms
* Air pollution

* Wildfire

* Heatwave

* Locus swarm oniTwin
Main impacts: T

* Water stresses for human use
= Agriculture, forestry and environment

* Energy

* Health

* Road and transportation
* Industry

Science, Policy, Practice Nexus

) \
Understandl::nd diagnose Propose and leac'h consensus on Implement agreed action WManikor, lesrry and scale up b,
prablems solutions N
|
,/’/
h 4 h 4
Sci " Poli |( Practi j
Research, measure and assess Shared objectives, prioritics, expected Country, system or organization action plans
Innovation and knowledge network outcomes and impact projects
Monitaring and early warning system Shared approach (e.g. risk-informed
Science, Technology, Innovation (STI) development, people-centred, participators:
capacity development. etc)
— Teamwork f.
L ~l

Link of the Lecture:
https://drive.google.com/file/d/10iNdNfqg3flFIxdV-pkQE-NLw-kbHbw4v/view?usp=sharing
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Dr. Rob Ewing

University of Southampton, UK

CURRICULUM VITAE: ROB EWING, PHD
Associate Professor Proteomics and Systems Biology, Biological Sciences, University of Southampton,

UK'. ) uni Twin
email: rob.ewing @soton.ac.uk

web: http://www.ewinglab.org e e e e
RESEARCH SUMMARY

My broad research interest is in understanding molecular networks (especially protein interaction
networks) and how these molecular networks are altered in cancer. We employ data-driven/computational
approaches as well as ‘omics’ technologies to study protein networks.

QUALIFICATIONS
1997 D.Phil. Molecular Genetics, Barbinder Trust Scholarship, University of Oxford, UK
1989 BSc (Hons) Applied Biology, University of Bath, UK

POSITIONS HELD — ACADEMIC AND PROFESSIONAL

2014-present Associate Professor, School of Biological Sciences, University of Southampton, UK
2007-2013 Assistant Professor, Center for Bioinformatics and Proteomics, Case Western Reserve
University, Cleveland, OH, USA

2006 Co-founder, Infochromics (Bioinformatics software development), Toronto, Canada
2003-2006 Group leader, Bioinformatics, MDS Proteomics, Toronto, Canada

2001-2003  Senior Bioinformatics Scientist, Incyte Genomics, California, USA

1999-2001 Postdoctoral Fellow, Functional Genomics Consortium, Stanford University, USA
1997-1999 Postdoctoral Fellow, Genomic and Structural Information Lab, CNRS, Marseille, France

15 MOST RELEVANT/REPRESENTATIVE PUBLICATIONS (FROM 85 TOTAL; 5475 TOTAL
CITATIONS, GOOGLE SCHOLAR)

1. Wu X et al. 3-month, 6-month, 9-month, and 12-month respiratory outcomes in patients following
COVID-19-related hospitalisation: a prospective study. Lancet Respir Med. 2021 May 5; PMCID:
PMC8099316

2. Bowler EH et al. Deep proteomic analysis of Dnmt1 mutant/hypomorphic colorectal cancer cells
reveals dysregulation of epithelial-mesenchymal transition and subcellular re-localization of Beta-
Catenin. Epigenetics. 2020 Feb;15(1-2):107-121. PMCID: PMC6961695

3. Saha S, Ewing RM. Editorial: Integrated Omics for Defining Interactomes. Front Physiol. 2020;11:81.
PMCID: PMC7034308

4. Koh HWL et al. iOmicsPASS: network-based integration of multiomics data for predictive subnetwork
discovery. NPJ Syst Biol Appl. 2019;5:22. PMCID: PMC6616462

5. Ewing RM et al. Multiproteomic and Transcriptomic Analysis of Oncogenic beta-Catenin Molecular
Networks. J Proteome Res. 2018 Jun 1;17(6):2216-2225. PMCID: PMC7385754

6. Mellacheruvu D et al. The CRAPome: a contaminant repository for affinity purification-mass
spectrometry data. Nat Methods. 2013 Aug;10(8):730-736. PMCID: PMC3773500 [**1052 citations]

7. Song J et al. DNA and chromatin modification networks distinguish stem cell pluripotent ground states.
Mol Cell Proteomics. 2012 Oct;11(10):1036—1047. PMCID: PMC3494154

8. Saha S et al. Computational framework for analysis of prey-prey associations in interaction proteomics
identifies novel human protein-protein interactions and networks. J Proteome Res. 2012 Sep
7;11(9):4476-4487. PMCID: PMC3777680

9. Dazard J-E et al. ROCS: a reproducibility index and confidence score for interaction proteomics
studies. BMC Bioinformatics. 2012 Jun 8;13:128. PMCID: PMC3568013
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10. Erten S et al. DADA: Degree-Aware Algorithms for Network-Based Disease Gene Prioritization.
BioData Min. 2011 Jun 24;4:19. PMCID: PMC3143097

11. Saha S et al. The bait compatibility index: computational bait selection for interaction proteomics
experiments. J Proteome Res. 2010 Oct 1;9(10):4972-4981. PMID: 20731387

12. Nibbe RK et al. Discovery and scoring of protein interaction subnetworks discriminative of late stage
human colon cancer. Mol Cell Proteomics. 2009 Apr;8(4):827-845. PMCID: PMC2667362

13. Ewing RM et al. Large-scale mapping of human protein-protein interactions by mass spectrometry.
Mol Syst Biol. 2007;3:89. PMCID: PMC1847948 [#%1056 citations]

14. Ewing RM et al. Large-scale statistical analyses of rice ESTs reveal correlated patterns of gene
expression. Genome Res. 1999 Oct;9(10):950-959. PMCID: PMC310820 [**323 citations]

15. Kontogeorgaki S et al. Noise-processing by signaling networks. Sci Rep. 2017 Apr 3;7(1):532. ‘.
PMCID: PMC5428852 uni Twin
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Hebwerk on Fisaeach and Posigradiusts

SELECTED RECENT SEMINARS Do e oth
2021 (invited) Multi-omics in biomed research and precision medicine, Frontline Genomics

2020 (invited) Artificial Intelligence and Molecular Networks Symposium, Crick Institute, London, UK

2018 (invited) International Annual Oncology forum, Wuhan, China

2017 (invited) EMBL-EBI Industry Programme workshop, EMBL-EBI, Hinxton, UK

2017 (keynote) Networks and Pathways, European Bioinformatics Institute (EBI), Hinxton, UK

2017 (invited) School of Cellular & Molecular Medicine, University of Bristol, UK

2016 (invited) Keele University, UK

2016 (keynote) Molecular Networks Workshop, Jagiellonian University, Krakow, Poland

SELECTED RECENT SUPPORT

2020-2023 Wessex Medical Research Trust (PI): PhD studentship (£80,000)

2018-2020 MRC Ewing (PI). Zika-driven brain tumour stem cell oncolysis (£186,000)

2013-2017 EU/Marie Curie. Ewing (PI) €100,000 Dynamic Protein interaction networks in cancer
2013-2015 NIH/NCI. Ewing (PI) US$350,000. Novel technology for oncoprotein interaction networks
2014 BBSRC ALERT 14.(Co-I) Mass-spectrometry Instrumentation (£450,000)

2012-2013 CTSC Pilot Grant. Ewing (PI) US$30,000. Semantic Provenance Dashboard: a tool for
integrating, organizing and querying across diverse ‘omics datasets.

AWARDS

2017 Research Contribution Award (Aegean Conference, Crete, Greece)

2012 Case Comprehensive Cancer Center Full Member

2011 UCITE Glennan fellowship, Case Western Reserve University (CWRU)

2010 University Center for Innovation in Teaching and Education (UCITE) mentor fellow, CWRU
1998 NSF postdoctoral fellowship, Carnegie Institute/Stanford University

1992 Barbinder Trust pre-doctoral fellowship, University of Oxford

SERVICE, SYNERGISTIC ACTIVITIES AND SOCIETY MEMBERSHIPS

American Society for Mass-Spectrometry (ASMS) (ongoing)

International Society for Computational Biology (ISCB) (ongoing)

2020-2023 BBSRC Pool of Experts

2020- Course Director, MRes Big Data Biology, University of Southampton

2019 Chair, Scientific Organizing Committee, British Society Proteome Research Annual Meeting
2017- Management committee, British Society of Proteome Research (BSPR)

2016-2019 Director of Graduate School, School of Biological Sciences, University of Southampton
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DISSECTING PROTEIN NETWORKS IN CANCER USING o
PROTEOMIC AND COMPUTATIONAL APPROACHES S

_
Rob Ewing PhD _"[:Hi
United Naiotrs.
Computational and Systems Bioclogy Eclons,Scenklc s
Biological Sciences
University of Southampton, UK uni Twmin
http:/fwnaw.ewinglab.org
Wetwork on Fisearch aedl Posigraduse
Sckectasogs vl ol Hosth

About me

=7 : W CAsE WESTERN RESERVE =

00 mds proteomics Es g
Senior Bioinformatics Caitit fo- Protaomice 0%
Scientist and Bioinformatics

Assistant Professr, Director of PhD in Molecular

Bicinformatics 3 Genetics

43 Cleveland Oxj;rd
- Southampton
= UNIVERSI Y OF

Southampton

Associate Professor
Proteomics and Systems
Postdoctoral scientist, J Biology
bicinformatics

has

Postdoctoral
often scientist
nermal _ altered _ distupt disease

1\
importent interaction “SER 7\ bioinformatics
sgng Signal _cellularmuene /
interest” transduction it " susy g

ol - Marseil
QN EAL bioinformaties e ("REESE

R N V]

e | v cory

famantal & - ol

rote n -Prombndersfaﬁa b o http: //www. ewinglab.org
pathway interactions Rob.ewing@soton.ac.uk
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iSC Scientific Interests

whnt signalling

colorectal cancer oncoprotein interactions

pathway
T
Oncogenic =g "[“
: : — ——
signaling = _—
! Educational, Sciersiic and
Cultural Organization
k-
Molecular Cancer Research 2015; Molecular Biosystems 2014; Cancer Cell 2013; Mol. L .
Cell. Proteomics 2012; Science Signaling 2010 uniTwin
new proteomic O : data mining and i i b
techniques protein interaction integration Bl b,
y A g -
Proteomic and S
computational
tools
|
‘‘‘‘‘‘‘‘ -
Nature Methods 2013; Journal of Proteome Research 2012; BMC Bioinformatics 2012;
Molecular Systems Biclogy 2007

» Background: Signaling, cancer and protein networks

* Techniques for proteomic identification of interaction partners and
application to the Wnt signaling pathway and colorectal cancer

* Integration of ‘omics data to characterize protein networks
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Signaling and cancer

SURVIVE

—_—
o & < _
Y ; = GROW + DIVIDE
&R e/ ‘ Iy
‘@ j. L
7 . / .\ »;{:'1'; DIFFERENTIATE &
)2 k. R
& e % s .% uni Twin
- 3
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» Cell signaling is altered in most cancers
» Alterations of cell signaling alters cell behavior

» [EpilGenetic mutations are key drivers of altered signaling

Protein-protein interactions: key molecular events in
signalling

EeRal

BE '-'ME._ @
Fz
@ i
‘with without
@

Wnt Wnt

* Reconfiguration of protein complexes
via protein-protein interactions and
post-translational modifications
determines activity

Canonical Wnt signalling
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» Wnt signaling regulates normal intestinal homeostasis

» Colorectal tumours arise in epithelial layer of villi

» Mutations impacting Wnt signaling pathway are key activating events, leading to
stabilization of B-catenin

Protein-protein interaction networks and mutations

How do protein-protein interaction networks respond to perturbation?
« Dys-regulation of signalling pathways

* Oncogenic or tumour suppressor mutations targeting signalling pathways

Bottleneck in understanding
consequences in terms of protein
function and protein networks

*Rapidly identify somatic mutations from tumour
genomes
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Protein interactions: building blocks of life

o Most proteins work in concert with others

« Interact with all other classes of cellular biomolecule m“” T
« Function and structure may only be apparent through interactions _
. . . Uknited Natiotrs.
« Interactions are the backbone of cell signaling networks Edicsbonal, St nd

pathway protein interactome

uni Twin

ek, on Fizsear= arel Ptz scuzn
Estucation in Bioohysics,
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Structural

Biochemical

\ Interaction proteomics

QOverview

+ Background: Signaling, cancer and protein networks

* Techniques for proteomic identification of interaction partners and
application to the Wnt signaling pathway and colorectal cancer

* Integration of ‘omics data to characterize protein networks
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o Proteomics in cancer research: a broad range of
applications o
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» Altered post-translational modification

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022




Ulnnl_\olgﬁul_\—UJMuJ&hmeulnuiulnmumgmgUunll O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University
gleals alsdils

PDF Compressor Free Version

ot i ol il

Proteomic approaches for protein network mapping
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+ Entry points: disease associated genes, target families and pathways
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Ewing et al, Mol. Sys. Biol, 2007
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Du et al Science Signaling 2010
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Song et al, Molecular Cancer Research 2015

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences

19 - 21 January 2022



UlnnlgolSﬁul_\—UJou&hmeulnuiulmbumgmguunll O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University
gleals alsdils

PDF Compressor Free Version

ot el ol

Overview

_
« Background: Signaling, cancer and protein networks 1181
* Techniques for proteomic identification of interaction partners and
application to the Wnt signaling pathway and colorectal cancer =
uniTwin
* Integration of ‘omics data to characterize protein networks L

Cancers alter system-wide cellular networks

12 tumor types

The Cancer Genome Atlas (TCGA)

Integrated multi-omic analyses provide approach to systematically map
molecular networks across disease states
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Integrated multi-omics of oncogenic B-catenin signaling

HCT116 colorectal cancer cells
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Network reconstruction from multi-omics
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Balbin et al Nature Comm. (2013) Ayati et al, MOBAS: EURASIP J Bioinform Syst Biol. 2015
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Sub-network based TF enrichment
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ELF3 is an antagonist of Wnt signalling and EMT
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Role of Game theory to prevent Brain stroke

Saeed Seyd Agha Banihashemi
School of international relations
s.bsnihshemi @mfa.gov.ir

Key words: dominated strategy, Nash equilibrium ,Brain stroke

Introduction: In this article in first part introducing Game theory in second part I explain Brain stroke in
the last part how game theory Can prevent brain stroke .Many people in this world daily die from Brain
stroke . Game theory job is to help people , companies and organization to choose best strategies for going
on . In this article we prove that if people knowing game theory they will not take bad decision with facing
daily life problems. Bad strategy in life makes people happy and healthy with life span .

Game theory: In this part we do not want to teach Game theory only basic knowledge to use Game Theory
after reading article. Game theory is the study of the ways in which interacting choices of person or agents
produce outcomes with respect to the preferences (or utilities) of those person or agents, where the outcomes
in question might have been intended by none of the agents. The meaning of this statement will not be clear

rbidaiuns 0554515 g yigrolSpgle g uals j 0350l 1Foo cag | Biss Pa

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022


mailto:bsnihshemi@mfa.gov.ir

gleals alsdils

ot el ol

Ulﬂnl.)olSﬁul_\—uJou&hmeulnuiulmbumg.mguUnll O Uiolos ¢ puiuas

The 1% International and 3 National Conference on Biomathematics - Damghan University
PDF Compressor Free Version

to the non-expert until each of the italicized words and phrases has been explained and featured in some
examples. Doing this will be the main business of this article. The focus of game theory is the game, which
serves as a model of an interactive situation among rational players. The key to game theory is that one
player's payoff is contingent on the strategy implemented by the other player. The game identifies the
players' identities, preferences, and available strategies and how these strategies affect the outcome.
Depending on the model, various other requirements or assumptions may be necessary.

Game theory has a wide range of applications, including psychology, evolutionary biology, war, politics,
economics, and business ,international relations, religion . Despite its many advances, game theory is still
a young and developing science.

Part 1: Game theory

Definition: Any time we have a situation with two or more players that involve known payouts or
quantifiable consequences, we can use game theory to help determine the most likely outcomes. Let's start
out by defining a few terms commonly used in the study of game theory:

e Game: Any set of circumstances that has a result dependent on the actions of two or more
decision-makers (players)

e Players: A strategic decision-maker within the context of the game

e Strategy: A complete plan of action a player will take given the set of circumstances that might
arise within the game

e Payoff: The payout a player receives from arriving at a particular outcome (The payout can be in
any quantifiable form, from dollars to utility.)

e Information set: The information available at a given point in the game (The term information
set is most usually applied when the game has a sequential component.)

e Equilibrium: The point in a game where both players have made their decisions and an outcome
is reached

The Nash Equilibrium: is an outcome reached that, once achieved, means no player can increase payoff by
changing decisions unilaterally. It can also be thought of as "no regrets," in the sense that once a decision
is made, the player will have no regrets concerning decisions considering the consequences.[1]

Types of Game Theory

Although there are many types (e.g., symmetric/asymmetric, simultaneous/sequential, et al.) of game
theories, cooperative and non- cooperative game theories are the most common. Cooperative game theory
deals with how coalitions, or cooperative groups, interact when only the payoffs are known. It is a game
between coalitions of players rather than between individuals, and it questions how groups form and how
they allocate the payoff among players.[2]

Non-cooperative game theory deals with how rational economic agents deal with each other to achieve their
own goals. The most common non-cooperative game is the strategic game, in which only the available
strategies and the outcomes that result from a combination of choices are listed. A simplistic example of a
real-world non-cooperative game is Rock-Paper-Scissors. [3]

In Grade game me and opposite side are players and o,p are strategies in game .We may have several
strategies we need matrix form for keeping our data means according to my action and opposite side it is
most important part of game theory if we give rung number or value to actions sure we will not take correct
output if our value to action are correct up to 90% our prediction will be correct ,rest is so essay only to
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compare the numbers and values consider first matrix which belong to me explanation of this matrix is such
as fallow :[4],[5]

If I choose a strategy opposite side choose a strategy I will get B~ and if I choose

@} B strategy I will take and if I choose a strategy and opposite side choose B i will get C and if I choose
and opposite side choose 3 I will get. In same way we can do foe Matrix form of opposite side.

ot i ol il

Grade Game Comra S
Pair ﬁ o B

o - A uni Twin
CL B_ C e B

P
Toier hetwrh on Fizaear=: and Postz acuzs

B C _B + Sokechodboqy and Ervveanmental Haskh

o

p 4 B*

MMy grade pair grade

Then we to stick together two matrix we get

QL Pair B
o E&-B_ A"C
| [ |
Me Income matrix
B C,4 BB

Game theory can not say what should your goal be If
we know your goal game theory can help you.
We show possible pay off by Utility by = U

In this part we conclude in this manner: comparison between B- and C which one has bigger value sure B-
and among A and B+ sure A is better which we will show by blue mark .in conclusion for me best strategy
is 0. Now for opposite side between B- and C which one is bigger value sure B- and between A and B+
which one has greater value sure A which we will show by red in matrix. We can conclude that best strategy
for opposite side is o in this way we predict the action of our opposite side. Specialist in Human science
Criticism the game Theory that we cannot digitize human action which is completely rung consider flowing
axis [6]:

Hate action normal action love action

r 3
v

s0, one can easily use Game Theory in social science.
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opposite side
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strategies o B
'@} me a 0,0 3,-1
B -1,3 1,1 ﬁ
United Naiotrs.
, Scientic and
. . . S . . . . Culurl Ozt
In this game dominated strategies for both side is a that means if they do B will lose in relation, economy,
international relation, war and so on. Software which can help applicant is Gambit which work with it is
easy which we show bellow the Gambit answer to this game [7]. uni Twin
opposite side g
a [t
a 0 0 3

another version of tools are extension form which is available in Gambit:

a —» Opposite side

00 . : -
in blue which one is bigger value sure
opposite side 0 or a strategy so we delete smaller
3 1 value

opposite side

2:1 S
in blue which one is bigger value sure
opposite side 3 or a strategy so we delete smaller

% A value

now in red in two reaming strategy sure 0 is greater than -1 so dominated strategy will be a,a for both player
when so many strategy is there we use extension form. Again I emphasis that these digit are very important
for making decision, these digits will be made from information which one have about the subject we must
collect these information or help from an expert in that field [8].

In next example we view another condition which is different from last example.
Definition: we say my strategy o, strictly dominate my strategy B if my pay off a
is strictly greater than f.

Lesson 1: do not play a strictly dominated strategy. Lesson 2: Rational choice can beat to outcome that
suck. Possible Payoff:
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Nash Equilibrium

7

ot el ol

-‘:m} Players
) o B
strategies .
. i 114}
me @ 09 31/ ooy
p 13 1,1/ o
uni Twin

In this example one will proceeds as before but here there is not dominated strategy since red are not in one
horizontal line and blue are not in one vertical line. In game theory we say that there is Nash equilibrium
that means none of player will not get maximum out put something in the middle for example if it is trade,
we say there is not maximum benefit for both side in this trade but one things is very important is that if
the not following Nash equilibrium the will not get this middle output also. But in this example, we have
two Nash equilibrium which one is better [9]?

Hebwerk on Fisaeach and Posigradiusts
Sokechodboqy and Ervveanmental Haskh

opposite side

a
Eppposite side 00 in blue which one is bigger value sure
0 or a strategy so we delete smaller
value
_— 31
jopposite side 4 -3 in blue which one is bigger value sure
1 or a strategy so we delete smaller
B g value
0

Now in red 1 is bigger than 0 so B, B is better strategy than o, a so a, o is weaker Nash equilibrium.

In the last section we observe that there is no dominated strategy and no Nash equilibrium.

opposite side

Players a 8
strategies
0,0 L1
me o e h
B -33h —lil

In this example we use from Best response (BR) form that means if my opposite side choose o I must
choose a and if he choose B strategy I must use 3 otherwise I will lose the game. Up to her is enough for
those how want use Game theory for daily life for more complicated problems one must go for Game theory
course [10].
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Part2: Brain stroke: types

ot i ol il

Approximately 15 million people worldwide suffer from stroke each year. In Iran, stroke is the second

leading cause of death. But death is only one consequence of a stroke. Stroke is a major cause of motor,

' neurological and cognitive disabilities in the world. In the United States, 700,000 people have a brain stroke
each year. =

114
sources reported a decrease in the age of stroke and younger people and said: "The older you get, the higher E_g“f;::m“
the number of heart attacks" [11].
uni Twin

Ischemic Stroke = e

in Biophysics,
technabogy s Emsecnmental Hasth

Most strokes (87%) are ischemic strokes.1 ~An ischemic stroke happens when blood flow through the
artery that supplies oxygen-rich blood to the brain becomes blocked.

Blood clots often cause the blockages that lead to ischemic strokes.

Hemorrhagic Stroke

A hemorrhagic stroke happens when an artery in the brain leaks blood or ruptures (breaks open). The leaked
blood puts too much pressure on brain cells, which damages them.

High blood pressure and aneurysms—balloon-like bulges in an artery that can stretch and burst—are
examples of conditions that can cause a hemorrhagic stroke.

There are two types of hemorrhagic strokes:[12],[13]

e Intracerebral hemorrhage is the most common type of hemorrhagic stroke. It occurs when an
artery in the brain bursts, flooding the surrounding tissue with blood.

e Subarachnoid hemorrhage is a less common type of hemorrhagic stroke. It refers to bleeding in
the area between the brain and the thin tissues that cover it.

First question is why brain stroke
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Thickening and hardening of the walls

of blood vessels. (Ischemic stroke) o

What causes a stroke? High blood pressure (Hemorrhagic stroke)
—_—
Ovenveight breed I l [: I ii
Lack of physical activity S—
Tobacco Ured Hatoirs
use Salt consumption Educational, Scientiic and
Excessive alcohal Cultisral Organization

consumption
a genetic predisposition
Atherosclerosis
Stress

el uni Twin
1- Field of Study in high scheol and University

High blood pressure (Hemorrhagic stroke)

strategic situation 2- Job selaction e

In human life - -

3- Choosing a spouse

will happen every country suffer from this problem In Iran every year146000 people suffer from brain
stroke if we study economical aspects in the following calculation

Stroke In Iran daily 400 = Yearly 146000

death from stroke %15==p 22000

stroke second factor of death in Iran

Daily expenditure 500.000 TX400.000=200.000.000.000T

we can understanding from above information which from all factors stress and blood pressure are more
important especially in industrial cities. All us we have problems in family, in office with Colleagues or
Boss and so on in third part we are calming how Game theory reduce Brain stroke [14], [15].

Part three: Conclusion

If we take correct decision in each part of our life in future we are not facing such problems but since
people does not know Game theory the will take rung strategy against the persons which is facing so
outcome sure will be bad when you have bad output in family, school, university, office, workplace one
face stress which cause blood pressure and in the end Brain stroke.
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Good job
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Link of the Lecture: 2 iyt S
https://drive.google.com/drive/folders/1L6kzfBO2F4CsMUIrlIWMDPARagM-Xryi?usp=sharing
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Mohammad Kohandel is an Associate Professor at the Department of Applied Mathematics of the e .
University of Waterloo. His Lab is currently focused on integrating experimental studies and quantitative S e
approaches to address several problems in biomedical sciences, particularly in cancer biology. His research

activities include applying existing and novel quantitative models and computational methods to study

combinations of cancer therapies, nano-scale drug delivery systems, drug resistance in cancer, and quantum

Sensors.

From mechanistic to machine learning approaches in computational
biology of cancer

Artificial Intelligence (Al) is a leading-edge approach for analyzing biomedical data. This talk will survey
some of our recent works on applying Al to biomedical data, particularly cancer. First, I will discuss the
application of physics-informed neural networks in characterizing brain tumours. Next, I will discuss how
system biology and machine learning approaches can be combined to study the effectiveness of PD-1
checkpoint inhibition in ex vivo cultures. Finally, I will share our recent work on label-free identification
of cancer cells.

s S92 90 (i S
Link for the lecture is not available.
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Dr Keyvan Jabbari received B.S. degree in physics from Isfahan University of echnology, Isfahan, IRAN
in 1999, M.S. degree in medical radiation engineering from Amir Kabir University, Tehran in 2002,M.8S.

degree in medical physics from University of Manitoba , Winnipeg, Canada, in 2004. Then he got Ph.D. of uni Twin
Medical Physics from McGill University,Montreal, Canada in 2008. Since then, he was assistant professor I .
in Department of Medical Physics and Medical Engineering, School of Medicine, Isfahan University of s

Medical Sciences. He was also clinical medical physicist in Milad Hospital and Omid cancer
center.Currently he is a medical physicist at Champlain Valley Physicians Hospital is a hospital located in
Plattsburgh, New York. His research interest is fast Monte Carlo in treatment planning, dose calculation
and plan optimization.

A Review of Mathematical Techniques in
Cancer Radiation Therapy Planning

Radiation therapy is the use of high-energy particles or rays to damage cancer cells and prevent them from
growing. This treatment modality can be used alone or in conjunction

with surgery, chemotherapy or hormonal therapy to treat cancer. The source of radiation could be X-rays,
gamma rays, electrons, neutrons, protons, and so on. The goal of radiation therapy is to damage as many
cancer cells as possible, while limiting harm to the nearby healthy tissue
and irradiating a minimal dose in the critical organs. The treatment planning in radiation therapy is all based
on mathematical techniques. In recent years with many advanced mathematical methods and algorithms we
are able to calculate the dose in patient body with high accuracy.

The Monte Carlo (MC) method is a statistical simulation method based on random sampling.[4] For
radiation transport problems, this technique simulates the tracks of individual particles by sampling
appropriate quantities from the probability distributions governing the individual physical processes, using
machine-generated random numbers. The MC technique is the most accurate method for radiotherapy
treatment planning dose calculation with accuracy of better than 1%.

s 3979 (i i SCod

Link for the lecture is not available.
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The host of the 2" International Conference and
4™ National Conference on Biomathematics
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Ladies and Gentlemen @ b

Hello, .

el ol ul cass bogas § Bas &8 18 Cwoss
I am Alimohammadi, the scientific chief of the ) )
second international conference on Gl alen (pl By S lulpd wazg b &S ioles
biomathematics which will be held in the Pl ails ds 6,0 wiaile, plilyw 4 o5
University of Mazandaran around February of
2022. The Conference Committee would like to
invite you to the second international conference
on biomathematics, to share your knowledge and ‘51-a Dwled reylez o ‘éJ-LoJ‘ O pmles aege
achievements relevant to biomathematics for

Al ohasle olKiils Lol o5, aSulxl

propagating this beautiful branch between 9 28 s O DT

mathematics and biology. Egoge Olaeddle g Hlbgmidls (plobwl Lol 5l g
Thank you. Ot D99 &S ioled (regd (gl (s Lol
Mohsen Alimohammady 5 S, LU maled D90 00,5 00,5 VF Y L

Loy ol Shaal a1y o6 isls dasjgliws al)]
aclal |, ey bl ) slujazls ole Jols o2
e Qliodle Logas 5 Cudbge alags)l aues

55 ol

Professor in Functional analysis
Department of mathematics

University of Mazandaran, Iran
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Dr. Mostafa Zaare Khormizi

Sey95 &3l sthae S5O

The Executive Secretary of the Conference oiled gl puo

In the name of God,

Greetings and courtesy to dear scientists,
researchers, and participants in "The First
International and the Third National Conference
on Biomathematics". We thank God Almighty
for the honor of hosting this Conference at
Damghan University. I would like to thank you,
dear scholars, professors, and students
participating in the Conference and contributing
to its success by giving talks and presenting
articles. It is my duty to thank the sponsors of the
Conference, the honorable chairman of the
Conference, Dr. Basiri, the judges and the
esteemed members of the Scientific Committee,
and especially the scientific secretary of the
Conference, Dr. Rezaei. I also need to express
my sincere gratitude to the esteemed members of
the Executive Committee, the Support Group,
and the dear students who helped us. Finally, I
wish my colleagues at University of Mazandaran
success, who will host "The Second
International and the Fourth National

Conference on Biomathematics" next year.

Link for the lecture is not available.
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The Conference Organization
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Dr. Abdolali Basiri (Chairman of the Conference)
President of Damghan University;
Associate Professor at Computer Science Department, School of Mathematics and Computer Sciences
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Dr. Mostafa Zaare (The.Executive Secretary of the Dr. Arezou Rezaei (The Scientific Secretary of the
Conference) Conference)

Director of Evaluation and Supervision Office of
Damghan University;
Assistant Professor at Computer Science Department,
School of Mathematics and Computer Sciences

Assistant professor at cellular and Molecular
Department, School of Biology, Damghan University
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Dr. Nasser Akhoundi Dr. Davood Ajloo Dr. Ali Abbasi Molai
Damghan University, Iran Damghan University, Iran Damghan University, Iran
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of Medical Sciences (ArUMS), Iran
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_ Dr. Afshin Babaei Dr. Seyed Shahriar Arab
University of Mazandaran, Iran Tarbiat Modares University, Iran
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Ferdowsi University of Mashhad, Iran
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National Academy of Sciences of
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Dr. Hedayatollah Ghourchian Dr. Mostafa Qorbani
University of Tehran, Iran Alborz University of Medical Sciences,
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Dr. Seyed Hossein Hashemi

Dr. Akbar Hashemi Borzabadi
Shahid Beheshti University, Iran

University of Science and Technology
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Baku State University, Azerbaijan

Dr. Bijan Hashemi

Dr. Aghileh Heydari
Tarbiat Modares University, Iran

Payame Noor University (PNU),
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Dr. Reza Khodarahmi University of Tabriz, Iran
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Sciences, Iran
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The Conference was held for three days (Wednesday, January 19 to Friday, January 21, ECOSF

ot Sl ol

2022), which due to having ten topics and the number of accepted lectures, some axes

were held overlappingly and simultaneously. However, the lectures of the invited

speakers were presented without overlap.

uni Twin

Hetwerh.on Fizsears® arel Pty scusn
Esbucation in Bioshysics,
Saechoqy s Emiecnmental Hasth

The Conference inauguration, First day morning, Wednesday, January 19, 2022
On the Conference inauguration, six invited speakers presented their lectures. Table 1

shows the Conference inauguration schedule.

Table 1- The Conference inauguration ,Wednesday, January 19, 2022

Time GMT
Speaker

(24-hour) (24-hour)

Qoran + National Anthem 08:25-08:29 | 04:55-04:59

The Scientific Secretary
08:30-08:40 | 05:00-05:10
Dr. Arezou Rezaei

Dr. Abdulali Basiri
(Chairman of the Conference) 08:41-08:46 | 05:11-05:16

(President of Damghan University)

The Scientific Secretary
08:47-08:48 | 05:17-05:18
Dr. Arezou Rezaei
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Prof. Hossein Salar Amoli

I sc (Honorable Deputy Minister and Head of the Center

08:49-09:02 | 05:19-05:32

for Scientific and International Cooperation of the

Ministry of Science, Research and Technology)

The Scientific Secretary
09:03-09:04 | 05:33-05:34

Dr. Arezou Rezaei uni Twin
STEM for Sustainable Prof. Dr. Manzoor Hussain Soomro T

09:05-09:33 05:35-06:03
Development (President of ECO Science Foundation)

The Scientific Secretary
09:34-09:35 | 06:04-06:05
Dr. Arezou Rezaei

Prof. Mehdi Behzad

A few memories and :
(Father Graf of Iran, Founder of the Iranian 09:36-09:44 06:06-06:14

recommendations Mathematical Society, 1st Secretary General of the

Iranian Academy of Sciences)

The Scientific Secretary
09:45-09:46 | 06:15-06:16
Dr. Arezou Rezaei

Prof. Mohammad Hossein Rahmanidoost

(The Scientific Secretary of the 1st National 09:47-09:50 | 06:17-06:20

Conference on Bioathematics - Iran)

The Scientific Secretary
09:51-09:52 | 06:21-06:22
Dr. Arezou Rezaei

Prof. Hossein Kheiri

(The Scientific Secretary of the 2nd National 09:53-09:56 | 06:23-06:26

Conference on Bioathematics — Iran)

The Scientific Secretary
10:02-10:03 | 06:32-06:33
Dr. Arezou Rezaei
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AR Prof. Carlo Cattani

On the fractal nature

|sc (Professor (Habilitation) at Engineering School, Deim, 10:04-10:44 06:34-07:14
LA of DNA Tuscia University, Largo dell’Universita 4, 01100
Viterbo, Italy)

The Scientific Secretary . 00
10:45-10:46 | 07:15-07:16 S D
Dr. Arezou Rezaei
uni Twin
Culture and
knowledge in pre- Prof. Shahram Jalilian T

Islamic Iran and its 10:47-11:30 07:17-08:00

(Professor at Ancient Iranian History, Shahid Chamran

continuation in the University of Ahvaz)

Islamic period

The Scientific Secretary
11:31-11:32 | 08:01-08:02
Dr. Arezou Rezaei

Prof. Mahmoud Reza Delavar
Urban growth

(Professor at Department of Surveying and Spatial

modeling using smart 11:33-12:01 | 08:03-08:31

spatial data fusion Information, Campus of Technical Colleges,

University of Tehran, Tehran, Iran)

The Scientific Secretary
12:02-12:03 | 08:32-08:33
Dr. Arezou Rezaei

Prof. Gholamreza Rokni Lemoki
Biomathematics:

(Associate Professor at Department of Applied

Genesis and 12:04-12:37 08:34-09:07

Mathematics, Faculty of Mathematics, Statistics and
Development

Computer Science, University of Tehran, Tehran, Iran)

The Scientific Secretary
12:38-12:40 | 09:08-09:10
Dr. Arezou Rezaei
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In the afternoon of the first day of the Conference, Professor Helen Ghaneh Ostad

Ghasemi (invited speaker) presented her lecture in cooperation with Dr. Seyed Ali
Rakhshan (Table 6). Furthermore, the first parts of lectures were held on Biomathematics,

Computational Methods in Life Sciences Models, and Mathematical Modeling in

Biological and Medical Sciences. Lectures of the topic Optimization and Optimal Control

in Life Sciences were presented in full. Lectures on Biomathematics and Optimization uni Tain
and Optimal Control in Life Sciences were held simultaneously in different Sky rooms. =

Moreover, the lectures on Computational Methods in Life Sciences Models and
Mathematical Modeling in Biological and Medical Sciences were held simultaneously in
different Sky rooms. On this day, four lectures were presented in each of topics of
Biomathematics (Table 2) and Optimization and Optimal Control in Life Sciences (Table
3), and five lectures were presented in each of the topics Computational Methods in Life
Sciences Models (Table 4) and Mathematical Modeling in Biological and Medical
Sciences (Table 5).

Table 2 - Schedule of the first part of lectures on Biomathematics in the afternoon of Wednesday,

January 19, 2022

Chairman

Dr. Mohammad Hossein 14:00-14:03 10:30-10:33

Rahmanidoost

An introduction to biomathematics Rokni Lemoki Gholamreza 14:04-14:24 10:34-10:54

Chairman
Dr. Mohammad Hossein 14:25-14:26 10:55-10:56

Rahmanidoost

A mathematical model for the transmission

dynamics of drug-resistant tuberculosis LGELD R LT AL g e U
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Chairman
Dr. Mohammad Hossein

Rahmanidoost

14:48-14:49

11:18-11:19

The Study on stability and basic
reproduction number for SIR epidemic

model covid-19

Farahmandfard Azita

14:50-15:10

11:20-11:40

Chairman
Dr. Mohammad Hossein

Rahmanidoost

15:11-15:12

11:41-11:42

Analysis of eye tissue data by support
vector regression and sparse least trimmed

squares methods

Manavi Monireh

15:13-15:33

11:43-12:03

Chairman
Dr. Mohammad Hossein

Rahmanidoost

15:34-15:35

12:04-12:05

Table 3- Schedule of the lectures on Optimization and Optimal Control in Life Sciences in the

afternoon of Wednesday, January 19,2022

Chairman
Dr. Sohrab Effati

14:00-14:03

10:30-10:33

Support vector regression and its efficiency
in estimating chlorophyll concentration of
aquatic ecosystems with emphasis on the role

of meteorological variables

Agha Shariatmadari Zahra

14:04-14:24

10:34-10:54

Chairman

Dr. Sohrab Effati

14:25-14:26

10:55-10:56

ECOSF

uni Twin
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The Performance Of Cytotoxic Drugs In
Joursara Zeinab 14:27-14:47

Two Modes Of Bang Bang and Continuous

10:57-11:17

Chairman

Dr. Sohrab Effati

14:48-14:49

11:18-11:19

Assiciation between biofactors,

hematological factors and COVID- \4in
Mansoori Amin 14:50-15:10

MASHAD cohort: A machine learning

technique

11:20-11:40

Chairman

Dr. Sohrab Effati

15:11-15:12

11:41-11:42

Prediction of Wear Behavior of Modified

Epoxy-based Composites for Orthopaedic Poornima Hulipalled 15:13-15:33

Implants using machine learning algorithms

11:43-12:03

Chairman

Dr. Sohrab Effati

15:34-15:36

12:04-12:06

Table 4- Schedule of the first part of lectures on Computational Methods in Life Sciences Models in the

afternoon of Wednesday, January 19,2022

Chairman

16:02-16:04
Dr. Sajjad Rahmani

12:32-12:34

A meshless computational technique to

deal with a generalized anomalous Zabatzadeh Seyed Mahmoud | 16:05-16:25

electrodiffusion of ions in spiny dendrites

12:35-12:55

Chairman
16:26-16:27
Dr. Sajjad Rahmani

12:56-12:57
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e Intelligent diagnosis of acute coronary

syndrome by adaptive neural-fuzzy

lsc inference system based on a combination Zandi Iman 16:28-16:48 | 12:58-13:18
of clinical information and air pollution
—_—
Data ”[“n
Urtad o
Chairman Gk otn

16:49-16:50 | 13:19-13:20
Dr. Sajjad Rahmani

uni Twin

Numerical Simulation of Multilayer
Biosensor by Using Compact Finite Talei Ameneh 16:51-17:11 | 13:21-13:41
Difference Method

Hetwerh.on Fizsears® arel Pty scusn
Esbucation in Bioshysics,
Saechoqy s Emiecnmental Hasth

Chairman
17:12-17:13 | 13:42-13:43
Dr. Sajjad Rahmani

An effective numerical technique to solve a
Babaei Afshin 17:14-17:34 | 13:44-14:04
stochastic delayed HIV infection model

Chairman
17:35-17:36 | 14:05-14:06
Dr. Sajjad Rahmani

Fast Numerical Simulation of a Fractional
Mathematical Model of the COVID-19 Talei Ameneh 17:37-17:57 14:07-14:27

Disease

Chairman
17:58-18:00 14:28-14:30
Dr. Sajjad Rahmani
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Table 5- Schedule of the first part of lectures on Mathematical Modeling in Biological and Medical ECOSF

ot Sl ol

Sciences in the afternoon of Wednesday, January 19, 2022

uniTwin
Chairman
Dr. Gholamreza Rokni 15:45-15:47 | 12:15-12:17 T
Lemoki

Modeling and Analysis of the Spread of
COVID-19 with simultaneous Variants of Seshaiyer Padmanabhan 15:48-16:25 | 12:18-12:55

Concern

Chairman
Dr. Gholamreza Rokni 16:26-16:27 12:56-12:57

Lemoki

Measuring the phase synchronization in
the ADHD brain networks while observing Ansarinasab Sheida 16:28-16:48 | 12:58-13:18

facial emotions

Chairman
Dr. Gholamreza Rokni 16:49-16:50 13:19-13:20

Lemoki

How a Reach Personalized Therapeutic
Anvari Mehrdad 16:51-17:11 13:21-13:41
Regimens be Reached in Oncology

Chairman
Dr. Gholamreza Rokni 17:12-17:13 13:42-13:43

Lemoki

COVID-19 Outbreak Control using Game
Jamshidi Arta 17:14-17:34 | 13:44-14:04
Theory

Chairman
Dr. Gholamreza Rokni 17:35-17:36 14:05-14:06

Lemoki
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Identification of Thyroid Limit Cycle in
Real Data

Jamshidi Arta

17:37-17:57

14:07-14:27

Chairman
Dr. Gholamreza Rokni

Lemoki

17:58-18:00

14:28-14:30

Table 6- Schedule of the lectures of Invited speakers in the afternoon of Wednesday, January 19,

2022

Dr. Arezou Rezaei

The Scientific Secretary 18:09-
Introduction 14:39-14:41
Dr. Arezou Rezaei 18:11
Prof. Fatemeh Helen Ghaneh
Ostad Ghasemi
(Professor at Faculty of
Mathematical Sciences,
Mathematical modelling of COVID-19: Ferdowsi University of 18:12- 4421527
A case study of Iran Mashhad, Mashhad, Iran) 18:57 . .
Prof. Seyed Ali Rakhshan
(Postdoc researcher of Applied
Mathematics at the Ferdowsi
University of Mashhad)
The Scientific Secretary 18:58-
15:28-15:30
19:00

rlidniug § 0354515 g yiganlSpgle g uals j 635051

School of Biology, School of Mathematics and Computer Sciences

uni Twin

Hetwerh.on Fizsears® arel Pty scusn
Esbucation in Bioshysics,
Saechoqy s Emiecnmental Hasth

|1Foo yog | Lisa P9
19 - 21 January 2022




Uhnl;o&mlb—umJoLuahJulnuhlnnwngmgbﬂnll O Uiolos ¢ pivas

The 1® International and 3¢ National Conference on Biomathematics - Damghan University

Gleals alsdils

PDF Compressor Free Version

ot Sl ol

Second day morning: Thursday, January 20, 2022 ECOSF

On the morning of the second day of the Conference, four invited speakers presented their

lectures (Tables 7, 8, 9 and 10). Furthermore, the second part of the lectures on
Mathematical Modeling in Biological and Medical Sciences and Computational Methods

in Life Sciences Models was held. The lectures on Mathematical Modeling in Biological

and Medical Sciences and Computational Methods in Life Sciences Models were
presented at the same time and in different Sky rooms. On this day, four lectures were uni Twin

given in each of the topics Mathematical Modeling in Biological and Medical Sciences e

(Table 8) and Computational Methods in Life Sciences Models (Table 9).

Table 7- Schedule of the lectures of Invited speakers in the morning of Thursday, January 20, 2022

The Scientific Secretary

08:30-08:32 05:00-5:02
Dr. Arezou Rezaei

Prof. Arman Rahmim
The Field of Radiomics and Its (Associate professor at
Relationship to Machine Learning and Departments of Radiology and 08:33-09:10 05:03-05:40
Deep Learning Physics, University of British

Columbia, Vancouver, Canada)
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Table 8- Schedule of the second part of lectures on Mathematical Modeling in Biological and Medical

ot Sl ol

Sciences in the morning of Thursday, January 20, 2022

Chairman uni Twin
09:17-09:19 05:47-05:49
Dr. Gholamreza Rokni Lemoki

Hetwerh.on Fizsears® arel Pty scusn
Esbucation in Bioshysics,
Saechoqy s Emiecnmental Hasth

Prof. Cemil Tung

Effects of Lyapunov- Krasovskii (Professor at Department of
functionals on the qualitative criteria to Mathematics, Faculty of Sciences 09:20-10:03 | 05:50-06:33

s

integro —delay differential equations Van Yuzuncu Yil University,

65080, Campus, Van, Turkey)

Chairman
10:04-10:05 06:34-06:35
Dr. Gholamreza Rokni Lemoki

3D Visualization of medical images Azimzadeh Irani Arash 10:06-10:26 | 06:36-06:56

Chairman
10:27-10:28 06:57-06:58
Dr. Gholamreza Rokni Lemoki

The analysis of dynamics and
synchronization in Jansen-Rit neural Amookazemi Sheida 10:29-10:49 | 06:59-07:19

mass model

Chairman
10:50-10:51 07:20-07:21
Dr. Gholamreza Rokni Lemoki

Analysis and prediction of Covid-19
disease using machine learning Malekpour Shahraki Mahsa 10:52-11:12 | 07:22-07:42

regression algorithms

Chairman
11:13-11:14 07:43-07:44
Dr. Gholamreza Rokni Lemoki

Modeling and optimization of drug
release from multilayer polymer matrix Mehri Marzieh 11:15-11:35 | 07:45-08:05

devices

wmjoauﬁhgwpgkgw&_JomﬁQA |F°°L'J°ﬂ:'|l:"l5-""q

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022




Gleals alsdils

ot Sl ol

Uhnl;o&mlb—umJoLuahJulnuhlnnwngmgbﬂnll O Uiolos ¢ pivas

The 1® International and 3¢ National Conference on Biomathematics - Damghan University

PDF Compressor Free Version

Chairman

Dr. Gholamreza Rokni Lemoki

11:36-11:38

08:06-08:08

Table 9- Schedule of the second part of lectures on Computational Methods in Life Sciences Models

in the morning of Thursday, January 20, 2022

Dr. Sajjad Rahmani

Chairman
09:17-09:19 05:47-05:49
Dr. Sajjad Rahmani
Prof. Jahed Naghipoor
(1- Postdoctoral Graduate, Senior
The job opportunities for graduated Data Scientist, Alexander Thamm
students in Biomath/Mathematical GmbH, Frankfurt, Germany; 09:20-10:03 05:50-06:33
Medicine in the European market 2- Faculty of Mathematics,
Ferdowsi University of Mashhad,
Mashhad, Iran)
Chairman
10:04-10:05 06:34-06:35
Dr. Sajjad Rahmani
Predicting the tumor-induced
angiogenesis process via a weak form Narimani Niusha 10:06-10:26 06:36-06:56
meshless technique
Chairman
10:27-10:28 06:57-06:58
Dr. Sajjad Rahmani
Investigation of a SEIR Fractional
Mathematical Model for Covid-19 Dadkhah Mahmoud 10:29-10:49 06:59-07:19
Disease Control
Chairman
10:50-10:51 07:20-07:21
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Simulation of a local prostate tumor

growth model in two-dimensional Mohammadi Vahid 10:52-11:12 07:22-07:42
tissues
Chairman
11:13-11:14 07:43-07:44
Dr. Sajjad Rahmani
A stochastic model for spread of
Covid-19 based on the impact of Babaei Afshin 11:15-11:35 07:45-08:05
different safety protocols
Chairman
11:36-11:38 08:06-08:08
Dr. Sajjad Rahmani

Table 10- Schedule of the lectures of Invited speakers in the morning of Thursday, January 20, 2022

The Scientific Secretary

branch of research

School of Medicine, Shahid
Beheshti University of Medical

Sciences, Tehran, Iran)

11:47-11:49 08:17-08:19
Dr. Arezou Rezaei
Prof. Hashem Rafiei Tabar
(Professor at Department of
Computational Science as the third Physics and Medical Engineering, TR TSI
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Second day afternoon: Thursday, January 20, 2022 ECOSF

ot Sl ol

In the afternoon of the second day of the Conference, four invited speakers presented their

lectures (Tables 11, 12, and 14). Lectures on the topics Bioinformatics, Differential
Equations and Dynamical systems, and Environment were also given in full. The lectures

on Differential Equations and Dynamical Systems and the Environment were held

simultaneously with the lectures on Bioinformatics in different Sky rooms. On this day,

six lectures were given in each of topics Bioinformatics (Table 12) and Differential uni Tain
Equations and Dynamical Systems (Table 13) and two lectures in the topic of e

Environment (Table 13).

Table 11- Schedule of the lectures of Invited speakers in the afternoon of Thursday, January 20, 2022

The Scientific Secretary

14:00-14:02 10:30-10:32
Dr. Arezou Rezaei

Prof. Changiz Eslahchi

(Professor at Department of
Computer Science, Faculty of 14:03-14:45 10:33-11:15
Mathematical Sciences, Shahid

Predicting Anti-Cancer Drug Response

by Finding Optimal Subset of Drugs

Beheshti University, Tehran, Iran)
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Table 12- Schedule of the lectures on Bioinformatics in the afternoon of Thursday, January 20, 2022

ot Sl ol

Chairman
14:56-14:59 | 11:26-11:29
Dr. Changiz Eslahchi uni Twin
Prof. Ulf Schmitz e SRR

(Associate Professor at College of

Studying the epigenetic regulation of
Public Health, Medical and 15:00-15:45 | 11:30-12:15

alternative splicing in cancer
Veterinary Sciences, James Cook

University, Australia)

Chairman

Dr. Changiz Eslahchi

15:46-15:47 | 12:16-12:17

Internet of Things: Environment
Patil Santosh 15:48-16:08 | 12:18-12:38
Perspective

Chairman

Dr. Changiz Eslahchi

16:09-16:10 | 12:39-12:40

Predicting neuropsychiatric lupus in
systemic lupus erythematosus patients
Soleimanifard Omid 16:11-16:31 | 12:41-13:01
by analyzing clinical records using

neural network

Chairman

Dr. Changiz Eslahchi

16:38-16:39 | 13:08-13:09

A CNN model for the detection of

Covid-19 using lung X-ray images

Alidoust Jahzedani Amin 16:40-17:00 13:10-13:30

Chairman

Dr. Changiz Eslahchi

17:01-17:02 | 13:31-13:32

Opinion mining of Drug Reviews using
Support Vector Machine for Multiple Karimi Zohreh 17:03-17:23 | 13:33-13:53

Instance Learning
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Chairman

Dr. Changiz Eslahchi

17:24-17:25

13:54-13:55

Drug-Target Binding Affinity

ECOSF

Saadat Mahsa 17:26-17:46 | 13:56-14:16 .
Prediction Using Transformers m
Chairman Gl Otz
17:47-17:48 | 14:17-14:18
Dr. Changiz Eslahchi
uniTwin
Molecular Mechanism of Cellulose
Azimzadeh Irani Maryam 17:49-18:09 | 14:19-14:39 Moo s e Pty ine

Nanofibers Arrangement

Chairman

Dr. Changiz Eslahchi

18:10-18:12

14:40-14:42

Environment in the afternoon of Thursday, January 20, 2022

Chairwoman

Dr. Somayeh Nemati

14:56-14:59

Table 13- Schedule of the lectures on Differential Equations and Dynamical systems, and on

11:26-11:29

Dynamics of a mathematical model of
COVID-19 pandemic

Asghari Niari Maryam

15:00-15:20

11:30-11:50

Chairwoman

Dr. Somayeh Nemati

15:21-15:22

11:51-11:52

Global Stability of HIV Dynamical
Model with Crowley-Martin Funtional

Response

Roumi Vahid

15:23-15:43

11:53-12:13

Chairwoman

Dr. Somayeh Nemati

15:44-15:45

12:14-12:15
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The effect of volume fraction, Reynolds

number and dilation rate of permeable

Dr. Somayeh Nemati

wall of gold-copper nanofluid heat Azimi Zohreh 15:46-16:06 | 12:16-12:36
transfer fluid using numerical method of
Adomian decomposition method
Chairwoman

16:07-16:08

12:37-12:38

New nonstandard finite difference
scheme for COVID-19 model

Namjoo Mehran

16:09-16:29

12:39-12:59

Chairwoman

Dr. Somayeh Nemati

16:30-16:31

13:00-13:01

Application of Lie symmetries to
construct new conservation laws of

Hunter-Saxton equation

Mahdiun Somayeh Sadat

16:32-16:52

13:02-13:22

Chairwoman

Dr. Somayeh Nemati

16:53-16:54

13:23-13:24

Existence of solutions for an Ecological

Model involving nonlocal operators

Shakeri Saleh

16:55-17:15

13:25-13:45

Chairwoman

Dr. Somayeh Nemati

17:16-17:18

13:46-13:48

river, Hendijan, Iran

Chairman
17:26-17:28 | 13:56-13:58
Dr. Masoud Goudarzi
Multivariate statistic for surface water
quality assessment: case study of Zohreh Valiollahi Jalal 17:29-17:49 | 13:59-14:19

uni Twin

Hetwerh.on Fizsears® arel Pty scusn
Esbucation in Bioshysics,
Saechoqy s Emiecnmental Hasth
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Chairman

Dr. Masoud Goudarzi

17:50-17:51

14:20-14:21

Assessing drought impact on surface

water quality in Kashkan basin

Goudarzi Masoud

17:52-18:12

14:22-14:42

Chairman

Dr. Masoud Goudarzi

18:13-18:15

14:43-14:45

The Scientific Secretary

Dr. Arezou Rezaei

17:50-17:52

Table 14- Schedule of the lectures of Invited speakers in the afternoon of Thursday, January 20, 2022

14:20-14:22

Population dynamics in fragmented
landscapes: models, results, and future

challenges

Prof. Frithjof Lutscher

(Professor at Department of
Mathematics and Statistics, and
Department of Biology,
University of Ottawa, Ottawa,

Ontario, Canada)

17:53-18:30

14:23-15:00

The Scientific Secretary

Dr. Arezou Rezaei

18:31-18:34

15:01-15:04

Statistics and uncertainty

Prof. Hamid Pezeshk

(Professor at Department of
Statistics, Faculty of
Mathematics, Statistics and
Computer Science, University of
Tehran, Tehran, Iran)

18:35-19:12

15:05-15:42

The Scientific Secretary

Dr. Arezou Rezaei

19:13-19:15

15:43-15:45
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Db Third day morning: Friday, January 21, 2022 ECOSF

On the morning of the third day of the Conference, four invited speakers presented their

lectures (Tables 15, 16, 17 and 20). Also, the speakers of the topics of Applications of
Mathematics in Medical Physics and Biostatistics were fully presented. The lectures on

Applications of Mathematics in Medical Physics and Biostatistics were presented at the

same time in different Sky rooms. On this day, six speakers presented their lectures in

each of topics of Medical Physics (Table 18) and Biostatistics (Table 19). uni Tain

Hetwerh.on Fizsears® arel Pty scusn
Esbucation in Bioshysics,
Saechoqy s Emiecnmental Hasth

Table 15- Schedule of the lectures of Invited speakers in the morning of Friday, January 21, 2022

The Scientific Secretary 08:30-
Introduction 05:00-05:02
Dr. Arezou Rezaei 08:32
Prof. V. Lokesha
(Professor at Department of
Structural study on new Topological Studies in Mathematics, 08:33- TG
indices and its elegance Vijayanagara Sri Krishnadevaraya 09:08
University, Ballari583105
Karnataka, India)
The Scientific Secretary 09:09-
05:39-05:41
Dr. Arezou Rezaei 09:11
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Table 16- Schedule of the lectures of Invited speakers in the morning of Friday, January 21, 2022 ECOSF

ot Sl ol

The Scientific Secretary 08:30-
Introduction 05:00-05:02
Dr. Arezou Rezaei 08:32
uni Twin
Prof. Hamid Mobasheri r—

(Representative of Iranian Biology

Physics and mathematics of voltage Society) e
ted ion channel and the effects of T 05:03-05:
gated ion channel and the effects o (Professor at Biophysics, . 3-05:38
lect tic field.
SRS SR Biochemistry and Biophysics
Research Center, University of
Tehran, Tehran, Iran)

The Scientific Secretary 09:09-
05:39-05:41

Dr. Arezou Rezaei 09:11
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Table 17- Schedule of the lectures of Invited speakers in the morning of Friday, January 21, 2022

ot Sl ol

The Scientific Secretary 09:11-
Introduction 05:00-05:02

Dr. Arezou Rezaei 09:12

uni Twin

Hetwerh.on Fizsears® arel Pty scusn
Esbucation in Bioshysics,

Prof. Fatemeh Vafaei chtegy o e Haskh

(1- Deputy Director, UNSW Data

Science Hub;

2- Senior Lecturer at

Big data and Artificial Intelligence: Computational Biology, s

09:48

driving personalised medicine of the 05:42-06:17

Bioinformatics;

future
3- Team Leader of Al in

Biomedicine Laboratory, School
of Biotechnology and
Biomolecular Sciences, UNSW

SYDNEY, Australia)

The Scientific Secretary 09:49-

06:18-06:19

Dr. Arezou Rezaei 09:51
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Table 18- Schedule of the lectures on Applications of Mathematics in Medical Physics in the morning ECOSF
of Friday, January 21, 2022

ot Sl ol

uni Twin
Chairman
09:55- e o e Pt
Dr. Mohammad Amin Mosleh 06:25-06:26 et et
09:56
Shirazi
Session Referee 09:56-
06:26-06:27
Dr. Ameneh Sazegarnia 09:57
Radiomics as a data mining from o
ultrasound images to differentiate Khezrlou Davoud 10. o 06:28-06:48
various objects :
Session Referee 10:19-
06:49-06:50
Dr. Ameneh Sazegarnia 10:20
Provide an approach based on L
Shearlet transform to medical image Azizi Froutgeh Fatemeh 10. il 06:51-07:11
processing .
Session Referee 10:42-
07:12-07:13
Dr. Ameneh Sazegarnia 10:43
Fully automated segmentation of o
prostate zones on DW-MR images Rezaeijou Seyed Masoud 11' . 07:14-07:34
using the U-Net model :
Session Referee 11:05-
07:35-07:37
Dr. Ameneh Sazegarnia 11:07
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RS Chairman
11:08-
Dr. Mohammad Amin Mosleh 0 07:38-07:39
!sc Shirazi ’
_
Session Ref 11:10 i
ession Referee :10- e
07:40-07:42 o S
Dr. Mohammad Mohammadi 11:12 Dillcsl Ol
Development a mathematical oty
algorithm to calculate the absorbed 11:13- Ve sk ol s
Pakkhah Zahra 07:43-08:03 st s Ensmer st
dose in bone marrow during low- 11:33
energy X-ray
Session Referee 11:34-
08:04-08:05
Dr. Mohammad Mohammadi 11:35
Variations in relative biological e
effectiveness of protons estimated Ahmadi Ganjeh Zahra 11. - 08:06-08:26
using two computational models '
Session Referee 11:57-
Introduction 08:27-08:28
Dr. Mohammad Mohammadi 11:58
A Computational Model of
Hepatocellular Carcinoma-Immune N
System Interactions for In Silico Jannati Esfahani Azam 12. 0 08:29-08:49
Assessment of Radiotherapy plus '
Anti-PD-1
Session Referee 12:20-
08:50-08:51
Dr. Mohammad Mohammadi 12:21
Chairman
12:21-
Dr. Mohammad Amin Mosleh G 08:51-08:52
Shirazi ’
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Table 19- Schedule of the lectures on Biostatistics in the morning of Friday, January 21, 2022 ECOSF

ot Sl ol

uni Twin
Chairman 09:55- e P e Pt
Introduction 06:25-06:27 Skt e ot
Dr. Amir Kasaeian 09:57
Modeling survival times of the R
COVID-19 patients with a new Khosravi Tanak Ali 10. 18- 06:28-06:48
distribution ‘
Chairman 10:19-
Introduction 06:49-06:50
Dr. Amir Kasaeian 10:20
Analyzing the long-term Survival of T
colorectal cancer patients using non- Ghavami Vahid 10' - 06:51-07:11
mixture cure rate model '
Chairman 10:42-
Introduction 07:12-07:13
Dr. Amir Kasaeian 10:43
Supervised Clustering of Gene 10:44-
Moradnia Sajedeh 07:14-07:34
Datasets 11:04
11:05-
Rest time 07:35-07:40
11:10

rlidniug § 0354515 g yiganlSpgle g uals j 635051 1Foo cags | Biss P9

School of Biology, School of Mathematics and Computer Sciences 19 - 21 January 2022




ool o181 = S § ksl j Ao lulosd ¢ jaogaw g | s Jiolod ¢ s

The 1* International and 3 National Conference on Biomathematics - Damghan University
Gleals alsdils

PDF Compressor Free Version

Chairman 11:11-
Introduction 07:41-07:42
I sc Dr. Amir Kasaeian 11:12
_—
1]
ot ek
Em. E:erﬁ:and
Factor Analysis and Reliability T
Evaluation of the Iranian Version of Mehrab Beyk Mahtab 11..33 07:43-08:03 oniTin
GHQ-12 Questionnaire
Chairman 11:34-
Introduction 08:04-08:05
Dr. Amir Kasaeian 11:35
A distribution for remission time of 11:36-
Khosravi Tanak Ali 08:06-08:26
bladder cancer patients 11:56
Chairman 11:57-
Introduction 08:27-08:28
Dr. Amir Kasaeian 11:58
A study of the stability and conditions e
necessary for optimal control to a Soleimanifard Omid 12. © 08:29-08:49
dynamic system of Covid-19 '
Chairman 12:20-
08:50-08:52
Dr. Amir Kasaeian 12:22
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Table 20- Schedule of the lectures of Invited speakers in the morning of Friday, January 21, 2022 ECOSF

it i ol il

The Scientific Secretary 12:25-
Introduction 08:55-08:57 uni Tmin
Dr. Arezou Rezaei 12:27
Prof. Mostafa Mohaghegh

(The representative of APDIM)

Risk-informed and climate resilient

(Senior Coordinator, United 12:28-

development, a 10-year outlook for Nations Asia and Pacific Centre " 08:58-09:33
fran for Development of Disaster
Information Management
(UNESCAP-APDIM))

The Scientific Secretary 13:04-
Introduction 09:34-09:36

Dr. Arezou Rezaei 13:06
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Third day afternoon: Friday, January 21, 2022

ot Sl ol

In the afternoon of the third day of the Conference, five invited speakers presented their

lectures (Tables 21, 24 and 25). Furthermore, the second part of the topic Biomathematics

was held. The lectures of the topic Biophysics were also completely presented. The ﬁ
lectures of the topics Biophysics and Biomathematics were simultaneously presented in e
Cultural Organization

different Sky rooms. On this day, five and four lectures were presented in the topics

uni Twin

Biomathematics (Table 23) and Biophysics (table 22), respectively.

Hetwerh.on Fizsears® arel Pty scusn
Esbucation in Bioshysics,
Saechoqy s Emiecnmental Hasth

Table 21- Schedule of the lectures of Invited speakers in the afternoon of Friday, January 21, 2022

The Scientific Secretary 14:00-
Introduction 10:30-10:32
Dr. Arezou Rezaei 14:02
Prof. Rob Ewing
Dissecting protein networks in cancer (Associate Professor at B85 i
using proteomic and computational Biological Sciences, University of Vs 10:33-11:15
approaches Southampton, Southampton, SO17
1BJ, UK)
The Scientific Secretary 14:46-
Introduction 11:16-11:19
Dr. Arezou Rezaei 14:49
Prof. Saeed seyed Agha
Banihashemi
Role of game theory to prevent brain (Assistant Professor at School of 14:50- TS
stroke International Relation of Ministry 15:25
of Foreign Affairs of Iran, Iran-
Japan)
The Scientific Secretary 15:26-
11:56-11:59
Dr. Arezou Rezaei 15:29
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ECOSF

ot Sl ol

Table 22- Schedule of the lectures on Biophysics in the afternoon of Friday, January 21, 2022

uni Twin

Hetwerh.on Fizsears® arel Pty scusn
Esbucation in Bioshysics,
Saechoqy s Emiecnmental Hasth

Chairman 15:30-
Introduction 12:00-12:02
Dr. Hassan Faridnouri 15:32
Mathematical model of vascular 15:33-
Nazari Borzou 12:03-12:23
tumor 15:53
Chairman 15:54-
Introduction 12:24-12:25
Dr. Hassan Faridnouri 15:55
Structure, Dynamics, and Bilayers
Perturbing Potency of Antimicrobial 15:56
Peptides into the Different Mehrnejad Faramarz 16. e 12:26-12:46
Membranes: A Molecular Dynamics ;
Simulation Study
Chairman 16:17-
Introduction 12:47-12:48
Dr. Hassan Faridnouri 16:18
Identification the two types of proton _—
pumps in plasmamembran of water Khalilov Rovshan 16' . 12:49-13:09
plants ;
Chairman 16:40-
Introduction 13:10-13:11
Dr. Hassan Faridnouri 16:41
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ECOSF

ot Sl ol

The research of integral conductivity

and single ion channels in cell and 16:42-
Rajab Mammadova Dr. Khayala 13:12-13:32
bilayer lipid membranes at the 17:02

presence of macrocycle compounds

Chairman 17:03- uni Twin
13:33-13:35
Dr. Hassan Faridnouri 17:05 P st e

Table 23- Schedule of the second part of lectures on Biomathematics in the afternoon of Friday,

January 21, 2022

Chairman
15:30-
Introduction Dr. Mohammad Hossein 15:32 12:00-12:02
Rahmanidoost )
Investigation of the effect of 15:33-
Ghasemabadi Atena 12:03-12:23
vaccination on Covid 19 15:53
Chairman
15:54-
Introduction Dr. Mohammad Hossein s 12:24-12:25
Rahmanidoost )
Mathematical modeling of roads’
wildlife losses considering the 15:56-
Modoudi Mohammad Nasser 12:26-12:46
(agricultural/ non-agricultural) 16:16
surrounding habitats
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i ety Chairman
16:17-
Introduction Dr. Mohammad Hossein 16:18 12:47-12:48
l sc Rahmanidoost )
1]
The Stability Analysis for Predator- 16:19- S—
v ARay Farahmandfard Azita 12:49-13:09 I O
Prey Model having Infection Diseases 16:39 Culkanl Opguention
uni Twin
Chairman T
16:40-
Introduction Dr. Mohammad Hossein 16:41 13:10-13:11
Rahmanidoost )
Effective Diffusion in the brain -
extracellular space computed by Yousefnejad Mohsen 17' . 13:12-13:32
homogenization method '
Chairman
17:03-
Dr. Mohammad Hossein 13:33-13:34
17:04
Rahmanidoost
Advantages of using fractional B
Caputo-Hadamard derivative in Soltani Jojehi Abdolbaghi 17' o 13:35-13:55
epidemic model :
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Table 24- Schedule of the lectures of Invited speakers in the afternoon of Friday, January 21, 2022

it i ol il

Introduction The Scientific Secretary 15:30-15:32 | 12:00-12:02
Dr. Arezou Rezaei uniTwin
The job opportunities for graduated Prof. Jahed Naghipoor 15:33-16:08 | 12:03-12:38

in Bi th/Math ical
students in Bioma athematica (1- Postdoctoral Graduate, Senior

Medicine in the European market Data Scientist, Alexander Th

GmbH, Frankfurt, Germany;

2- Faculty of Mathematics,
Ferdowsi University of Mashhad,
Mashhad, Iran)

Introduction The Scientific Secretary 16:09-16:11 | 12:39-12:41

Dr. Arezou Rezaei

Table 25- Schedule of the lectures of Invited speakers and the final part of the Conference in the

afternoon of Friday, January 21, 2022

The Scientific Secretary
17:32-17:34 14:02-14:04
Dr. Arezou Rezaei
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From mechanistic to machine

learning approaches in

computational biology of cancer

Prof. Mohammad Kohandel

(Associate Professor at
Department of Applied
Mathematics, University of

Waterloo, Ontario, Canada)

17:35-18:12

14:05-14:42

The Scientific Secretary

Dr. Arezou Rezaei

18:13-18:15

14:43-14:45

A Review of Mathematical
Techniques in Cancer Radiation

Therapy Planning

Prof. Keyvan Jabbari

(Professor at Medical Physics,
Radiotherapy, McGill University,
Montreal, Canada)

18:16-18:53

14:46-15:23

The Scientific Secretary

Dr. Arezou Rezaei

18:54-18:56

15:24-15:26

Host of the 4th conference

Prof. Mohsen Alimohammadi

(Professor at Department of
mathematics, university of

Mazandaran, Babolsar, Iran)
+
Prof. Somayeh Nemati

(Associate Professor at
Department of Applied
Mathematics, Faculty of
Mathematical Sciences, University

of Mazandaran, Babolsar, Iran)

18:57-19:02

15:27-15:32

The Executive Secretary
Dr. Mostafa Zaare
+
The Scientific Secretary

Dr. Arezou Rezaei

19:03-19:10

15:33-15:40
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