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Introduction: The Importance and Evolving Role of

Mathematics

Together with other sciences, mathematics forms the foundation for

understanding the world around us. It is the language of science,

technology, engineering and many other �elds, driving innovation and

problem solving.

Mathematics continues to evolve rapidly across a diverse range of

�elds, with signi�cant advancements in�uencing both theoretical and

applied domains.

The evolution of interest in di�erent topics in mathematics has been

shaped by a combination of intrinsic mathematical curiosity and

practical applications in science, technology, and society.
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Early Developments (Pre-17th Century)

Arithmetic and Geometry:

Ancient civilizations like the Egyptians, Babylonians, Greeks, and

Indians developed mathematical methods for trade, construction,

astronomy, and navigation.

Applications: Measuring land, building structures (e.g., pyramids), and

tracking celestial bodies.

Topics of Interest: Number systems, basic geometry (Pythagoras,

Euclid's "Elements"), and elementary algebra (Al-Khwarizmi).
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17th-19th Century: Calculus and More

Calculus:

The development of calculus by Newton and Leibniz revolutionized

mathematics, particularly in understanding change and motion.

Applications: physics, astronomy (Kepler's laws), mechanics, and later,

engineering.

Topics of Interest: Di�erential equations, optimization, and the

beginning of probability theory.
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17th-19th Century: Calculus and More

Algebra and Number Theory:

The period also saw intense development in algebra, culminating in

abstract algebra, and number theory (e.g., Fermat's Last Theorem, the

introduction of complex numbers).

Applications: Cryptography, engineering, quantum mechanics.

Topics of Interest: Algebraic structures (groups, rings, �elds),

Diophantine equations, and complex analysis.
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20th Century: The Rise of Abstract Mathematics and

Computing

Set Theory and Foundations:

With Cantor's work on set theory and the study of logical foundations

(Gödel's incompleteness theorems), mathematics became more

abstract.

Applications: Theoretical computer science, logic, and arti�cial

intelligence.

Topics of Interest: Zermelo-Fraenkel set theory, model theory, and

proof theory.
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20th Century: The Rise of Abstract Mathematics and

Computing

Mathematical Logic and Computability:

In the early to mid-20th century, the development of formal logic and

the theory of computation (Turing machines, Gödel's incompleteness)

led to modern computer science.

Applications: Computer science, cryptography, arti�cial intelligence,

and algorithmic theory.

Topics of Interest: Algorithms and computability theory.
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20th Century: The Rise of Abstract Mathematics and

Computing

Statistics and Probability:

The formalization of probability theory and the rise of statistics as a

mathematical discipline made major contributions to �elds like physics,

economics, and biology.

Applications: Finance, medicine, social sciences, machine learning, and

risk assessment.

Topics of Interest: Bayesian statistics, stochastic processes, and

statistical inference.
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20th Century: The Rise of Abstract Mathematics and

Computing

Topology and Algebraic Geometry:

Topology (the study of space) and algebraic geometry (the study of

geometric objects de�ned by polynomial equations) gained prominence,

in�uencing both pure and applied mathematics.

Applications: Quantum physics, string theory, and robotics.

Topics of Interest: Knot theory, homotopy theory, and singularities.
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Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Mathematical Biology and Medicine:

As biology and medicine became more quantitative, mathematical

models were used to study population dynamics, epidemics, genetics,

and neuroscience.

Applications: Epidemiology, cancer research, and genetics.

Topics of Interest: Systems biology, biomathematics, network theory,

and mathematical modeling of diseases.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 11 / 22



Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Mathematical Biology and Medicine:

As biology and medicine became more quantitative, mathematical

models were used to study population dynamics, epidemics, genetics,

and neuroscience.

Applications: Epidemiology, cancer research, and genetics.

Topics of Interest: Systems biology, biomathematics, network theory,

and mathematical modeling of diseases.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 11 / 22



Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Mathematical Biology and Medicine:

As biology and medicine became more quantitative, mathematical

models were used to study population dynamics, epidemics, genetics,

and neuroscience.

Applications: Epidemiology, cancer research, and genetics.

Topics of Interest: Systems biology, biomathematics, network theory,

and mathematical modeling of diseases.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 11 / 22



Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Mathematical Biology and Medicine:

As biology and medicine became more quantitative, mathematical

models were used to study population dynamics, epidemics, genetics,

and neuroscience.

Applications: Epidemiology, cancer research, and genetics.

Topics of Interest: Systems biology, biomathematics, network theory,

and mathematical modeling of diseases.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 11 / 22



Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Financial Mathematics and Economics:

With the rise of global �nancial markets, �nancial mathematics became

crucial, especially for modeling risk, pricing derivatives, and portfolio

management.

Applications:Investment banking, stock markets, and economic

forecasting.

Topics of Interest: Stochastic processes, game theory, and �nancial

modeling (e.g., Black-Scholes model).
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Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Machine Learning and Data Science:

The explosion of data in the 21st century has led to a surge in the

application of advanced statistical methods and optimization

techniques to understand and predict patterns in large datasets.

Applications:Arti�cial intelligence, machine learning, big data,

autonomous systems.

Topics of Interest: Deep learning, reinforcement learning, and

statistical learning theory.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 13 / 22



Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Machine Learning and Data Science:

The explosion of data in the 21st century has led to a surge in the

application of advanced statistical methods and optimization

techniques to understand and predict patterns in large datasets.

Applications:Arti�cial intelligence, machine learning, big data,

autonomous systems.

Topics of Interest: Deep learning, reinforcement learning, and

statistical learning theory.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 13 / 22



Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Machine Learning and Data Science:

The explosion of data in the 21st century has led to a surge in the

application of advanced statistical methods and optimization

techniques to understand and predict patterns in large datasets.

Applications:Arti�cial intelligence, machine learning, big data,

autonomous systems.

Topics of Interest: Deep learning, reinforcement learning, and

statistical learning theory.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 13 / 22



Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Machine Learning and Data Science:

The explosion of data in the 21st century has led to a surge in the

application of advanced statistical methods and optimization

techniques to understand and predict patterns in large datasets.

Applications:Arti�cial intelligence, machine learning, big data,

autonomous systems.

Topics of Interest: Deep learning, reinforcement learning, and

statistical learning theory.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 13 / 22



Key Trends and Recent Developments: Interdisciplinary and

Applied Mathematics

Quantum Computing and Information Theory:

With the advent of quantum mechanics, quantum computing has

grown as a potential future technology, relying heavily on linear

algebra, quantum theory, and information theory.

Applications: Cryptography, quantum computing, and secure

communication.

Topics of Interest: Quantum algorithms, quantum error correction, and

cryptography.
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An Example: Mathematical Epidemiology

Mathematical epidemiology focuses on the spread and control of

infectious diseases.

It uses mathematical models to understand disease dynamics, predict

outbreaks, and evaluate interventions

I It could predict whether the disease will die out or persists in the

population, via the calculation of

The basic reproduction number R0

The average/expected number of secondary infections caused by a single

infectious individual during their entire infectious lifetime.

.
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Illustration of R0
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A Well-Known Result

R0 < 1: On average, infected individual produces less than one new

infected individual over the course of its infectious period =⇒
infection will die out.

R0 > 1: each infected individual produces, on average more than one

new infection =⇒ the disease can invade the population.

R0 = 1: sometimes it is a ( forward or backward) bifurcation.
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Illustrative Example: An SEIR Model

Consider the following SEIR model:

S′(t) = µ− βSI − µS

E′(t) = βSI − (α+ µ)I

I ′(t) = αE − (γ + µ)I

R′(t) = γI − µR

for which

R0 =
αβ

(α+ µ)(γ + µ)
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Illustrative Example: An SEIR Model

If a portion ϵ of the new-born susceptible is vaccinated, then the model
becomes:

S′(t) = (1− ϵ)µ− βSI − µS

E′(t) = βSI − (α+ µ)I

I ′(t) = αE − (γ + µ)I

R′(t) = γI − µR

for which

R̂0 =
(1− ϵ)αβ

(α+ µ)(γ + µ)
= (1− ϵ)R0

Hence it is enough to vaccinate a percentage of 1− 1

R0
to eliminate the

disease.
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Future Directions

Advanced AI Models and Mathematical Foundations: More research is

needed to understand the theory behind deep learning networks,

including their capabilities and limitations.

Advanced Mathematical Models for Climate Change: The urgent need

to understand and mitigate climate change has driven interest in

mathematical models of climate systems.

Advanced Computational Techniques: With advances in hardware, we

can now solve increasingly complex mathematical problems, pushing

the boundaries of simulation and numerical methods.

Unsolved Problems and Open Questions: like the Riemann Hypothesis,

Navier-Stokes existence, and P vs NP.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 20 / 22



Future Directions

Advanced AI Models and Mathematical Foundations: More research is

needed to understand the theory behind deep learning networks,

including their capabilities and limitations.

Advanced Mathematical Models for Climate Change: The urgent need

to understand and mitigate climate change has driven interest in

mathematical models of climate systems.

Advanced Computational Techniques: With advances in hardware, we

can now solve increasingly complex mathematical problems, pushing

the boundaries of simulation and numerical methods.

Unsolved Problems and Open Questions: like the Riemann Hypothesis,

Navier-Stokes existence, and P vs NP.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 20 / 22



Future Directions

Advanced AI Models and Mathematical Foundations: More research is

needed to understand the theory behind deep learning networks,

including their capabilities and limitations.

Advanced Mathematical Models for Climate Change: The urgent need

to understand and mitigate climate change has driven interest in

mathematical models of climate systems.

Advanced Computational Techniques: With advances in hardware, we

can now solve increasingly complex mathematical problems, pushing

the boundaries of simulation and numerical methods.

Unsolved Problems and Open Questions: like the Riemann Hypothesis,

Navier-Stokes existence, and P vs NP.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 20 / 22



Future Directions

Advanced AI Models and Mathematical Foundations: More research is

needed to understand the theory behind deep learning networks,

including their capabilities and limitations.

Advanced Mathematical Models for Climate Change: The urgent need

to understand and mitigate climate change has driven interest in

mathematical models of climate systems.

Advanced Computational Techniques: With advances in hardware, we

can now solve increasingly complex mathematical problems, pushing

the boundaries of simulation and numerical methods.

Unsolved Problems and Open Questions: like the Riemann Hypothesis,

Navier-Stokes existence, and P vs NP.

Nasser Al-Salti (NU, Oman) Recent Trends in Math Sci November 27, 2024 20 / 22



Concluding Remarks: The Role of Mathematics in Shaping

the Future

Enhancing Interdisciplinary Collaboration: Mathematics is increasingly

at the heart of interdisciplinary research. Collaboration between

mathematicians and other scientists in various �elds to solve real-world

problems needs to be enhanced.

Revisiting Mathematical Education: we should aim for an integrative

approach that combines conceptual understanding, problem-solving,

technological tools, and real-world applications along with fostering

critical thinking, inclusivity, and e�ective communication.

Final Thought: Mathematics continues to evolve and shape the world

in unexpected ways�what seems abstract today may become the key

to solving tomorrow's challenges.
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Thank you.
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