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Research Directions of the Mathematics Department-College of Computer
Science and Mathematics

Introduction:

The Mathematics Department adopts an ambitious research vision aimed at
achieving academic excellence by focusing on the development of both theoretical
and applied mathematical knowledge while aligning with the requirements of the
Fourth Industrial and Technological Revolution. We classify the department's
research directions into two main pillars: pure mathematics and computational
mathematics, emphasizing their intersection through multidisciplinary research
initiatives.

1. Pure Mathematics
These domains focus on advancing the theoretical foundations of mathematics and
proving abstract hypotheses while maintaining a balance between theoretical
research and advanced applications:
A. Algebra and Algebraic Geometry
Study of non-commutative algebraic structures (non-commutative algebra)
and their applications in quantum physics.
Research in arithmetic geometry and its connections to number theory.
Applications of Representation Theory in symmetric data analysis.
B. Mathematical Analysis
Functional Analysis and Hilbert Spaces with applications in guantum
mechanics.
Operator Theory and solutions to nonlinear differential equations.
Harmonic Analysis and its uses in signal processing.
C. Topology and Geometry
Algebraic Topology and Knot Theory.
Differential Geometry and its applications in general relativity and
geometric artificial intelligence.
Study of Topological Vector Spaces.
D. Number Theory and Mathematical Logic



Advanced studies in prime numbers (analytic number theory) and
applications in modern cryptography.
Model Theory and the foundations of mathematics.

2. Computational Mathematics

This pillar focuses on developing algorithms and mathematically rigorous
models suitable for numerical implementation, with special attention to high-
performance computing (HPC):

A. Numerical Analysis and Algorithms

Stability analysis of numerical algorithms for partial differential equations
(PDEs).

Development of Finite Element Methods for engineering modeling.

Large-scale matrix computations using parallel computing techniques.
B. Mathematical Modeling and Simulation

Modeling of Complex Systems in biology and physics.

Simulation of nonlinear phenomena such as fluid dynamics and chemical
interactions.
C. Data Science and Artificial Intelligence

Mathematical foundations of machine learning: analysis of deep
learning algorithms.

Computational Linear Algebra for big data analytics.

Development of advanced statistical models (Bayesian Networks, Stochastic
Processes).
D. Computer Graphics and Vision

Computational Geometry for designing graphical algorithms.

Spline Theory and applications in computer-aided design (CAD).
3. Integration Between Pure and Computational Mathematics

Advanced Applied Mathematics: e.g., using topology in complex network
analysis (Network Topology).

Symbolic Computation: Combining computational algebra with Automated
Theorem Proving.
Conclusion



The department establishes a dynamic research roadmap that integrates theory
with application, responds to the demands of the digital revolution, and ensures
quality through publications in Q1-Q2 journals and patents in applied mathematics.



