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Doctoral Studies in Mathematical and
Computer Science

Name of the program

COURSE
Course title Advanced Topics in Computer Science
Course code Semester Course status ECTS credits Contact hours
CS 601 1 elective 10 30

The aim of this course is to deepen theoretical, algorithmic, systems-level, and applied knowledge in
computer science, focusing on areas essential to doctoral studies. As an advanced core course, it bridges
knowledge gaps from previous studies in algorithms, computer systems, programming paradigms,

Aims and . . . . . y

intended databases, machine learning, computer vision, cybersecurity, and parallel computing. Upon completion,

learnin students will be able to explain key computer science concepts; analyze algorithmic complexity and

outco rr%es program performance; relate computer architecture and parallelism to implementation efficiency;
u

understand data management models; apply machine learning and computer vision techniques; address
security and privacy challenges; and design and implement integrated technical solutions in advanced
computer science.

Course content/topics

Advanced Algorithms, Data Structures, and Combinatorial Problems: Complexity classes, NP-
completeness, NP-hardness, approximation and randomized algorithms, advanced data structures, dynamic
programming, and divide-and-conquer techniques.

Graph Algorithms, Optimization, and Computational Geometry: Shortest paths, spanning trees, network
flows, matchings, combinatorial optimization, triangulations, geometric searching, and covering problems.
Programming Languages, Paradigms, and Execution Models: Imperative, object-oriented, generic,
functional, and concurrent programming; data types, memory management, and program safety.

Computer Systems, Performance, and Parallel Computing: Computer architecture, memory hierarchy,
operating systems, processes, threads, synchronization, performance analysis, parallelism, vectorization, and
GPU computing.

Distributed Systems, Cloud/Edge Computing, and Data Management: Distributed models, scalability,
reliability, cloud and edge computing, relational databases, SQL, transactions, NoSQL systems, and data
processing pipelines.

Machine Learning, Deep Learning, and Computer Vision: Supervised, unsupervised, and reinforcement
learning; generalization, model evaluation, neural networks, deep learning, image processing, segmentation,
object detection, CNNs, and vision transformers.

Trustworthy Artificial Intelligence, Security, and Scientific Computing: Explainable Al, interpretability,
robustness, uncertainty, bias, adversarial examples, cryptography, cybersecurity, privacy, numerical methods,

simulations, and an integrative technical project.
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