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	Lecturer: 
	Prof.ass.dr Artan Rexhepi
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	Course Description
	This course offers a rigorous, integrated exploration of the fundamental principles and modern practices in building and analyzing scalable and high-performance computational systems. It bridges the traditional discipline of scientific and engineering high-performance computing (HPC) with the contemporary demands of large-scale, distributed systems prevalent in modern industry. The curriculum is structured to provide a cohesive understanding of how to optimize for performance at the micro-architectural level while simultaneously ensuring resilience, availability, and horizontal scalability at the macro-system level.   
The initial phase of the course delves into foundational HPC topics, including modern CPU and GPU architectures, memory hierarchies, and the application of parallel programming models such as OpenMP and MPI to solve complex computational problems. This segment focuses on low-level code optimization and performance analysis techniques, where students learn to identify and resolve system bottlenecks and analyze performance metrics like speedup and efficiency.   
The latter part of the course transitions to the principles of scalable, distributed systems. It covers modern architectural patterns, including microservices and event-driven architectures, data management strategies like sharding and replication, and the critical role of fault tolerance and resilience. The curriculum culminates in practical application, with a focus on modern deployment strategies, automation, and container orchestration platforms like Kubernetes.


	Course Purpose / Course Goals
	
The course's purpose is to equip students with the advanced theoretical knowledge and practical, applied skills necessary to design, implement, and analyze efficient and resilient computational systems for both scientific and industrial applications. It aims to develop a student's ability to critically evaluate system performance, make informed architectural decisions based on a problem's requirements, and understand the intricate trade-offs between performance, scalability, and cost. By the end of the semester, students will be prepared for professional roles in academic research, focusing on scientific computing and simulation, as well as in the rapidly growing fields of distributed systems, cloud infrastructure, and data engineering. 


	Course Objectives
	The main objectives of the course are:
· To provide a foundational understanding of modern computer architectures relevant to high-performance computing, including CPU, GPU, and memory hierarchies.   
· To analyze and apply different parallel programming models, including shared-memory and distributed-memory paradigms, to solve computational problems.   
· To equip students with the practical skills to measure, analyze, and optimize the performance of computational systems and individual codebases.   
· To enable students to design resilient, loosely coupled, and scalable distributed systems using modern architectural patterns.   
· To develop the competence to implement and deploy scalable services using automation, containerization, and orchestration tools.

	Intended Learning Outcomes (ILOs)

	[bookmark: _heading=h.bh1my4fl5zma]Knowledge
K1: Understand the core principles of modern CPU, GPU, and memory architectures, including cache hierarchies and non-uniform memory access.   
K2: Recognize and compare the benefits and limitations of serial, parallel, and distributed computing models.   
K3: Describe key performance metrics such as latency, throughput, speedup, and efficiency, and explain common performance evaluation methodologies like analytical modeling and simulation.   
K4: Identify and explain key architectural patterns for building scalable systems, including Microservices Architecture, Event-Driven Architecture, and database sharding.
Skills
S1: Implement parallel algorithms for both shared-memory and distributed-memory environments using APIs such as OpenMP and MPI.   
S2: Apply optimization techniques to improve single-core and multi-threaded application performance, including compiler-assisted vectorization and memory access pattern optimization.   
S3: Design and build a resilient, scalable, and fault-tolerant service using distributed system principles and technologies.   
S4: Utilize profiling and benchmarking tools to diagnose and resolve performance bottlenecks in a given application.   
Competences
C1: Critically evaluate the trade-offs between different system design choices (e.g., shared vs. distributed memory, SQL vs. NoSQL databases) based on a given problem's requirements.   
C2: Independently develop and present a comprehensive project that applies both scalable systems and high-performance computing principles to a complex problem.   
C3: Apply advanced mathematical and computational methods to solve real-world problems in domains such as scientific simulation, data analysis, or machine learning.








	
	Weeks	
	Lecture

	Program
	First week
		Introduction to High-Performance and Scalable Systems.

	
	Second week
	Computer Architectures for HPC.

	
	Third week
		Performance Metrics and Models.

	
	Fourth week
	Shared-Memory Parallelism.

	
	Fifth week 
	Distributed-Memory Parallelism.

	
	Sixth week
	GPU Programming.

	
	Seventh week 
	Midterm Exam. 

	
	Eighth week
	Architectural Patterns for Scalable Systems.

	
	Ninth week
	Data Management in Distributed Systems.

	
	Tenth week
		 Fault Tolerance and Resilience.

	
	Eleventh week
	Project Work and Consultations.

	
	Twelfth week 
	Deployment and Orchestration.

	
	Thirteenth week
	Advanced Topics & Future Trends.

	
	Fourteenth week
		Final Project Presentations.

	
	Fifteenth week 
		Review and Final Project Submission.



	Literature / Reading List:


	Literature
	Required Literature:	
1. Jeffery, T. (2021). Distributed Services with Go: Your Guide to Reliable, Scalable, and Maintainable Systems. The Pragmatic Bookshelf.   

2. Nagel, W. E. (Ed.). (2021). High Performance Computing in Science and Engineering '20: Transactions of the High Performance Computing Center, Stuttgart (HLRS) 2020. Springer International Publishing.   

3. Wang, C. (Ed.). (2020). High Performance Computing for Big Data: Methodologies and Applications. Chapman & Hall/CRC Press.


Supplementary / Recent Literature:	
4. Alachiotis, N., van den Belt, S., van der Vlugt, S., et al. (2025). FPGA innovation research in the Netherlands: present landscape and future outlook. Frontiers in High Performance Computing.   

5. Dorier, M., Gueroudji, A., Hayot-Sasson, V., et al. (2025). Toward a Persistent Event-Streaming System for High-Performance Computing Applications. Frontiers in High Performance Computing.   

6. Oeste, S., Höhn, P., Kluge, M., & Kunkel, J. (2025). An analysis of the I/O semantic gaps of HPC storage stacks. Frontiers in High Performance Computing, 1.   

7. Raha, A., Mathaikutty, D. A., Kundu, S., & Ghosh, S. K. (2025). FlexNPU: a dataflow-aware flexible deep learning accelerator for energy-efficient edge devices. Frontiers in High Performance Computing.   

8. Schlumbohm, S., Neumann, J. E., & Neumann, P. (2025). HarmonizR: blocking and singular feature data adjustment improve runtime efficiency and data preservation. BMC Bioinformatics, 26(47). 




	Teaching and Learning Methods
	The pedagogical approach for this course is centered on the principle that a deep understanding of complex computational systems is best achieved through active, hands-on engagement. The curriculum combines structured lectures with extensive laboratory exercises and a significant, semester-long project. This hybrid model is essential for a subject that requires both theoretical comprehension and practical, applied skills.   
· Structured Lectures: Fundamental concepts and advanced topics are presented in a clear, logical progression. These sessions provide the theoretical foundation for the practical work and foster critical thinking about system design choices.
· Project-Based Learning: A significant component of the course is a comprehensive, semester-long project. Students will work on a real-world problem, such as a numerical simulation or a scalable data processing service, requiring them to synthesize knowledge and skills from across the entire curriculum. This capstone project serves as a crucial exercise in independent problem-solving and innovation, and it prepares graduates to contribute effectively to both research and industry.   
· Laboratory Exercises: Weekly lab sessions are designed to bridge the gap between theory and application. Students will gain hands-on experience by implementing parallel algorithms, using performance analysis tools, and deploying services on modern platforms. These sessions are critical for the acquisition of practical skills that cannot be learned from lectures alone.   
· Problem-Based Learning: Assignments and project milestones are framed as real-world challenges, encouraging students to conduct independent research and apply their technical skills to find solutions. This method strengthens analytical thinking and problem-solving abilities.   
· Case Study Method: The course incorporates the analysis of real-world scalable systems, such as Netflix and Google Search, to illustrate the practical application and trade-offs of architectural patterns discussed in class.

	
	Contribution to student workload (which should correspond to student learning outcomes - 1 ECTS credit = 25 hours)

	
	Activity
	Hours
	Days/weeks
	Total

	
	Lectures
	2
	15
	30

	
	Laboratory exercise sessions (with TA)
	2
	15
	30

	
	Practical work (labs, project)
	6
	3
	18

	
	Office hours
	1
	15
	15

	
	Fieldwork (e.g., industry visits)
	1
	2
	2

	
	Midterms, seminars
	2
	2
	4

	
	Homework assignments
	3
	2
	6

	
	Self-study & research
	3
	9
	27

	
	Final exam preparation
	3
	3
	9

	
	Time spent in exams
	2
	2
	4

	
	Projects, presentations, etc.
	2.5
	2
	5

	Total
	
	
	150







	Evaluation
	Assessment Methods and Criteria:
	Activity
	Weight (%)

	Midterm Exam
	20%

	Project Report & Defense
	40%

	Seminar Presentation
	20%

	Final Exam
Total
	40%
100%



 (according to the Statute and Regulation for studies of UMIB)

	
	Final grade
	Points (%)      Mark

	
	
	91 – 100          10

	
	
	81 - 90	              9

	
	
	71 - 80	              8

	
	
	61 - 70	              7

	
	
	51 - 60	              6

	Academic policies
	Criteria for regular attendance and rules of etiquette during the organization of the lesson are set.
Computer work:
Graphic works, I have to draw and write with a computer. In the works it is obligatory to respect the criteria for both the visual and the content aspect of the required works. 
Ethics in teaching:
Graphic works should be personal works of each student. There will be no tolerance for copying, "borrowing" from the Internet or any other material. The same or similar works will have negative evaluations in the final evaluation of the student.
Time:
In agreement with the students, the deadlines for submitting works will be determined. There will be no tolerance for delays in the submission of works. Failure to arrive at the time when the assignment is explained does not justify the student for not submitting the paper. The deadline will be given earlier. If you are going to travel abroad, then you need to submit the paperwork in advance. The student has the right to request a consultation with the professor whenever he / she deems it reasonable and necessary for the performance of his / her work.
Rules of conduct and academic policies:
· active participation of students in lectures o participation in discussion, comments and free expression of opinion, opinion and academic position (with arguments) 
· mandatory independent work and use of additional sources of information (various scientific websites, scientific journals, conference proceedings, etc.) 
· respecting lecture schedules without compromising academic freedom (silent cell phones) of respecting the word, thoughts and ideas of colleagues, 
· it is not allowed to arrive late and leave without a valid reason from the lecture, test or exam o preparation and holding of relevant lectures, (obligation of the teacher). 
· if the student is absent more than four times without reason in lectures and exercises, does not receive the signature for attendance. o the student cannot take the exam without an official document,
· if the student is dissatisfied with the grade obtained, has the right to complain in writing to the dean, within two working days after the announcement of the results, UMIB Statute o if the student does not follow the rules, in the exam uses tools that are not allowed, it is evaluated with a negative grade.
Plagiarism or cheating will be penalized according to university regulations.





Mitrovica, 08/07/2025 						Prof. Ass. Dr. Artan Rexhepi
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