COURSE DESCRIPTION

Artificial Intelligence and Machine Learning for Connected Systems

1. Programme-related data

Academic year 2026-2027

1.1. Higher Education Institution

Babes Bolyai University

1.2. Faculty Faculty of Mathematics and Computer Science
1.3. Department Department of Computer Science

1.4. Field Computer Science

1.5. Level of study Master

1.6. Degree programme / Qualification

Artificial Intelligence for Connected Industries

1.7. Form of education

Full time

2. Course-related data

21, Course title Artificial Intelligence and Machine Learning for Course code | MMES213
Connected Systems
2.2. Course coordinator Lect. Dr. Bogdan MURSA
2.3. Seminar coordinator Lect. Dr. Bogdan MURSA
2.4. Year of study ‘ 2.5. Semester 2.6. Type of assessment Exam
2.7. Course status Compulsory 2.8. Course type Specialisation subject
3. Total estimated time (hours per semester of teaching activities)
1lab
+1
3.1. Number of hours per week 4 | of which: 3.2. course 2 | 3.3. seminar/ laboratory/ project proje
ct
3.4. Total of hours in the curriculum 56 | of which: 3.5. course | 28 3.6. seminar/ laboratory 28
Time allocation for individual study (IS) and self-taught activities (ST) hours
Learning from textbooks, course materials, bibliography, and notes (IS) 32
Additional research in the library, on subject-specific electronic platforms, and on-site 32
Preparing seminars/ laboratories/ projects, assignments, reports, portfolios, and essays 36
Tutoring (professional guidance) 5
Examinations 14
Other activities -

3.7. Total hours of individual study (IS) and self-taught activities (ST) 119
3.8. Total hours per semester 175
3.9. Number of credits 7

4. Prerequisites (where applicable)

related

4.1. curriculum- Algorithms, data structures, statistics

4.2 skills-related Good programming skills

5. Specific conditions (where applicable)

5.1. course-related

‘ Projector




5.2. seminar/laboratory-related

For the laboratory activity it is needed a computer with
high processing speed and a Python programming
environment are needed.

6.1. Competencies resulting from the completion of the degree programme (as referred to in the curriculum)!

Professional competencies

Competency

code Competency

PC6 Define software architecture

PC29 Develop data processing applications

PC3 Analyse software specifications

Transversal competencies

ComC]:)(:lt:ncy Competency

TC1 Think analytically

TC2 Apply knowledge of science, technology and engineering

TC3 Work in teams

6.2. Learning outcomes relevant to the degree programme (as referred to in the curriculum)?

Learning outcomes targeted by the subject

Competenc . . . .
cl:) de y Knowledge and comprehension Specific academic skills
The graduate has the necessary knowledge to The grgduate has the ability to perform
. : educational
devise, model and design of complex software e . . .
PC3 L . ) e s 1 . activities in the domain of algorithmics and
applications in the field of artificial intelligence .
for connected industries programming
' for schools and high schools.
The graduate possesses fundamental knowledge . N
_ e gracuate po: . & The graduate is able to carry on activities for
in modelling which allows the analysis of . . 4 .
. . . education and training on different topics
PC6 problems from industry, transforming them into e
. . related to software systems, artificial
concrete requirements and developing relevant . . s .
intelligence, automatics, robotics and networks
software models.
The graduate has the ability to communicate
The graduate can apply advanced knowledge in and devel(_)p pr(_)fes_smnal I:elatlons and .
o . . . ) partnerships with industrial partners and with
artificial intelligence, machine learning, robotics . .
PC29 . . ) all actors involved in the development process
and networks, being able to offer implementation . e
. Lo : : . of software and solutions based on artificial
solutions for applications in connected industries. . : .
intelligence, network architectures and [oT
systems .
The graduate has the necessary knowledge to The graduate has the ability to perform
TC1 devise, model and design of complex software educational activities in the domain of

applications in the field of artificial intelligence
for connected industries.

algorithmics and programming for schools and
high schools.

1 The professional and/or transversal skills targeted by the subject for which the course description is prepared
will be copied from the curriculum of the degree programme. For each competency, the complete entry, including
the competency code, will be copied with the exact wording that appears in the curriculum, without any changes.
If no competency is copied from either of the two categories, the row corresponding to that category is deleted
from the table.

2 The learning outcomes relevant for the degree programme and targeted by the subject for which the course
description is prepared will be listed. The entries, copied without any changes from the Curriculum by subject type
(Core Subject/Specialisation Subject/Complementary Subject), are listed under the corresponding competency.




The graduate proves advance programming skills
which will allow learning, accumulating solid
knowledge and rapid understanding of modern
technologies.

TC2/TC3

7. Subject-specific learning outcomes

Knowledge and comprehension

1. Understanding the fundamental and advanced concepts of Artificial Intelligence and Machine
Learning used in the development of intelligent connected systems.

2. Understanding the main machine learning paradigms, including supervised learning,
unsupervised learning, and deep neural networks.

3. Understanding the stages involved in the Machine Learning development lifecycle, including data
preprocessing, model training, performance evaluation, and optimization.

4. Understanding the challenges related to scalability, large-scale data processing, and the
integration of ML solutions within distributed architectures and Big Data ecosystems.

Specific academic skills

1. Developing and evaluating Machine Learning models using real-world datasets and modern Al
frameworks.

2. Applying data analysis, preprocessing, and visualization techniques in order to build robust and
efficient intelligent solutions.

3. Designing and implementing Machine Learning applications for solving real-world problems in
the domain of connected systems.

8. Contents
8.1 Course Teaching methods Remarks
1. Introduction to Al & ML - General overview e |nteractive
of Al and ML, history, key concepts, and exposure
applications. e Presentation
2. Practical Skills and Linear e Explanation
Regression- e Practical

Fundamentals of linear regression and

associated algorithms. examples
3. Supervised Learning in Classification e Case-study
Problems | discussions
4. Supervised Learning in Classification
Problems Il

5. Dimensionality Reduction - Concepts of
dimensionality reduction, importance in ML.

6. Unsupervised Learning - Introduction to
unsupervised learning, key algorithms.

7. Artificial Neural Networks - Fundamentals of
neural networks.

8. Deep Neural Networks (DNN) - Advanced
neural networks, introduction to deep learning.
9. Training Enhancement Techniques -
Ensembles, boosting, bagging, techniques for
improving DNN performance.

10. Applications in Connected Systems -
Practical applications of machine learningin
connected systems, case studies.

11. Scalable ML Architectures in the Context
of Big Data Connected Systems.




12. Review and Practical Topics Discussion -
Review of key concepts, Q&A session.

13 & 14. Final Project Presentations.

1.

connected systems. Each student willwork in a | e Didactical
team to implement a project that aims to model| demonstration
a solution using ML technology in a real-world
connected systems problem.
To achieve these objectives, the
seminar/laboratory
activity (2 hours every 2 weeks) has the following
structure:

Introduction

2. Data Analysis and Visualization Techniques
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8.2 Seminar / laboratory Teaching methods Remarks
¢ Interactive exposure
The goal is to use specific ML tools and e Explanation
methods in real applications involving e Conversation

o Exploring AIML applications in
connected systems.

o Familiarizing with datasets and specific
tools.

o Interactive exposure, explanation,
conversation, didactical
demonstration.

o Applying preprocessing techniques
and algorithms in the context of real



https://ai.google/research/people/105214
https://mila.quebec/en/person/aaron-courville/
https://www.deeplearningbook.org/
http://arxiv.org/abs/cond-mat/0205383/
http://arxiv.org/abs/cond-mat/0205383/

and

Systems |

Systems I

datasets, understanding advantages

disadvantages.

o Discovering visualization methods.
3. Connected Systems and Big Data
o Investigating data scalability in Big
Data problems.
o Working with real data from connected
systems.
4. ML Solution Modeling Project in Connected

o Specifying a project theme.
o Choosingthe dataset.
5. ML Solution Modeling Project in Connected

o Exploring datasets.
o Exploring techniques to improve the

training results of an ML model.

6-7. ML Solution Modeling Project in Connected

https://gith

Systems lli

o) Analyzing results.

o) Preparing project presentations.
Bibliography
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9. Evaluation

principles from the
course content to
solve complex and
difficult problems

Type of activity 9.1 Evaluation 9.2 Evaluation 9.3 Share in the grade (%)
criteria methods
9.4 Course Understanding the Written exam / 50%
basic concepts of the | research paper and
field presentation
Applying intelligent



https://github.com/ageron/handson-ml

9.5 Seminar/lab activities | Specifying, Project 50%
designing, implementation and
implementing, and | presentation

testing intelligent
methods
Effectively solving
problems using the
previously
implemented
methods

9.6  Minimum performance standards

Each student should obtain minimum 5 for the written exam /research paper and presentation, as well as
for the final grade.

10. SDG labels (Sustainable Development Goals)3

\[J
M,

" | Sustainable Development Generic Label

EDUCATIE 6 APA CURATA

DE CALITATE SI SANITATIE

|

16 PACE, JUSTITIE 17 PARTENERIATE
SUINSTITUTH PENTRU

EFICENTE REALIZAREA
3 OBIECTIVELOR No label

Tl | [ 14 b

( ) i )T 3 !_ @ applies
i e i i i i i e e
Date: Signature of course coordinator Signature of seminar coordinator
15.05.2026
Lect. Dr. Bogdan MURSA Lect. Dr. Bogdan MURSA

3 Select a single label which, according to the Implementation of SDG labels in the academic process, best matches
the subject. If the subject addresses sustainable development in a generic manner (i.e. by presenting/introducing
the general framework of sustainable development, etc.), then the Sustainable Development generic label may be
applied. If none of the labels describe the subject, select the last option: “No label applies.”



https://green.ubbcluj.ro/procedura-de-aplicare-a-etichetelor-odd/

Date of approval: Signature of the head of department

Assoc.prof.phd. Adrian STERCA



