
Name of subject: Fundamentals of Artificial Intelligence and Machine Learning

1. REALIZATION OF EDUCATIONAL WORK – FORMS AND DURATION 
	GRADE
	
	
	TEACHING
	
	TOTAL

	
	
	
	
	
	
	

	
	Theoretical classes
	Exercises
	
	Practical Teaching
	Classes in the block
	

	IV
	62
	31
	
	-
	-
	93


Note: The table shows the annual number of hours for each form of work

2. LEARNING OBJECTIVES
· Introducing students to current artificial intelligence technologies and their applications in different domains
· Empowering students to critically consider the possibilities and limitations of artificial intelligence from a scientific point of view.
· Empowering students to explain and apply key concepts and algorithms of machine learning
· Introducing students to the basic concepts in the field of artificial neural networks and its application to solving various problems from life

3. TITLE AND RECOMMENDED DURATION OF COURSE TOPICS 
Grade : Fourth
	Row. Pc
	
	NAZIV TEMA
	Recommended Topic Duration (Classes)

	
	
	
	Theory
	Wierzbie
	Practical Teaching
	Classes in the block

	1
	Artificial Intelligence
	
	8
	4
	-
	-

	2
	Machine Learning
	
	12
	6
	-
	-

	3
	Learning Models
	
	34
	17
	-
	-

	4
	Neural networks
	
	8
	4
	-
	-



4. TOPIC TITLES, LEARNING OUTCOMES, RECOMMENDED CONTENTS, AND KEY CONTENT CONCEPTS
	 Title:   Artificial Intelligence.

	OUTCOMES
Upon completion of the topic, the student will be able to:
	RECOMMENDED CONTENT AND KEY CONTENT CONCEPTS

	· Explain the concept of artificial intelligence.
· describe the Turing's test;
· recognize the systems in their environment that are based on artificial intelligence and their possibilities and potentials in everyday life;
· explain the practical and ethical problems of the use of artificial intelligence;– assess the advantages, disadvantages, challenges and consequences of the use of artificial intelligence;
· distinguish between general, narrow and superintelligence;
· illustrates the possibility of applying artificial intelligence on examples from everyday life;
· It uses existing artificial intelligence systems to respond to the request.
	· The concept of artificial intelligence.
· Turing's test.
· The field of artificial intelligence...
· Regulation of Artificial Intelligence, Legal and Ethical Challenges – Narrow, General and Superintelligence.
Exercises:
1. Application of artificial intelligence.
 Key terms:   artificial intelligence, Turing test. 

	 TOPIC TITLE:   Machine Learning 

	OUTCOMES
Upon completion of the topic, the student will be able to:
	RECOMMENDED CONTENT AND KEY CONTENT CONCEPTS

	· Explain the concept of machine learning and its place in relation to artificial intelligence.
· Explain the basic concepts of machine learning.
· Illustrates how machine learning troubleshooting differs from traditional approaches.
· Explain the difference between the types of machine learning. 
· Propose a machine learning method and explain the data collection procedure for the problem it solves.
· explain how data sets are formed; 
· recognizes real-world problems as amenable to machine learning;– prepares data that feeds into the model in a way that suits the problem it is trying to solve.
	· The Relationship between Artificial Intelligence and Machine Learning. – Data-driven programming – Basic concepts of machine learning.
· A machine learning process. 
· A type of machine learning. 
· Data in Machine Learning; Examples of popular and publicly available datasets.
· Exploratory Data Analysis (EDA).
· Training, validation and testing sets.
Exercises:
1. Popular datasets.
2. Exploratory analysis of a data set.
3. Training, validation and testing sets.
 Key terms:   machine learning, exploratory analysis of a dataset, training set, test suite, validation suite. 




	 TOPIC TITLE:   Learning Models 

	OUTCOMES
Upon completion of the topic, the student will be able to:
	RECOMMENDED CONTENT AND KEY CONTENT CONCEPTS

	· distinguishes and illustrates through examples classes of problems, methods and models ;
· Describe the characteristics of different machine learning models.
· compare the advantages and disadvantages of different machine learning models;– explain the need for model validation;
· choose the optimal model for solving a given problem;
· Apply machine learning algorithms to solve problems of moderate complexity.
· test relevant data and interpret the results of machine learning;– evaluate the quality of the built machine learning model.
	· Linear Regression and Gradient Descent.
· Polynomial linear regression.
· Multi-stage linear regression.
· Classification, types of classification, and matrix of confusion.
· Logical regression.
· Decision tree.
· The k-nearest neighbor algorithm.
· Hyperparameters.
· Generalization, under-adaptation, and over-adaptation.
· Validation, cross-validation.
· Regularization.
Exercises:
1. Linear regression.
2. Classification.
3. Decision tree.
4. algorithm to the nearest neighbors.
5. Validation.
 Key concepts:   machine learning models, regression, classification, x-closest neighbor algorithm, decision tree, validation. 

	 TOPIC TITLE:   Neural Networks 

	OUTCOMES
Upon completion of the topic, the student will be able to:
	RECOMMENDED CONTENT AND KEY CONTENT CONCEPTS

	· explain the context of neural networks and deep learning;
· list typical cases when neural networks can be applied to solve problems;
· describe the process of training a neural network;
· List the basic properties and types of architectures of artificial neural networks;
· Apply a procedure to solve a given problem using neural networks.
	· Neural networks.
· Training of neural networks.
· Types of neural networks.
Exercises:
1 . Training neural networks.
 Key concepts:   Artificial neural networks. 


5. INSTRUCTION FOR DIDACTIC AND METHODICAL REALIZATION OF THE PROGRAM
The didactic and methodological instruction is intended for teachers in order to simplify and unify the process of planning and organizing classes in all schools, but also for professional associates, the principal and other persons who monitor and evaluate teaching in schools.
Forms of teaching
Classes are conducted through theory classes (62) and practice classes (31).
Place of Instruction
Theory classes are held in the classroom, and practice classes are held in the classroom where each student has their own computer on which to work.
Division of the department into groups
Students are divided into groups of up to 10 students. 
Recommendations for Class Planning
When planning the lessons, if necessary, break down the outcomes envisaged by the program into smaller ones and plan activities for a specific lesson based on them. It should be borne in mind that the outcomes vary, that some can be achieved faster and easier, while others require more time, activity and work on different content.
When processing new content, it is necessary to rely on the existing experience and knowledge of the students and to try, wherever possible, for the students to draw conclusions independently. 
Combine different methods and forms of work in order to motivate students to better absorb the content and achieve the outcomes.
The proposed number of lessons per topic is approximate, it is up to the teacher to assess the required and sufficient number of lessons per topic, taking into account the knowledge and skills that students have from previous education and life experience. 
Recommendations for teaching 
 At the beginning of the course, within the topic   of Artificial Intelligence, emphasize the importance of the penetration of artificial intelligence into all spheres of life, changing the way we work, communicate and make decisions. Introduce the concept of artificial intelligence as a computer system that mimics natural intelligence in order to perform a certain task. Introduce students to the history of the development of artificial intelligence. Explain the procedure of Turing's test of machine ability to demonstrate human intelligence.  Talk to students about the areas of application of artificial intelligence (computer vision, natural language processing, generative artificial intelligence, gaming, robotics...), limitations, benefits and dangers that it brings. Insist on recognizing AI-based systems: Doors that open automatically can be part of a system that is based on sensors, or it can be intelligent if it is based on recognizing a person's face or gait. Discuss the regulation of artificial intelligence, the risks it may pose to the welfare, safety, or fundamental rights of individuals. Explain the characteristics of general, narrow and super intelligence. Clarify the concept of singularity. 
In  exercise   lessons,  demonstrate to students how to use one of the programs based on artificial intelligence (   ChatGPT, StableDiffusion, MusicGen  ...). The teacher can use   ChatGPT   to simulate the Turing test: one of the students asks questions and tries to find out if he gets the answers from a chatbot or a human. Encourage students to find their own example of applying super intelligence. 
 At the beginning of the topic   Machine Learning,  clearly emphasize the difference between artificial intelligence and machine learning. Emphasize the importance of large amounts of data suitable for machine learning. Explain the concept of data-driven programming as a way of programming. Explain why we need data-driven programming. Define the basic concepts of machine learning: data set, instance, attribute, input variables as attributes on the basis of which we should learn to solve a problem,  Variables are the attributes that need to be learned. Explain the concept of a model as the mapping of given input variables to given output variables. 
Give characteristics and examples of parametric and non-parametric models. Explain the processes of training and testing models. To state that models are never completely accurate; introduce the concepts of error functions, model quality measures; prediction and model locking. Give a comparative overview of the characteristics of supervised, unsupervised, semi-supervised and reinforcement learning. 
Understand the role of data in machine learning. Draw the students' attention to the fact that data sets can be created automatically, as the results of some readings, but also with the involvement of the team. Explain the annotation process and the task of the Cohen cap. 
Explain the process of exploratory data analysis as an approach to analyzing data sets that summarizes their main characteristics. Process attribute analysis, data unification, solving the problem of missing values, duplicates, exceptions; positive and negative correlation of attributes. Show how to create a representation of a dataset. Explain what training, validation, and testing sets are. 
 Demonstrate    the  use of annotation environments (   Mechanical Turk, Doccano, CVAT, Label Studio  .....). Introduce students to popular datasets:   ImageNet, COCO, AudioSet, MNIST  ...., and publicly available datasets: Open Data Portal of the Republic of Serbia,   UCI, Kaggle  … Download some of the datasets and enable students to perform attribute analysis, to solve the problem of non-existent attributes and duplicates, to spot exceptions. Train students to draw conclusions from the analysis of attribute correlation (e.g. how date, time and location affect the number of survivors of traffic accidents, etc.). 
 For the realization of this course, students can connect and adequately present the necessary inputs in the selected programming language, execute the model and correctly interpret and display the outputs. It is recommended to use a programming language that students are already familiar with, and depending on the capabilities and affinities of the students, the teacher can introduce another language. The following languages can be used:    Python   (as an example of a language currently most commonly used for machine learning),   Java, JavaScript, C#, C++, R, Scala  ..., with appropriate libraries to support machine learning. Google Colab can also be used   . 
 Within the topic   Learning Models, introduce  students to the characteristics of each of the following models/techniques of machine learning. Always give an example on which such a model can be applied: linear regression to estimate the price of real estate, decision tree to determine whether a flower, depending on the defined traits, iris ... Explain the concept of classification from the point of view of machine learning, list the characteristics of different types of classifications: binary, class, multilaberal. Explain how the classification model is evaluated. Explain why hyperparameters are introduced. Explain   underfitting  ,   overfitting,  and   generalization   as machine learning behaviors. Explain why it is important to use data validation; especially pay attention to   cross validation  . Explain the concept of regularization as a set of techniques for controlling before adjusting a model. 
 In   the exercises   for a particular learning model, select and prepare a corresponding set of data, train it, test it and analyze the results. Train students to use validation to choose the best model from several candidates, determine the optimal configuration of model parameters or avoid problems of pot adjustment or pre-adjustment. 
At  the beginning of the topic   Neural Networks,  make a parallel with biological nerve cells. Explain the basic elements of a neural network. Present the elements of an artificial neuron model (input data, weight coefficient, activation function) and elements of a neural network (architecture, transfer function, laws of learning). Define the concept  of  deep learning.  Explain how neural networks are trained, how training with supervision, training with stimulus, self-training works. List the characteristics of different types of neural networks (single-layer, multilayer, fully connected convolutional, recurrent...). 
 Enable     students to train one neural network on their own. For this purpose, one of the available tools/applications can be used (e.g. TensorFlow).
 A portion of the material suitable for the implementation of the course can be found at:   https://petlja.org/sr-Latn-RS/kurs/11203/1/7729   . 

6. INSTRUCTION FOR FORMATIVE AND SUMMATIVE ASSESSMENT OF STUDENTS
The main purpose of assessment is to improve the quality of the learning process. Assessment is an integral part of the teaching and learning process that constantly monitors the achievement of the prescribed goals, outcomes and competences from the qualification standards, as well as the progress of students.
 In the process of evaluation, it is necessary to continuously monitor the work of students. During the school year, monitor the attitude of students towards work, learning methods and mastering the material. The degree of commitment, the level of independence. When evaluating the part of the material listed in the topic   Artificial Intelligence  , take into account the reasoned presentation of views on the ethical aspects of artificial intelligence and finding examples of the application of superintelligence, as potential solutions to problems in modern life. 
Homework assignments can be like small-scale research projects: a description of existing examples of artificial intelligence in defined areas, a proposal for improving a given field by applying artificial intelligence, an analysis of a case study for the application of a certain machine learning algorithm...
It is recommended that each student's final grade be a combination of different assessments: 
· Taking part in the conversation and discussion, 
· homework,
· tests and 
· oral answering.
At the end of the day, test your knowledge:
·  Machine learning   – basic concepts of machine learning; exploratory data analysis for a given case study in order to prepare data for one of the machine learning algorithms, 
·  Learning models   – realization and application of an appropriate machine learning algorithm to a given data set, 
·  Neural networks   – basic concepts; training and testing of a simple neural network model 
For any activity that evaluates the work, inform the students in advance about the evaluation criteria. Encourage students to give their opinions and actively participate in the classroom.
Give the student feedback on the basis of which he will be able to understand mistakes and improve his result and learning.
Encourage students to assess their own learning progress.
