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Course Book

This course provides a foundational understanding of Artificial
Intelligence (Al), Machine Learning (ML), and Deep Learning (DL). It
begins by exploring the basic concepts of Al and the distinctions between
Al and ML. Students will learn the different types of machine learning—
supervised, unsupervised, and reinforcement learning—along with
commonly used algorithms within each category. The course then delves
into deep learning, introducing key concepts such as neural networks,
activation functions, layers, and learning processes. A detailed
examination of forward propagation and backpropagation is provided,
enabling students to understand how deep neural networks learn from
data. This course lays the groundwork for further study or practical work
in Al and deep learning.

By the end of this course, students will be able to:

Define and distinguish between Artificial Intelligence (Al) and Machine
Learning (ML).

Describe the main types of machine learning: supervised, unsupervised,
and reinforcement learning.

Identify and explain common machine learning algorithms such as linear
regression, decision trees, k-means clustering, and Q-learning.

Explain the concept of deep learning and how it differs from traditional
machine learning.

Understand the architecture of deep neural networks including layers,
nodes, weights, and activation functions.

Describe the process of forward propagation in a neural network.

Explain how backpropagation is used to train deep learning models,
including the role of gradients and loss functions.

Apply conceptual knowledge to analyze the training process of a basic
neural network.
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e Attendance

e Quizzes / homework / simulation / seminars/reports/ projects

e Exams (mid-term, final)

e Homework assignments will be a mix of paperwork and electronic
copies. Written homework should be finished individually,
discussions with peers or instructor are allowed. You will be given
one week to finish the written homework. Some of the machine
problems are designed for teamwork and due day may vary. Any
late submission will not be considered.

Paper Review
Homework
§ Class Activity
@« Report
g Seminar 5
a Essay 20
Project

Quiz 5
Lab. 0
Midterm Exam 20
Final Exam 50
Total 100
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By the end of this course, students will be able to:

Define key terms such as Artificial Intelligence (Al), Machine Learning
(ML), and Deep Learning (DL), and articulate the differences among them.

Classify machine learning tasks into supervised, unsupervised, and
reinforcement learning, and identify real-world applications for each type.

Explain and compare fundamental ML algorithms, including:
Linear regression

Decision trees

K-nearest neighbors (KNN)

K-means clustering

Q-learning

Describe the basic architecture of a neural network, including layers
(input, hidden, output), neurons, weights, biases, and activation functions.

Perform forward propagation in a simple neural network, calculating
outputs step-by-step.

Demonstrate understanding of the backpropagation algorithm, including
how gradients are computed and how weights are updated using gradient
descent.

Illustrate how loss functions guide learning in a neural network and
describe the role of learning rate in optimization.

e Analyze a given neural network architecture and explain the data
flow, training cycle, and error minimization process.

-lan Goodfellow, Yoshua Bengio, and Aaron Courville
Deep Learning

MIT Press, 2016.
https://www.deeplearningbook.org

— A comprehensive and authoritative text on deep learning theory
and fundamentals.

Aurélien Géron

Hands-On Machine Learning with Scikit-Learn, Keras, and
TensorFlow (2nd or 3rd Edition
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O’Reilly Media.

— A practical guide with code examples, covering ML and DL using
Python and TensorFlow.

Christopher M. Bishop
Pattern Recognition and Machine Learning
Springer, 2006.

— A foundational text on the statistical principles behind machine
learning.

Tom M. Mitchell

Machine Learning

McGraw-Hill, 1997.

— A classic introduction to machine learning algorithms and theory.

Week 1: Introduction to Artificial Intelligence (Al)
e Definition and history of Al
e Goals and applications of Al
o Difference between Al, Machine Learning (ML), and Deep Learning (DL)
Week 2: Fundamentals of Machine Learning
e Definition and components of a machine learning system
Types of learning:
Supervised learning
Unsupervised learning
Reinforcement learning
Real-world examples of each type
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Week 3-5: Machine Learning Algorithms

e Supervised learning algorithms:
e Linear regression
o Logistic regression
e Decision trees
e Support Vector Machines (SVM)

e Unsupervised learning algorithms:

o K-means clustering
e Principal Component Analysis (PCA)

e Reinforcement learning basics:
e Markov Decision Processes (MDP)
e Q-learning
Week 6: Introduction to Deep Learning
e What is deep learning?
¢ Differences between deep learning and classical ML

e Applications of deep learning (e.g., image recognition, NLP)

Week 7: Neural Networks — Architecture and Concepts
¢ Biological inspiration and artificial neurons
e Neural network architecture:

e Input, hidden, and output layers
o Weights, biases, and activation functions (ReLU, sigmoid, tanh)
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Week 8: Forward Propagation
¢ Biological inspiration and artificial neurons
e Neural network architecture:
e Input, hidden, and output layers
e Weights, biases, and activation functions (ReLU, sigmoid, tanh)

Week 9-10: loss Function and Optimization

e Purpose of a loss/cost function (MSE, Cross-Entropy)
¢ Introduction to optimization techniques:

e Gradient descent
e Learning rate and its impact on convergence

Week 11: Backpropagation Algorithm
e The chain rule and gradient calculation

e Backpropagation steps for updating weights
e Importance of differentiable activation functions

Week 12-14: Forward Propagation
Structure and flow of a feedforward neural network

Role of input, hidden, and output layers

Function of weights and biases in each layer

Purpose of activation functions in introducing non-linearity
Step-by-step data propagation through each layer

Generation of the final output (prediction)

Understanding how the network "makes decisions" based on input

Importance of proper data formatting and normalization
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Introduction to efficient implementation using vectors and matrices

Foundation for computing loss and beginning backpropagation
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