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1. General information

Neural Networks and Deep Learning is a field within the discipline of Artificial Intelligence that focuses on the design and
implementation of algorithms inspired by the human brain for processing mainly complex data. This field has been experiencing
significant advances in recent years, allowing for successful results in various applications.

The objective of this course is to introduce the theoretical and practical concepts of deep learning and to develop and implement
neural network models capable of learning and generalizing from data and architectures more complex than other learning
techniques. The development of these models will allow the extraction of useful information and intrinsic patterns from the data,
developing predictive models that contribute to more accurate decision-making.

The course is closely related to the discipline of data mining, as it also requires the combination of techniques and
methodologies such as data storage, data quality analysis, information preprocessing, visualization, optimization, and statistical
modeling, among others.

2. Learning results

« Learn the necessary foundations to extract information and visualize a dataset.

« |dentify the necessary steps for data analysis.

* Model the associations between variables using linear and nonlinear techniques.
» Validate and compare models using resampling or data segmentation techniques.

3. Syllabus

« Introduction to artificial neural networks and deep learning: neurons, activation, hidden layers. The simple perceptron.

« Feedforward neural networks: Multilayer perceptron, backpropagation algorithm, hyperparameters (activation function,
learning rate, regularization, etc.).

* Recurrent neural networks (RNN): Fundamentals of RNNs, LSTM recurrent networks, application in sequential data
and time series.

« Convolutional neural networks (CNN): Introduction to CNN architecture, convolutions, pooling.

« Other cutting-edge techniques: Introduction to the concept of networks with attention mechanisms (Transformers),
explainability (XAl).

« Applications of different neural network architectures in specific prediction and classification problems (especially
numerical data). Data preparation, training, optimization techniques, and validation.

4. Academic activities

The course consists of a total of 4 hours of class per week over a period of 15 weeks during the semester. The classes are held
in the computer lab and/or electrified classroom and/or with computer access, and focus on delivering theoretical concepts
related to neural networks and deep learning, which are reinforced with practical activities involving the implementation and
training of models using analysis software and deep learning tools.

5. Assessment system

Continuous evaluation system:

» Written tests (70%): During the course, students will take 2 written tests (or midterms) on the content of neural
networks and deep learning. These tests will be conducted in the computer lab. The evaluation will assess the
understanding of theoretical concepts, data analysis, architecture selection, training, optimization, and model
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validation, as well as the interpretation of results. The minimum score in each partial exam will be 9 points out of 35.

« Participation assessments (30%): Throughout the course, students will complete participation assessments. These will
be assignments or shorter test than the written tests. Their aim is to apply a neural network to a specific practical case
and/or to evaluate key theoretical concepts. The evaluation will assess the understanding of theoretical concepts,
architecture selection, training, optimization, and model validation, as well as the interpretation of results.

If technical visits or lectures are held as part of the course, attendance will be considered mandatory scheduled instruction, and
their content may be subject to evaluation.

Overall evaluation system:

A single written test will be conducted, valued at 100% of the total score, covering all the course content. This test will be
conducted in the computer lab and will involve understanding theoretical concepts, data analysis, architecture selection,
training, optimization, and model validation, as well as the interpretation of results.

6. Sustainable Development Goals

5 - Gender Equality
9 - Industry, Innovation and Infrastructure
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