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Course guide
230986 - QUAI - Practicals in Quantum Computing and Artificial
Intelligence

Last modified: 11/04/2025
Unit in charge: Barcelona School of Telecommunications Engineering
Teaching unit: 739 - TSC - Department of Signal Theory and Communications.

Degree: MASTER'S DEGREE IN TELECOMMUNICATIONS ENGINEERING (Syllabus 2013). (Optional subject).
MASTER'S DEGREE IN ADVANCED TELECOMMUNICATION TECHNOLOGIES (Syllabus 2019). (Optional
subject).
MASTER'S DEGREE IN CYBERSECURITY (Syllabus 2020). (Optional subject).

Academic year: 2025 ECTS Credits: 3.0 Languages: English

LECTURER

Coordinating lecturer: JOSE ANTONIO LAZARO VILLA

Others:

REQUIREMENTS

Basic background on engineering or science

TEACHING METHODOLOGY

Classes in English.
- Laboratory Practices.
- Group work.
- Individual work.
- Oral presentations.

LEARNING OBJECTIVES OF THE SUBJECT

Both quantum computing and artificial  intelligence are  game changers.  With  classical  computers,  artificial  intelligence creates
functional applications, but it is limited by the computational capabilities of classical computers. Quantum computing is expected to
aid artificial intelligence in making significant advances. IBM Quantum leads the world in quantum computing, with IBM having the
largest quantum computing fleet in the world, whereas AI is widely acknowledged to be led by several players as Google, IBM, and
Microsoft. On the one hand, Google Quantum AI is pushing the boundaries of quantum computing by developing hardware and
software tools that go beyond classical  capabilities.  Meanwhile,  IBM is one of the companies developing robust quantum safe
technology and services for the near future. Microsoft is working to deliver quantum at scale by engineering a unique, stable qubit and
bringing a full-stack, fault-tolerant quantum machine as Microsoft Azure Quantum including the pursuit of fault-tolerant topological
qubits that scale towards a general-purpose quantum computer.

QUAI focuses on providing a Hands-on Quantum Computing and Artificial Intelligence by laboratory practice introducing the main
programming tools.
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STUDY LOAD

Type Hours Percentage

Hours small group 24,0 32.00

Self study 51,0 68.00

Total learning time: 75 h

CONTENTS

Introduction

Description:
- Subject introduction
- Introduction to Quantum Computing:
• Why quantum computing?
• Quantum states entangled stated and quantum computing
• Example of quantum algorithm for searching in data bases.

Full-or-part-time: 25h
Laboratory classes: 8h
Self study : 17h

Quantum Machine Learning

Description:
- Training parametrized quantum circuits
- Supervised quantum learning
- Unsupervised quantum learning

Full-or-part-time: 25h
Laboratory classes: 8h
Self study : 17h

Hybrid-quantum-classical algorithms and advanced topics

Description:
- Near-term Hybrid-quantum-classical algorithms requiring smaller quantum computers
- Variational algorithms
- TensorFlow Quantum
- Advanced topics

Full-or-part-time: 25h
Laboratory classes: 8h
Self study : 17h

GRADING SYSTEM

The final grade for the course will be obtained from the continuous assessment grade, work proposed by the professors throughout
the course and laboratory practices, and a final project.
Laboratory Practices: 75%
Final project: 25%
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RESOURCES

Other resources:
Tutorial material on basic topics about the contents of the subject will be offered to those students who may request or need it
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