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TEACHING METHODOLOGY

Classroom lectures: 30h.
Place of demonstrations sessions: Visits to institutions with practical activity on diverse aspects of quantum computing, as for
example, IMB-CNM, BSC and Qilimanjaro.

LEARNING OBJECTIVES OF THE SUBJECT

1. Acquire basic knowledge on the limitations of conventional computing technologies and how they can be complemented by
emerging technologies based on neuromorphic and quantum computing circuits for specific applications.

2. Learn what in-memory computing means, its different fields of application, and how neuromorphic circuits with memristors are
implemented.

3. Be able to design and simulate neuromorphic circuits based on memristors and CMOS neurons.

4. Acquire knowledge about the basics of quantum computing and its implementation through different physical devices, with special
emphasis on spin qubits in semiconductors.

5. Be able to analyze the operation of devices and circuits for quantum computing

STUDY LOAD
Type Hours Percentage
Hours large group 30,0 30.00
Self study 70,0 70.00

Total learning time: 100 h
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CONTENTS

Emerging technologies for computing

Description:
Block 1. Neuromorphic and in-memory computing

1. Conventional computing technologies
Principles, state of the art and limitations. High performance systems and unaffordable power budget. The Von-Neumann wall.

2. Alternative technologies and Unconventional Computing Strategies
In-Memory Computing and Neuromorphic Computing. Al accelerators, emerging NVM, comparison of Memory for edge-Al.

3. The memristor, an emerging device

Memristor basics: the fourth element (Chua), the device found (HP). Materials in Metal-Oxides. Ideal memristor, fingerprints of
memristors.

Device types and properties: Filamentary, ionic. Binary, multiple value. PCM, ReRAM, OXRAM. Memristor non-linear properties.
Memristor models: Behavioral, physic models.

Memristor based structures: Crossbars, 1R, 1T1R. NVMemories.

4. Applications of memristors for in-memory and neuromorphic computing

Neuromorphic computing with memristors: principles, synaptic crossbars. Neuron models and implementation. Learning
strategies. SNN and DNN examples. Variability and stochasticity. Associative memories.

Logic gates with memristors: gate structures and logic design styles. Memristive memory logic design.

Examples of other applications of low and high precision: cryptography, combinatorial optimization problems, sparse coding,
scientific computing.

Block 2. Quantum computing

5. The second quantum revolution
General overview. Basic concepts of quantum mechanics: wave function, energy quantization, superposition, entanglement, spin.

6. Quantum technologies and computing basics
Quantum technologies: quantum communications, quantum sensing, quantum simulation and quantum computing. Q-bits and
quantum computing algorithms.

7. Physical implementation of quantum computing
Platforms for quantum computing: diamond, ion traps, photons, superconductors, semiconductors, hybrid. Semiconductor based
quantum computing. Devices: quantum dots, single electron charges. Read-out methods. Fabrication Technologies.

8. Demonstrations sessions
Showcase sessions about different implementations of quantum computing.

Full-or-part-time: 100h
Theory classes: 30h
Self study : 70h

GRADING SYSTEM

Examination: exam (100%).
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