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Structure of the course

Lectures
• Week 1 to 11, with a break on week 4
• Tuesday 11 am @ AT 2.12
• Thursday 10 am @ AT 2.12

Tutorial
• Tutorial 0 on week 2
• 8 tutorials in total: weeks 3 to 11, except week 5
• Monday 14:10-15 @ AT 2.07 Milos Prokop
• Monday 13:10-14 @ AT 2.05 Marine Demarty

Q&A after any lecture



Assessment

Coursework 25%
• One assignment released week 8 - 8th November
• Due Wednesday 22rd November 12:00 (week 10)

Exam 75%
• December
• Revision session on week 11.



Syllabus

Intro to quantum mechanics and quantum circuits (5 lectures, Raul)

Basic quantum algorithms (4 lectures, Raul)

Quantum error correction (2 lectures, Raul)

Near-term quantum algorithms (2 lectures, Petros)

Measurement-based quantum computation (3 lectures, Petros)

QFT and Phase-estimation (2 lectures, Raul)



Resources

Quantum Computation and Quantum Information" 
by Michael A. Nielsen & Isaac L. Chuang

Quantum Computing Lecture Notes
by Ronald de Wolf
https://arxiv.org/abs/1907.09415

Introduction to Quantum Computation
Sevag Gharibian
Lectures notes link

https://arxiv.org/abs/1907.09415
http://groups.uni-paderborn.de/fg-qi/courses/UPB_INTRO_QUANTUM/S2020/notes/IQC_Masterfile.pdf


Quantum Informatics

Store, process and communicate information 
exploiting the laws of quantum mechanics

Computation

Cyber Security

Quantum Cyber Security
INFR11187 during S2
Petros Wallden (CO) and Mina Doosti



Quantum Computing Ecosystem

The future of quantum computing is on the making right now!



The prospects of quantum computation

# Qubits

Gate quality Fault-tolerance
Shor’s algorithm
Quantum simulation
Optimization problems

Proof-of-principle
Few qubits
Toy example

We are here
50-100 qubits
Small instances of 
non-trivial algorithms

Near-term
NISQ: Noisy Intermediate-Scale Quantum
No quantum error-correction

Practical quantum advantage?

Quantum supremacy achieved?



Where are we
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50 qubits

<latexit sha1_base64="rnyvxyUXjJV2E3B2yEm6EHsTyx8=">AAACAXicbVDJSgNBEO1xjXEb9SJ4aQyCpzAjih6DXjwmYBZIhtDTqUma9Cx014jDEC/+ihcPinj1L7z5N3aWgyY+KHi8V0VVPT+RQqPjfFtLyyura+uFjeLm1vbOrr2339BxqjjUeSxj1fKZBikiqKNACa1EAQt9CU1/eDP2m/egtIijO8wS8ELWj0QgOEMjde3DDsID5rWUSYEZjQPaZwh6RLt2ySk7E9BF4s5IicxQ7dpfnV7M0xAi5JJp3XadBL2cKRRcwqjYSTUkjA9ZH9qGRiwE7eWTD0b0xCg9GsTKVIR0ov6eyFmodRb6pjNkONDz3lj8z2unGFx5uYiSFCHi00VBKinGdBwH7QkFHGVmCONKmFspHzDFOJrQiiYEd/7lRdI4K7sXZad2Xqpcz+IokCNyTE6JSy5JhdySKqkTTh7JM3klb9aT9WK9Wx/T1iVrNnNA/sD6/AGC9pbq</latexit>

Quality of gates
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1-qubit gate error: 1.6 · 10�3
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Measurement error: 3.8 · 10�2
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Circuit depth ⇡ 100 : 20 cycles of 5 gates

Quantum supremacy using a programmable superconducting processor, 
Frank Arute, Kunal Arya, […], John M. Martinis, Nature volume 574, 505 (2019)
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2-qubit gate error: 6.2 · 10�3



Hardware architectures
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Superconducting circuits
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Ion Traps
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Photonics

<latexit sha1_base64="1/1TuptNwu+DHwzAylyDVjtAbEg=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2ARPJVdUfRY9OKxBfsB7VKy2bQNzWaXZCKWpeBf8eJBEa/+Dm/+G9N2D9r6YODx3gwz88JUcA2e9+0UVlbX1jeKm6Wt7Z3dPXf/oKkToyhr0EQkqh0SzQSXrAEcBGunipE4FKwVjm6nfuuBKc0TeQ/jlAUxGUje55SAlXruURfYI2R1QySYGEcJ6AnGPbfsVbwZ8DLxc1JGOWo996sbJdTETAIVROuO76UQZEQBp4JNSl2jWUroiAxYx1JJYqaDbHb+BJ9aJcL9RNmSgGfq74mMxFqP49B2xgSGetGbiv95HQP96yDjMjXAJJ0v6huBIcHTLHDEFaMgxpYQqri9FdMhUYSCTaxkQ/AXX14mzfOKf1nx6hfl6k0eRxEdoxN0hnx0haroDtVQA1GUoWf0it6cJ+fFeXc+5q0FJ585RH/gfP4AMnmVnw==</latexit>

Quantum dots



Models of Quantum Computation

Quantum Circuits

Measurement-based Quantum Computation

Adiabatic Quantum Computation 
Quantum annealers

Topological Quantum Computation



News

Job search industry

Job search Academia

https://thequantumdaily.com/

Social media: follow companies, academics

https://quantumcomputingreport.com/

https://quantumcomputingreport.com/

https://www.jobs.ac.uk/

Companies websites

https://qt.eu/https://quantumcomputingreport.com/

600 job announcements today!

News and Jobs



Publications

follow academics
on social media

https://scirate.com/

https://qipconference.org/Conferences QIP, TQC

Workshops/schools/semesters Simon’s Institute for the Theory of Computation 
https://simons.berkeley.edu/

Follow the Science



The ideal life of a qubit in a nutshell
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State preparation
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Operation
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Measurement
Circuit/GatesSource of quantum states
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Quantum random number generator circuit



References

• Additional references

• Quantum compute architectures
• Quantum computers, T. D. Ladd, F. Jelezko, R. Laflamme, Y. 

Nakamura, C. Monroe & J. L. O’Brien, Nature 464, 45 
(2010).

• Popular Science books
• Logicomix: An Epic Search for Truth, by Apostolos Doxiadis 

and Christos H. Papadimitriou, Bloomsbury Publishing 
(2009).

• The Golden Ticket, P, NP, and the search for the impossible, 
Lance Fortnow, Princeton University Press (2013).

• Godel, Escher, Bach: An Eternal Golden Braid, Douglas 
Hofstadter, Basic Books (1999).

• Quantum Computing for Babies, Chris Ferrie, Sourcebooks 
Explore (2018).




