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What are you letting yourselves in for?

First 5 weeks or so - A not very advanced introduction to quantum
computing from me.

▶ Quantum mechanics
▶ Quantum circuit model of quantum computing
▶ Party tricks - dense coding, teleportation.......
▶ Quantum advantage - Deutsch’s algorithm
▶ Finding a needle in a haystack - Grover’s algorithm
▶ Breaking the code - Shor’s algorithm

Second 5 weeks - more interesting stuff from Matias Ruiz speaking,
from afar, after this.
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Our Mission, should we choose to accept it...
Understanding how to “read” quantum circuits and bra/ket
notation, such as....

|0⟩ H •

|0⟩

Figure: Quantum circuit for preparing the Bell state |ψ00⟩
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Do Quantum party tricks

Figure: Alice teleports a state to Bob
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Teleportation - Circuit
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|0⟩

|0⟩ H • X Z |ψ⟩
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We might even factor 15 using Shor’s algorithm
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Figure: Factor 15 (5,3) 6



Second Half: applications of quantum computing

Last 5 weeks – two topics (broadly speaking):

▶ (3/3.5 lectures) Some cool applications of what you’d have
learned with Des:
▶ Solving PDEs
▶ Simulating molecules
▶ Optimisation
▶ Machine learning

▶ (1.5/2 lectures) Adiabatic quantum computing: another
paradigm in quantum computing
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How to solve PDEs using a quantum computer?

▶ The HHL algorithm: solve

Ax = b

▶ Simulate a quantum
system ⇒ solve the
Schrodinger equation

Figure: [A. Pesah, 2020]
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Variational Quantum Algorithms – very popular

Figure: [Cerezo et al. 2021]

▶ Find eigenvalues: Variational Quantum Eigensolver (VQE) ⇒
Simulate molecules in computational chemistry

▶ QAOA: a quantum combinatorial optimisation algorithm
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Quantum computing for data science and machine learning

Figure: https://qiskit.org/ (09-2022)

▶ Many quantum equivalent of standard ML algorithms:
quantum PCA, quantum SVM and others
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Quantum Adiabatic Computing

H(t) = (1 − t)H0 + tHp

[cite someone]
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Quantum annealing: quantum computers for combinatorial
optimisation (and maybe more)

[Fingerhuth et al. (2018)]

[Johnson et al. (2011)] 12



Overview

Gate-based 

Foundamentals:
- Quantum mechanics
   - principles
   - braket notation
   - single and multiple qbits
- Party tricks: dense coding and teleporation
- Deutsch's algorithm
- Grover's algorithm 
- Quantum phase and QFT
- Shor's algorithm

Applications:
- HHL algoithm
- Quantum simulations
- Variational Quantum Algorithms
      - VQE
      - QAOA
- Quantum Computing in Data Science
      - Quantum PCA
      - Quantum SVM
      - Quantum NNs

Quantum Adiabatic Computing

- Quantum Adiabatic Theorem
- Quantum Adiabtic Algorithms
- Iising Model and QUBO
- Quantum Annealing

8 weeks 2 weeks
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Evaluation

Compulsory for students taking credits on this course.

▶ Written assignment
▶ Jypiter notebook assignment to introduce you to Qiskit (what

is that? in a minute)
▶ Small presentation (possibly in groups, depending on number

of people taking the class) on a research paper, a topic not
(fully) covered during the course, or a given quantum
algorithm (that could find in the Quantum Algorithm Zoo;
what is that? in a minute).
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Useful Resources I: online

Qiskit: online open source open development kit for coding
quantum algorithms in Python (and which does a much better job
of explaining things than we ever will)

https://qiskit.org

Play with simulators, online and downloadable, and even real (but
not very big) quantum computers.
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Useful Resources I: online

https://quantumalgorithmzoo.org/
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Useful resources II: ArXiv and other research papers

Quantum computing from a mathematical perspective: a
description of the quantum circuit model by J. Ossorio-Castill and
José M. Tornero

https://arxiv.org/abs/1810.08277

Quantum Algorithm Implementations for Beginners by 20 million
authors

https://arxiv.org/abs/1804.03719

(which we will both shamelessly plagiarize, along with Qiskit)

Adiabatic Quantum Computing by Albash and others

https://arxiv.org/abs/1611.04471

...and other research papers to be provided in due time
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Useful resources III: Books

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

Quantum Computer Science: An Introduction by N. David Mermin

Mathematics of quantum computing: An Introduction by Wolfgang
Scherer
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