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Course Outline
• Today

• Roadmap to Near-Term Quantum Computing: potentials and 
limitations

• Quantum Algorithms
• Complexity Theory

• Today & Tomorrow
• Quantum Error Correction & Fault Tolerance
• Reliable quantum advantages from quantum simulation
• Verifiable advantages based on sampling problems
• Robust advantages based on many-body problems
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What is a quantum computer?

Does Google have one?

Have they shown 
“supremacy”?

Do we have this in Spain?
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UGR Quantum Machine Learning Group



                

Quantum Machine 
learning
           



Machin learning of hate 
networks
Joint work with
•Atenea Medrán
•@pynomaly (GitHub), Python Developer
•Daniel Manzano, University of Granada
•Ana Valdivia, King’s College London

https://vimeo.com/754259618 

https://vimeo.com/754259618


  

SAFE, DIVERSE, INCLUSIVE 
WORKSHOP & NETWORK 

FOR QUANTUM SCIENTISTS

WE ARE 
a diverse community of quantum information 
scientists, technologists, engineers, 
mathematicians 

WE ORGANIZE
inclusive quantum information conferences

WE CARE ABOUT
working conditions, equity, diversity, privilege, 
bias, health, safety, responsible research, 
harassment- and discrimination-free 
environments

WE ARE A SAFE SPACE FOR
underrepresented groups in quantum STEM: 
womxn, POC, LGBTQ, chronically ill academics 
++

CONTACT
Email: qturnworkshop@gmail.com
Twitter & Facebook: @qturnworkshop



What is a quantum computer?

A machine that uses 
coherent quantum 
systems to speed-up 
calculations



Incoherence VS Coherence



Quantum Computing is 
Different

Number of digits

Time
Quantum
factoring

Factoring

Shor, FOCS 1994
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Roadmap to Quantum Technologies



Quantum computers could revolutionize 
computation, and cryptography but are extremely 
hard to build
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(Use many resources)
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SimulationCryptography

Well understood



Long term applications
(Use many resources)

SimulationCryptography Machine 
learning

Graph 
Problems

Well understood Under Investigation



 Quantum computers offer advantages in computation
 100 (1000) qubits devices are “available” (being 
“developed”)

 Quantum applications are hard to find and implement

Noisy Intermediate Scale Quantum computers 
(NISQ)





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
50 qubits
C i rcuit depth ⇡ 100 : 20 cycles of 5 gates

•Quality of gates

1 qubit gate error: 1.6 · 10—3

2 qubit gate error: 6.2 · 10—3

3 Measurement error: 3.8 10—2

Quantum supremacy using a programmable superconducting processor,
Frank Arute, Kunal Arya, […], John M. Martinis, Nature volume 574, 505 (2019)



Where are we

Quantum supremacy using a programmable superconducting processor,
Frank Arute, Kunal Arya, […], John M. Martinis, Nature volume 574, 505 (2019)

50 qubits
Circuit depth 

 100 : 20 ⇡
cycles of 5 

gates

Quality of 
gates

qubit gate 
error:

1.6 · 10—3

qubit gate 
error:

6.2 · 10—3

Measurement 
error: 3.8 · 10

—2 



Hardware 
architectures

• Superconducting 
circuits

• Ion Traps

• Photonics

• Quantum dots



Models of Quantum Computation

Quantum 
Circuits

Measurement-based Quantum 
Computation

Adiabatic Quantum Computation
Quantum annealers

Topological Quantum Computation



Ethical challenges of Q-tech



Ethical challenges of Q-tech

• Will it be militarized?
• Quantum sensing could be used for radar
• Quantum cryptoattacks
• Quantum simulation could speedup 

material research
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Ethical challenges of Q-tech

• Will it be militarized?
• Quantum sensing could be used for radar
• Quantum cryptoattacks
• Quantum simulation could speedup 

material research

• Faster computers/AI can increase inequality & 
bias

• Expensive resources: how and where will they 
be extracted?



Questions
What makes quantum computing powerful?

What can we do with small quantum 
devices?



How can you build a quantum computer that outperforms 
a classical one for some (potentially irrelevant) problem?



How can you build a quantum computer that outperforms 
a classical one for some (potentially irrelevant) problem?



Quantum Simulation
Dynamical quantum simulators (e.g., using 104-105 cold atoms in optical lattices) cannot be 
efficiently classically simulated with state-of-the-art tensor-network algorithms (a la DMRG). But 
are these good enough?
Trotzky et. al., Nature Phys. 8 (2012), Choi et al., Science 352 (2016)
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Random circuit sampling (“Google”)
They apply a long circuit of random physical interactions on superconducting qubits. 

Boson sampling
Generates random numbers using a random photonic circuit, hard to simulate based on complexity 
theoretic evidence.

| PHOTONS ⟩ COUNT

Boixo et al., Nature Phys. 14 (2016)
Bouland, Fefferman, Nirkhe, Vazirani, 
Nature Phys arXiv:1803.04402
Arute, Nature, Vol 574, 505 (2019)

Aaronson, Arkhipov, Th. Comp. 9 (2013)

Quantum Sampling Problems



Google’s experiment
Arute, Nature, Vol 574, 505 (2019)



Google’s experiment
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• Implementan un circuito cuántico aleatorio con 53 
qubits, depth 40 (1500+ operaciones)

• Runs for 200 seconds

• They estimate a classical computer would require 
“10,000 years on a 100,000 core supercluster” to 
simulate the same process

• The computer can still be simulated by 
classical computersand cannot be efficiently 
verified
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Resources
•News: https://thequantumdaily.com/

•Job search: 
• https://quantumcomputingreport.com/
• https://qt.eu/

• Research: https://scirate.com/ 

• Network: QIPC Spain, QUROPE

https://thequantumdaily.com/
https://quantumcomputingreport.com/
https://qt.eu/
https://qt.eu/
https://qt.eu/
https://qt.eu/
https://qt.eu/
https://qt.eu/
https://qt.eu/
https://qt.eu/
https://qt.eu/
https://qt.eu/
https://qt.eu/
https://scirate.com/
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Quantum computer algorithms: what can we 
do with them and how can we realize them?

1.Quantum algorithms
1.Hamiltonian simulation
2.Deutsch-Jozsa’s
3.QFT
4.Phase Estimation
5.Shor’s algorithm
6.Grover’s search

2.Quantum realizations
1.Quantum error correction
2.Magic states
3.Gate Teleportation

Reference
IQC Introduction to Quantum Computing - Petros Wallden
The University of Edinburgh Open Course Materials
http://pwallden.gr/courseiqc.asp 
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Complexity 
Theory
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