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Introduction to Quantum Computing

Lecture 1: Introduction and Logistics

Raul Garcia-Patron Sanchez and Petros Wallden



Contacts

® Raul Garcia-Patron Sanchez (Lecturer CO)
Email: rgarcia3@ed.ac.uk

® Petros Wallden (Lecturer)

Email: petros.wallden@ed.ac.uk

® Milos Prokop (TA)

Email:m.prokop@sms.ed.ac.uk

® Discussions and Questions on Piazza Forum



Structure of the course

@® Lectures
e Week1to 11, with a break on week 4
e Tuesday 11 am @ AT 2.12
* Thursday 10 am @ AT 2.12

® Tutorial

* Tutorial 0 on week 2

e 8 tutorialsin total: weeks 3 to 11, except week 5
e 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 - 8" November
 Due Wednesday 22 November 12:00 (week 10)

® Exam 75%

e December
e 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)

® QFT and Phase-estimation (2 lectures, Raul)

® Near-term quantum algorithms (2 lectures, Petros)

® Measurement-based quantum computation (3 lectures, Petros)



Resources

Quantum

Computation
. . dQuant
® Quantum Computation and Quantum Information" 4"‘,“,“0;,;:‘“;;::‘/

by Michael A. Nielsen & Isaac L. Chuang R

® 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
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Quantum Computing Ecosystem

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

Fault-tolerance
Shor’s algorithm
Quantum simulation
Optimization problems

[Gate quality

Practical qguantum advantage?

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

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

Quantum suprer}ac\y achieved?

-principle

# Qubits




Wherearewe

® 50 qubits

@ (ircuit depth =~ 100 : 20 cycles of 5 gates

@ Quality of gates

0.75

@ 1-qubit gate error: 1.6- 1077
@ 2-qubit gate error: 6.2 -107°

® Measurement error: 3.8 - 102 -

Integrated histogram, ECDF
o
3

0.25

--- Isolated
I == Simultaneous

102 102 10-1
Pauli and measurement errors

Average error Isolated Simultaneous

Single-qubit (e,) 0.15% 0.16%
Two-qubit (e,) 0.36% 0.62%
Quantum supremacy using a programmable superconducting processor, Two-qubit, cycle (e,) 0.65% 0.93%

Frank Arute, Kunal Arya, [...], John M. Martinis, Nature volume 574, 505 (2019)
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Models of Quantum Computation
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® Measurement-based Quantum Computation B S
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News and Jobs

News Social media: follow companies, academics

Quantum Computing Report
Where Qubits Entangle with Commerce \ %)

Contact Us Advertising AboutUs Sign in / Join

https://quantumcomputingreport.com/

https://thequantumdaily.com/ ®'QFUANTUM News =
.
Job search mdUStry https://quantumcomputingreport.com/ 600 job announcements today!

Companies websites

&=

JOb search Academia https://www.jobs.ac.uk/ = | |

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




Follow the Science

\I’ SciRate

Publications

v My feeds

Computational
Complexity

Data Structures and
. Algorithms
https://SC|rate_com/ Discrete Mathematics
nformation Theory
nformation Theory

Mathematical Phys

Mathematical Physics

Quantum Physics

arXiv.org

> Astrophysics
> Condensed Matter

General Relativity and
Quantum Cosmology

HEP - Experiment
HEP - Lattice
HEP - Phenomenology
HEP - Theory
Mathematical Physics
> Nonlinear Sciences
Nuclear Experiment
Nuclear Theory
> More Physics
Quantum Physics

QlP, TQC

Conferences

Home Raul Garcia-Patron~

Home feed

edit subscriptions

Information-theoretic bounds on quantum advantage in
machine learning

Hsin-Yuan Huang, Richard Kueng, John Preskill

Jan 08 2021 quant-ph ¢s.IT ¢s.LG math.IT arXiv:2101.02464v2

We study the performance of classical and quantum machine learning (ML) models in predicting outcomes of
physical experiments. The experiments depend on an input parameter x and involve execution of a (possibly
unknown) quantum process £. Our figure of merit is the number of runs of £ required to achieve a desired
prediction performance. We consider classical ML models that perform a measurement and record the classical
outcome after each run of £, and quantum ML models that can access £ coherently to acquire quantum data;
the classical or quantum data is then used to predict outcomes of future experiments. We prove that for any
input distribution D(x), a classical ML model can provide accurate predictions on average by accessing £ a
number of times comparable to the optimal quantum ML model. In contrast, for achieving accurate prediction
on allinputs, we prove that exponential quantum advantage is possible. For example, to predict expectations of
all Pauli observables in an n-qubit system p, classical ML models require 25xn) copies of p, but we present a
guantum ML model using only O(n) copies. Our results clarify where quantum advantage is possible and
highlight the potential for classical ML models to address challenging quantum problems in physics and
chemistry.

o EIE

Fault-Tolerant Operation of a Quantum Error-Correction Scite! 153 | [
Code

Laird Egan, Dripto M. Debroy, Crystal Noel, Andrew Risinger, Daiwei Zhu,

Debopriyo Biswas, Michael Newman, Muyuan Li, Kenneth R. Brown,

Marko Cetina, Christopher Monroe

Sep 25 2020 quant-ph arXiv:2009.11482v2

Niantiim arrnr rarractinn nratarte franila anantiim infarmatinn hv ancadina it inta a laraer Aniantiim ceuctem

https://gipconference.org/
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ational Quantum Mechanics

I'd had some notes kicking
around a bit before someone
mentioned that Helgoland had
been translated into English and
said some pertinent things.
Maybe the book was a nudge for
them, too.

Assessing Relational Quantum Mechanics

follow academics
on social media

Simon’s Institute for the Theory of Computation

Workshops/schools/semesters https://simons.berkeley.edu/




The ideal life of a qubit in a nutshell

State preparation Operation Measurement

Source of gquantum states Circuit/Gates
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Quantum random number generator circuit
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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).

“hris Ferrie and William B

Popular Science books

e 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).






