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

inclusive quantum information conferences

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

Q- I U RN underrepresented groups in quantum STEM: womxn, POC,

LGBTQ, chronically ill academics ++

SAFE, DIVERSE, INCLUSIVE
WORKSHOP & NETWORK Email: gturnworkshop@gmail.com
FOR QUANTUM SCIENTISTS Twitter & Facebook: @qturnworkshop




Join us!

PhD calls in Fall 2025
Jbermejovega@go.ugr.es
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OZO/O?ThaL&

https://www.amusingplanet.com



https://www.amusingplanet.com/2020/02/that-time-when-computer-memory-was.html
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Schematic for Global
Atmospheric Model

Horizontal Grid (Latitude-Longitude)

Vertical Grid (Height or Pressure)
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Navier-Stokes Equations

3 - dimensional - unsteady
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Sea Ice Thickness (10-year average)
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mean mean - min max - mean Decadal climate
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deterministic predictions verification

ensemble forecast of Lothar (surface pressure)
start date 24 December 1999 : forecast time T+42h
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What is a quantum computer?

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




Incoherence VS Coherence




Quantum Computing is Different

Factoring
' Quantum
Time factoring
Shor, FOCS 1994
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Quantum Computing is Different
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Quantum Computing is Different
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-oundational Question
What makes quantum computing work?

Largeness Entangle

space? .




Roadmap to Quantum Technologies




Quantum computers could revolutionize computation, and
cryptography but are extremely hard to build



Quantum computers could revolutionize computation, and
cryptography but are extremely hard to build

How to factor 2048 bit RSA integers in 8 hours using 20 million noisy qubits

Craig Gidney, Martin Ekera

We significantly reduce the cost of factoring integers and computing discrete logarithms in finite fields on a quantum computer by combining techniques from Shor 1994, Griffiths-
Niu 1996, Zalka 2006, Fowler 2012, Ekera-Hastad 2017, Ekerd 2017, Ekerd 2018, Gidney-Fowler 2019, Gidney 2019. We estimate the approximate cost of our construction using
plausible physical assumptions for large-scale superconducting qubit platforms: a planar grid of qubits with nearest-neighbor connectivity, a characteristic physical gate error rate of
1073, a surface code cycle time of 1 microsecond, and a reaction time of 10 microseconds. We account for factors that are normally ignored such as noise, the need to make repeated
attempts, and the spacetime layout of the computation. When factoring 2048 bit RSA integers, our construction's spacetime volume is a hundredfold less than comparable estimates
from earlier works (Fowler et al. 2012, Gheorghiu et al. 2019). In the abstract circuit model (which ignores overheads from distillation, routing, and error correction) our construction
uses 3n + 0.002n Ig n logical qubits, 0.3 + 0.0005#> Ig n Toffolis, and 500n? + n? lg n measurement depth to factor n-bit RSA integers. We quantify the cryptographic implications
of our work, both for RSA and for schemes based on the DLP in finite fields.

Comments: 26 pages, 10 figures, 5 tables
Subjects: Quantum Physics (quant-ph)
Cite as: arXiv:1905.09749 [quant-ph]
(or arXiv:1905.09749v2 [quant-ph] for this version)



Long term applications
(Use many resources)



Long term applications
(Use many resources)

Well understood

Cryptography Simulation




Long term applications
(Use many resources)

Well understood Under Investigation
Cryptography Simulation Graph Machine
Problems learning
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Prospects of Quantum Computing

Can we build them?

@6 a6



Gate quality

State of The Art

Noisy Intermediate-Scale
quantum devices (NISQ)
no quantum error

correction
We are here Practical
50-100 qubits quan‘]‘um
Small instances of advantage?
non-trivial algorithms
Foundational
Proof of quantum advantage
principle demonstrations

experiments

Fault-tolerance

Cryptography
Simulation
opfimization

# QubiTs‘




Where are we

50 qubits
Circuit Depth 100 : 20 cycles of 5 gates

* Quality of gates

1 qubit gate error: 1.6-103
2 qubit gate error: 6.2-1073
3 Measurement error: 3.8 1072

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

Integrated histogram, ECDF
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Pauli and measurement errors
Average error Isolated Simultaneous
Single-qubit (e,) 0.15% 0.16%
Two-qubit (e, 0.36% 0.62%
Two-qubit, cycle (e, ) 0.65% 0.93%
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Where are we

Circuit depth t
100 : 20 cycles
of 5 gates

50 qubits Quality of

gates

qubit gate
error: 1.6
103

qubit gate
error: 6.2 -
103

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)

Integrated histogram, ECDF
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Single-qubit (e,) 0.15% 0.16%
Two-qubit (e,) 0.36% 0.62%
Two-qubit, cycle (e,) 0.65% 0.93%
Readout (g) 31% 3.8%




Hardware architectures
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Ethical challenges of Q-fech

MIT Technology Review Topics |

Computing / Quantum computing

The US and Chinaareina
quantum arms race that
will transform warfare

Radar that can spot stealth aircraft and other quantum innovations
could give their militaries a strategic edge.

by Martin Giles January 3,2019




Ethical challenges of Q-fech

MIT Technology Review Topics |

Computing / Quantum computing

The US and Chinaareina

*  Will it be militarized?
* Quantum sensing could be used for radar

quantum arms race that . Quant toattack
will transform warfare uantum cryproarracks |
Radar that can spot stealth aircraft and other quantum innovations ¢ QUGnTum SImU|G'|'IOH COUld Speedup mOTerlol

could give their militaries a strategic edge.

research

by Martin Giles January 3,2019
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Faster computers/Al can increase inequality & bias




Ethical challenges of Q-fech

MIT Technology Review Topics |

Computing / Quantum computing

The US and Chinaareina

Will it be militarized?
* Quantum sensing could be used for radar

quantum arms race that

will transform warfare * Quantum crypfoattacks _
Radar that can spot stealth aircraft and other quantum innovations * QUG nTU m Simu |CITI on cou |d Speed u p mOTer‘IG|
could give their militaries a strategic edge. r.ese O r.c h

by Martin Giles January 3,2019

Faster computers/Al can increase inequality & bias

Expensive resources: how and where will they be
extracted?




Noisy Intermediate Scale Quantum computers (NISQ)

© Quantum computers offer advantages in computation
© 50-1000 qubits devices are under construction

/:EEE D:\Waue Google
SILICON
=- Microsoft flgEttl COMPUTING /
Q) loNa EZ,
QUANTUM )
FLAGSHIP \Nl:ll(IA Bell Labs \ | rcmmobges | | Creute | /

@ Quantum applications are hard fo find and implement



What can we do with a quantum computer?

Can quantum computers demonstrate
reliable & practical computational advantages?

@6 a6



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?

arXiv.org > cs > arXiv:1505.03424 Search or Arti

(Help | Advanced|
# MIBREE The Revolutionary Quantum Computer That May Not Be Q

Computer Science > Computational Complexity

—  THE REVOLUTIONARY satlsfattion problams:of bounded dogrse.
) i 'Donnell, Prasad Raghavendra, Oded Regev, Davi
L\HARE UANTUM GOMPUTER THAT Boaz Barak, Ankur Moitra, Ryan O'Di Il, P d Ragh dra, Oded Reg David

Steurer, Luca Trevisan, Aravindan Vijayaraghavan, David Witmer, John Wright

n 6430 AY NOT BE QUANTUM AT ALL (Submitted on 13 May 2015 (v1), last revised 11 Aug 2015 (this version, v2))

We show that for any odd k and any instance of the Max-kXOR constraint satisfaction
problem, there is an efficient algorithm that finds an assignment satisfying at least a
% + Q(1/4/D) fraction of constraints, where D is a bound on the number of
constraints that each variable occurs in. This improves both qualitatively and
e e quantitatively on the recent work of Farhi, Goldstone, and Cutmalnn (2014), which gave
s et et - a e a \emph{quantum} algorithm to find an assignment satisfying a 5 + Q(D~*) fraction
a s Shoashy schuntitas O Q of the equations.
PiA For arbitrary constraint satisfaction problems, we give a similar result for "triangle-
free" instances; i.e., an efficient algorithm that finds an assignment satisfying at least a
u + Q(1/4/D) fraction of constraints, where  is the fraction that would be satisfied by

.;3 a uniformly random assignment.
§' ::,:, Quantamacazine Physics Mathematics Biology = Computer Science  All Articles
» L.

y-u1911-2V

SRS ——— Major Quantum Computing Advance
Quantum or not, controversial computer runs no faster
than a normal one

i Made Obsolete by Teenager



Quantum Simulation

Dynamical quantum simulators (e.g., using 10410° 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)




Quantum Simulation

Dynamical quantum simulators (e.g., using 10410° 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)




Quantum Sampling Problems

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

| PHOTONS )

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

Random circuit sampling ("Google”)
They apply a long circuit of random physical interactions on superconducting qubits.

|0)

|0) D D l Boixo ef al, Nature Phys. 14 (2016)
D D I l l Bouland, Fefferman, Nirkhe, Vazirani,

o . I I . Nature Phys arXiv:1803.04402

Y l D l D Arute, Nature, Vol 574, 505 (2019)

|0)




nature

Article \ Published: 23 October 2019

Quantum supremacy using a
programmable superconducting
processor

Frank Arute, Kunal Arya, [...] John M. Martinis =1

Nature 574, 505-510(2019) | Cite this article
608k Accesses | 8 Citations | 5786 Altmetric | Metrics

Abstract

The promise of quantum computers is that certain computational tasks
might be executed exponentially faster on a quantum processor thanon a
classical processor’. A fundamental challenge is to build a high-fidelity
processor capable of running quantum algorithms in an exponentially
large computational space. Here we report the use of a processor with
programmable superconducting qubits23436.7 to create quantum states
on 53 qubits, corresponding to a computational state-space of dimension
253 (about 10'%). Measurements from repeated experiments sample the
resulting probability distribution, which we verify using classical
simulations. Qur Sycamore processor takes about 200 seconds to sample
one instance of a quantum circuit a million times—our benchmarks
currently indicate that the equivalent task for a state-of-the-art classical
supercomputer would take approximately 10,000 years. This dramatic
increase in speed compared to all known classical algorithms is an
experimental realization of quantum supremacy®910.1L1213.14 for this
specific computational task, heralding a much-anticipated computing
paradigm.



Quantum supremacy has arrived -

AGEING STARTS AT 34 . 2
Ll what happens to computing now?
the secret to staying young
. The claim that a quantum computer has done something a classical machine can't
SAVE OUR PARASITES! has generated plenty of excitement, but true quantum computing will take time to

& P How nature’s most hated appear A s
creatures help us survive 0000 0 = O &he New Pork Eimes
RETURN OF THE AETHER e mOLDGY
Einstein killed it. But now
it's back to save relativity

WEEKLY 2 Nove 019

Why Googles Quantum
Supremacy Milestone Matters

The company says its quantum computer can complete a
calculation much faster than a supercomputer. What does
that mean?

SPECIAL . REPORT

QUANTUM
SUPREMACY

By Scott Aaronson
Dr. Aaronson is the founding director of the Quantum Information Center at the University of
Texas at Austin.

What the big Google computer breakthrough means for you

- and what it doesn’t

What isja quantum computer? < How will théy change the world?
IBM Research Blog Topics v  Labs v  About
The rivals biting at Google’s heels - The next big milestones

Quantum Computing

SCieIlCC Contents ~  News - Careers - Journals ~

Is the internet now broken? -+ Bewdre quantum winter Oon “ Q uantum Su prema cy”

SHARE
October 21, 2019 | Written by: Edwin Pednault, John Gunnels e
& Dmitri Maslov, and Jay Gambetta e

RIVERS IN THE SKY No3254 £4.95 CANS799
These hidden marvels are vanishing with the rainforests | | || ‘ |I 44>

PLUS RATS DRIVING TINY CARS / CRYSTAL MUSH ON VENUS
RISE OF THE MAMMALS / NEW THEORY OF CONSCIOUSNESS 7702620407312

IBM casts doubt on Google’s claims of quantum
supremacy

By Adrian Cho | Oct. 23,2019, 5:40 AM




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




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

. Implementan un circuito cudntico 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

October 21, 2019 | Written by: Edwin Pednault, John Gunnels
& Dmitri Maslov, and Jay Gambetta
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* News: hﬁps://ThequanTlﬁr%égiw

e Job search:

— hitps://quantumcomputingreport.com/
— https://gteu/

* Research: https://scirate.com/

* Network: QIPC Spain, QUROPE


https://thequantumdaily.com/
https://quantumcomputingreport.com/
https://qt.eu/
https://scirate.com/
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® Quantum Computation and Quantum Information”  Information
by Michael A. Nielsen & Isaac L. Chuang f"/

® Quantum Computing Lecture Notes

by Ronald de Wolf
https://arxiv.org/abs/1907.09415

@® Introduction to Quantum Computation

Sevag Gharibian
Lectures notes link
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* Quantum compute architectures ‘!
* Quantum computers, T. D. Ladd, F. Jelezko, R. Laflamme, V. ( . P 2
Nakamura, C. Monroe & J. L. O'Brien, Nature 464, 45 (2010). Chris Ferrie and William B

* 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).

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