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O que é
Computacao
Quantica?




O que é
Computacao
Quantica?

E um novo modelo
computacional baseado em
principios da mecanica
guantica, gue pode resolver
problemas muito complexos
para computadores classicos.




O que sao
computadores
quanticos?

Uma nova geracao de maquinas
de resolucao de problemas.

N3ao sao menores, mais rapidos
ou melhores — eles operam sob
um novo paradigmal!
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A Natureza nao é binaria!

N |

A Natureza e quantica

Temos problemas que sao
impossiveis de serem resolvidos
em computadores classicos.



Computadores classicos sao baseados em estados binarios
ENIAC (1946) * /eros e Uns
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“On Computable Numbers”, Alan Turing, 1939



Computadores classicos sao baseados em estados binarios
Grande evolucao nos ultimos 80 anos
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Colossus, the first large-scale
electronic computer, which went into
operation in 1944 at Britain’s wartime
code-breaking headquarters at
Bletchley Park




The Physics of Computation seminars, Caltech (1981)
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“Let’s build computers based in
quantum mechanical elements, which
obey quantum mechanical laws!”
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O que sao qubits?

Unidade de informacao quantica.

Precisamos de algo que segue
principios de mecanica quantica para
realizar um qubit!
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Particles

O que e um quIt ou (atoms, electrons, photons)

guantum bit?
Electron Orbits

Preciso de alguma coisa que
siga principios de mecanica P
quantica! Electron

N

A Natureza é quantica! ‘
Proton @ Nucleus

1 Seiencefacks .



Exemplo: SPIN de um elétron
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Em mecanica quantica, fenomenos acontecem...

A Natureza é
Quantica!

Estado de
Superposicao

Quando em superposicao,

Em superposicao, meu qubit pode lidar com

temos uma mais informacdes ao mesmo
combinacao de todos tempo, criando vantagem
os estados ao mesmo exponencial!

tempo



Como formalizar o estado de superposicao!?

Superposition State 9 )
o™+ |p|° =
o e [ probabilidades 100% de estar em
de esggtrazlrgl cada todos os estados
' possiveis

|Qubit State>= alspin up>+ B|spin down>
P> = o>+ B|1>



Em mecanica quantica, fenomenos acontecem...

Estado de
Emaranhamento

No emaranhamento,
ou entrelacamento,
dois qubits interagem
com polarizacao
opostas

A _.
' B i
D MVAVANE S
I |
=Spinup ¢i§
spin down
B

A

O

spin up

e —

B
spin down




Em mecanica quantica, fenomenos acontecem...

Interferéncia

Qubits sao sensiveis a
Interferéncia, e
colapsam quando
ocorre algum
disturbio.

Impossibilidade
de copia
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A Revolucao
Quantica

Estamos na 2° Revolucao Quantica,
com computadores NISQ - Noisy

Intermediate-Scale Quantum (John
Preskill, 2017)



The current options

There is no obvious winner, the market yet might split multiple ways

Superconducting Trapped lons Photonics

Honeywell
Qiona PsiQuantum
v/ Quantum supremacy v High quantum volume v Fast
X Cross-talk X Slow X Many components

ORCA Computing, March 2022, IEEE Quantum, https://quantum.ieee.org/



Quantum Supremacy | Outubro de 2019

https://ai.googleblog.com/2019/10/quantum-supremacy-using-programmable.html

“We developed a new 54-qubit
processor, named “Sycamore”’,
that is comprised of fast,
high-fidelity quantum logic gates,
in order to perform the
benchmark testing. Our machine
performed the target
computation in
200 seconds, and from
measurements in our experiment
we determined that it would take
the world’s fastest
supercomputer 10,000 years to
produce a similar output.”
Google Al Blog

Left: Artist's rendition of the Sycamore processor mounted in the cryostat. (Full Res Version; Forest Stearns, Google Al

.........

Quantum Artist in Residence) Right: Photograph of the Sycamore processor. (Full Res Version; Erik Lucero, Research

Scientist and Lead Production Quantum Hardware)

https://www.nature.com/articles/s41586-019-1666-5



IBM-QE | Superconducting

https://www.ibm.com/quantum-computing/




T —

\

¥5://media.glassdoor. com/tempIate/I/890284/rlgett| comautmg{emplate 1564607837823.jpg
@ [V



superconducting

https://www.rigetti.com/

How QCS™ works Apps
PyQuil®
QCS~
Control System
QPU

QPU Design

A. Nersisyan, S. Poletto, N. Alidoust, R. Manenti, et al (2019). “Manufacturing low dissipation
superconducting quantum processors”. https://arxiv.orqg/abs/1901.08042



https://arxiv.org/abs/1901.08042

Criptografia
Pos-Quantica
ou PQCrypto




PQCrypto

Qual sera o impacto
da CQ nos atuais
algoritmos de
criptografia ?

Encryption Is Everywhere - And It Will All Need to Be
Replaced

Quantum Computing Will Make Current Encryption
Obsolete



Cryptographic Algorithm

Purpose

Impact from large-scale
quantum computer

AES Symmetric key f Encryption Larger key sizes needed

SHA-2, SHA-3 | ceemmmmmmeeeee ' Hash functions Larger output needed

RSA Public key ‘ Signatures, key | No longer secure
establishment

ECDSA, ECDH Public key ' Signatures, key | No longer secure

(Elliptic Curve exchange

Cryptography)

DSA Public key ' Signatures, key | No longer secure

(Finite Field Cryptography) exchange

https://www.venafi.com/blog/how-close-are-we-post-quantum-cryptography




PQCrypto
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Comunicacao
Quantica




QKD - Quantum Key Distribution




PUBLISHED ON JANUARY 11, 2021 IN OPINIONS

Chinese Researchers

Stable Quantum
Communication Network
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SwissQuantum QKD
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Figure 1. Map of the SwissQuantum network. Two nodes are in the Geneva
city centre and the third one is on the site of CERN in France (the border is

in red). The white lines are drawn for illustration: they do not represent the
fibres.

Stucki, D., Legre, M., Buntschu, F., Clausen, B., Felber, N., Gisin, N., ... & Zbinden, H. (2011). Long-term performance of
the SwissQuantum quantum key distribution network in a field environment. New Journal of Physics, 13(12), 123001.



O que podemos
fazer com CQ
atualmente?




Potential applications of quantum computing | 2019

https://www.gartner.com/smarterwit gartner/the cios-guide-to-quantum-computin
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https://www.gartner.com/smarterwithgartner/the-cios-guide-to-quantum-computing/
https://www.gartner.com/smarterwithgartner/the-cios-guide-to-quantum-computing/

Microsoft+NASA | Quantum Optimization | Feb 2022

https://www.geekwire.com/2022/nasas-jet-propulsion-lab-uses-microsofts-azure-quantum
-to-ease-deep-space-networks-traffic-jam/

NASA's Jet Propulsion Lab uses Microsoft's Azure
Quantum to ease Deep Space Network's traffic jam

BY ALAN BOYLE on January 27, 2022 at 9:00 am

DSN Schedule Generation Times

https://www.microsoft.com/en-us/videoplayer/embed/RWRwis

Reducing the
complexity of

;-;!!i--- H ¥:__lF = the problem

b

S

\ >N

|

Existing
Process



https://www.geekwire.com/2022/nasas-jet-propulsion-lab-uses-microsofts-azure-quantum-to-ease-deep-space-networks-traffic-jam/
https://www.geekwire.com/2022/nasas-jet-propulsion-lab-uses-microsofts-azure-quantum-to-ease-deep-space-networks-traffic-jam/

Quantum Computing para Financas

Quantum Machine Learning e Quantum Simulation

Quantum Speedup in Principle Component Quantum Speedup in Clustering
Analysis (PCA) e
oo Targeting and o o J . o P2Js
ie prediction i °:..’.:°.:: Sas
—S'a 6 —-a -2 o 2 a G 8 10

Quantum Speedup for Monte Carlo

Quantum Speedup in Support Vector Simulations

Machine (SVM)

9

Simulated Asset Paths

Trading
optimization Risk profiling

Asset Price

Time to Expiry




Volkswagen utiliza CQ para otimizacao

B

) ‘ *_&:P \H’m’-i Skl
O uso de CQ esta
presente em alguns
projetos internos da
VWV:

e Para calcular rotas
que evite
congestionamentos

e Para melhorar o
desempenho de
baterias de carros
elétricos
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Fixacao de Nitrogénio em temperature ambiente

Biological nitrogen fixation (BNF) | Chemistry is quantum’s killer app (2017)
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170 qubits

LA AR v”cll—l ll\llls

N itrogenase soil bacteria Nitrifying bacteria

https://cen.acs.org/articles/95/i43/Chemistry-quantum-computings-killer-app.htm



100-200

qubits

Fixacao de
Nitrogénio

lmpacto para a
industria de
fertilizantes

Revisao de inumeros
processos da industria
quimica

100-200

qubits

Captura de
Carbono

Mitigacao para o
aguecimento global

Simulacoes
meteorologicas

U EREEREERE

Solucoes de
sustentabilidade

Estudos sobre
mudancas climaticas

100-1000

qubits

Novos
WENWEEIR

Criacao de novas
baterias

Novos Produtos

lmpacto para a
indUstria de farmacos

100-1000

qubits

Artificial
Intelligence

Aprendizado de
magquina quantico

Inteligéncia Artificial
guantica

Reducao do tempo de

treinamento em
Machine Learning



HOW DOES QUANTUM IMPACT HEALTHCARE?

Quiantum sensors

Locating surgical tools
Locating tumors & checking full v -

removal

Surgical help Diagnostics

Quéntom wrmors

* Drug delivery

= Personal Healthcare FTRCESON
medicine

Confidential computing Diagnostic

Data sharing assistance

Data storage

Pricing

= Cyber Security _ ‘ ®

* Cryptography

|EEE Quantum Computing Healthcare Summit - IEEE Quantum, Feb 2022

Quanttum Compuling

Analysis of medical images
Classification of biochemical
characteristics

flow cytometry and single-cell
sequencing

Quantum Computing

Financial risk analysis

Fraud detection



https://quantum.ieee.org/conferences/qc-healthcare-summit

y

Investimentos em
tecnologias quanticas

Grande interesse nos ultimos
5-10 anos.



Quantum Computing @ The Economist | 2017

https://www.economist.com/news/essays/21717
782-quantum-technology-beginning-come-its-o

wn

TECHNOLOGY QUARTERLY | 2017
Quantum technology is beginning to come into its own

The

Economist

Excited states
Patent applications to 2015, in:

Quantum computing

United States 295 |

Canada 79
Japan 78
Britain 36
China 29
Australia 26
Germany 22
South Korea 11
Israel 9
Finland 7

Q—uantu m-key distribution

Patent applications by country*

China
United Stat

Japan

South Korea

Quantum cryptography

China 367

United States 233 |

Japan 100
Britain 50
Malaysia 31
South Korea 27
Germany 24
France 15
Australia 14
Canada 11

Italy 11

_e

T p—
e

Quantum sensors

United States 105
China 104
Germany 25
Japan 18
Britain 12
Canada 6
Israel 6
France 5
Australia 3
South Korea 2
Russia 2

Taiwan 2
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Gartner Hype Cycle for Emerging Technologies, 2017

Connictad Home
Virtual Assstants Doxp Leaming Plateau will bo reached i
JoT Platform . | Mactine Learning @ 1essman 2 years
Sman Robots Autonomous Vehicles @ 2105 yews
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Edge Competing . Copiie ! @ 5010 pars
¢ Z\ more han 10 years

more than 10 years

Expectations

Smar! Dust
As of July 2017
Paak ol
Innovation _l Trough of Plateau of
o inflated Dissill Slope of Enlightenment Productivi
neusr Expectations rsillusionment roguctivity

gartner.com/SmarterWithGartner
Source: Gartner WJuly 2017) G artn e':

D 2017 Gartner, Inc. and/or its affliates. All rights reserved



Figure 1. Hype Cycle for Emerging Technologies, 2018

2018 | Gartner
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https://www.gartner.com/en/newsroom/press-releases/2018-08-20-gartner-identifies-five-emerging-technology-trends-that-will-blur-the-lines-between-human-and-machine



FORECAST SIZE OF QUANTUM
COMPUTING MARKET WORLDWIDE
(2019-2029)

Expectativa ., 3000
d e “ 2500 2
i nve St| mento 2000 1,885
e m QC 1500 1,430
= 1, 060
1000
. o 575

290
239
- uu I

: 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029
Source: Statista




Simuladores e
Ferramentas para
Programacao
Quantica




https://github.com/microsoft/quantum

<a# >
Quantum m

D evVve ‘ O p ment Quantum-focused programming language
Kit /

LJEIC)

Sample code & libraries

Local & Azure simulators
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i‘J QsharplLibraries - Microsoft Visual Studio

File  Edit View Project Build Debug Team Tools Test Analyze Window Help

N < R B3 -2 W - < Debug ~ AnycCPU ~ | H2SimulationSample ~ b Start M | N
TeleportationSample.qs + X Rafelel 13K ExampleH2.gs Program.fs
40 /// ## there
41 /// A qubit intitially in the |@) state that we want to send
42 /// the state of msg to.
43 [= operation Teleport(msg : Qubit, there : Qubit) : () {

Quantum-focused s oy o

. 46 = using (register = Qubit[1]) {
ro ra m m I n 47 // Ask for an auxillary qubit that we can use to prepare
p g g 48 // for teleportation.
49 let here = register[0@];
language (Q#) :

51 // Create some entanglement that we can use to send our message.
52 H(here);
53 CNOT(here, there);

Built ground-up for Quantum 54
55 // Move our message into the entangled pair.

Support for Windows, macOS, and - E'Z'OW;S& HERE

. msg);
Linux -
. . . . 59 // Measure out the entanglement.

FU”y Integrated into Visual Studio 60 if (M(msg) == One) { Z(there); }

and AVAS COde 61 if (M(here) == One) { X(there); }
62

R : 63 // Reset our "here" qubit before releasing it.

Interoperability with Python = e e

(Windows only) 65 }
66

Native type system 67 }
68 t

146% <~ < | 1 author, 2 changes = 4

[] Ready Ln 43 Col 58 Ch 58 INS



Learn Quantum
Computation using
Qiskit.

Assoclate
Certified

Developer

Quantum Computation
using Qiskit v0.2X

Quantum Computing in
Practice with Qiskit* and

IBM Quantum Experience®
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GOOGLE IBM

Open Source -v 0.1. 2017
Open Source -v 0.1 - 2018 Apache-2.0
Apache-2.0 Bibliotecas e documentos GitHub
Bibliotecas e documentos GitHub Pyton + OpenQASM
Pyton
Qiskit
MICROSOFT RIGETTI
V4 S Microsoft Azure Forest
QDK An API for quantum computing in the cloud.
Quantum Developed Kit

Open Source -v 0.1-2018 Open Source -v 0.0.2 -. 2017
MIT Apache-2.0
Bibliotecas e documentos GitHub Bibliotecas e documentos GitHub

Q# Pyton + Quil -> pyQuil
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PARA O FUTURO PROXIMO

@ N

N

uito evolugao deve Papel do Brasil ?

vir pela frente:

Desenvolvedor
Correcao de erro
Armazenamento

Quantico
Repetidores quanticos
Maior capacidade de
processamento

< /

ou

Somente consumidor
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Referéncia para Desenvolvimento e Simulacao

Google - CIRQ
https://github.com/quantumlib/Cirg

BM - QisKit
nttps://qiskit.org/
nttps://github.com/Qiskit

RIGETTI - Forest
nttps://www.rigetti.com/forest
nttps://github.com/rigetti/pyquil

Microsoft - QDK

http://microsoft.com/en-us/quantum/development-kit
https://github.com/Microsoft/Quantum



http://github.com/quantumlib/Cirq
http://qiskit.org/
https://github.com/Qiskit
https://www.rigetti.com/forest
https://github.com/rigetti/pyquil
http://microsoft.com/en-us/quantum/development-kit
https://github.com/Microsoft/Quantum
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