1 NSTITUTO DE
PESQUISAS

TECNOLOGICAS COMUNICACAO TECNICA

N2 179799

Principio da computacao quantica

Elisa Morande Sale

Palestra apresentada para

SEBRAE e IPT. 42 slides.

A série “Comunicacao Técnica” compreende trabalhos elaborados por técnicos do IPT, apresentados em
eventos, publicados em revistas especializadas ou quando seu contetdo apresentar relevancia publica.
PROIBIDO A REPRODUCAO, APENAS PARA CONSULTA.

Instituto de Pesquisas Tecnoldgicas do Estado de Sao Paulo )
SIA-1PT | www.ipt.br
Av. Prof. Almeida Prado, 532 | Cidade Universitaria ou
Caixa Postal 0141 | CEP 01064-970
Sao Paulo | SP | Brasil | CEP 05508-901
Tel 11 3767 4374/4000 | Fax 11 3767-4099



1 | INSTITUTO DE
PESQUISAS

TECNOLOGICAS

PRINCI'PAIOS DA
COMPUTACAO QUANTICA

Elisa Morandé Sales
Secao de Inteligéncia Artificial e Analytics
29.08.25

]




COMPUTACAO
QUANTICA

POR QUE
FALAR
NISSO?

Govirs
00 151

-
1pt smis,



COMPUTADORES QUANTICOS USAM A FISICA
QUANTICA

O que é a fisica quantica?
" FenOmenos na escala atomica e subatomica <&

" Menos intuitiva que a fisica classica

=Conceitos importantes para a computacao
guantica:
= Superposicao
" Entrelacamento
" Interferéncia




QUANTUM

Quantum
Quantidade minima de energia da qual
as outras quantidades sao multiplas
Como se fossem “centavos” de energia

Inicialmente pensava-se que energia
era uma grandeza continua

Mas Planck disse que energia é
“quantizada”

1PT EWW:io



REVOLUCOES QUANTICAS

first guantum revolution second quantum revolution
manipulating manipulating
groups of quantum particles superposition and entanglement
photons, electrons and atoms interactions and/or individual particles
-&“ <o B
transistors, lasers, fiber optics, GPS quantum computing
photovoltaic cells, atom clocks quantum telecommunications

medical imaging, digital photography and video quantum cryptography

. . . . https://www.oezratty.net/wordpress/2024/understanding-quantum-technologies-2024/ I = 7 soume



8,777,379,184,573 = ?

QUANDO E VANTAJOSO? L
" Quando o problema é muito
demorado (ou até nao factivel) em
computadores classicos
Exemplos:

= fatorar nUmeros enormes
= simular moléculas 8,777,379,184,573 = ?

" Quando ha um algoritmo quantico
gue consegue atacar esse problema de
forma mais eficiente

HE B B N 5,026,183 x 1,746,331

Quantum Computing for Babies, Chris Ferrie



QUANDO E VANTAJOSO?

Quantidade de operacoes

Classico Quantico
242/2 =2 097 152 423 =74 088 ->  3,5%
24096/2 — 3’2 X 10616 40963 =68 719476 736 4096 Bits em alguns

servicos criptografados
Aproximadamente 42 bits para representar esse numero

8777,379,184573 =7 8,777,379,184,573 = 2

.,

5,026,183 x 1,746,331
. . . - Quantum Computing for Babies, Chris Ferrie 1 pt -- gﬁﬁl
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Asroa

Aplicacoes Possiveis
em Pesquisas

OANr  Piveliie

batteries semiconductors
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materials design condensed matter

fertilizers production
physics

high-energy
particle physics

https://www.oezratty.net/wordpress/2024/understanding-q
uantum-technologies-2024/

Cri VNN astrophysics




" QUANTUM ADVANTAGE DEPENDS ON THE PROBLEM SIZE

Potencial:

Resolver problemas A '
. ” . -~ S I
IMPOSSIvels para h | .
computadores (c ) '
comuns g .
w YoR
= A~ /!
- - Classical Computer
g ASI;;I;IN exponential scaling
=
=
a
=
=]
O e
: : Quantum Computer
I | linear scaling
I
I !
1 I
Quantum NONE I MILD ! STRONG
Advantage || |!| I: [ 1 ’
1 10 100 1000
SIZEN OF THE PROBLEM

(e.g. Number of electrons in a molecule)
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https://alice-bob.com/wp-content/uploads/2024/12/Think-Inside-The-Box-Alice-Bob-Whitepaper.pdf



Aplicacoes Possiveis
em Operagoes

transportation

g S "";':gf‘ ‘

logistics energy utilities
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ONDE O COMPUTADOR QUANTICO NAO AJUDA

= Navegacao na internet
o limite é a rede, nao o processador

= Planilhas e calculos basicos

= Ordenacao de listas pequenas
= Redes sociais e apps

" Jogos eletronicos

= Edicao de fotos e videos




POR QUE ISSO ACONTECE?

=" Um computador quantico nao pode acelerar
algo que ja esta no limite da eficiéncia

" Para usar um computador quantico €
necessario que o problema possa
ser codificado em estados quanticos e o
resultado possa ser extraido sem perder
informacao

HE B BN 1pt sms,



2025: QUANTUM YEAR

INTERNATIONAL YEAR OF

Quantum Science
and Technology

f
&

100 YEARS OF QUANTUN

IS JUST THE BEGINNING

The 2025 International Year of Quantum Science and Technology (IYQ) recognizes
100 years since the initial development of quantum mechanics. Join us in engaging
with quantum science and technology and celebrating throughout the year!

https://quantum2025.org/

ooooooo



1925: PRINCIPIO DA INCERTEZA DE
HEISENBERG

A medicao altera o sistema que estamos medindo

Ax é a incerteza na posicdo de uma particula

Ap é a incerteza da quantidade de movimento p = mv

Werner
Heisenberg

Ax - Ap =

N | S

Nao da para saber ambos com boa precisao, e isso é
fato da teoria, nao é problema de nossos instrumentos!

-
H B N 1pt =mss.
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Theoretical Foundations

1900 1935 1964 1970 1980 Es\ d M 1981
O O e o o :
/ / W/ / Emergence
Planck’s The EPR Paradox Bell’s Inequality Birth of Quantum First Conference on Feynman's Quantum
Quantum Hypothesis Information Theory  Physics and Computation Computer Proposal Discovery of
. Topological
g Ry Quantum order
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Adaptado de “A brief history of quantum computing”, Fonte: (QUANTUMPEDIA, 2025).
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Atualmente

Investimentos

QC companies began a shift
toward revenue generation, earning an estimated $650 million to
$750 million in 2024.

Quantum technology market size scenarios in 2035 and 2040

Based on existing development road maps and assumed adoption curve

QC QComm Qs?
2035 | $28B-$72B | $1B-$15B | $7B-$10B
2040 | $45B-$131B | $24B-$36B | $18B-$31B

Potential economic value? from QC in 2035:

~$0.9T-%$2.0T

Potential value driven by four industries by 2035: global energy
and materials, pharmaceuticals and medical products, financial
industry, and travel, transport, and logistics
Approach for QS updated through dusters of use cases based on recent development, announcements, and breakthroughs

1

2. Economic value is defined as the additional revenue and saved costs that the application of QC can unlock
3. Per annum.
Soi

urce: Crunchbase; expert interviews; Oxford Economics; PitchBook; Quantum Computing Report, S&P Capital 1Q; McKinsey analysis

Revenue estimates of QC companies,

$ million
1,000-1,100
+40% p.a.?
/;50—750
200-250
2023 2024 2025

McKinsey & Company 8

https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-year-of-quantum-from-concept-to-reality-in-2025




Atualmente

Investimentos

Total investment,

public vs private

Funding for QT start-ups in 2024 nearly
doubled year over year, to $2 billion.

Total number of

B Frivate [l Public start-ups founded

Public announcements R;C

100

VAoV

Government announcements totaled in

LA~ A |

EU fragmentation: 8 of 19
newly founded quantum start-
ups originated in the EU,
reflecting the EU’s continuing
push to start new companies
rather than focusing only on
mature start-ups

2024, with early 2025 investments already
exceeding —driven largely by Japan’s

quantum investment—indicating a
breakout year for the sector

&=

Funding breakdown

Quantum computing accounts for of total
quantum investments, with superconducting
technologies receiving the highest funding,
followed by photonic networks

Asia accelerating: Asian
countries are rapidly catching
up (with 5 of 19 start-ups),

driven by increased
government support and
strategic partnerships aimed

2023

2024 at scaling quantum
technologies

Source: Crunchbase; PitchBook; press search, induding national and regional government press releases

&

Funding by start-up stage

Funding is shifting away from scaling quantum
start-ups as investors focus on early innovation
and mature start-ups ( of total investment),

driven by a desire to maximize return on
innovation or reduce risk

McKinsey & Company ]

https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/the-year-of-quantum-from-concept-to-reality-in-2025




Announcements of public investments in quantum technology reached
I nve Sti me ntos $10 billion in early 2025, with Japan accounting for nearly 75 percent.

Announced government investments in quantum technology (QT), Year announced:

P l’] b I icos Jan 2023-Apr 2025, $ billion 2023 W 2024 W 2095 (Jan—Apr)

Japan 7.4 74
01

0.1
UK 3.3 I 35
South Korea 2.3
Australia m 1.0

Spain 0.9 0.9

https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights
India 0.7 /the-year-of-quantum-from-concept-to-reality-in-2025

= Ministério da Ciéncia, Tecnologia e Inovacao
(MCTI), planeja destinar até RS 5 bilhdes para o
desenvolvimento de tecnologias quanticas até o

ano de 2034 f
1Pt @mis.
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https://www1.folha.uol.com.br/tec/2025/04/governo-quer-mobilizar-r-5-bi-em-investimento-para-plano-de-computacao-quanticd.Sktml




By 2035, quantum-computing use cases in the finance industry could create
$622 billion in value.

Value of quantum-computing use cases, by business unit, $ billion IVI e rca d O F i n a n ce i ro

Perspectivas

622 190

160

90

B -
-
- - .

 ———
Total Corporate Risk and Retail Payments Assetand  Investment  Operations
banking cybersecurity banking wealth banking and finance

management

https://www.mckinsey.com/capabilities/mckinsey-digital/our-insights/tech-forward/quantum-technology-use-cases-as-fuel-for-value-in-finance




DIFERENCAS COMPUTACAO CLASSICA E QUANTICA

IBM’s Thomas J. Watson Research Center

um dos primeiros computadores eletronicos de uso geral
H N

ooooooo

https://www.computerhistory.org/ https://spectrum.ieee.org/ibm-condor



DIFERENCAS COMPUTACAO CLASSICA E QUANTICA

Processamento de informacgao: Bit x Qubit /- \

Bits:Oou 1
HE E EE




Portas Logicas
Classicas

https://www.researchgate.net/figure/Summary-of-the-common-Boolean-logic-gates-with-
symbols-and-truth-tables_fig3_291418819

YES NOT
INPUT INPUT
ouTPUT OUTPUT
A A
0 0 0 1
1 1 1 0
AND OR XOR
INPUT INPUT INPUT
OUTPUT OUTPUT OUTPUT
Al B A| B A B
o| o 0 0| 0 0 0 0 0
1|0 0 1|0 1 1 0 1
0|1 0 0|1 1 0 1 1
1 1 1 1 1 1 1 1 0
NAND NOR XNOR
INPUT INPUT INPUT
OUTPUT OUTPUT OUTPUT
Al B A| B Al B
0| o0 1 00 1 0 1
1|0 1 1|0 0 1|0 0
0|1 1 0|1 0 0| 1 0
1|1 0 1|1 0 1)1 1

ooooooo



PORTAS LOGICAS QUANTICAS: 1 QUBIT

= Portas logicas quanticas precisam

ser reversiveis

= Representacao de Dirac e matricial:

11>

0 >

H
o]

=" Exemplo com 1 qubit

Representacéo Matriz
grafica
0 1
D NOT =11 o
Exemplos
11> @ 10>
O — O
NOT
10> @ 11>

sssssss
oooooo



PORTAS LOGICAS QUANTICAS: 2 QUBITS

= Representacao de Dirac e matricial =" Exemplo com 2 qubits

dimensao 2" x 2"

Representagdo grafica Matriz v
-1- -O- 1 0 0 O
C — NOT = 0 1 0 O
0 1 l 00 0 1
|00 > = 0 01 > = 0 0010
0 0 Exemplos
T T 10> controle 10> 1> controle 11>
S=HIS | 8™ 1—#
L o 11> C-NOT 11> 10> C-NOT 11>
O 0 . alvo . O alvo .
0 0
—_— — 0> controle 10> 11> controle 11>
110 > o> 0 SIS | e T T e
10> C-ﬂOT 10> 11> C-NOT
'TO‘ 1 O Tawo — 0 ® o — O
2" linhas

E N EE Exemplo: 8 qubits: 256 linhas! 1pt smis.
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HARDWARE MUDA E O ALGORITMO TAMBEM

= Desenvolvimento do codigo ainda esta mais em baixo nivel
= Bibliotecas e frameworks: Cirg, Qiskit, PennyLane...

b Cirg @Qiskit 7 PENNYLANE

I HE B N Ipt EeEs.



HARDWARE MUDA E O ALGORITMO TAMBEM

Portas logicas quanticas -> circuitos quanticos -> algoritmos quanticos

1 qubits = QuantumRegister(2)

. clbits = ClassicalRegistex(2)
circuit = QuantumCircuit(qubits, clbits)
(g0, gl) = qubits
(c®, c1) = clbits

Else g . .
(A circuit.h(q0®)
. circuit.measure(q®, cO)
5 0 , with circuit.if_test((cO, 1)) as else_:
’ A 4 _
cl = 1€ circuit.h(ql)
e 11 | with else_:
] circuit.x(ql)
circuit.measure(ql, cl)

circuit.draw("mpl")

ccccccc

https://quantum.cloud.ibm.com/docs/en/guides/classical-feedforward-and-control-flow



REGRESSOR QUANTICO VARIACIONAL

(VQC, VARIATIONAL QUANTUM CLASSIFIER)

" Principais adaptacoes:

" Feature map: codificacao de dados classicos para qubits
" Ansatz: suposicao inicial sobre a parametrizacao do circuito quantico. Este circuito é

construido com as portas logicas quanticas

Input (bits

Feature Map
0010 -> |0010>

Parameters
Prediction
Model "
(Ansatz)

https://medium.com/@matheuscammarosanohidalgo/a-very-simple-variational-quantum-classifier-vqc-64e8ec26589d

pt =
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I AINDA NAO HA TECNOLOGIA DOMINANTE

electrons controlled spin and microwave cavities

trapped ions cold atoms annealing superconducting silicon vacancies

&\ Qione  FEPasgal  pryaue iE5% rigetti (intel) U] QD S
X AQT ' - Fhe Quirvium Computing Company amazon Go gle QLJObu
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https://www.oezratty.net/wordpress/2024/understanding-quantum-technologies-2024/
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A ‘useful, fault tolerant, quantum computer would solve classically intractable problems in relatively short timeframes,

but the quantum circuits for this would require at least 100 error-corrected qubits and at least 100 million gates!™.
|

THE ROAD TO AMACHINE CAPABLE OF RUNNING SUCH CIRCUITS IS ALONG ONE. HOWEVER, IT CAN BE
DIVIDED INTO THREE MAJOR INDUSTRY-WIDE STEPS:

N N TTTTTTTTTTIT

K
. A= 4 A 4
- ’ v ’ q
g N ;|
: Ny EEY TR
L ) H ’ B -_‘:_
g N 1 S
L 4 ) ymy T
FIRST STEP: Fault-Tolerance SECOND STEP: Universality THIRD STEP: Scale
Control error-corrected qubits, Implement a universal set of Have quantitatively and
a so-called ‘logical qubits, error-corrected gates between qualitatively enough logical
and logical gates capable these logical qubits, enabling gubits to achieve quantum
of escaping decoherence. any type of algorithm to run. advantage.
O | || || IpL s» ?gﬁp

https://alice-bob.com/wp-content/uploads/2024/12/Think-Inside-The-Box-Alice-Bob-Whitepaper.pdf



EXEMPLO DO ROADMAP DA IBM

20162019 @

Early

Canary Albatross
5 qubits 16 qubits

2025

Nighthawk %)
(5K)

Error mitigation

5K gates | 120 qubits

Penguin
20 qubits

2020 ®

Falcon

Benchmarking

Prototype
53 qubits

2026

Nighthawk
(7.5K)

Error mitigation

7.5K gates | 120 qubits
Up to 120x3 = 360 qubits

27 qubits

2027

Nighthawk
(10K)

Error mitigation

10K gates | 120 qubits
Up to 120x9 = 1080 qubits

2021 @

Benchmarking

127 qubits

Nighthawk

(15K)
Lo migion

15K gates | 120 qubits
Up to 120x9 = 1080 qubits

2022 e

Eagle

2024 @

Heron
(5K)

2023 @

Error mitigation

5K gates | 133 qubits

Starling Blue Jay
(100M) (1B)

Fault-tolerant Fault-tolerant

100M gates 1B gates

200 logical qubits 2000 logical qubits

SAO
PAUL

pt =»
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https://www.ibm.com/downloads/documents/us-en/131cf87ab63319bf govato,



APLICACOES ATUAIS — PESQUISAS

Fase de utilidade quantica: comecamos a ter resultados

Computadores quanticos utilizados em combinacao com HPCs

nature > scientific reports > articles > article ' \
l- Pﬁler Science Products Stories Newsroom About

Article | Open access | Published: 23 July 2024
A hybrid quantum computing pipeline for real world

drug discovery [ Artificial Intelligence ] [ Medicines } [ Technology ]

Weitang Li, Zhi Yin &, Xiaoran Li, Donggiang Ma, Shuang Yi, Zhenxing Zhang, Chenji Zou, Kunliang Bu,

Maochun Dal.Jie Yue Yuzang. Chen. Xiaojin Zhang ™ & Shengw Zhang How Quantum Physics and Al is Disrupting
Scientific Reports 14, Article number: 16942 (2024) | Cite this article Dr-ug Discovery & Development

16k Accesses ] 20 Citations | 39 Altmetric | Metrics

-

1Pt sSms
E N EE h ) o o o
https://www.nature.com/articles/s41598-024-67897-8 ttps://www.pfizer.com/news/articles/how guantum physics and ai is disrupting drug discovery development B




APLICACOES ATUAIS — PESQUISAS

SPRINGERNATURE Link https://link.springer.com/article/10.1186/s40854-025-00751-6

Find a journal Publishwithus  Track yourresearch Q Search
Home > Financial Innovation > Article Amira Abbas, Andris Ambainis, et al. | 2024 | Nature Reviews Physics

Challenges and opportunities in quantum optimization

From portfolio optimization to quantum

blockchain and security: a systematic review
of quantum computing in finance

Review | Open access | Published: 26 February 2025
Volume 11, article number 88, (2025) Cite this article

Emanuele Dri, Antonello Aita, et al. | 2023 | Entropy

A More General Quantum Credit Risk Analysis Framework

|l
il
]

Research Focus areas Vv Blog Publications Careers About v

i
I
My

il
1

Home
L Quantum View all topics
L Quantum Finance

s Few datasets are as complex as those in finance, and quantum
Q u a- n t u m F I n a n Ce computing could reveal hidden patterns in complex data. We're
developing algorithms to reveal once-invisible dynamic arbitrage
opportunities, better react to volatility, and serve other crucial unmet
https://research.ibm.com/topics/quantum-finance needs in the financial sector.




DIFERENCIAL TECNOLOGICO PARA AS EMPRESAS
ALGUNS EXEMPLOS

\Volkswagen optimizes traffic BMW N
flow with quantum GROUP et
computers

Quantum Computing at the BMW Group

materials science, engineering and processes.

World's Largest Chemical Company
Leverages Neutral Atom Quantum
Processors for Weather Modeling

Y A I . _I: .
Roche taps into guantum pplications
~ — | Paris, July 20, 2022- PASQAL, the leading full stack manufacturer of neutral atoms quantum processors, today announced
c o m p Ut I n g SOftwa re fo r A I z h e I m e r s a collaboration with BASF, the world's largest chemical company, for weather and other computational fluid dynamics

applications. BASF has begun to explore how PASQAL’s proprietary quantum algorithms could one day be used to predict

.
d l S e a S e re Se a rc h weather patterns. The learnings from this project can build a foundation for future extensions of PASQAL’s methods to

support climate modeling.
By Conor Hale - Jan 28, 2021 11:25am
v » S =

https://www.volkswagen-group.com/en/press-releases/volkswagen-optimizes-traffic-flow-with-quantum-computers-16995

-
https://www.pasqal.com/success-story/basf/ -I t l-?,ﬁ&o

ooooooo

://www fiercebiotech.com/medtech/roche-taps-into-quantum-computing-software-for-alzheimer-s-disease-research https://www.bmwgroup.com/en/news/general/2025/quantum-computing.html




“Quero comecgar, mas ndo sei por onde...

Onde sera que o comeco se esconde?”

" | jvros

2% QUANTUM
%% COMPUTING

IS FOR
CaD QUANTUM
— (35

Chris Ferrie and whurley TERRY
RUDOLPH

Criancas, adolescentes,
publico geral
E E EE

Computation
and Quantum
| Information

Understanding
Quantum Technologies

Seventh edition ~ 2024

10)

>

11)

| MICHAEL A. NIELSEN
. & and ISAAC L. CHUANG
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le lab quantique

https://www.oezratty.net/wordpress/2024/u CAMBRIDGE |
nderstanding-quantum-technologies-2024/

Livros técnicos
introdutorios
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“Quero comecar, mas ndo sei por onde...
Onde sera que o comeco se esconde?”

Untitled circuit File Edit View Help Save file ¥, Set up and run o

i[5 & immoen v OBGesd | o = Simulador de portas logicas e

T ¢ g e circuitos quanticos
HEEEEER .. , = @ ™

EEEEEE .. &l =3

Em 131 G 7 h q[e];

DOREO .

Probabilities v ® g Q-sphere v @

Y (%)
i’r:

| 8 seie (] Pheseange https://quantum.cloud.ibm.com/composer 1PT SWS.

ooooo
00 ESTADO.




“Quero comecar, mas ndo sei por onde...
Onde sera que o comeco se esconde?”

= Tutoriais, curso online

Quantum learning

Kickstart your quantum learning journey with a selection of courses designed to help you learn the basics or explore more
focused topics. If you're an instructor, explore content specifically tailored to incorporating quantum in the classroom.

2a

H B B B https://quantum.cloud.ibm.com/learning/en 1Pt =S»™s,
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“Quero comecar, mas ndo sei por onde...
Onde sera que o comeco se esconde?”

= Tutoriais, documentacao

18M Quantum Platform Introduction to Qiskit »

The name "Qiskit" is a general term referring to a collection of software for executing programs on
. quantum computers. Most notably among these software tools is the open-source Qiskit SDK, and the
TU to rl a lS runtime environment (accessed using Qiskit Runtime) through which you can execute workloads on
IBM?® quantum processing units (QPUs). As quantum technology evolves, so does Qiskit, with new
capabilities released every year that expand this core collection of quantum software.

Use these tutorials to learn how to apply Qiskit to common quantum computing use cases. In addition, many open-source projects are part of the broader Qiskit ecosystem. These software tools
are not part of Qiskit itself, but rather interface with Qiskit and can provide valuable additional

« Start with the set of tutorials in the Get started section if it is your first time running code on a S
functionality.

quantum computer.

» The section on workflows toward advantage contains end-to-end examples of using a quantum a X B I
. . ML probler ) n for targe E t target ware Post-f BSS
computer to solve real-world problems. These tutorials focus on algorithms that are promising S4p proen venzs reee B i
candidates for achieving computational advantage by a quantum computer over a classical
computer. trcuit library Transpiler ( Runtine primitives Quantun info library
« The section on Qiskit capabilities contains examples that use the latest and most advanced " \(Ahssanced s ien ) [T heaet o e
techniques in the Qiskit ecosystem to improve part or the whole of a particular workflow.
Qiskit SOK Qiskit Runtime Service [C] oiskit Transpiler Service

https://quantum.cloud.ibm.com/docs/en/tutorials https://quantum.cloud.ibm.com/docs/en/guides
HE B BN 1pt smis.
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“Quero comecgar, mas ndo sei por onde...

Onde sera que o comeco se esconde?”

= Tutoriais, documentacao, curso online

Google

Cirg

ogle Quantum Al > Software > Cirgq > Start

Hello Qubit

Q ua nt u m A | €O Runin Google Colab O View source on GitHub

&, Download notebook

try:
import cirgq

except ImportError:
print(“installing cirq...")
lpip install --quiet cirq
import cirq

print(“installed cirqg.")

https://quantumai.google/cirq/start/start

Isso foi util? 5 &GP

€ D
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“Quero comecar, mas ndo sei por onde...
Onde sera que o comeco se esconde?”

= Tutoriais, documentacao, curso online

._,lﬁ i

Quantum Quantum Machine \‘7 PENNYL/\NE

Computing Learning

Learn quantum programming with
PennylLane

https://pennylane.ai/gml

Quantum
Chemistry

sssssss
oooooo



“Quero comecar, mas ndo sei por onde...
Onde sera que o comeco se esconde?”

= Servicos de nuvem

1 hora gratuita de simulacdo por més com o nivel gratuito da AWS = AZU re Qua ntu m

Experience the powerful synergy between Azure's

A m a ZO n B ra ket high-performance computing, Al capabilities, and the

transformative potential of quantum technologies, all

Acelere a pesquisa de computacdo quantica designed to push the boundaries of innovation.
[ Join Quantum Ready ]
https://aws.amazon.com/pt/braket/ https://azure.microsoft.com/en-us/solutions/quantum-computing

-
HE B B N 1pt =mss.



CONCLUSAO

= Tecnologia em desenvolvimento
= Desafios:

= Escalabilidade, sustentabilidade
energética, correcao de erros

" |[nicio da fase de aplicacdes em
problemas reais

& THE END

https://alice-bob.com/wp-content/uploads/2024/12/Think-Inside-The-Box-Alice-Bob-Whitepaper.pdf

pt =»

SAO
PAUL
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00 ESTADO.



Obrigada!

elisams@ipt.br

m linkedin.com/school/iptsp/
instagram.com/ipt_oficial/
youtube.com/@IPTbr/

www.ipt.br

1pt

TECNOLOGICAS

SAO
PAULO

GOVERNO
DO ESTADO




