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Versi6 colorejada de la Conferéncia de Solvay de 1927 (source: Rare Historical Photos)
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Physics of Computation Conference 40th Anniversary

Primera conferencia de fisica i computacié (source: IBM Quantum)



Historia

classnc’é da’fﬁrﬁl‘f’
and if you want to
make a simulation
of nature, you
better make it
quantum
mechanical.”

- Richard Feynman

“m “Q :

Frase mitica de R. Feynmann (source: Univ. De Waterloo)
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Historia eureca.!'

4. Quantum algorithms for the NISQ era:
Hybrid quant:ur?-classmal algcrli.:hm.s QAOA (2014)
based on variational quantum circuits
(2014~present) VQE (2014)

i —— i S e e — — — — — — — — — S — — —— — —— — ——— — — — — —

Quantum machine
learning algorithms

HHL algorithm (2009)

e ————— S — — —— — — —

data environment

3. Quantum algorithms for big
(2009~ present)

Quantum walk-based algorithms
Grover’s algorithm(1996)

Shor’s algorithm(1994)

Quantum for problems

2. Qualitative change stage:
(1994~2009)

Simon’s algorithm (1994)

Problems for quantum

Deutsch-Jozsa algorithm (1992) 1. Initial stage:
(1985~1994)

Deutsch’s algorithm(1985)

Resum de I’evolucio dels algoritmes (source: Springer)
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%EHQEUAN'I:HSI%! Quantum Computing Market Map

Software offerings QPUs?

Includes control software

Users Applications

Select examples Not mapped to verticals

eurecal

Non exhaustive and in no particular
order. Excludes details on control
systems, assembly languages, circuit
design, etc.

Hardware / components
Select examples only — not
representative of entire ecosystem
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1 Software offerings can be further classified into SDKs, firmware / enablers, algorithms / applications, simulators etc. but many companies are offering a mixture across the stack

2 Many QPU providers are offering full stack services (e.g. Pasqal acquired Qu&Co, Quantinuum was originally CQC prior to merger with HQS, etc.

Quantum Computer Market Map (source: The Quantum Insider)



Conceptes basics: el qubit eurecal'

Bits Classics — Determinisme:

e RepresentenobéOobél
e Estats deterministes

Bits Quantics (Qubits) — Indeterminisme:

 Poden representar 0, 1 o ambdods simultaniament
* Probabilistics (superposicié quantica)
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Conceptes basics: superposicio

Que és la superposicio:

Els sistemes quantics poden existir en multiples estats
simultaniament

A diferencia dels sistemes classics, que tenen estats definits

(00o01)

Representaciéo Matematica (simplificada):

Estat d’un qubit: [{) = a]|0) + BI1)
Les “probabilitats” estan codificades com amplituds

quantiques (a, B)
Representacio a l'esfera de Bloch

) = cos ;

eurecal

0) + €*# sin

v
—11
1)
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Conceptes basics: mesura eurecat
®

La mesura col-lapsa un estat quantic:
* De la superposicio (p. ex. tant 0 com 1) = a un resultat

definit (0 o 1)

El resultat és probabilistic: Quantum Collapsed
* Regit per les amplituds = probabilitats Superposition  after measurment
* |al? = probabilitat d’obtenir 0, |B|? = probabilitat

d’obtenir 1 @
1

Concepte clau:
* No pots observar un qubit sense alterar-lo

Teorema de no-clonacio:
* Els estats quantics no es poden copiar perfectament

Execucions repetides = resultat estadistic
e Els algoritmes quantics s’han d’executar diverses

vegades

11



) Conceptes basics: superposicio i mesura eurecal'
[
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Conceptes basics: entrellacament

Els qubits entrellacats comparteixen un estat vinculat:
 Mesurar-ne un defineix instantaniament l'altre
* La correlacié es manté fins i tot a grans distancies

No és només una connexio forta — és quantica!
e Els sistemes classics poden estar correlacionats, pero
no d’aquesta manera
* No hi ha cap explicacio classica per a les correlacions

d’entrellacament

Einstein ho va anomenar “accidé fantasmal a distancia”
* \Verificat experimentalment moltes vegades

Element clau en la computacié quantica

eurecal

action at
a distance”

Measurement of
one instantly
determines the state

13



Conceptes basics: Circuits quantics eurecal'
[ J

Son sequencies de portes quantiques aplicades a qubits, que manipulen estats
de superposicio i entrellacament per realitzar calculs.

 Components principals:
o Qubits: Portadors d'informacié quantica
o Portes quantiques: Operacions reversibles que transformen l'estat dels
qubits
o Mesura: Produeix un resultat classic a partir de |'estat quantic

 Exemples de portes basiques:
o Porta X (NOT): Inverteix [0)i |1)
Porta H (Hadamard): Crea superposicio
Porta CNOT: Genera entrellacament entre dos qubits
Porta Z, Y, T: Rotacions al voltant d’eixos del Bloch Sphere
Portes de multiples qubits: Implementen logica condicional (com la Toffoli)

14
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Conceptes basics: Circuits quantics eurecal'
o

X Gate 4 X | = O Lhot = Blo) +alD)
Bit—flip, Not — _1 {)_ _B_
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> Conceptes basics: Circuits quantics eurecal'
[

single-qubit gate measurment

P gt ) \

O) — H & X L 4 H l\ /7K—
. 0) 4 H Z & — H
mnput /I\
0) O—d
0) DD
N

two-qubit gate
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J QML: Introduccio eureca!-

e Combina computacidé quantica i aprenentatge automatic

e Utilitza propietats com la superposicio i I’entrellacament

* Potencial per resoldre problemes d’IA de manera més eficient

e QML = nous paradigmes d’entrenament, representacio i prediccio
* Encara limitat per la tecnologia quantica actual (soroll, pocs qubits)

 Enfocament hibrid classic-quantic com a tendéncia dominant

17



QML: Xarxes Neuronals Quantiques (circuits variacionals) eurecal'
’ ®

e Xarxes neuronals implementades amb circuits quantics

* Els qubits actuen com a neurones en superposicio

* Portes quantiques parametritzables = pesos entrenables

* Implementacio habitual hibrida: la optimitzacié dels parametres es fa
classicament

e Capacitat de representar estats complexos de manera compacta

* Potencial per millor generalitzacio i paral-lelisme computacional

* Reptes: barren plateaus, soroll, escalabilitat

~&<) XA XA

L @A gXe O o) Eas
IS % o | 5 > A
= ‘ . @, D _ NP | RBy(82) |
LIS AR | SR pyree B
/’ LSKILANX 10) -|Ry(f’a){ & Ry (65) ——D I A }—
0\\// \\//\\ o ey & [ S g B
Input Learnable Parameter & Measure
encoding Entanglement Layers decoding

DNN vs QNN (source: Medium) 18



QML: Quantum Approximate Optimization Algorithm (QAOA) eurecal'
‘ o

* Resol problemes d’optimitzaciéo combinatoria

e Circuit amb capes alternades: cost + mescla

* Parametres entrenats classicament

* Aprofita superposicio per explorar solucions

* Bons resultats en problemes com Max-Cut o spin glasses
e Apte per a logistica, routing, optimitzacio de recursos

L (f?aﬁ):(f}'(lﬂ---:f:'(f-'?ﬁl:---:ﬁp) J

' '

] i ' ™
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5 [ *PrHs x e Pl /f\— @y B
.Fﬂ a&. EE.

| |
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Q

L —iB1Hef— ... . —iBpHp _/%=k = ,

19

The routine of the Quantum Approximate Optimization Algorithm (source:10.48550/arXiv.2108.05288)


http://dx.doi.org/10.48550/arXiv.2108.05288

QML: Quantum Diffusion Models eurecal-

e Adaptacio quantica dels models generatius de difusio

* Aprenen a desfer un procés de soroll progressiu

* Utilitzen circuits quantics per simular la difusio

* Milloren sobre QGANs en fidelitat i estabilitat d’entrenament

 Poden generar estats quantics purs i mixtos

* Aplicacions: simulacié de sistemes fisics, generacio de dades quantiques

Generated images of Fashion MNIST: a generated by the classical architecture; b generated by the 4zQ architecture

(source: DOI: 10.1007/s42484-024-00224-6) 20



Applicacions - Finances eureca!'

Fraud Detection
& Pattern Matching

Portfolio
Optimization

Quantum

Finance

Security & Risk Analysis &
Cryptography Monte Carlo
Simulations

21



Aplicacions - Farma & Salut

Pharmaceuticals & Healthcare:
Molecules, Materials, and Medical Optimization

~ Drug discovery Healthcare operations

& . o o
- Simulate molecular binding - Quantum optimization
and interactions accurately for scheduling, resource
allocation, logistics

= e
O @

-> Predict candidate efficacy

LLLLLI before costly lab testing

Protein folding &

V \/ quantum biology

- Understand complex
molecular dynamics at

quantum level .
analysis

~ Medical materials - Pattern detection in large genetic

-> Discover better compounds  Jatasets using quantum ML
for implants, diagnostics,
delivery systems

NEEEN
Genomics & data

Leading interest from: Roche, Merck,
GSK, Johnson & Johnson

eurecal



> Aplicacions - Energia & Materials eurecal'

Applications of Quantum Computing

Energy and Materials

e Quantum simulations for
materials science and
chemistry

e Discovery of catalysts,
better batteries, new
superconductors

e Optimize power grids,
manage distribution

23



Aplicacions - Logistica & Transport eurecat
[ J

outing optimization:

o Solve complex problems like
Traveling Salesman

o Efficiently route delivery trucks,
cargo ships, flights

Scheduling:

o Optimize crew and vehicle
assignments, maintenance slots ®

o Coordinate flight departures, ®
port logistics, freight systems m ®
eal-time decision making: L

o Match supply and demand in ride-sharing, O
delivery (e.g. Uber, food delivery)

» Adapt to traffic, delays, weather with dynamic re-routing

rban mobility & public transport:
o Improve transit networks, reduce congestion

24



Aplicacions - Manufacturing & Disseny Industrial eurecal'
[

Manufacturing: Smarter Design, Materials,
and Supply Chains

Supply chain optimization
e Manage sourcing, production, inventory,
and logistics efficiently

e Solve complex constraint-based
planning problems

Industrial design

o Explore large design parameter spaces
(e.g, aerodynamics, pipeline layouts)

e Quantum algorithms may nelp find
better configurations faster

Multiphysics simulations

o Accelerate modeling of fluid dynamics,
heat transfer, and mechanical stress

o Applications in aerospace, automotive,
energy sectors

25



Aplicacions - Defense & Seguretat eurecal
o

Defense & Security: @

Strategic Advantage and crypograpc Threats

Cryptographic disruption:
Shor’s algorith threatens RSA, ECC

o &

Quantum-enhanced intelligence: L=
Faster data analysis for pattern detection and coe-raking

Operational logistics & strategy:

Optimize deployment of resources in cormplex scenarios
Improve mission planning under uncertainty

Quantum sensing:

High-precision clocks, quantum radar, and

GPS-independent navigation

26



Aplicacions - IA & Big Data eurecal'

L ARTIFICIAL INTELLIGENCE
@ & BIG DATA

Smarter Models, Faster Insights

L4484

e Quantum machine learning (QML)
« Use quantum circuits to represent complex

data structures e
* Potential for faster model training, better expressivity :
» Quantum-enhanced clustering & PCA

HE N

- Identify patterns in massive datasets more efficiently mmm

 Big data analytics
- Process large-scale customer, sensor, or environmental data
- Appiications in marketing, climate science, finance

Still early-stage but actively researched by Google,IBM, Amazon

27



Aplicacions - Ciéncia eureca!'

j Academic Research:

Unlocking New Frontiers in Science

— Quantum physics & field theory
— Simulate particle interactions,
test high-energy physics models

— Astrophysics & cosmology TN
— Explore early universe conditions,
black hole dynamics,
spacetime simulations ’
0

— Mathematics & algorithms

- Discover new quantum algorithms, Mix|{/) 5~
complexity theory insights

— Chemistry & biology
— Study molecular dynamics,
quantum effects in biological
processes

Q

— Quantum foundations

— Experimental tests of quantum
mechanics principles (e.g. non-locality, contextuality)

Academic institutions using quantum computing:
MIT, Caltech, Oxford, ETH Zurich, ICFO, and many more

28
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