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IBM Quantum System Two (San Sebastian - Spain)

A prototype quantum computer



    One of the foundational results in quantum computing:

An extremely fast method for finding the prime factors of any number 

… but which requires a quantum computer to run

Shor’s algorithm (1994)

Before Shor’s algorithm: 

Widely believed that no efficient algorithm would ever exist for this problem


    … and much of cryptography relied on this assumption (e.g., RSA cryptosystem)

    Are there other quantum algorithms with groundbreaking impact?

65535 =
3 × 5 × 17 × 257



What is a quantum computer?
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“Non-computing” quantum devices



A physical device that exploits the laws of quantum 
mechanics to perform computations on data

Input data

Algorithm / Program
Computation result

Quantum computer

Example of tasks:  find integer solutions to , simulate the FeMoco            

                         molecule, find the prime decomposition of 

x2 − 511y2 = 1
21550019073 − 1

What is a quantum computer?



How to (mathematically) construct  
a quantum computer?



Several mathematical models describing how quantum 
computers are expected to behave:

Q. Turing machine Q. circuit Q. finite automaton …
(~1980-85) (~1989-93) (~1997-2000)
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Classical computers
A classical computer can be modeled as a sequence of 

Boolean operations acting on a memory of bits



Quantum computers
A classical computer can be modeled as a sequence of 

Boolean operations acting on a memory of bits
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How to (physically) construct  
a quantum computer?



Several technologies (e.g., transistors) can faithfully 
simulate the classical mathematical models

Classical computers
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Quantum computers
No technology is currently able to implement the 

quantum mathematical models at large scale



Some major challenges:

- Imperfections in qubits/gates implementations (noise accumulation)

- Decoherence effects (uncontrolled loss of quantum properties)

Quantum computers

… spanning theoretical, experimental, and engineering aspect:

- designing efficient quantum error-correcting codes

- constructing high-quality qubits

- …

No technology is currently able to implement the 
quantum mathematical models at large scale



Superconductors

Photons

Trapped ions

Neutral atoms

Candidates technologies for physical qubits

…
Silicon spin



When will quantum computers arrive?

Many companies have roadmaps aiming for the first fully functional, 
moderately large quantum computers by ~2030 … this looks very optimistic

What we see at the moment:
- Steady progress in the technologies

- Sustained investments by public and private actors

- Push from manufacturers to start selling prototype quantum computers

- Broad industrial interest in potential quantum applications

Defense and security agencies warn of a quantum threat within 10-15 years



What can quantum algorithms do?



Similar initiatives: Maisons du quantique, CEMRACS 2025, …

https://teratec.eu/Seminaires/TQCI/2024/Journee_Pack_Quantique_TQCI-240424.html

Some exploratory projects (Pack Quantique)

https://teratec.eu/Seminaires/TQCI/2024/Journee_Pack_Quantique_TQCI-240424.html


Toy example: Antenna maintenance

Split antennas into two 
groups maximizing 

connectivity between them
(Max-Cut problem)



Cut of value 3

Split antennas into two 
groups maximizing 

connectivity between them
(Max-Cut problem)

Toy example: Antenna maintenance



Split antennas into two 
groups maximizing 

connectivity between them

Cut of value 6 
(best)

(Max-Cut problem)

Toy example: Antenna maintenance



Interaction between 
neighboring particles

Physical interpretation: Ising model

−gu,v ZuZv

hu Xu

Transverse 
magnetic field

H = ∑
(u,v)

hu Xu−gu,v ZuZv

Pauli matrices

Optimal solution = 

Minimum eigenvalue of H



Interaction between 
neighboring particles

Physical interpretation: Ising model

−gu,v ZuZv
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H = ∑
(u,v)

hu Xu−gu,v ZuZv

Pauli matrices

Transverse 
magnetic field

- Phase estimation

- Adiabatic algorithm

- QAOA

- Variational algorithms


...
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Quantum algorithms for minimum 
eigenvalue computation

Optimal solution = 

Minimum eigenvalue of H



    Protein structure 
prediction

Quantum optimization algorithms

Deep learning (AlphaFold…)

Quantum phase estimation

    Electronic structure 
simulation

Tensor networks, 
coupled cluster …

Recommandation 
systems

Quantum HHL algorithm

“Dequantized” algorithms

A last message: 
Advances in quantum algorithms go hand in 
hand with advances in classical algorithms



Further perspectives

https://arxiv.org/abs/2310.03011

Slides: https://yassine-hamoudi.github.io/files/slides/JIQToulouse.pdf

https://arxiv.org/abs/2412.14703

https://arxiv.org/abs/2508.05720
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