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THALES Rationale to use Quantum Computing & Algorithms

Complex problem
non tractable in human 

time with supercomputers

Quantum
Supremacy

Faster resolution
Than by traditional 

computers

Quantum Acceleration 
Advantage

Cost, weight and energy 
advantage in quantum 

resolution

Quantum Green
Advantage
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Anticipate the use of quantum computing for real applications

• Master the use of suitable quantum computers and software libraries

• Accelerate the design of quantum algorithms (QA, NISQ and LSQ)

• Innovate on new quantum algorithms for optimization and decision applications

How

• Creation of dedicated teams (QAC@TRT...) and of a THALES Global Quantum Hub

• Consolidation and benchmark on THALES use-cases

• Membership of ETP4HPC and TERATEC

• Access to quantum computing facilities (TGCC…)

• Cooperation with startups, RTOs and industrial partners (Pasqal, Alice&Bob, Fraunhofer, EDF…) 

• Involvement in European initiatives and cooperative programs

THALES Perspectives in Quantum Computing & Algorithms
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EQUATIONS

POST-QUANTUM

CRYPTOGRAPHY

Quantum
Algorithms

on
Quantum 

Computers

QUANTUM & HYBRID PROGRAMMING
Problem Modeling, Languages, Libraries, Compilers

QUANTUM SIMULATION
Quantum Machine Simulators , Hardware Emulators
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THALES Quantum Algorithms Domains
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Online
Augmented 
Operation

Offline
Augmented

Engineering

Constrained by Accuracy

(Uncertainty Quantification)
Constrained by Low Latency

(Accelerate OODA loop)

Quantum

Code Analysis 

& Verification

for Industrial 

Critical 

Systems

THALES Quantum Algorithms Use-Cases
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Quantum

Annealer

Noisy Intermediate

Scale Quantum
Full Tolerant Large 

Scale Quantum

QA NISQ LSQ

QUADRATIC UNCONSTRAINED 

BINARY OPTIMIZATION

PARTITIONING PROBLEMS: Graph Partitioning, 

cliques 

BINARY INTEGER LINEAR PROGRAMMING : 

Optimization

COVERING AND PACKING PROBLEMS: Exact 

Cover, Set Packing, Vertex Cove

PROBLEMS WITH INEQUALITIES: Knapsack with 

interger weights

COLORING PROBLEMS: Graph coloring, job 

sequencing

HAMILTONIAN CYCLES: Traveling salesman

MARKOV MODEL: Image Denoising

VARIATIONAL ALGORITHMS 

(Polynomial Acceleration)

QAOA: Quantum Approximate Optimization

Algorithm

VQE: Variational Quantum Eigensolver

QAE: Quantum Amplitude Estimation

DDQCL: Data-Driven Quantum Circuit Learning

PT: non-Hermitian Hamiltonians with unbroken

Parity-Time

LARGE SCALE ALGORITHMS 

(Exponential Acceleration)

HHL: Linear Systems of Equations Solver

SHOR : Integer/Prime Factorization and discrete

logarithms Algorithms

TROTTER: Hamiltonian Dynamics Simulation by 

Trotter exponential approximation

SP: Statistical Pruning Algorithm

GROVER: Searching Database, Inverting Function

Complexity reduction

Computation acceleration

magnitude

THALES Quantum Algorithms Scope
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QPU
(Quantum processing unit)

QUBO / Ising Model
(quadratic unconstrained

binary optimization) 

QUANTUM
ANNEALER

QUBO Solver

Quantum Annealer Noisy 

Intermediate

Scale Quantum

Full-Tolerant

Large Scale

Quantum

Quantum Error
Correction

Non Universal Machine

No Entanglement but Quantum Tunneling

Solve QUBO (Quadratic Unconstrained

Binary Optimization) modelled as Ising

Model (Hamiltonian Functional)

Limitations due to connectivity: Ancillary

connections required

QA NISQ LSQ

Medium-sized imperfect (noisy) 

computer 

Short quantum coherence

duration

Full-Tolerant with stabilized 

Qubits

Error Correction & Full 

Connectivity

Different technologies to produce Qubits, at low maturity level

(photons, supraconductors, cold atoms, diamonds…)

THALES Quantum Computing Scope
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THALES QUANTUM ALGORITHM for SAR Image Segmentation (Markov Random Field)
𝐻 𝒙 =𝒙𝑇 𝜆1𝑴+𝜆2𝑷𝒙+𝜆3𝒉𝑇𝒙

with 𝜆1, 𝜆2et 𝜆3>0
𝑴 implementing relative criteria to marginal law (probability of belonging to a class 
according to its intensity)
𝑷implementing relative criteria to posterior law (probability of belonging to a class 
according to the difference in intensity between a given pixel and its neighbors)
𝒉implementing constraint on O (Object) and B (Background)
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+1 +1 +1 -1 -1 +1 -1

THALES QUANTUM ALGORITHM for Radar Waveform Design
• QUBO algorithm (Quadratic Unconstained Binary Optimisation) on D-WAVE Quantum 

Annealer to optimize Phases codes time series for Radar Waveforms
• ISLR (Integrated Side Lobe Ratio) problem has been translated into a QUBO problem
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THALES QUANTUM ALGORITHM for PDE Solver of Electro-Magnetic Simulation

Antenna + radome On-board antenna Beam in a klystron

Electromagnetic Simulation for Antenna Design & Performance 
Assessment
• Maxwell equations : core business of electronic equipment and systems 

development. Simulation is one of the main lever of competitiveness and is 
hugely used all along the V development cycle.

• The realm of physics around the Maxwell equations is closely tied to the 
electronic equipment/system development, a core aspect of business.

THALES Applications 
• Radar and EW antennas in Defence Mission System
• Microwave tubes in Defence, spatial or medical applications

Maxwell PDE Maxwell-Vlasov PDE

Maxwell equation solver:
• Finite Element Method (FEM) : the variationnal form
• Boundary Element Method (BEM) : the integral form
• Finite Difference Time Domain (FDTD)
• Coupling BEM and FEM : domain decomposition techniques 
Ý need the resolution of linear system in complex algebra:

Á BEM: Full Linear system
Á FEM/FDTD: Sparse Linear system

Nota: BEM linear system Solver SoA: 
• Based on SVD (Singular Value Decomposition)

HHL Algo
on LSQ &
HHL Algo
on NISQ

partnership

FEM/FDTD FEM-PIC

Radar & EW  Antenna & Radome
Klystron
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Classical Kernel
(Gaussian)

Quantum Kernel
(on IBM Falcon QPU)

High-Resolution Image Processing on NISQ Devices via Recursive QUBO Splitting

Quantum Kernel Density Methods for NISQ-compatible Bundle Adjustment

• Kernel Computation on Gate-based Quantum Processor
• Keypoint Extraction and Matching on Quantum Annealer
• True Quantum Computing Pipeline:

Combination of Gate-based QC and Q-Annealer

1.

2. 3.

Keypoint Matching

Collaboration with
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1. Waveform optimization

2. Optimizing socially and environmen-

tally responsible portfolios with QC 

3. Quantum GANs for generative 

design of interior/exterior vehicle 

components

4. Aircraft climb optimization 

5. Solving sparse linear 

systems with QC 

6. Glass cut optimization 

CHEMISTRY

OPTIMIZATION

ML

LIN ALG

FINANCE

OPTIMIZATIO

N

OPTIMIZATIO

N

7. Fast calibrating and pricing of exotic 

financial derivatives using Q-MC algorithms 
FINANCE

8. QC for sampling Boltzmann 

distribution 

ML

9. Supervised ML assisted by QC 

for medical images treatment 

ML

10. Excited states modelling challenge 

THALES Team in QuantX Quantum Algorithms Hackathon: Ranked 2nd/10 

10
industrial and financial 

groups

10
quantum providers

10
technical teams
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THALES Team in QuantX Quantum Algorithms Hackathon: Radar Waveform Design

Les @tomes de Savoie Team

Optimization problem Solver in a quantum framework
• The optimum can be sought as the ground state of some well-chosen quantum 

Hamiltonian H
• Express the cost-function as the expectation value of a quantum Hamiltonian

• N-qubit states                        and single-qubit operators
• Approach the ground state: Quantum Approximate Optimization Algorithm on NISQ

Mismatched Case: X and Y time series

Extension to Multi-phases waveforms
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QUANTUM COMPUTERS PERFORMANCES BENCHMARKING

Q-Sore
(ATOS)

SupermarkQ
Suite

(Super-Tech)

Quantum 
LINPACK

(Berkeley Lab)

CLOPS
(IBM)

Quantum Benchmarking Rules and Tools
(See DARPA Quantum Benchmarking Program: Establish key quantum-computing metrics)

SupermarQ: 
A Scalable
Quantum 
Benchmark 
Suite

BCG - The Race to Quantum Advantage Depends on Benchmarking
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PUBLICATIONS

• Timothé Presles, Cyrille Enderli, Rémi Bricout, Florence Aligne, Frédéric 
Barbaresco. Phase-coded radar waveform AI-based augmented
engineering and optimal design by Quantum Annealing. 2021. ⟨hal-
03318130v2⟩; https://hal.archives-ouvertes.fr/hal-03318130/

• Nico Piatkowski, Thore Gerlach, Romain Hugues, Rafet Sifa, Christian 
Bauckhage, Frederic Barbaresco. Towards Bundle Adjustment for Satellite 
Imaging via Quantum Machine Learning. 2022. session “Quantum 
Algorithms for Fusion”, FUSION’22; https://www.fusion2022.se/ 

IET UK Special Issue “Radar, Sonar & Navigation”
• « Radar Applications of Quantum Computer & Quantum Algorithms » 

by Frédéric Barbaresco, John Rarity & Hugh Griffiths, 2022
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AQUAPS - Avantage QUAntique pour la résolution de problèmes de Planning & Scheduling

https://www.thalesgroup.com/fr/monde/groupe/press_release/thal
es-pasqal-region-ile-france-et-genci-lancent-nouveau-partenariat 
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INTERNATIONAL COLLABORATION WITH RESEARCH LABS (1/2)

Quantum Computing 
for Imaging Sensors
• Infrared point target 

detection on 
complex 
backgrounds

• Bundle adjustment 
from a set of images

https://lmf.cnrs.fr/Research/Quant

• Functional Langage: 
Automatic code 
translation towards
compilation

• Optimization : Choices
linked to resources and 
HW constraints, circuits 
design

• Mapping & routing: 
Surface code
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INTERNATIONAL COLLABORATION WITH RESEARCH LABS (2/2)

Collaboration THALES CANADA & INSTITUT 
QUANTIQUE (Université de SHERBROOKE) on 

Quantum Algorithms for Anomaly Detection for 
Side-Channel Attack in the field of cryptography
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THALES COLLABORATION WITH QUANTUM COMPUTER PROVIDERS
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36 Qubits 50 Qubits 30 Qubits 40 Qubits40 Qubits

THALES Benchmark

THALES BENCHMARK OF QUANTUM COMPUTER SIMULATORS

THALES
Use-Cases

200 Qubits
(dedicated algos)

Selection of 
Simulators
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• The QTRL scale is a metrics for 
describing the maturity level of 
quantum computing technology.

• The scale consists of nine technology 
readiness levels (QTRLs), whereby 
QTRL1 labels the lowest level and 
QTRL9 the highest.

Copyright: Kristel Michielsen, Thomas Lippert –
Forschungszentum Jülich, Germany (except the 
current status).

https://www.fz-juelich.de/ias/jsc/EN/Research/ModellingSimulation/QIP/QTRL/_node.html

Now
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Quantum Functional Programming

QPU 
Emulation

QAnnealer

Emulation
QPU CPU GPU TPU

Quantum Compilers to HW Classical Compilers to HW

Quantum Compiler to Q Gates

(HW-Agnostic Compilers) HPC Compilers

Quantum Gates Optimizers (+ err. corr.)

Hybrid Computing Partitioners (HPC & Quantum Accelerators)

QAnnealer

Quantum 

Algorithms Libraries
Classical Algoritms

New Quantum

Algorithms
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High Level Langage Programming Quantum Gates of Low Level Circuits

• Circuit Constrained Optimization by 
resources limitations, HW constraints
and Error code Correction

• Mapping & routing: surface code

Compiler
From High Level

Code to Quantum 
Gates Circuit Q

u
an

tu
m

 G
ates 

C
ircu

it O
p

tim
izatio

n

Quantum Agnostic Compiler

Code Analysis & Verification

(High Level)

Code Analysis & Verification

(Quantum Gates Circuit after optimization)
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Quantum Computing & Algorithms: Needs for Quantum Expert Skills

From ”US QUANTUM INFORMATION SCIENCE 
AND TECHNOLOGY WORKFORCE
DEVELOPMENT NATIONAL STRATEGIC PLAN”

THALES
Postionning

On Key Enables




