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ambitions du calcul guantique

* résoudre plus vite certains

problémes complexes. ﬂ * réduire pote.ntlellfzmen.t la
) g consommation d’énergie
=3 © .
* rendre accessibles des calculs = (question ouverte).

impossibles classiqguement.

 utilité qui dépend de
I"utilisateur (recherche
scientifique, industriels,
gouvernements).

* améliorer la qualité des
résultats (heuristique,
précision chimique).




qu’est-ce étre « quantique »?

. Balmer series

guantification
propriétés physiques
discretes: niveaux d’énergie,
projection du spin, ...

—_

objets quantiques a deux
niveaux (qubits)

elec[run
beam gun

double-

dualité onde-particule

électrons, photons,
atomes, neutrons

—_

interférences
utilisées dans les
algorithmes quantiques

slit screen
electron
mterference
pattern

superposition d’état

liée a la dualité et a la

linéarité de I'équation
de Schrodinger

—_

espace mémoire interne de
2N nombres complexes +
mesure probabiliste

intrication

corrélation d’états distants
lors d’'une mesure aléatoire

—_

interactions entre qubits,
contribuent a I'accélération
quantique

+ contréle individuel d’objets quantiques (atomes, électrons, photons


https://www.oezratty.net/wordpress/wp-content/WindowsLiveWriter/Linformatique-quantique_909D/Hydrogen-electron-levels.jpg
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usages, de la recherche aux opérations

opérations

recherche fondamentale recherche appliquée
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le « quantum bit » du calcul quantique

mathematiquement

physiqguement

unité de gestion de I’'information

souvent représenté sous la
forme d’une amplitude et
d’une phase d’une onde,
dans la sphere de Bloch

équivaut a deux nombres réels

1)

objet quantique |0)
a deux états controlables

deux niveaux d’énergie spin d’un polarisation
d’un atome électron d’un photon



qu’est-ce qu’un algorithme quantique?

qubits

porte a porte a un porte a trois
deux qubits qubit qubits
t 10) ? A
.
1 e
e ) v | phd
I 10) T N
: |0) T e = T N
' 10) 1 A
: |0) T I = Tu I
() T e ® T &
| |0> l {E
1 10) ? > ? 5
I 10) ) ]
v 0) b ~
initialisation temps mesure
______________________ _>
profondeur de calcul P
\ v N
opérations probabiliste et
mathématiquement réversibles irréversible

algorithme quantique : décompose un probléme
mathématique en circuit quantique.

circuit quantique : suite d’'opérations agissant sur
une mémoire quantique de qubits,
individuellement (superposition) ou les reliant
entre eux (intrication), et se terminant par une
mesure (probabiliste).

modele mathématique : calcul matriciel-vectoriel
opérant sur un espace mémoire de 2N*1 nombres
réels. algebre linéaire!

mécanisme : exploite diverses techniques comme
la génération d’interférences pour faire ressortir
une valeur d’intérét sous forme de bits classiques
lus en sortie.

calcul classique : utilisé pour préparer le circuit, y
encoder les données, et extraire les résultats.


https://algassert.com/quirk#circuit={%22cols%22:[[%22X%22,1,1,1,1,%22X%22,%22X%22],[%22Chance5%22,1,1,1,1,%22Chance5%22],[%22X%22,%22X%22,%22X%22,%22X%22,%22%E2%80%A2%22,%22X%22,%22X%22,%22X%22,%22X%22,%22X%22],[1,1,1,1,%22%E2%80%A2%22,%22X%22],[%22Swap%22,1,1,1,%22Swap%22,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,%22X%22],[1,%22Swap%22,1,1,%22Swap%22,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,%22X%22],[1,1,%22Swap%22,1,%22Swap%22,1,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,1,%22X%22],[1,1,1,%22Swap%22,%22Swap%22,1,1,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,1,1,%22Swap%22,%22Swap%22,1,1,1,%22%E2%80%A2%22],[1,1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,1,%22Swap%22,1,%22Swap%22,1,1,%22%E2%80%A2%22],[1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,%22Swap%22,1,1,%22Swap%22,1,%22%E2%80%A2%22],[1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[%22Swap%22,1,1,1,%22Swap%22,%22%E2%80%A2%22],[%22%E2%80%A2%22,1,1,1,1,%22X%22],[%22X%22,%22X%22,%22X%22,%22X%22,%22%E2%80%A2%22,%22X%22,%22X%22,%22X%22,%22X%22,%22X%22],[%22Chance5%22,1,1,1,1,%22Chance5%22]]}

besoins en fidélité d’opérations
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https://algassert.com/quirk#circuit={%22cols%22:[[%22X%22,1,1,1,1,%22X%22,%22X%22],[%22Chance5%22,1,1,1,1,%22Chance5%22],[%22X%22,%22X%22,%22X%22,%22X%22,%22%E2%80%A2%22,%22X%22,%22X%22,%22X%22,%22X%22,%22X%22],[1,1,1,1,%22%E2%80%A2%22,%22X%22],[%22Swap%22,1,1,1,%22Swap%22,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,%22X%22],[1,%22Swap%22,1,1,%22Swap%22,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,%22X%22],[1,1,%22Swap%22,1,%22Swap%22,1,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,1,%22X%22],[1,1,1,%22Swap%22,%22Swap%22,1,1,1,%22%E2%80%A2%22],[1,1,1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,1,1,%22Swap%22,%22Swap%22,1,1,1,%22%E2%80%A2%22],[1,1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,1,%22Swap%22,1,%22Swap%22,1,1,%22%E2%80%A2%22],[1,1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[1,%22Swap%22,1,1,%22Swap%22,1,%22%E2%80%A2%22],[1,%22%E2%80%A2%22,1,1,1,1,%22X%22],[%22Swap%22,1,1,1,%22Swap%22,%22%E2%80%A2%22],[%22%E2%80%A2%22,1,1,1,1,%22X%22],[%22X%22,%22X%22,%22X%22,%22X%22,%22%E2%80%A2%22,%22X%22,%22X%22,%22X%22,%22X%22,%22X%22],[%22Chance5%22,1,1,1,1,%22Chance5%22]]}

paradigmes du calcul quantique

ordinateurs classiques

ordinateurs quantiques analogiques
quantum Ml quantum
msplred emulators

algorithmes

ordinateurs quantiques digitaux
classiques inspirés

gate-based
analog
pour tester du code anneallng quantum NISQ (Noisy Intermediate FTQC (Fault-Tolerant
ar la physique quantique sur des computers simulators Scale Quantum) Quantum Computers)
- uaE\tiy u: ordinateurs classiques qubits bruités, pas de correction d’erreurs et
4 - correction d’erreurs tolérance aux fautes
améliorer les apprendre, tester, problémes d’optimisation et de calcul quantique généraliste
algorithmes classiques déboguer simulations physiques
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défis logiciels

temps de calcul caleul
A classique
TeetT, N
sont-ils compatibles JCL“C‘CmUO‘n
avec les besoins polynomiale
utilisateurs? calcul
Te quantique
accélération
smomes= exponentielle
TE
“prefacteurs”

« no-code »
Python frameworks
Java, PHP, ...
C++
C language

assembly

machine language

v

nombre de qubits

algorithmes

data structures

user data

objects  qubit
objects  qubit
objects  qubit
arrays )
strings qubit

byte qubit

bit pulse

application specific environments

control electronics instructions

niveaux d’abstraction

same abstration level with qubit gates

state preparation techniques

uniform superposition

aka Hadamard-Walsh Transform algorithms

basis =y
encoding H quantum
H memories

s | dasscal
=] [l
3 angle ||
L encoding i
£ QPE, | non-oracle
£ 3 HHL, | based
£ g amplitude Shor... | algorithms

encoding

block-
" cassical
encoding e

T

arithmetic

phase

shift and
kickback

unitary transformations

measurement

sampli

post-processing

Paulstrings for
variational algorithms

uncompute

trick

other

patterns

chargement des données

considers.

metrics

speed, | SDK, compilers, |
==== Benchpress efficiency, memory | optimizers |
iy THALES BACQ  higher-level
— algorithms algorithm
u = 'L":I" gscore performance compilation
loadin
mard QEDC €
_) . 'I"W']Er:‘e' launching
TU Delft: QPack algorithms QEm
performance
CLOPS cate cycle speed
crosstal, .
; bit
error per layered gates (EPLG) ntoment qubits
topology
randomized and cross- control
entropy benchmarking )
qubits number
and fidelities

benchmarking

energetics

3/ Raytheon
£ Technologies

classical

electronics &
computing
cryogeny

—e code review black-box testing white-box testing
spotting errors
in circuits is
difficult ~® patterns review checking output emulation debugging
projective measurement
) output q 3
review on ancilla qubits
not
i fractable
refactoring forsome
algorithms

génie logiciel

Researching & Developing the Computers of Tomorrow Requires Powerful Simulations Today

1000000
A
100000
A
VQE .
10000 4 o shor
.
A

Circuit Depth

128 256 512 1024 2048 4096 8192 1638432768
#of qubits

IA, réseaux de tenseurs
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clusters des
algorithmes
guantiques

FTQC
QPE & QFT based

za—

QUANTINUUM

A typology of quantum algorithms by Pablo Arnau

Pablo Arrighi, Steven Herbert, Evi Kasnetsi, and Tianyi
Li, Inria, Quantinuum, arXiv, July 2024 (60 pages).
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https://arxiv.org/abs/2407.05178

exemple d’algorithme quantique NISQ

number of Pauli strings

unknown number
of ansatz iterations

classical
initialization

with [1g)
having
energy Eg

inject new 6

r n qubits

10) —{R.(611) HR.(61)
10y —{R.(62)) HR.(61,)
10y —{R.(62)) HR.(61,)

U, () : A

10y —{r. 61 Hr.(01) }—é—{&f(eﬁ.ﬂ HR(652) | é (]

classical optimizer used to compute

anew 6 to minimize cost function E@)

exit when € is
stabilized

0(nM)

number of L layers

depending on the
algorithm

l l

M=4 for electronic structure
M=1 for Heisenberg model
M=1 for QAOA

R.(65) HR.(6%) }—1 {ri]

R.(6%1) HR.(05,) P

R.(6%1) HR.(65)

U,(0) : LW,

post-processing

computing expectation value

[
]
A
[

© O

o—

error mitigation
post-processing

VQE

number of shots per
Pauli strings?
0(1/€?)
1 million for VQE and
chemical ground state
computing

(cc) Olivier Ezratty, 2023-2025
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exemple d’algorithme quantique FTQC

problem metrics creates a controlled U operations,

H = problem Hamiltonian.

M = number of spin-orbitals, conditioning m.
€ = desired chemical accuracy ~ 1.6 103 Ha

6§ = acceptable failure probability.

Po = initial state overlap, decreasing
exponentially with molecule size.

oo
=
7
17
[0}
o
o
S
N
()
S
Q.
©
&
7]
7]
i
(3]

supermosition of 2" and phasekickback to inverse quantum
computational states first n qubits Fourier transform

: l
|9>—E

o) —{#]
o) —{# }—2

processing

1, .1
- ln(s) QPE
number of circuit
shots

QFT! /

T

-
17
o
Q.
0

=
=)
7
(<))
t =

n qubits in phase register

state vector

n controlled-powers of U

encoding
circuit

as close as
possible to target
classical computing time scale ground state

QPE quantum circuit metrics
U = unitary encoding the Hamiltonian H.

2
©
5=
o]
e
o
2
-
2

0(M3) to 0(2M) ‘ _

e |0) 7LZ 204214 427 =211 U encoding circuit (QROM) n = phase register qubits, [log,(1/€)] +
= p =~ 13to15fore =~ 1.6 103 Ha
E classical computing time scale m = system register qubits encoding the
SO 0(M3) to O(M5) problem Hamiltonian encoding initial state [1)) and on which controlled
L|.'|3 . powers of unitary U are applied.
TR | |U — e_‘Ht| | <€ findU Block-encodm.g. * QsVT. o z = additional ancilla logical qubits
T _ e * Trotter-Suzuki * Chebyshev approximation. required to encode U which depends on
— H=system U= unitary decomposition. ¢ Linear Combination of Unitaries (LCU). its parallelization.

Hamiltonian encoding it

quantum phase estimation algorithm, inspired by Quantum chemistry, classical heuristics, and quantum advantage by Garnet Kin-Lic Chan, arXiv, July
2024 & On the feasibility of performing quantum chemistry calculations on quantum computers by Thibaud Louvet, Thomas Ayral, and Xavier Waintal,
arXiv, June 2023-October 2024.
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https://arxiv.org/abs/2407.11235
https://arxiv.org/abs/2306.02620

et les problemes non linéaires ?

ou

ot

1
+u-Vu+EVp=g+vV-Vu

(1
(2

(3

répartition des roles

https://arxiv.org/abs/1907.09032

calcul a variables continues

https://arxiv.org/abs/2011.06571

mid-circuit measurement and feed-forward
https://arxiv.org/abs/2410.03838
https://arxiv.org/abs/2607.12269



https://arxiv.org/abs/1907.09032
https://arxiv.org/abs/2011.06571
https://arxiv.org/abs/2410.03838
https://arxiv.org/abs/2607.12269

classes de complexité...

2-EXPTIME
EXPSPACE
EXPTIME

PSPACE

forgetit
with any =
computer!

hard to solve
for quantum =
computers

QMA: a
solution can be
verified in
polynomial
time with a

quantum
computer

BQP: polynomial
problems for
quantum
computers,
integer factoring

pour des probléemes de décision

et des problemes reformulés en
problémes de décision
(factorisation, ground state)

(cc) Olivier Ezratty, 2021-2026

NP-hard: problems at least as difficult to solve as NP problems,
finding optimal path in a graph, map coloring, theorems demonstrations.

NP-Complete : all NP problems can be polynomially reduced to a NP problem,
finding a sub-set of an ensemble of integers with a zero sum, proteins folding,
MaxCut problem, SAT problem.

NP : “Nondeterministic Polynomial”, complex decision problems solved in
polynomial time on a non-deterministic Turing machine and/or verifiable in
polynomial time on a deterministic Turing machine,

has one subset of 3 numbers with a sum = 0, integer primality test, linear
equations.

BPP: “Bounded-Error Probabilistic Polynomial time”, decision problems that
can be solved by a probabilistic Turing machine in polynomial time.
primality testing, randomized algorithms for problems in graph theory.

P: “Polynomial”, problem solvable in polynomial time on a deterministic
Turing machine,

has a matrix a proper value of 1.2? matrix addition, multiplication,

inversion, lists sorting, finding a path in a labyrinth. 15



sources d’avantage quantique

|0) |0) algorithms
T compilers
« computational basis state vector »
|0) A g [ x x+p—H®"
complex  of all combinations Uy
amplitudes of0and 1 |0) v y®f®)
- —
11 100..00) e P

B5 e igg'

: \M“vl LR} E cn!

}“;H«\
D (0 Ay
|01 ..11) gy

= Tl v

. 0 0 I, ¢

: PO P O Bl A

o | 11..11) 1) 1)
N qubits register Clifford qubits gates non-Clifford qubits gates maximally entangled states
2N superposed states H,S, X,Y,Z, CNOT, SWAP T, Toffoli and Rohase enabling a large number of qubits
complex amplitudes single qubit gates with half/quarter turns arbitrary angles rotations

are entangled
in Bloch sphere, discrete # of gates and an infinite # of gates

space advantage superpolynomial speedup

internal memory space can be efficiently simulated per the

advantage, but not for Gottesman-Knill theorem
input/output

necessary (but not entangled states must be
sufficient) condition for larger than what can be
obtaining a superpolynomial simulated classically
speedup, but not sufficient



accélération asymptotique vs pratique

total computing time, linear scale

LN B

classical
computer

intractable
(exponential) problem

exponential or polynomial
theoretical speedup

quantum
computer

—

problem size (N)

the typical way to illustrate quantum computing theoretical speedups.

total computing time, log scale classical
computer
are T,and T, polynomial
compatible with the speedup
use case constraints? quantum
Tp ............................................... computer
exponential

speedup

“prefactors”

number of qubits

Opening the Black Box inside Grover's Algorithm, E. Miles
Stoudenmire and Xavier Waintal, PRX, November 2024.



https://journals.aps.org/prx/abstract/10.1103/PhysRevX.14.041029

types d’accélération quantique

simulations

searches and
combinatorial
optimizations

machine
learning

other

speedups
classical
reference
n = problem
size

o(f(n)

2D Fermi-Hubbard
dynamics

Hamiltonian simulations, QPE (under specific conditions) ¢

VQE
QUBO Deutsch-Jozsa (vs
Grover search exact solutions)
QAOA .
Simon
reinforcement learning
recommendation
variational supervised clusterin
QML variants P & HHL based linear solvers, PDE, PCA, SVM, QFT, QSVT, QSP
ensemble methods (speedup depending on multiple conditions)
Bayesian networks
. Gauss sums
QSvD linear regressions QSLA Shor.factormg and Jones polynomials
discrete log
Dal
0(log(f (1))
weakly tial
unknown superpolynomial éxponentia
(heuristics) . O(f (ny'o8°8™) . 0 (fm o™
quadratic o(fm°®) superpolynomial o1
Y Y
NISQ or limited quantum advantage for FTQC QPUs

Understanding Quantum Technologies by Olivier Ezratty, as of Septemnber 2026.



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

T le calcul quantique fait ap_pel el
v beaucoup de calcul classique

software pipeline

L \ middleware
other classical

. uantum algorithm
computing tasks q g

+ + e compilation.
* optimization.
classical software quantum q circuit partitioning.
circuit * QEC/ FTQC circuit generation.
* circuit libraries and framework.
« data ingestion and * resource estimators.
reparation compiled
problem data —p  Drepe . . P .
* circuit generation —— circuit
* feed forward ¢ *
job run < * QPU job scheduling.
| * HPC scheduling.
) v
shots » « error mitigation / detection.
v sampling < * error syndrome detection.

* post-processing +— . . .
oroblem input/output > f:rii/r;i?::m signal generation.
generic software + ’
problem specific software » verification and certification.

result >
quantum stuff * security.
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composantes d’un ordinateur quantique

informatique électronique qubits isolés cryogénie

helium 4

compresseur
externe

helium 3

pompe a
vide

filtre a
azote
liquide
compresseurs
pompes
filtres

(cc) Olivier Ezratty, 2025

puce quantique

pour des qubits supraconducteurs ou spins dans le silicium
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ou on est ...

ordinateurs quantiques « analogiques »

&% Pasqal DiWAUE

The Quantum Computing Company™

ordinateurs quantiques bruités « NISQ »
(noisy intermediate scale quantum)

et ou on veut aller

ordinateurs quantiques tolérants aux fautes
« FTQC » (fault tolerant quantum computers)

objectifs

plus grande capacité de calcul.
« avantage quantique » vs le calcul classique.

moyens

mécanismes de correction d’erreurs.
plus grand nombre de qubits physiques.
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la fin du monde (Internet) approche-t-elle?

r il

A lceberg Quantum

L

The Pinnacle Architecture: Reducing the cost of breaking RSA-2048 to 100 000 physical

qubits using quantum LDPC codes @ O_C TR L

Paul Webster,” Lucas Berent, Omprakash Chandra, Evan T. Hockings,
Nouédyn Baspin, Felix Thomsen, Samuel C. Smith, and Lawrence Z. Cohen’
Iceberg Quantum, Sydney Heterogeneous architectures enable a 138x reduction in physical qubit requirements

X for fault-tolerant quantum computing under detailed accounting
https://arxiv.org/abs/2602.11457

Pranav S. Mundada,* Aleksei Khindanov,! Yulun Wang,? Claire L.

Edmunds, Paul Coote, Michael J. Biercuk, Yuval Baum, and Michael Hush
Q-CTRL, Los Angeles, CA USA and Sydney, NSW Australia
(Dated: April 15, 2026)

https://arxiv.org/abs/2604.06319

Oratomic

Shor’s algorithm is possible with as few as 10,000 reconfigurable atomic qubits

Madelyn Cain®*f, Qian Xu"?** Robbie King', Lewis R.B. Picard!, Harry Levine'3, Go gle

Manuel Endres'2, John Preskill2, Hsin-Yuan Huang'2, Dolev Bluvstein2$

) " Oratomic, Pasadena, California 91125, USA Securing Elliptic Curve Cryptocurrencies against Quantum Vulnerabilities:
California Institute of Technology, Pasadena, California 91125, USA R Esti t d Mitigati
3 Department of Physics, University of California, Berkeley, California 94720, USA esource bstimates an 1rigations
fmeain@oratomic.com, iqzu@omtomic.com, § dbluvstein@oratomic.com
* These authors contributed equally Ryan Babbush,'** Adam Zalcman,':! Craig Gidney,'** Michael Broughton,!
(Dated: March 31, 2026) Tanuj Khattar,! Hartmut Neven,! Thiago Bergamaschi,’? Justin Drake,> and Dan Boneh*
1 . p . .
. Google Quantum Al, Santa Barbara, CA 93111, United States
httpS//a rXIV.OrE,/a bS/Z 60328627V1 2 Department of Camputer Science, University of California Berkeley, Berkeley, CA 94720, United States

3 Bthereum Foundation, Zeughausgasse 7a, 6300 Zug, Switzerland
4 Department of Computer Science, Stanford University, Stanford, CA 94805, United States
(Dated: April 17, 2026)

https://arxiv.org/abs/2603.28846
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physical error rate
assumptions by quantum
error correction resource
estimates

99.9% single qubit gate
fidelity

99.9% two qubit gate
fidelity

99.9% idle state fidelity
99.9% reset fidelity
99.9% readout fidelity

guantum physics.
materials.

high-quality manufacturing.

high-quality qubit control.
unknown noise sources.

number of physical qubits (log scale)
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Cold atoms
Donor spin
Photons

Silicon
Superconducting
Trapped ions

path to fault
tolerance (FTQC)

new results
since 11/2025
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source: Olivier Ezratty, October 2026



calcul quantique dans le cloud
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un défi énergétique ?

Technology

Some quantum computers might need more power than
supercomputers

- - A preliminary analysis suggests that industrially useful guantum computers designs come with a broad spectrum of energy footprints, including
CIen Is some larger than the most powerful existing supercomputers

By Karmela Padavic-Callaghan

B9 8January 2026

https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/

NEWS / ARTICLE

How much electricity does a
quantum computer need?

PHYSICS JUN 15, 2026

TODAY The question is attracting attention amid rising energy use by classical computing data
centers.

DOI: 10.1063/pt.41fbb5d95¢

9 Jenessa Duncombe

https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need



https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://www.newscientist.com/article/2509492-some-quantum-computers-might-need-more-power-than-supercomputers/
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need
https://physicstoday.aip.org/news/how-much-electricity-does-a-quantum-computer-need

sources de consommation d’énergie

calcul classique

controle des qubits
électronique et photonique

cryogénie



sources de consommation d’énergie

photons ions and neutral atoms superconducting & spin qubits
o classical part of quantum algorithms (qubit type independent)
=
= pre-processing during processing post-processing
£ ¢ quantum circuit generation (data ¢ qubit drive and readout. « collecting and processing circuit
S encoding, block encoding, ansatz). « circuit shots drive. sampling results.
© * code compiling and optimizing or « conditional circuit execution. ¢ quantum error mitigation &
% minor embedding in analog  error syndromes decoding (FTQC). suppression (NISQ).
quantum level b modes. « classical optimizer (VQA). « any additional classical processing.
(8]
costs
gate calibration, tuning control electronics and photonics
coherent gate
operations S room temperature electronics and controls, including QPU interconnect
reversible =i FPGA, ASICs, AWG, mux/demux, DAC/ADCs, tone pulses generation, direct RF synthesis
S photonic circuits controls
o
S lasers photonic lasers low-temperature active electronics
uncontrolled losses @ circuits JPA, TWPA, HEMT, cryo-CMOS, SFQ/RQL, mux/demux
noise sources = singl SLMs, AODs
gle ion ;
photon photon traps ccb/cmos low-temperature passive dissipative electronics
sources detectors sensors cables, attenuators, filters
readout and reset
irreversible, increases w cooling (water/air) dilution cryostat — 15mK to 1 K
entropy E
o 4 K compressor for dilution, vacuum chambers, photon sources, photon detectors
S
engineered = . .
dissipation 4 K compressor cooling (water/air)
controlled

vacuum pumps ultra-vacuum pumps vacuum pumps

Understanding Quantum Technologies by Olivier Ezratty, as of Septemnber 2026.
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estimations de puissances consommeées

FTQC
HPC

FTQC
FTQC
FTQC

HPC
FTQC

FTQC
HPC
HPC

FTQC

FTQC
HPC

FTQC
HPC
HPC
HPC
HPC
HPC
HPC
HPC
HPC
HPC
HPC

FTQC
HPC

FTQC

N

\'\l—

AQT (20 PQ)
ORCA Computing PT-3 (120 gumodes)

Nvidia DGX H100 270 teraflops
QuEra (256 PQ)
Quantinuum Helios (98 PQ)

Pegasus (Japan) 4 teraflops rmax
IBM System Two with Heron (3x156 PQ)

Anvil Purdue University (USA) 3.5 petaflops rmax
EDF Selena (France) 5 petaflops rmax

Marenostrum 5 GPP (Spain) 725 petaflops rmax

LUMI (Finland) 379 petaflops rmax

Alps (Switzerland) 434 petaflops rmax
Leonardo (Italy) 241 petaflops rmax

HPC6 (ltaly) 477 petaflops rmax

Sunway TaihuLight (China)

JUPITER Booster (Germany) 1 exaflops rmax
Frontier (USA) 1.353 exaflops rmax

El Capitan (USA) 1.8 exaflops rmax

Fugaku (Japan) 448 petaflops rmax

Aurora (USA) 1 exaflops rmax

LineShine (China) 2.2 exaflops rmax

FTQC potential market in units per power range using HPC comparables

<€——— 179th largest |:|PC in peak power

<€—— on-premise Corp HP:C, 68th largest HP¢ in peak power

(—-— 14th largest HPC in peak power

(—-— 12th largest Hﬁ’C in peak power

T T T T

N QD Q QD
& &% ¥ &

D

O
v ~ » X

T

O
Q
’19

65F
N

peak power consumption (log scale)

estimate base power for
various FTQCs and actual
for existing largest HPCs
WW and NISQ QCs. HPC
source: TOP 500 and
Nvidia. FTQC sources:
vendor data or data
reconciliation.

PQ: physical qubits
LQ: logical qubits.
MQ: megaquop (logical
operations).

TQ: teraquop.

source: Understanding Quantum Technologies 2026, Olivier Ezratty, September 2026



#QE!

o why
the quantum energy initiative
quantum-energy-initiative.org/
what
how

QEI 2025 (Grenoble) and 2026 (Barcelona)

ICT energy consumption is growing fast.

most quantum technologies will add an incremental
energetic cost to existing ICT.

it is time to work on this as quantum technologies
and applications are designed.

responsible innovation imperative.

build a new science and engineering field.
create full-stack methodologies and standards to
evaluate, optimize, and benchmark quantum
technologies energy consumption.

favor integrative full-stack approaches.

QEl scientific board (10).

QEl community (545 participants from 67 countries) *.
QEl workshops (2023 in Singapore, 2025 in Grenoble,
2026 in Barcelona, 2027 in Lisbon).

QEI IEEE standards Workgroup.

~30 industry partners including IBM, Quandela, etc.

*: as of September 28, 2026
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un nouveau champ scientifique

I'appel initial publications standardisation

arXiv Papers Mentioning Quantum Energetics (Log Scale, 2014-2025)

R T EEE
| Perspective | PRX QUANTUM 3, 020101 (2022) —e— Quantum Energetics (keyword-filtered) € B
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Optimizing Resource Efficiencies for Scalable Full-Stack Quantum Computers 4001
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Quantum Technologies
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