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the second quantum revolution
superposition

linked to wave-particle
duality and linearity of 
Schrödinger’s equation

entanglement

state correlation of 
distant quantum objects,

but random and after
measurement

individual control of 
quantum objects

electrons, photons, 
atoms

quantum computing

quantum telecommunications

quantum cryptography

quantum sensing
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ultrasensitive quantum 
gravimeters

ultrasensitive magnetometers

210 fT/ Hz

quantum sensors examples

medical imaging
non destructive control

construction, 
exploration

ultrasensitive 
spectrography

dangerous gas detection

https://www.oezratty.net/wordpress/wp-content/Qnami-logo.jpg
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NV centers cold atomsatomic clocks

quantum sensing vendors
SQUIDsoptical sensing
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mini-cryostats

(cc) Olivier Ezratty, 2023-2024

other

https://www.oezratty.net/wordpress/wp-content/Qnami-logo.jpg
https://www.oezratty.net/wordpress/wp-content/QDTI.jpg
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quantum Internet (security) 
and distributed quantum 
computing

ingredients:
• (entangled) photons sources
• photons detectors
• quantum key distribution
• quantum repeaters
• quantum teleportation
• protocols
• applications

quantum telecommunications

(cc) Olivier Ezratty, 2023

Vienna
2008
SECOQC, 5 nodes, 20/25 km

Geneva 
1993, 1995, 2007, 2018 (400 km)

Cambridge – London -
Bristol 2018

Nice/Sophia 
2020

3 sites

Canaries
2007/2010

144 km free to air

Italian Quantum Backbone (IQB) 1,850 km 
QKD link connects Turin, Milan, Bologna, …, a 
150 km fiber reaches Modane in France, and 
connects to Grenoble, Lyon and Paris, then
Europe + Padua satellite/ground QKD 
experiment

Germany
QKD project, 165M€

2019-*
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Ile de France 
2020-*

OpenQKD project

Tchekia
OpenQKD project

2019

Athens
2019
OpenQKD project DataCom

Netherlands
Delft, Leiden, 

Amsterdam, The Hague 
OpenQKD project 2019

Madrid
2018

Telefonica & Huawei

Barcelona 
2020

Poznan
2021

Italy-Slovenia-Croatia network

Denmark
Dantze Bank

DTU
2022

Ireland 
2022
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quantum technologies

quantum telecommunications

classical technologies

QRA
quantum resistant cryptography

classical cryptography resisting to 
quantum algorithms

Quantum Key Distribution (QKD)

V1
first generation, 

prepare-and-measure 
based, protects public 

keys sent through 
optical links, use 
trusted nodes as 

repeaters

PQC
post-quantum 
cryptography

new classical asymmetric 
keys and signatures 

resisting to quantum 
algorithms

QRNG
quantum random key 

generators
ensure the quality of 

public keys in classical 
and quantum 
cryptography

QCKA
Quantum Conference 

Key Agreement
entangled quantum 

keys shared with 
more than two 

parties.

entanglement distribution
entangled photons distribution 

to multiple parties

V2
second generation, 

entanglement based,
protects public keys 
sent through optical 
links, use memory 
based repeaters

symmetric keys
classical cryptography 

already resistant to 
quantum algorithms (AES, 

…) quantum repeaters
with quantum memory, enable 

entanglement sharing over 
long distances

quantum Internet
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distributed quantum computing
connection between quantum computers and 

sensors, blind quantum computing

QSDC
Quantum Secure 

Direct Communication
quantum data 

transfer without 
encryption keys

quantum 
computing 

cryptography
generated by a 

quantum computer

quantum teleportation
teleporting one qubit state to another 
qubit using entanglement distribution
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quantum computing promise

solving
intractable / 
exponential
problems in 
reasonable

time

co
m

p
u

ti
n

g 
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m
e

problem size

reasonable time 
depending on the 

use case

classical computing
(now and soon)

quantum 
computing
(some day)

theoretical quantum 
computing speedup 

(exponential, quadratic)

unreasonable 
time
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typical exponential problems

iℏ
𝜕𝛹(𝑥,𝑡)

𝜕𝑡
 = −

ℏ2 

2𝑚

𝜕2𝛹(𝑥,𝑡)

𝜕𝑥2
+ 𝑉 𝑥 𝛹(𝑥, 𝑡)

solving Schrodinger’s wave equation 
to simulate quantum matter

combinatorial optimizations

machine learning
and deep learning

solving partial derivative equations

breaking asymmetric 
cryptography keys
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quantum computing usage categories
research operations

drugsbatteries

fertilizers production materials design condensed matter
physics

high-energy
particle physics

transportation

logistics

telecoms

financial services

manufacturing marketing

delivery energy utilities

semiconductors

astrophysics
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what is a qubit?

two-level state controllable 
quantum object

basic unit of quantum information

vector in a 2-dimension 
complex numbers Hilbert space

m
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| ⟩𝛹 = |𝛼 ⟩0 + |𝛽 ⟩1

|𝛼|2 + |𝛽|2 = 1 

complex numbers
amplitudes

probabilities and Born 
normalization constraint

y

x 

z

θ

 

| ⟩

|1⟩

|0⟩

e-

| ⟩0

| ⟩1 | ⟩1

| ⟩0
| ⟩0

| ⟩1

separable 
atom energy 

level

electron or 
nucleus spin 
orientation

photon mode 
(polarization, 

number, frequency)

(c
c)

 O
liv

ie
r 

Ez
ra

tt
y,

 2
0

2
3

-2
02

4

Bloch sphere representation 
with amplitude and phase
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N qubits handle the equivalent 
of 2N+1 real numbers during 
computation

it benefits from quantum 
parallelism brought by 
superposition, engtanglement 
and interferences

layout of a 133-qubit processor from IBM
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measurement
ends superposition 
and entanglement

N qubits registers
information in 2N

superposed states

outputs
N probabilistic
classical bits

quantum gates
act on qubits and on all 
the register amplitudes

(c
c)
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from computing to measurement
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| ⟩

|1⟩

|0⟩

𝟎𝟏𝟎…0𝟏𝟏
(N 0s and 1s)

𝛼1
…
…
…
…
𝛼2𝑁

00…00

11…11

01…11

of all combinations 
of 0 and 1

complex
amplitudes

entanglement gates

large internal
data space

but slow I/Os

speedups brought by 
algorithms design and 

entanglement

probabilistic
outcomes in most

cases

« quantum circuit »sp
ac

e
(q

u
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#)

time

⋮

⋮

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]]}
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a new programming model

https://algassert.com/quirk

online open source tool to learn, program
and emulate up to 16 « perfect » qubits

scripted Python codevisual quantum circuits design

IBM Qiskit, Google Cirq, Eviden Qaptiva
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main qubit types

quantum states atom energy level
electron spin 
orientation

photo polarization (or 
other property)

atoms and ions electron spins photonssuperconducting

interactions laser pulses and/or 
microwaves

interferometers, polarizing 
beam splitters, ...

physical aspect

loop phase or energy

microwave pulses and/or DC current

 0

 1
e-
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quantum & classical computing paradigms

gate-based
quantum 
annealing 
computers

quantum 
emulators
running quantum 

computers code on 
classical computers, 

for training, 
debugging and testing

general purpose quantum computing,
adds search and integer factoring

optimization problems and quantum 
physics simulation

quantum algorithms 
debug and testing

analog 
quantum 

simulators

analog quantum computers

NISQ (Noisy Intermediate
Scale Quantum) 

no error correction 
with a few noisy qubits

digital quantum computers

FTQC (Fault-Tolerant 
Quantum Computers) 
error correction and 

fault tolerance

classical computers

(c
c)
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quantum 
inspired

classical algorithms 
running on classical 
computer, inspired  

by quantum 
algorithms.

classical algorithms 
improvements
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super-conducting topologicalvacanciesannealing silicontrapped ions photonscold atoms

(cc) Olivier Ezratty, 2023

electron superconducting loops & controlled spinatoms photons

       
                 

       
                 

QPUs vendors per qubit type
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France QPU startups

qubits de chats siliciumions piégés photonsatomes froids

(c
c)
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électronsatomes photons

       
                 

       
                 

nanotubes 
de carbone

2020
30 M€

2022
19 M€

2021 2017
70 M€

2019
140 M€

2020
10 M€
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inside a typical quantum computer
qubits control electronics

microwave generators, readout 
systems and various electronics

computing
servers, network,

software, data

cryogenic installation
helium 3 & 4

gas pumps and compressor

quantum chipset
@ 100mK-1K (silicon) 

or 15mK (superconducting)
and lots of electronics

« chandelier » in cryostat
where quantum stuff happens!

15mK

(c
c)
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HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

Signal Input Signal Output Trigger Aux output

1 2 1 2 1 2 1 2 3 4

UHFQA

Zurich
Instruments

Quantum Analyzer
600 MHz 1.8GSa/s

Signal Input Signal Output Trigger Aux output

1 2 1 2 1 2 1 2 3 4

UHFQA

Zurich
Instruments

Quantum Analyzer
600 MHz 1.8GSa/s

Signal Input Signal Output Trigger Aux output

1 2 1 2 1 2 1 2 3 4

UHFQA

Zurich
Instruments

Quantum Analyzer
600 MHz 1.8GSa/s

Signal Input Signal Output Trigger Aux output

1 2 1 2 1 2 1 2 3 4

UHFQA

Zurich
Instruments

Quantum Analyzer
600 MHz 1.8GSa/s

Signal Input Signal Output Trigger Aux output

1 2 1 2 1 2 1 2 3 4

UHFQA

Zurich
Instruments

Quantum Analyzer
600 MHz 1.8GSa/s

Signal Input Signal Output Trigger Aux output

1 2 1 2 1 2 1 2 3 4

UHFQA

Zurich
Instruments

Quantum Analyzer
600 MHz 1.8GSa/s

Signal Input Signal Output Trigger Aux output

1 2 1 2 1 2 1 2 3 4

UHFQA

Zurich
Instruments

Quantum Analyzer
600 MHz 1.8GSa/s

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

HDAWG Arbitrary Waveform Generator
2.4 GSa/s 16 bits

PQSCZurich
Instruments

Programmable
Quantum
System
Controller

for superconducting or electron spin qubits

compressors
pumps
filters

external 
compressor

helium 3 & 4

water
vacuum
pump 4K
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key hardware challenges

qubits fidelities errors mitigation and correction quantum interconnect

enabling technologies scalability energy consumption quantum memory
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raw algorithm fidelities requirements

N 
qubits

desired error rate <
𝟏

𝑵×𝑫

computing depth D

CNOT

time

0
0
0
0
0
0
0
0
0
0
0
0
0
0

ToffoliX

initialization readout

N 

qubits

D 

depth

required 

error rate 

(%)

required 

fidelity (%)

available 

fidelity (%)

50 100 0.02000% 99.98% 99.30%

133 300 0.00251% 99.9975% 99.6%

433 1000 0.00023% 99.9998% 98%

1121 2000 0.00004% 99.99996% N/A

qubit errors quickly kills 
quantum computing accuracy

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]]}
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badgood

state of the art
easy to emulate classically, 

too noisy to be useful

useful NISQ* 
requirements

Q
EM

 
w

in
d

o
wwith quantum 

error mitigation

* NISQ = noisy intermediate
scale quantum computers.
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physical qubit

logical qubit
error rates ≈0.1%

error rate <10-8 to <10-15

https://arxiv.org/abs/1202.2639 

logical qubits and FTQC

fault tolerance
avoid error propagation and amplification

implement a universal gate set
fault-tolerant results readout tens to thousands qubits

error correction code
threshold, physical qubits overhead, 

connectivity requirements, syndrome 
decoding and scale

+

https://arxiv.org/abs/1202.2639
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Microsoft-Quantinuum logical qubits

https://arxiv.org/abs/2404.02280

claim: logical qubit with x800 improvement vs physical qubit

reality: x800 improvement only for the first gate cycle!
https://scottaaronson.blog/?p=7916#comment-1973425 

https://arxiv.org/abs/2404.02280
https://scottaaronson.blog/?p=7916#comment-1973425
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source: How about quantum computing? by Bert de Jong, DoE Berkeley Labs, June 2019 (47 slides) + Olivier Ezratty additions, 2021-2024.

condensed
matter

simulation

Shor 2048 
integer

factoring

complex
chemical

simulations

logical qubits requirements

pricing
derivatives

VQE, QAOA, 
QML

NISQ FTQCtopological
data analysis

(TDA) FTQC QML
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badgood

state of the artneed
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key software challenges

actual speedups actual computing time

tensor networks competition

data loading

benchmarking coding abstraction level

uniform 
superposition

basis 
encoding

amplitude 
encoding QuAM

qRAM 
encoding

oracle 
based 
algorithms

uncompute 
trick

amplitude 
amplification

phase 
shift and 
kickback

function 
table

state preparation unitary transformations

…

…

arithmetic
+ - / x

log cos
sin tan

…
non-oracle 
based 
algorithms

QML, 
Shor…

quantum memory

other 
patterns

QFT, 
     …

angle 
encoding

m
o

re
 e

n
co

d
ed

 d
at

a

0

N bits

N or 2N reals

2N+1-1 reals

qRAM 
and/or 
classical 

data access

Quantum 
Associative 

Memory

classical 
data

Quantum 
Random
Access 

Memory
classical

machine language

assembly

C language

C++

 ava       …

« no-code »

q
u

an
tu

m

Python frameworks

control electronics instructions

gate-code (after transpiling)

gate-code (before transpiling)

…

…

application specific environments

Python + apps frameworks

sa
m

e
ab

st
ra

ti
o

n
le

ve
lw

it
h

q
u

b
it

 g
at

es

bit

byte

arrays
strings

objects

objects

objects

qubit

qubit

qubit

qubit

qubit

pulse

data structures

user data

le
ve

lo
f 

ab
st

ra
ct

io
n

qubit fidelities

speed

qubits number

energetics

low-level 
algorithms

higher-level
algorithms

randomized
benchmarking

QV

CLOPS

BACQ

co
m

p
u

ti
n

g 
ti

m
e

problem size

classical 
computer

quantum 
computer

what the 
quantum 

computing 
theoretician 

sees

co
m

p
u

ti
n

g 
ti

m
e

larger problem size

more  
years

what classical 
computing 

technologists 
are doing

co
m

p
u

ti
n

g 
ti

m
e

very large problem

>100 
years

what the 
user sees

co
m

p
u

ti
n

g 
ti

m
e

problem size

what quantum 
computing 

technologists 
are trying to do

fewer  
years
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superpolynomial

potential quantum speedups

polynomial exponentialweakly superpolynomial

(c
c)
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limited advantage

QPU fixed costs make it difficult to exceed classical computing
capabilities in reasonable times and problem sizes

requires FTQC QPUs

and many logical and physical qubits with higher fidelities than
today, and preferably monolithic QPUs

quadratic

unknown
heuristics

simulations VQE amplitude estimation QPE for chemical simulations

searches and 
combinatorial 
optimizations

QUBO

QAOA

Grover search

quantum walks
semidefinite programs 

Deutsche-Jozsa (no use)

Simon, Bernstein-Vazirani

machine 
learning

variational
QML 

variants

reinforcement learning

recommendation

ensemble methods

Bayesian networks

and deep learning

SVM

PCA

k-means

convolutional networks

other
Quantum Monte Carlo

primality proofs

HHL (linear equations)

QSLA for PDEs

QFT & period finding

Shor factoring & d-log

speedups
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space speed quality energetic cost

of all combinations 
of 0 and 1

complex
amplitudes

TCO
ROI

€ $ £

quantum advantages taxonomy

the qubit register 
data space - scaling 

in 2N complex 
numbers with N 

qubits - exceeds the 
memory capacity of 
classical computers.

a quantum algorithm, 
including its classical 
part, runs faster than 
an equivalent best-in-

class classical 
algorithms running on 

either the largest 
supercomputers or a 

given HPC 
configuration.

the quality of the results 
of a quantum algorithm is 
better for some respect 

than the best-in-class 
classical algorithms. e.g: 

an error rate of a machine 
learning classification, a 

chemical simulation 
accuracy, or a better 

combinatorial problem 
solution.

a fully-burdened 
quantum computer and 
algorithm configuration 
consumes less energy 
than the best-in-class 
classical equivalent.

the total cost of the 
quantum solution is 
lower than the total 

cost of a best-in-
class classical 

solution.

Krisztian Benyo 
(Pasqal) 

today’s talk
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a long journey

2030 203520252020 2040

naive path

q
u
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m
 c

o
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r

NISQ – Noisy Intermediate Scale Quantum Computers FTQC –Fault Tolerant Quantum Computersfirst QCs

(c
c)
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3

small scale
experiments

early quantum 
advantage

more generic and large 
scale quantum advantage

analog QC

viable NISQ?

early FTQC
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quantum computing cloud offerings

(c
c)
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12-32 qubits

hybrid
computing

centers

e
m

u
la

ti
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n
q

u
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m

 c
o

m
p

u
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n
g

80 qubits

32 qubits 32 qubits

5000 qubits (annealing)
5 to 133 qubits

40 qubits
40 qubits30 qubits34-50 qubits

11 qubits

8 qubits

80 qubitsin 2023

hybrid 
quantum

100 qubits (simulation)

…

and also

100 qubits (simulation)
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Europe early evaluation examples
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what is being practically done

gate-basedquantum 
annealing 
computers

quantum 
emulators

• low-level physics 
simulations (“IBM 
quantum utility” with 127 
qubits and kicked Ising 
model).

• creating and testing 
algorithms at small scale 
(QML, optimizations, 
chemical simulations).

• solving optimization problems at mid-
sized scale, in transportation 
(Volkswagen, Denso), retail (Ocado, 
Pattison), job shop scheduling and 
financial services (Mastercard, CACIB).

• physics simulations (statistical physics, 
spin glass, ferromagnetism, topological 
matter, …).

• potential energetic advantage.

• code learning.

• code debugging.

• designing new 
algorithms.

• simulating qubit 
physics.

• simulating error 
correction codes.

analog 
quantum 

simulators

analog quantum computers

NISQ (Noisy Intermediate
Scale Quantum)

digital quantum computers

FTQC (Fault-Tolerant 
Quantum Computing)

classical computers

(c
c)
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quantum 
inspired

• financial services 
solutions 
improvements.

• machine learning 
improvements.

• large algorithms and 
resource estimations.

• creating and testing
error correction 
codes (Google, 
Quantinuum, QuEra, 
PsiQuantum, …).
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why study quantum computing now?

1.  understand the quantum computing technology and buzz.

2.  become ready when quantum computing delivers.

3.  attract high-level talent in your organization.

4.  challenge and revisit legacy classical solutions.

5.  envision lower energy consumption in HPC applications.
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industry vendors ecosystem
computing software cybersecurity sensing

cryogeny

photonics

electronics

manufacturing materials

(c
c)
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https://www.oezratty.net/wordpress/wp-content/Secure-IC.jpg
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discussion


	Slide 1: à la découverte  des technologies quantiques
	Slide 2
	Slide 3
	Slide 4: the second quantum revolution
	Slide 5: quantum sensors examples
	Slide 6: quantum sensing vendors
	Slide 7: quantum telecommunications
	Slide 8: quantum telecommunications
	Slide 9: quantum computing promise
	Slide 10: typical exponential problems
	Slide 11: quantum computing usage categories
	Slide 12: what is a qubit?
	Slide 13
	Slide 14: from computing to measurement
	Slide 15: a new programming model
	Slide 16: main qubit types
	Slide 17: quantum & classical computing paradigms
	Slide 18: QPUs vendors per qubit type
	Slide 19
	Slide 20: France QPU startups
	Slide 21
	Slide 22: inside a typical quantum computer
	Slide 23: key hardware challenges
	Slide 24: raw algorithm fidelities requirements
	Slide 25
	Slide 26: logical qubits and FTQC
	Slide 27: Microsoft-Quantinuum logical qubits
	Slide 28: logical qubits requirements
	Slide 29
	Slide 30: key software challenges
	Slide 31: potential quantum speedups
	Slide 32: quantum advantages taxonomy
	Slide 33: a long journey
	Slide 34: quantum computing cloud offerings
	Slide 35: Europe early evaluation examples
	Slide 36: what is being practically done
	Slide 37: why study quantum computing now?
	Slide 38: industry vendors ecosystem
	Slide 39
	Slide 40: discussion

