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what makesEU* unigue In quantum

1. strongpublicresearchandacademia
2. dynamicquantum industry ecosystem
3. enablingtechnologies leadership

4. HPC anctarly pilot projects

5. responsibleinnovation
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publicresearchand academia
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Quantum technologies: patent applications vs. scientific publications across the world by SéRagiidand Michel Kurek, Novemb&n21



globalinvestmentsin quantum

source: Olivier Ezratty
compilation,
September 2023, on a
5-year period, past,
present or future
depending on the
country. Euro/$ parity.
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dynamicquantum industry ecosystem



guantum industry vendorsper country

Country
USA

UK

France
Canada
Germany
Japan
China

India
Switzerland
Netherlands
Spain
Finland
Israel
Australia
Italy
Denmark
Singapore
Sweden
Russia

- Computing

67
23
14
33
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Enabling SensingServicesComm - Sedotal

44
16
29
8
20
7
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8
10
5
4

4
5
4

32
19
6
14
7
4

=
o

P NWNWWNWOO O,

I

166
71
63
60
56
25
23
21
19
16
13
13
12
12
11
11
10

6
6

Poland
South-Korea
Taiwan
Austria
Tchekia
UAE
Turkey
Bulgaria
Belgium
Hong-Kong
Estonia
Greece
Lybia

Chile
Ukraine
Bielorussia
Luxembourg
Uruguay
Norway
Columbia
Total

3 2 5
2 3 5
1 1 2 4
8 1 4
1 1 2

2 2
1 1 2

1 1 2
2 2

2 2
2 2
2 2
1 1
1 1

1 1
1 1
1 1

1 1
1 1
1 1

271 166 58 25 136 656

source : Olivier Ezratty compilatioBeptember2023



Europeis#1 innumber of industry

vendorsin quantum technologies

with a strongerhold on enabling
technologies

quantum enabling
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funding vs 64% in North Americaith an
equivalentnumber of companies

source : Olivier Ezratty compilation, August 2023
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hybrid HPC/quantumcomputing
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guantum emulator appliances

A density-matrix renormalization group algorithm for simulating quantum circuits
with a finite fidelity

Thomas Ayral,! Thibaud Louvet,? Yiqging Zhou,® Cyprien Lambert,! E. Miles Stoudenmire,* and Xavier Waintal®

! Atos Quantum Laboratory, Les Clayes-sous-Bois, France
m 2PHELIQS, Université Grenoble Alpes, CEA, Grenoble INP, IRIG, Grenoble 38000, France
q Quamum 3 Department of Physics, Cornell University, Ithaca, NY 14853, USA
’ 4 Center for Computational Quantum Physics, Flatiron Institute, New York, NY 10010, USA
3 LeammgMachine (Dated: August 30, 2022)
. &

We develop a density-matrix renormalization group (DMRG) algorithm for the simulation of
quantum circuits. This algorithm can be seen as the extension of time-dependent DMRG from the
usual situation of hermitian Hamiltonian matrices to quantum circuits defined by unitary matrices.
For small circuit depths, the technique is exact and equivalent to other matrix product state (MPS)
based techniques. For larger depths, it becomes approximate in exchange for an exponential speed
up in computational time. Like an actual quantum computer, the quality of the DMRG results is
characterized by a finite fidelity. However, unlike a quantum computer, the fidelity depends strongly
on the quantum circuit considered. For the most difficult possible circuit for this technique, the
so-called “quantum supremacy” benchmark of Google Inc. [1], we find that the DMRG algorithm
can generate bit strings of the same quality as the seminal Google experiment on a single computing
core. For a more structured circuit used for combinatorial optimization (Quantum Approximate
Optimization Algorithm or QAOA), we find a drastic improvement of the DMRG results with error
rates dropping by a factor of 100 compared with random quantum circuits. Our results suggest that

EVId e nQ aptlva / Ato S Q L M the current bottleneck of quantum computers is their fidelities rather than the number of qubits.
emulates up to40 qubits with full state https://arxiv.org/abs/2207.05612
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https://arxiv.org/abs/2212.03223
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businessesvho couldfail inloans
reimbursements

data set 20 years+ 90 000itemswith
150featureson 2000companiesn 10
verticalsand 100 sub-verticalsfrom
70 countries.65 000items in training
data and26 000items for tests.

guantum advantage couldshow up
with 150- 342 neutralatomswhen
comparedto a bestin-classclassical
tensornetwork, 2,800atomsfor the
more precisesubsamplingnethod.
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