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« Main goal

« A measuring instrument for the objective evaluation of the quantum computing practical performance

« Unbiased, “universal”, long-lasting, reproducible, widely-used and recognized to serve as common

reference
Benchmarks adapted to
analog to gate-based machines
* Purpose NISQ to FTQC

« Comparing different quantum computing technologies with classical computers
* Assessing the progress towards useful guantum computing
« How?

* An open-access set of benchmarks close to real applications, meaningful for industrial end-users
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BACAQ: A collaborative R&D project ) BACQ
MetriQs-France
« Key figures  Access to QC and emulators
« 3-year project (Sept. 2023 - August 20206) « Direct collaboration with QPU providers
o partners:Thales, Eviden, CEA, CNRS, Teratec, LNE « HQI/CEATGCC (HPC-QQ)
« 72FTE/year « EuroHPC (EU QC hosting sites)
« 3,9 M€ budget « Eviden Qaptiva Appliance
 Major outcomes after 3 years  Long term vision
« First set of validated application-oriented benchmarks ‘ « LNE, as independent trusted third party:
« Multi-criteria notation model for quantum computers * Makes the benchmarking tools publicly available

« Collects and publishes the evaluation results

« Maximizing impact
» Consultations (Industry — Tech. providers and End-users - , Academia, Gov. agencies...)
« EU and international cooperation (R&D teams, benchmarking initiatives...)
« Standardization (AFNOR, CEN-CENELEC, ISO/IEC, IEEE)

« Publications & Communications

war s | N THALES =VIDEN @ @ Teratec - ’
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BACQ: Application-oriented benchmarks for quantum computing

. : - Benchmarks adapted to
“ Scientific approach analog to gate-based machines
NISQ to FTQC

1. Definition of reference problems to be solved

[Optimization - Simulation of quantum physics - Linear system solving - Factorization]

2. Definition of technical metrics for their resolution

[Computational and energetic]

3. Aggregation of the metrics and multi-criteria analysis to derive high-level
operational indicators
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BACQ: The generic reference problems considered

sVIDEN
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Building a future we can all trust
Optimization
(including MAXCUT /
Q-Score)

Simulation
of Quantum Physics
(Ising model in transverse
field, 2D Hubbard model,

BCS model) =\|DEN

T H A L E S an atos business

Building a future we can all trust

Prime factorization
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BACQ: The technical metrics

* [ Simulation of Quantum Physics ]

Many-body Score
Many body fidelity

[ Optimization ]

=VIDEN

Q-score MaxCut

Accuracy indexed by noise level
Compilation-dependent criteria
Probability of obtaining the optimum

Min case/Max case gap with regards to the
optimum

Size of the problem in number of variables,
number of qubits to solve the problem, class of
problem addressed

Building a future we can all trust

79 BACQ

MetriQs-France

« [Linear Systems Solving ]

Accuracy indexed by noise level
Compilation-dependent criteria

Probability of solving the problem, number of
variables and precision in qubits

Algorithm-dependent energetic criteria

« [ Factorization |

Probability to factorize

Size in bits of the calculated number

« [ Generic |

© Eviden SAS - Confidential

E g LN THALES EWDEN

atos bus

Computation time
Latency

Energetic Criteria

More to be added...
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BACQ: Aggregation of the metrics into high-level operational indicators

Overall evaluation ]

ir

X 51

BACQ

'/ MetriQs-France

(MaxCut, HOBQ, 5-Path)

( Analytlcal MN-Body ) g Dptlmlzatlon

Linear systems Solving
(sparse/Dense matrix)

Q-score Many-Body

|
) ( Factorization )
|

Probability to factorize

Q-score MaxCut

L Accuracy indexed by noise level
Many-Body Fidelity

Size in Qubit of the calculated number

Accuracy indexed by noise level Probability of solving the Problem

Prabability of obtaining the optimum Algorithm-dependant Energetic criteria

Problem Formalization

Metrics
normalization

Performance assessment

Meftrics
identification

Metrics
aagregation

Notation
elaboration

Notation
explanation

With Choquet integral
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* Aggregates all the metrics into a unique
score (allowing ranking the solutions)
* Takes into account: the interacting metrics
the user preferences
* Fully interpretable and explainable
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BACQ Project Overview — See Article for Details
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BACQ - Application-oriented Benchmarks for

Quantum Computing

Delivering an application-oriented benchmark suite for objective multi-criteria evaluation
of quantum computing performance, a key to industrial uses
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https://arxiv.orqg/abs/2403.12205

reliability, is of high interest for potential end-users and crucial

of
technologies MetriQs-France, a part of the French mational  for the future development of the domain, now subject of hype
quantum strategy, the BACQ project is dedicated to application-  gnd high competition. The challenges, especially to achieve

ks for

The consortium comparable measurements, comes from the diversity of the

gathering THALES, EVIDEN, an Atos business, CEA, CNRS, hardware platforms, their specificities in terms of physical
TERATEC, and LNE aims at establishing performance  japcteristics and applications, their maturity that can still be

criteria of

Ke ds C

ful for industry users.

low, and the potential rapid evolution of the technologies.

Quanium  Emulator, Qunnfu;r Annealer,
Benchmark, Multi-Criteria Decision

I INTRODUCTION

to 1

Algorith A number of initiatives exist lo benchmark  the

NISQ, FTOC,  performance of les include

Quantum VOLUME [1] and (_LOPS [2] from IBM,
Supermar() [3] from Super-Tech or Quantum LINPACK- [4]
from Berkeley Lab. The metrics used in these previous
approaches are very technical and require familiarity with the

ize multlp]e technology. They therefore do not make it possible to derive

technical ﬁelds and activ ity sectors, from optimization it guerational indicators of the performance of the different
logistics, to simulation for research in physics or chemistry,  fymilies of algorithms executed on the different existing

engineering or industry, passing through cryy
Measuring the progress towards the quantum ad\-anlane and

= | p . Dedicated to the whole value chain

setting up from g hardware develog to industrial

ABORATOIRE
NATIONAL =
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BACQ: Work Break Structure BACQ

'/ MetriQs-France

: Project Management

METRICS T ey MULTI-CRITERIA MODEL
tests definition Other QPUs
Energetic METRICS ! v
. v . . CODES &
: Energetic Criteria on : Implementation Fiybigiel : Emtftgsc::@m
Gate-Based Compuiers / Coding of Tests - Perceval, Pulser
* QPU: PASQAL,...

Norms &

Standards : Analysis &

Consolidation of resulis

1 ' CONSENSUS

¥
Fast Track Q-score
MaxCut on QPUs

QPU Providers

||

Benchmarks . . . . . R&D teams
Prot I : Consultations, Watch, Dissemination & Promotion ‘ T
rortocoils | initiatives
\ End-Users
EVI] DE N © Eviden SAS - Confidential /—\ 12
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BACQ: Metrics elaboration
“ Optimization
* Motivation and applications for optimization problems:

o Proven quadratic advantage (in propagation) in comparison to classical

algorithms
o Scalability of the algorithm
o Predictable behavior and susceptible to noise/errors
o Diverse applications

A quantum walk assisted approximate algorithm for bounded NP

optimisation problems

ud 1. B. Wang

Sehool of Phy of Western Australia

(Dated: April 27, 2018
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Quantum Science and Technology
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Experimental implementation of quantum-walk-based portfolio
optimization

Dengke Qu , Kunkun Wang', Jingbo Wang'© and Peng Xue*
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d Igorith tum walk, 1

Abstract

The application of quantum algorithms has attracted much attention as it holds the promise of
solving practical problems that are intractable to classical algorithms. One such application is the
recent develop ofaq Ik-based algorithm approach to portfolio
optimization under the modern portfolio |hmry framework. In this paper, we demonstrate an
experimental realization of the i hift and i ime quantum walk
unitaries that underpin this quantum algorithm using optical nclworks and single photons. The
experimental analysis confirms that the probability of states corresy g to high-qualit
solutions is efficiently amplified by i unrcdsmg the number of phase-shift and quantum walk
iterations. This work provides strong evidence for practical applications of quantum-walk-based
algorithms such as financial portfolio optimization.
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Quantum Walk-Based Vehicle Routing
Optimisation

T. Bennett, E. Matwiejew, S. Marsh and J. B. Wang*

Department of Physics, The University of Westem Australia, Perth, WA, Australa

This paper demonstrates the applicability of the Quantum Walk-based Optimisation
Algorithm (QWOA) to the Capacitated Vehicle Routing Problem (CVRP). Efficient
algorithms are developed for the indexing and unindexing of the solution space and for
implementing the required alternating phase-walkk unitaries, which are the core
components of QWOA. Results of numerical simulation demonstrate that the QWOA is
capable of producing convergence to near-optimal solutions for a randomly generated
eight location CVRP. Preparation of the amplified quantum state in this example problem is
demonstrated to produce higher-quality solutions than expected from classical random
sampling of equivalent computational effort.

Keywords: quantum walk, quantum optimization, QWOA, quantum circuit, quantum computing

I INTRODUCTION

PHYSICAL REVIEW RESEARCH 2, 023302 (2020)

S. Marsh

Combinatorial optimization via highly efficient quantum walks

“and I B. Wang
Depariment of Physics, The University of Western Australia, Perth, WA 6009, Australia

®)| (Received 6 February 2020; accepted 22 April 2020; published 8 June 2020)

We present a highly efficient quantum cireuit for performing continuous time quantum walks (CTQWS) over
an exponentially large set of combinatorial objects, provided that the objects can be indexed efficiently. CTQWs
form the core mixing operation of a generalized version of the quantum approximate optimization algorithm,
which works by “steering” the quantum amplitude into high-quality solutions. The efficient quantum circuit

holds the promis
the Travelling Salesman Problem, maximum

DOI: 10.1103/PhysRevResearch.2.023302

L INTRODUCTION

Combinatorial optimization problems are known to be
notariously difficult to solve, even approximately in general
[1]. Quantum algorithms are able to solve these problems
more efficiently, with a brute force quantum search offering
2 guaranteed square root speedup over the classical approach
[2.3]. Such a speedup is, unfortunately, insufficient to provide
practically useful solutions, since these combinatorial optimi-
sation problems scale up exponentially.

Farhi er al. [4] proposed the quantum approximate op-
timization algorithm (QAOA), derived from approximating
the quantum adiabatic algorithm on a gate model quantum
computer. to find high-quality solutions for general combina-
torial optimization problems [4]. More recently, we extended
the QAOA algorithm to solve constrained combinatorial op-
timization problems via altcm.mng continuous-time  quan-
sum swalks aver feacible salutions angd

of finding high-quality solutions to certain class
1 splitting

s of NP-hard combinatorial problems such as
graph partitioning, and lattice path optimization.

and quantum information processing [14-25]. CTQWs are
particularly well known for their applications to quantum
spatial search [11,26,27], where the system is evolved for
a sufficient length of time under the addition of the graph
Hamiltonian A and an oracular Hamiltonian encoding the
marked element(s). However, in QWOA we apply CTQWs
independently, where a quantum circuit for (1) = ¢~ is
used to map some initial amplitude distribution over the
vertices to the distribution obtained after “walking” for time
1. The oracular Hamiltonian encoding solution qualities are
then applied sequentially, interleaved with further CTQWs.
Of significance is that, for the graph structures considered in
this paper. the runtime of a QWOA circuit can be made in-
dependent of the walk times. leading to a distinct algorithmic
advantage.

In this paper, we discuss a significant and innovative ap-
plication of QWOA to a wide range of combinatorial do-

Quantum computers may offer a unique advantage when it comes to many
opumlsanun problems. hhere the search for an apuma] mluuon b«omev quickly infeasible due

THALES

we can all trust
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Q-score: A Broader View

« Why Q-score Matters?

o Current guantum metrics often miss the mark on real-world relevance.

o Q-score fills the gap by evaluating quantum systems based on their ability to solve
problems like Max-Cut

o Applications: Circuit design, Data clustering, Network optimization
o Hardware-agnostic, scalable across platforms
o Q-score allows comparison of the true performances of various QPUs

« Application-Centric Benchmarking

o Focuses on practical performance, not just hardware specs

o Reflects how well guantum processors handle optimization tasks that matter to
industry

o Single number metric: maximum graph size (n) solvable above threshold
o Application-driven metrics like Q-score provide transparency and guide users and

manufacturers

« Versatile & Scalable

o Q-score methodology covers not only gate-based QPUs but also analog simulators
and quantum annealers

o Adaptsto evolving quantum platforms and algorithms

EV[I DE N © Eviden SAS - Confidential
T THALES =VibeN @ @

o metRbi oI
we can all trust an atos business

Quantifies the performances of quantum
devices in solving combinatorial problems

@IEEE Transactions on

Quantum Computing uantumEngineering

Benchmarking Quantum Coprocessors in
an Application-Centric,
Hardware-Agnostic, and Scalable Way

SIMON MARTIEL"', THOMAS AYRAL"', AND CYRIL ALLOUCHE
France
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Understanding Quantum Benchmarks with Q-score Max-Cut

o Q-Score is associated with the effective number of qubits that a specific
guantum stack comprising both quantum hardware and optimization software
such as compilers can utilize to solve a combinatorial optimization problem
known as the Maximum Cut problem z

o Q-score, introduced by Atos in 2021 Zi

o Based on Max-Cut optimization problem: Max-Cut = partitioning graph nodes
into 2 sets, maximizing edges across the cut

o Typically implemented with QAOA (but adaptable: VQE, etc.)

o QAOA: uses parameterized quantum circuits optimized by classical algorithms

o Expect more Q-score like variants for different use cases beyond optimization
problems

o Collaboration with international scientists and QPU manufacturers to refine the
Q-score family, deepen partnerships, and improve QPU integration

o Q-score maturity and its widespread adoption open the door to discussions
about benchmarking standardization

o Already implemented by several QPU providers

" =20%
B Mt
| =fe= perfect p=1 === noisy (all-to-all) Lﬂ
== perfect p=2 =4 = noisy (grid)

5 7 9 11 13 15 17 19 21
number of qubits n

Download open-source code:
https:/github.com/myQLM/gscore




Q-score definition & Interpretation

,B(Tl) _ C(N) - Crand

« Q-score Protocol Cmax — Crana
1. Select graph size n

2. Generate 100 random Erdés—Rényi graphs
3. Run QAOA (depth p=1, COBYLA optimizer)

4. Measure performance via B(n) (relative to
random guessing and exact solution)

o 5.Q-score = largest n where B(n) > threshold

* Interpretation

o More than a number: scaling B(n), effect of
noise, full Quantum stack benchmarking

o Reflects full stack performance (hardware +
software)

o Continuous improvement: Q-scores expected
to rise as qubit quality improves

O
O
O
O

EVH D E N © Eviden SAS - Confidential
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G-Score (Max Cardinality Matching)

=VIDEN
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Building a future we can all trust

Max Cardinality Matching

The largest set of pairs that don't overlap

 Definition of G-Score

G-Score combines success probability and solution
optimality to benchmark quantum optimization
performance.

« Application on Quantum Systems

G-Score evaluates quantum annealers like D-Wave by
Mmeasuring accuracy and reliability in solving MCM
problems.

« Complement to Other Metrics

G-Score complements Q-Score by focusing on
constrained problems and providing detailed
performance insights.

© Eviden SAS - Confidential
sViDeEN B @ (Teratec:
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MIS Optimization Benchmark

MIS:

The largest set of nodes that are not connected to each other.

 Purpose of MIS Benchmark

Evaluates quantum systems' ability to solve difficult
combinatorial optimization problems effectively.

 Key Performance Metrics

Measures ratio of largest sampled independent set to true
MIS and probability of single-shot solution sampling.

 Relevance and Impact

Helps identify quantum advantage potentials and guides
hardware development for solution quality and reliability.

« Complementary Benchmarks

MIS benchmark complements Q-Score and G-Score by
focusing on constrained, application-specific quantum
performance.

19
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Graph Pathfinding Problem

Find a destination node from a source node in
a graph with high success probability

o Highlight hardware progress to leverage
promising quantum routines for optimization

applications

o Focus on Quantum Walks and Amplitude
Amplification

EV[I DE IN] © Eviden SAS - Confidential
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BACQ: Metrics development BACQ

'/ MetriQs-France

Simulation of Quantum Physics Models

* Why?
Quantum physics problems with many interacting particles arise in various fields of science:

o - solid-state physics (superconductivity, correlated electrons, quantum magnetism, electronic transport,
understanding new quantum phenomena & design of new materials with potential applications)

O - chemis’rry (electronic structure of molecules, elucidating chemical reactions, catalyst design, ...)
o - high-energy physics (particle or nuclear physics, gauge theories)

Simulating these quantum many-body systems is notoriously difficult on a classical computer
* Goal

o Develop metrics to quantify the capacity of a quantum machine to simulate accurately
physically relevant guantum many-body problems

* Method
o - Target non-trivial many-qubit entangled states

o - Focus on many-body problems/states/Hamiltonians which are exactly solvable
(to allow for comparison between the theoretical [error-free] results and the measured ones)

EVH D E N © Eviden SAS - Confidential 22
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BACQ: Metrics development

Simulation of Quantum Physics Models
* Models & Architectures L1

__ 8,
BCS model Hpes = Z (Ef 2)

Gate-based quantum computers

* Metrics development (by CEA/DRF)

E t\‘ I] D E N © Eviden SAS - Confidential

All-to-all coupling (challenging and probes connectivity)
Exact theoretical solution is available

Compare dynamics simulation on a quantum computer
with exact results

Cascade of error-mitigation techniques allows estimating
the significance of different error types
(local errors vs crosstalk)

|

Weighted mean absolute error

gives insight about error sources

or weTatiSle
we can all trust an atos business
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Phys. Rev. Research 6, 013142 (2024)

ibm_lagos

1.0

0.8 1

0.6 1

ibmq_ehningen
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MBQS (Many-Body Quantum Score)

=VIDEN

« Benchmarking Protocol

MBQS is a benchmarking protocol for analog quantum
processing units evaluating many-body quantum
dynamics simulation accuracy.

« Measurement and Calculation

The protocol measures two-point correlation functions
and calculates average relative errors between theory and
experiment.

« Scalability and Fidelity

MBQS score indicates the largest system size with errors
below a threshold, assessing QPU scalability and fidelity.

24

© Eviden SAS - Confidential



=VIDEN

Linear Systems
Solving




Linear System Solving (LSS)

LSS Benchmark Purpose

LSS benchmark evaluates quantum annealers by
solving Ax = b using least squares in a QUBO format.

Performance Measurement

Success probability versus variables and resolution is
measured and fitted using a sigmoid function.

Quantum Processing Unit Capability

The inflection point of the sigmoid curve indicates
QPU capability.

Practical Insights and Challenges

LSS benchmark reveals quantum system utility in
simulations and challenges in scalability and
precision.

EVI] D E N © Eviden SAS - Confidential
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BACQ: Prime factorization

* (Hamiltonian-based) integer factorization
= |dea: Develop metrics to evaluate the capabilities of quantum computers on prime factorization
« Prime factorization is a very hyped potential utilization of QC
* Make it work on gate-based and analog QC
« Shor's algorithm will not work before FTQC

* Once FTQCs are available, we can still use this first method 1) for analog 2) as a base of HOBO problem

= Metrics:
* Probability of finding the optimum or distance to optimum/solution
» Size of the problem
« Complexity and sparsity of the problem

« Complexity of pre/post processing if required

EVHDEN © Eviden SAS - Confidential 28
| B LINE THALES EVIDEN @ @ (Teratec -

we can all trust atos bus|



=VIDEN

(O
.
O
)

ToXeid

Energet



BACQ
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BACQ: Metrics elaboration - Energetics

#QE!

the quantum energy initiative

* Defining Resource Efficiency as the ratio
of Performance Metrics / Resource Cost

classical
computer 2555

motor :
e optical .
fibre *

> mun code

(V)] \
Hardvx'/c:.:\re = g NH
nosti S =
agnostic é’ — 8$ 300K
o o)
o e —
A E B 1
Hardware _ i =2 attentiator
0 o
dependent o >
S
> @)
| -
@)

In BACQ, focus on resources at the HW-agnostic layers for linear system solving, with test on a gate-based machine

EVI] D E N © Eviden SAS - Confidential ﬁ 30
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MNR Framework (Metric-

N°|se_Resource) MNR framework evaluates guantum systems across
computational layers using key performance and
noise metrics.

The framework highlights trade-offs between
performance metrics and resources, focusing on
energy efficiency.

| | | MNR guides quantum algorithm optimization,
11 LA R exemplified by the Variational Quantum Eigensolver
| | under noise.

MNR supports benchmarking and standardization
across diverse gquantum computing technologies.

EV[I D E IN] © Eviden SAS - Confidential
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Q-MYRIAD Aggregation
Framework
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Multi-Criteria Benchmark Aggregation

Q-MYRIAD combines diverse quantum
benchmarking KPls into a unified evaluation
framework using normalization methods.

Utility Functions and Normalization

The framework applies utility functions and
satisfaction scales to normalize KPIs with defined
reference levels and thresholds.

Comparative QPU Analysis

Aggregated scores enable transparent comparison
and informed decision-making across different
guantum processing units.

Interoperability and Standardization

Q-MYRIAD supports integration of benchmarking
data from diverse sources, promoting
interoperability in quantum evaluation.
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MYRIAD-Q: multi-criteria approach for quantum benchmarking

* How to combine many metrics to assess/compare quantum
solutions (QPU — algorithms)?

o Potentially many metrics from different benchmarking problems

o Metrics are given in different units Common
o Different priorities among metrics normalized
* Approach: use of Multi-Criteria Decision Support.
2-step approach:
o Step 1. normalization of metrics

o x; - u(xg)

« Output = normalized score in R,
o Step 2: aggregation of normalized scores

Overall evaluation ]

( Analyncal N-Body ) Optlmlzatlon Linear systems Solving
(MaxCut, HOBO, S-Path) (sparse/Dense matrix)

k(} score Many-Body

Many-Body Fidelity

Q-score MaxCut Accuracy indexed by noise level

kpmbability to factorize

Size in Qubit of the calculated number

Accuracy indexed by noise level | Probability of solving the Problem

Probability of obtaining the optimum | Algorithm-dependant Energetic criteria
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9 BACQ

MetriQs-France

MYRIAD-Q: multi-criteria approach for quantum
benchmarking
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MetriQs-France: Standardization of QC benchmarks ) MetriQs

) France

« Towards globally harmonized and recognized benchmarks

=5 CENELEC

o At the European CEN-CENELEC JTC22 “Quantum technologies” / WG3 “Quantum
computing & simulation”

o Ongoing standardization project on QC benchmarks started in Oct. 2023 with participation
from FR, NL, UK, IT, AT, DE...

Document history
V0.0: 20231012, CEN-CENELEC TR template
V0.1: 20231012, First version of index

CEN/CLC/JTC 22
Quantum Technologies Date: 20YY-XX
Benchmarking quantum computers prEN XXXXX:20YY

Secretariat: DIN

o At the international IEC/ISO JTC3 “Quantum technologies”

A
o Ongoing preparation of a new standardization project on QC benchmarks (from HW-level to 1EC ISO
application-level and beyond) with FR, JP, UK, CA, AU, KR...

=VIDEN
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Wrapping Up

% BACQ delivers application-oriented benchmarks tailored to both gate-based and analog quantum
computers, from NISQ to FTQC.

% Collaborative effort: six major French partners (Thales, Eviden, CEA, CNRS, Teratec, LNE) working together
with QPU providers and EuroHPC infrastructures.

s Comprehensive benchmarking: covering optimization, physics simulation, linear systems solving, and
factorization

% Complementary with low-level metrics:

%+ MYRIAD-Q framework enables multi-criteria aggregation of metrics, supporting transparent and
interpretable QPU comparisons.

% BACQ bridges research and industry, paving the way toward standardized quantum performance
evaluation.

E t& I] D E N © Eviden SAS - Confidential
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Thank you!

For more information, please contact:

Damien Nicolazic
Quantum Computing Consultant
damien.nicolazic@eviden.com
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This document, or any part of it, may not be reproduced, copied, circulated
and/or distributed nor quoted without prior written approval from Eviden SAS. © Eviden SAS - Confidential



Fast-track Initiative

« Fast-Track Quantum Computing Benchmarking Initiative
o Part of BACQ project
o A collaborative effort among quantum computing industry leaders

o Objective: Conduct a comprehensive measurement campaign on
existing QPUs using the Q-score metric

o Significance: Marks a pivotal moment in quantum computing
evaluation and benchmarking

« Goals: Open & Broad Collaboration
o Collect practical feedback from QPU runs

o Contribute to the development of standardized benchmarking
protocols

o Expand QPUs access
o Enhance Exchange and Reciprocal Knowledge
*  Future and Impact

o Fast-Track stands as evidence of collaborative innovation in quantum
computing

o Advanced partnerships and open contributions to develop quantum
computing benchmarks

o Fast-Track’s success leads to an extension of our tests, deepening our
understanding of quantum computer benchmarking

o Refining Q-score and Advancing Standardized Benchmarking Protocols
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Q-score experimentation Campaign
Practical Implementation Overview

- IQM:
o Qubit technology: 20 Superconducting qubits (Resonance)
o Q-score/Max-Cut With QAOA
o Q-score=15
o Reference:Teratec:Séminaires TQCI
« Pasqal:
o Qubit technology: Neutral Atom
o Q-score/Max-Cut with Maximum Independent Set (MIS)
o Q-score: emulator only
o Reference: arXiv:2207.13030
Quandela:
o Qubit technology: Photonic
o Q-score/Max-Cut with Variational Quantum Eigensolver (VQE)
o Q-score=15
o Reference: Teratec:Séminaires TOCI
- D-wave made by TNO:
Qubit technology: Superconducting quantum annealer
Q-score/Max-Cut implementation on D-wave (QUBO)
Q-score =140 (D-wave Advantage)
Reference: arXiv:2208.07633
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High-performance Computing & Quantum
How to harness the power of quantum in a HPC system?

Classical HPC:

Wanted:

« Continue running large legacy classical codes

« Use hardware-agnostic quantum programming
» Benefit from resource scheduling (etc)

E t& I] D E N © Eviden SAS - Confidential

Quantum chip:

Constraints:

* Native quantum gateset
« Connectivity constraints
« Decoherence
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Qaptiva™ Access
HPC & Quantum hybridization

myQLM
python
https
<> P SVIDEN
Qaptiva™ Access
<> 1 ;

HPC Infrastructure

..l
Resource Manager R
Security slurm
Storage workload manager

=VIDEN

Integration of any quantum processing unit
Qaptiva™ (QPU) and emulator into the high-

appliance . .
PR performance computing (HPC) infrastructure.

* Real scheduling of QPUs with SLURM

sigs . lppny

* Scale-out numerical simulation (MPI +
GPU)
« Used in several HPC-QC pilots:
«  HPC-QS (EuroHPCQC)
« HQI (France)
*+ QSolid (GER)
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