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Quantum Information Processing in Europe

Long tradition of excellence in quantum research

Alain Aspect John F. Clauser Anton Zeilinger
Université Paris-Saclay J.F. Clauser & Assoc. University of Vienna
Paris, France CA, USA

Vienna, Austria

The Nobel Prize in Caecau France.
Physics 2022

“for experiments with entangled photons,

establishing the violation of Bell inequalities [ 4 ' JU LICH

and pioneering quantum information science”
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Quantum Computing

What is needed?

© OpenSuperQ

Quantum computer
hardware

Quantum
processor/chip
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Quantum software stack
Quantum control,
quantum error
correction, compiler,
user interfaces, ...
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Quantum algorithms
Sequence of controlled
one- and two-qubit
operations

Academia

Collaboration
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JSC’s Quantum Computing Strategy

Four Pillars

» Modeling and emulation
strategy

» Provision strategy

» HPC-QC integration
strategy

» Creation of a quantum
computer user
infrastructure

Julich UNified Infrastructure
for Quantum computing
(JUNIQ)

Julich Supercomputing .
Centre (JSC) @) JULICH

QUANTUM USER FACILITY



Pillar I: Modeling and Emulation

Julich Universal Quantum

Development of Computer Simulator (JUQCS)
theoretical tools to 2 8 » 1 52
» validate designs of = compre

physically realizable
quantum processors

» investigate the
implementation and
performance of quantum
algorithms on physically , : o — LI
reallzable quantum 4 o % (*3268)  (8+32G8) (32‘32GB). (12832 GB) (51232 GB)
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Benchmarking Sycamore
(quantum supremacy) '
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Pillar ll: Provision Strategy
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Quantum annealer Quantum simulator / Quantum computer
computer

Analog quantum Analog /digital quantum Digital quantum computer
computer computer 10+ trapped ion qubits, 25+ superconducting qubits, ...
5000+ superconducting 100+ neutral atom qubits
qubits

HOSTING of pilot production systems ... i

REMOTE ACCESS to the respective lab for hardware-software co-design lJ 'FJUthICtHn JUNIQ




Pillar lll: HPC-QC Integration

Practical Quantum Computing

@) JULICH
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Pillar lll: HPC-QC Integration

Module 1
Cluster

CN CN
Module 6 |
CN

» Pursue the tightest integration
of quantum computers into

Multi-tier a H PC
Storage System
@% » The Modular Supercomputing
Architecture (MSA) allows
Supercomaater functional parallelism at system
gﬁﬂﬁ'&i JSC Data Analytics I eve I
QNMOdu'eQN DMiD > MSAis ideal to integrate
e gquantum computer functionality
Module into HPC workflows
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Pillar IV: JUNIQ

~ @soLip PN 1. QC user facility for science and industry
) quanten O quaEf;?C
! technologien A technoleaan ! c 5 . .
< ) — 2. Installation, operation and provision of QCs
OpenSuperQ : X

@ v /SR 3. Unified portal for access to QC emulators and
Experimental to QC devices at different levels of

NISQ
Dovices | ooy e technological maturity (QC-PaaS)

Commercial 4
NISQ
Devices

QC and QA
Emulators

Development of algorithms and prototype
applications

5. Services, training and user support

Pasqal 6. Modular quantum-HPC hybrid computing

Quantum
Simulator

(HPC|@S

Quantum eEF
Annealer ELs, | 33
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JUNIQ Building built in 2020 - 2021
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JANUARY 17, 2022: LAUNCH of JUPSI

.2022 startet einzigartiger
.enannealer in Jiilich
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First European Hybrid HPC/Quantum Computing
Infrastructure
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From Vision to Reality — The EU’s Commitment
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international 2o P
research projects l
inthe field of EUROPEAN
Quantum Bring quantum QUANTUM SENSING

AND METROLOGY
INFRASTRUCTURE (EuroQSsM)

b9
|
Build and deploy

dedicated measurement
services for quantum

technologies from
the lab to the market
and consolidate
European scientific
leadership in quan-
tum research

Technologies

EuroQCS: European Quantum

INFRASTRUCTURE (EuroQCcl)

: support for the first hybrid
HPC / Quantum computing
infrastructure in Europe
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DIGITAL EUROPE
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QUANTUM

COMMUNICATION QUANTUM

COMPUTING AND SIMULATION
INFRASTRUCTURE (EuroQCS)

® &

devices and support the
creation of globally
accepted standards

Computing and Simulation
Infrastructure, D. Binosi et al.

‘

Build and deploy in the
next decade a certified
secure pan-European
end-to-end QClI for cyber-
security services

Build and deploy an
infrastructure for big data,
artificial intelligence, high
performance computing,
among others




S ) High Performance Computer and Quantum Simulator hybrid

Duration and Partners
» December 15t 2021 - November 30t", 2025

@) JULICH

Forschungszentru

» Coordinator: Forschungszentrum Julich GmbH

B universitat

» 15 partners + 3 linked 3" parties from 6 countries | B universits

Project Aim
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Modular Supercomputing

100+ qubit Pasqal
guantum simulators

h)

Q SORBONNE
b UNIVERSITE
( J

[ )

CentraleSupélec




HPC-QS Integration — Main Technical Components

» Quantum Learning Machine QLM® by ATOS

» Programming environment

» Access to quantum computing backends
the quantum simulator

» Modular Supercomputing Architecture
» For lowest latency integration of the quantum simulator ParaStatlon
» Developed in the series of EU-funded DEEP Projects

'Q ParTec

» Based on ParTec’s ParaStation Modulo® middleware suite Modular Supetcomputing
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HPC-QS Integration — Full Hybrid Software Stack

» Technical libraries and tools » Benchmarking and
certification/performance analysis

g x

» Compilers » Cloud access

G




HPC-QS Integration — Access

» Portal-based access in form of a —
QS-PaaS under European legislation Jupyterhyb

» Based on QC-PaaS pilot
implementation of JUNIQ

User management (AAl)

» Based on JupyterHub technology l
. REST APis
» Joined with a HPC-PaaS via an end-to- UNIC#RE

end safe UNICORE implementation

» FENIX like authentication and
authorization infrastructure services




Use Case and Training

» Co-design of hardware and software

» Investigation of applications in terms of use cases V

» Use cases: machine learning and scientific simulations, featuring
the Variational Quantum Eigensolver (VQE) and the Quantum
Approximate Optimization algorithm (QAOA)

» Training material, user guides and courses C
» For scientific and industrial user needs g




Hybrid HPC/Quantum Computing Infrastructures
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Expectations for December 2023
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Solving the Tail Assignment Problem on the D-Wave Quantum Annealer

TSRC Workshop | June 13, 2022 | KRISTEL MICHIELSEN
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