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Quantum Computing Roadmap of the Julich Supercomputing Centre

Discussion JSC — ParTec — Wigner Data Center Budapest | December 6, 2023 | KRISTEL MICHIELSEN
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JSC’s Quantum Computing Strategy
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Four Pillars

. Modeling and emulation (since 2004) y' Jiilich Supercomputing '\
= Centre (JSC) \

. Provision of QC systems (since 2016)

. HPC-QC integration (since 2017) arr e T
IV. Creation of a quantum computing A
. 3 ormance
user infrastructure (since 2016) & ting (HPC)
$er infrastructure
= @) JULICH| JUNIQ
JUNIQ — Julich UNified Infrastructure for Quantum computing FORETITEE I | B,




HELMHOLTZ

JSC’s Quantum Computing Strategy

Pillar I: Modeling and emulation HELMHOLTZ
JUANTUM

Theimermational journal of science / 14 October 20019

Development of software to nature

» validate designs of
quantum processors

investi h QUANTUM

> eSt gate t e SUPREMACY Benchmarking
performance of quantum . i
algorithms - D eamors

Our emulator JUQCS

“Julich Universal Quantum Computer
Simulator”

F. Arute et al., Quantum supremacy using a
programmable superconducting processor,

Nature 574, 505-510 (2019) lJ JU LICH \JUN IQ

schungszentrum QUANTU




HELMHOLTZ

JSC’s Quantum Computing Strategy

Pillar Il: Provision strategy HELMHOLTZ
JUANTUM
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Quantum annealer Quantum simulator / Quantum computer
computer
Analog quantum Analog /digital quantum Digital quantum computer
computer with computer with neutral with trapped ion qubits or superconducting qubits, ...
superconducting qubits atom qubits
Hosting since 2021 Hosting planned for Hosting planned for 2024  Cloud access planned for
December 2023 2023 - 2026

JUNIQ

QUANTUM USER FACILITY

Diversity of QC systems is in the interest of users and reduces risk. lJ :!g]:g!&ﬂ
Users acquire expertise and contribute to the co-design feedback loop.




HELMHOLTZ

JSC’s Quantum Computing Strategy

Pillar Ill: HPC-QC integration HELMHOLTZ
JUANTUM

For practical quantum computing ...

the best of both computer technologies must be combined 'J 'FJUthICHn JUNIQ
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JSC’s Quantum Computing Strategy

Pillar Ill: HPC-QC integration HELMHOLTZ
UANTUM

CPU Cluster
\Y (Yo [] [}

Data Storage
Module

GPU Booster B Pushing for the tightest possible
Module integration of quantum computers
into the HPC environment

Modular » Modular supercomputing
Supgj)éncputer Data Analytics architecture is ideal for integrating
Module gquantum computing capabilities into
HPC workflows

Neuromorphic

MOdUIG J ForslcjhunLgsIzgrﬂ
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Bundesministerium
fiir Bildung
und Farschung

JSC’s Quantum Computing Strategy

Kultur und Wissenschaft
des Landes Nordrhein-Westfalen

Pillar IV: Creation of a quantum computing user infrastructure - JUNIQ QUSRI T ‘

Hosting AELEE e 1. QC user facility for science and industry

2. Installation, operation and provision of QCs

JUQCS Quantum B o
Jillich Quantum . annealer /| |8 3. Unified portal for access to QC emulators and

C ter Simulat i '
omputer Simulator ) to QC devices at different levels of
Supercomputer Quantum

ac - simulator technological maturity (QC-PaaS)
emulators |~ 3

4. Development of algorithms and prototype
AtOS qQuantum Quantum licati
Learning Machine computer appilcations

) . . .
Quantum  \ S1Ltron 5. Services, training and user support

computer

Digital QC

6. Modular quantum-HPC hybrid computing
Cloud access

Rolling call for peer-reviewed access:

JUNIQ

QUANTUM USER FACILITY

https://www.fz-juelich.de/ias/jsc/juni

g JULICH

Forschungszentrum




JUNIQ Building

Built 2020 - 2021

(HPC| @S

2021

2024

Bundesministerium  Ministerium fiir
% A flir Bildung Kultur und Wissenschaft
und Forschung des Landes Nordrhein-Westfalen

\ A M I

JUNIQ - Jalich UNified Infrastructure for Quantum computing

IJ JULICH | JUNIQ

Forschungszentrum QUANTUM USER FACILITY



High Performance Computer and Quantum Simulator hybrid

This project has received funding from the European High-Performance Computing Joint Undertaking (JU) under grant agreement No 101018180.
The JU receives support from the European Union’s Horizon 2020 research and innovation programme and Germany, France, Italy, Ireland, Austria, Spain.
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High Performance Computer and Quantum Simulator hybrid

e e W

Integration of HPC and QC (H pCl@ -

Duration and Partners
» December 1st, 2021 - November 30t, 2025

» Coordinator: Forschungszentrum Julich GmbH

» 5 partners + 3 linked 3rd parties from 6 countries

Project Aim mnsbruc a-' {*1EURICE

Consiglio
dele R

== o% parl’rch A
@=__ cINECA
O ParTec

100+ qubit Pasgal ~ Fraunhofer

guantum simulators o IAF
SORBONNE

UNIVERSITE

(" IJ JULICH

Forschungszentrum
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European Federated Hybrid HPC/QC Infrastructure
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g £75 - A
T el : " - \
5 - . A
A . 'jﬁ::' EuroQCS-Poland |*
- o it : # %] PSNC, Poznan, PL
% 1UNIQ HPCQS ||
I5C, ddlich, D5 | jscJilich, D
AP o
HPCQS . S LUMI-Q
GENCI/CEA, Paris, F IT41, Ostrava, CZ |~
EuroQCS-France z
GENCI/CEA, Paris, F Euro-Q-Exa i
5 LRZ, Miinchen, D :
._; EuroQCS-Spain oy \ 1
— | BSC-CNS Barcelona, ES Pt x | EuroQCS-ttaly | |

(]| CINECA, Bologna, I | -
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Perspective: European Federated Hybrid HPC/QC Infrastructure

When and for whom?

l) JULICH
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