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HPC-QC scenario 1
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THE EUROHPC QUANTUM COMPUTING INITIATIVE

Seven different flavors of HPC-QC infrastructures
EuroQCS-France
GENCI/CEA

Euro-Q-Exa
LRZ

EuroQCS-Italy
CINECA

Lumi-Q
IT4I @ VSB

EuroQCS-Poland
PSNC

EuroQCS-Spain
BSC-CNS

Photonic quantum computer

Superconducting qubits

Neutral atoms

Superconducting qubits with a star-shaped 
topology

Trapped ions

Quantum annealer

11/12/2023 7EUROHPC QUANTUM TECHNOLOGIES AND WHICH APPLICATIONS CAN USE THEM AND HOW
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HPC-QC in EuroHPC
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HPC-QC in EuroHPC
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Different modalities, but different common APIs & common different mgmt
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Open QBench Application Benchmarking Suite 
Entanglement in GHZ state

Toffoli gate

Grover’s Algorithm

Quantum Fourier Transform

VQE for quantum chemistry

QAOA for combinatorial problems optimization

Quantum Support Vector Machine for classification

Quantum Walk
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QEC4QEA (Quantum Centre of Excellence 
for Quantum Enhanced Applications)

EuroQCS-Poland

EuroQCS-Italy

JUNIQ

EuroQCS-Spain

EuroQCS-France



SI-A1: Quantum electrodynamics simulation (AMU, ICFO, CTP PAS) 
SI-A2: Stochastic models for risk analysis (CSIC)
SI-A3: Manufacturing simulation application (FZJ, KU)
OPT-A1: Quantum molecular unfolding and docking (CINECA, E4, PSNC)
OPT-A2: Graph Coloring Problem, Maximum Independent Set (LINKS, UniPD, RUD, ICFO) 
OPT-A3: Quantum optimization for nonlinear finite-difference time-domain models (KU, BSC) 
OPT-A4: Scheduling problems (UniPD, PSNC, RUD, FZJ, VU, ICFO)
OPT-A5: VQAs for optimizing the location of EV charging stations (VU, PSNC)
OPT-A6: Portfolio optimization and prediction of financial crashes (MULT, KU).
OPT-A7: Optimization for manufacturing (Multi-disk clutch) (MULT, KU)
OPT-A8: Routing problem and Satisfiability Problems in Maritime Logistics (FhG CML, KU) 
OPT-A9: Planning and operation of power networks (FZJ, ICFO, BSC)
OPT-A10: Advanced ansatz for chemically accurate quantum algorithms (QUBIT, CTP PAS, BSC)
ML-A1: Quantum-optical phenomena for kernel based QML (AMU, ICFO, CTP PAS) 
ML-A2: Graph classification (LINKS, KU)
ML-A3: Generative modeling for stochastic time series (CSIC)
ML-A4: Satellite image analysis (FZJ)
OA-A1: Integer factorization (RUD, UniPD, E4, FZJ) and Post-quantum cryptography - PQC algorithms (ICFO, AMU)
OA-A2: Solving partial differential equations - PDE (UniPD, CEA, MULT, CSIC, BSC)

New applications areas



HPC-QC at PCSS (National EuroHPC PL infrastructure)
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Low latency interconnect & control
EuroQHPC-Integration in EuroQCS-Poland

vs 
NVQLink

Quantum 
Academy

QUANTUM API



AI Supercomputing

CUDA-Q
Libraries Programming Model InfrastructureTools

Simulation QPU Hardware

CUDA-Q
Is there any other interface?

QEC QPU Design



Setup consists of:

- two ORCA PT-1 QPUs

- multi-threaded CPU server

- virtualized GPU

In terms of software stack

- SLURM

- CUDA-Q

- ptseries

Admins (Multi-QPU/GPU setup) 



SLURM:

- allocation with -L switch

- possibility to allocate >1 QPU

CUDA-Q sets target to ORCA QPU

for asynchronous execution of QML jobs

Developers



Users
Test 1

Test 2
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Local HPC-QC in Poznan



Users (Students) of QUANTUM ACADEMY

Over 45 online open educational courses of different levels (A1-C2) with almost 60% coverage of topics from 
European Quantum Competence Framework for Quantum Technologies
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Local HPC-QC in Poznan
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QUANTUM API



• Efficient Co-scheduling of HPC 
and QCS resources

• Hardware-agnostic programming 
environments

• Deployment of European tools 
and abstraction libraries

• Reporting the use of resources 
(time, performances, energy 
consumption) / metrics

• Benchmarks

Where are we now?



HPC-QC integration
Cloud-based

Python interface for interacting with 
the pcss-qapi for accessing quantum 

computing resources at PCSS

The PIAST-Q (trapped-ion) and two ORCA 
(photonic) are accessible via the REST API offering 
full compatibility with Qiskit, Qrisp, and other 
code. Using secure access tokens, users can submit 
workloads directly from their local laptops.

Available Available



HPC-QC integration

Direct Slurm access

Available

Source and doc:
https://gitlab.pcss.pl/quantum/psnc-sdk/slurm-hpc-plugin/-/tree/main/doc



HPC-QC integration

qbatch



HPC-QC integration

qbatch as a SPANK plugin in Slurm



Distributed HPC-QC in Poland 
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HPC-QC & Quantum Internet

QPU

PIONIER-Q NREN
- 1770 km of  QKD links implemented in 

March 2024 among all the HPC centers in 
Poland

- Dedicated fibers and KMS network
- Intermediary nodes in main cities of Poland 

and ready to QKD metro system installations
- Each partner has 2 QKD metro systems with 

encryptors
- Additional MAN networks connected
- QKD and quantum communication protocols 

can be implemented and simulated on 
quantum computing infrastructure
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PIONIER-Q NREN
- 1770 km of  QKD links implemented in March 

2024 among all the HPC centers in Poland
- Dedicated fibers and KMS network
- Intermediary nodes in main cities of Poland and 

ready to QKD metro system installations
- Each partner has 2 QKD metro systems with 

encryptors
- Additional MAN networks connected
- QKD and quantum communication protocols 

can be implemented and simulated on quantum 
computing infrastructure

- Testbed preparations for distributed Quantum 
Computing and Quantum Internet scenarios

HPC-QC & Quantum Internet



QPU

EuroQCI CEF Call proposals – GAP Phase
- Direct cross-border connections with 

Denmark, Germany, Czech Republic, 
Slovakia, Lithuania

- 2 OGS satellite projects, 1 national and 1 with 
cooperation with Czech Republic and Slovakia

- Prepared in March 2025

HPC-QC used also for
- Quantum communication – QKD network 

optimization, monitoring data analysis, digital 
twin, simulation

- Quantum sensing – sensors measurement 
data analysis and processing

QPU

HPC-QC & Quantum Internet

Quantum Sensor
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Which HPC-QC integration option are you going for?
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