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Motivation

• Hybrid quantum-classical 
computing: a key paradigm 
for near-term quantum 
advantage

• Need for scalable integration 
into existing HPC 
environments

• CESGA’s commitment to 
public access quantum 
infrastructure



• High number shots
• High number of quantum kernels needed by PQC algorithms
• A tight integration is needed between the classical and the

quantum systems, which enables short time-to-solution of each
offloaded quantum kernel, to significantly decrease the total time
to achieve a solution.

• Fast execution of each component both during training and
inference steps

Motivation



QMIO

This figure is taken from arxiv.org/pdf/2505.19267

Overview of QMIO’s hardware architecture. It is mainly composed of a HPC system, a quantum
computer with a 32-qubit QPU, and classical quantum circuit emulator able to emulate up to 34
qubits. All the systems are locally interconnected and have access to a shared storage



This figure is taken from arxiv.org/pdf/2505.19267

QMIO

Diagram showing the location of the various components in the data floor. On the left side, the classic HPC
components are located together with the quantum emulation machines and the storage and connectivity
equipment. This equipment shares space with other CESGA clusters. On the right side, there are all the components
that are responsible for ensuring the functionality of the quantum hardware. Both sides are divided by a glass wall
and interconnected under the raised technical floor



What is Qmio?

Computing infrastructure designed to research in 
Quantum Computing and Quantum inspired computing

It is composed of:

• Quantum Processing Unit (QPU)

• HPC System

• Quantum Computer Emulators

• Storage system

Access is granted through specific open calls



Stored system

Shared storage
QMIO hardware design includes a shared storage filesystem 
between all the computing components of the infrastructure. 
Currently, it is provided by a dedicated Network Attached Storage 
(NAS) system via the Network File System (NFS).



Quantum Simulators

•CUNQA
•QULACS (MPI)



QULACS
The quantum emulator system consists of two specialized and dedicated nodes
that operate on a classical circuit emulation paradigm with distributed memory
Architecture. A distributed version of Qulacs (MPI-Qulacs) 



CUNQA
• The CUNQA distributed emulator developed by CESGA enables execution of quantum 

circuits that emulate real hardware behavior in parallel quantum computing 
environments. It supports custom noise modeling.

• Python/C++ platform to simulate distributed quantum computing on the CESGA HPC 

•Model based on a virtual QPU that is 
advertised on the compute nodes 
where it is running, as if it were a real 
QPU.
•Integrated with SLURM for 
deployment across as many nodes as 
desired

Download and documentation at 
https://cesga-quantum-
spain.github.io/cunqa/



• QMIO employs a conventional High-Performance
Computing cluster structure, including:

• Admin nodes responsible for administrative functions
• Login nodes which provide user access to the cluster.
• Compute nodes of different architectures managed

separately at the orchestrator level.
• Ilk a partition consisting of 23 x86_64 dual socket nodes each

with a total of 64 cores and 1 TB of main memory. With one node
specifically dedicated to executing hybrid quantum-classical
programs. Also allow iterative session to users.

• A64 set of 16 ARM nodes. Fujitsu’s A64FX with 48 cores and 32
GB of HBM2 memory for quantum circuit emulation purposes.

• Quantum node quantum computer based on superconducting
qubits developed by Oxford Quantum Circuits (OQC) 32
coaxmom qubits. It is handled by microwave pulses crafted by
QAT software.
All nodes on both partitions are interconnected using a low-latency Infiniband network.

What is Qmio?

https://github.com/oqc-community/qat


The QMIO Quantum Processor Unit
• 32 superconducting qubits

• Developed by OQC Oxford Quantum Circuits (coaxmon) and deployed at 

CESGA

• Cryogenic environment with active qubit calibration

• Native gate set:

• 1Q: RZ(virtual), SX

• 2Q: ECR (actually RZX(pi/4))

This figure is taken from arxiv.org/pdf/2505.19267
Topology



Qubit technology

Figure: (a) CAD design of the unit cell, with transmon qubit and lumped
element resonator on opposing sides of a substrate, and control and
measurement ports perpendicular to the chip plane. (b) Designs of the
transmon and resonator.
In the transmon the two electrodes are connected by a single Josephson
junction, whereas the electrodes of the resonator are connected by an
inductor line.

COAXMON

This figure is taken from ArXiv:1703.05828 Oxford Quantum Circuits 





Calibration
• To ensure consistent performance of QMIO, automated calibration scripts are run

daily on weekdays. Calibration scripts are suspended over the weekend period to
allow for longer duration runs, free of interruption and the analysis of system stability
over a longer time constant.

• The standard daily calibration script calibrates the basics of qubit characterization
such as frequency, direct recalibration of the single- and two-qubit gates (amplitude
of the pulses). Routines take around two hours to complete daily. Automated
reporting flags any parameters that do not meet a specified threshold. In this
instance a 1-hour time period is reserved for OQC quantum engineers to manually
optimize the calibration if needed.



HPCQC Software

This figure is taken from arxiv.org/pdf/2505.19267



HPCQC integration middleware design: a) Integration of the Quantum Control Node as an HPC Compute Node.
The Quantum Control Node is directly managed by the resource manager (SLURM). The Quantum Control Node
runs a resource manager daemon (slurmd ) as any other HPC Compute Node. The resource manager allocates
this node to the jobs that request to use a QPU. b) Quantum Control Node integration using a message bus: The
Gateway Node is just a standard HPC Compute Node. The allocation of the Gateway Node is managed by the
resource manager (SLURM). The Gateway Node is connected with the Quantum Control Node using a message
bus, in our current implementation based on ZeroMQ



QMIO QPU Software stack lowest level



Key integration challenges

• Redesign  resulting in the addition of a dedicated HPC node that 
acts as a gateway for the QCN. This still enables us to use only 
one scheduler

• The HPC cluster scheduler and provides better isolation of the 
classical code that now has access to more computing resources 
memory and compute as well as to the low-latency network for 
MPI communication.



Example successful use case



Freshness flavour perception via quantum-inspired 
and quantum ligand-based virtual screening

Apple 

Android 
CESGA leads the First 

case of the use of 
quantum computing 

for the modeling 
teaste perception 

worldwide!



Freshness flavour perception via quantum-inspired 
and quantum ligand-based virtual screening

 

 

 

 

 

 

 

 

 

 

 

 

Digital 
Annealer

QAOA

Classification

New results that Calssical 
methods are not able to find!

menthol

https://sciety.org/articles/activity/10.21203/rs.3.rs-6062772/v1

menthol

test



Quantum Freshness flavour perception

Classification

Paper on preparation stay tune! Smallest case solution 
on QMIO
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Summary

• QMIO started its operation in October 2023 and it has been
running in production, open to worldwide users, from May 2024.
During this there has been design, implement and test different
HPCQC integration approaches that were ultimately validated by
the end-users of the system.

• The redesigned HPCQC integration middleware design shows how
the coupled architecture supports experimentation and
development of quantum software in an HPC context. 



More information can be found at:
Qmio HPC integration
arxiv.org/pdf/2505.19267



More information can be found at:
Qmio HPC integration
arxiv.org/pdf/2505.19267
User guide
https://cesga-docs.gitlab.io/qmio-user-guide/index.html
Request access
https://quantum.cesga.es/access/
https://www.res.es/en/services/access-and-calls

Galicia quantum technologies Hub
https://quantum.cesga.es/

https://www.youtube.com/watch?v=Ymw5dtRVHYE&t=6414s

https://cesga-docs.gitlab.io/qmio-user-guide/index.html
https://quantum.cesga.es/
https://quantum.cesga.es/access/
https://www.res.es/en/services/access-and-calls
https://www.youtube.com/watch?v=Ymw5dtRVHYE&t=6414s






Thank you!



QMIO QPU Software stack lowest level
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• https://www.talentq.es/es_es/masterclasses/

A simultaneus event  (180 participants)
This was announced as part of the World-Quantum-Day 
celebrations. 
Participants were limited  by the centers due  to capacity 
of each center

Example successful use case
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