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Supercomputers 
vs 

Quantum Computers

Supercomputers 
will include

Quantum Computers

GPU CPU QPU …

Application
Supercomputing centers are the natural 
place to allocate and operate quantum 
computers (as they do for other types of 
computers).

Quantum Processing Units (QPU) will 
become another supercomputer partition, 
suitable to solve certain kind (or some part) 
of problems.

Supercomputer

Outlook

Hybrid task-manager



Supercomputing and quantum computing

Why a supercomputing center may be interested in quantum computing research?

1. Exploring new ways to do computation

The limit of the traditional computation.

Search for new ways to enhance the 
computing capabilities for certain problems.

Specific purpose computers: GPUs, TPUs, 
Neuromorphic, Quantum, …



Supercomputing and quantum computing

Why a supercomputing center may be interested in quantum computing research?

1. Exploring new ways to do computation

2. Satisfying users demands 

One of the missions of supercomputing centers is to provide access to sophisticated computational 
devices to interested users for research, application’s development and industry.

We adapt our infrastructures to new technologies and ensure a public access to cutting edge 
computational technology.



Supercomputing and quantum computing

Why a supercomputing center may be interested in quantum computing research?

1. Exploring new ways to do computation

2. Satisfying users demands 

3. Supercomputing has applications in quantum computing!

Quantum simulation, quantum error correction, distributed quantum computing, research in new 
algorithms, hybrid applications, …

Let’s dive into it…



Quantum algorithms 101

Quantum computing requires classical* computation

HARDWARESOFTWARE
Instructions

Result

QuantumClassical

QPU

Qubits

Control
Electronics

A quantum computer is controlled 
by a classical computer. 

Only the hardware is quantum.

Pre-processing
Control 

electronics
Execution QPU Post-processing

*non-quantum (standard, traditional) computation is called “classical” in the quantum computing field



Quantum algorithms 101

Types of algorithms

1. Quantum simulation: simulate quantum systems (chemistry, material science, nuclear 
physics, …) that could be exponentially hard to simulate with HPC.

2. Quantum advantageous: better than its classical version (exponential or polynomial 
computational advantage). They exploit the problem symmetries and use 
superposition, entanglement and quantum interference to reduce the number of 
operations (Quantum Fourier Transform, Hidden Subgroup Problem like integer 
factorization, …)

3. Heuristic algorithms: combine quantum and classical subroutines to converge towards 
the solution (a.k.a. hybrid or variational quantum algorithms)



The state-of-the-art in Quantum Computing

Several technologies and paradigms

Quantum simulators

Quantum annealing and 
Adiabatic Quantum Computation

One-way or measurement based

Quantum computing with circuits

Analog quantum paradigm Digital quantum paradigm

Cold atoms

Superconducting
circuits

Photonics

Superconducting
circuits, trapped
ions, photonics, 
quantum dots



The state-of-the-art in Quantum Computing

• A few qubits devices → limits the size of the problem to be solved

• Imperfect quantum operations → limits the quality and precision of the solution

• Limited coherence times → limits the computational time to solution

Future solution: Improve scalability and Quantum Error Correction

Short and Near-term: 

- Good trial field to learn more about quantum computers and new physics.

- Explore hybrid quantum computing algorithms.

- Train the future generation of researchers and prepare the infrastructure.

The Noisy Intermediate Scale Quantum Computation

Fault-tolerant quantum 
computing



HPC in quantum algorithms entry point

1. Quantum Simulation… with classical devices (HPC)

Reasons to use a quantum emulator (classical simulator):
A. We don’t have “good” and big quantum computers (yet)
B. There are many quantum applications that don’t require 

quantum computation (see above)
C. We need methods to verify quantum computers
D. Design quantum devices and algorithms

Classical simulation of quantum systems is exponentially hard… unless we make assumptions 
like particular sets of quantum gates involved, reduce the precision or low entanglement.

Note: don’t be confused with other uses 
of the words “quantum simulator”

A specific purpose analog quantum computer 
that mostly uses cold atom technology.

© ICFO L. Tarruel’s lab



HPC in quantum algorithms entry point

1. Quantum Simulation… with classical devices (HPC)

Tensor Networks have been extensively used in condensed 
matter and many body physics to study large quantum 
systems.

Represent the quantum system (circuit) as a product of 
tensors that need to be contracted to obtain the interesting 
physical quantities.

At the BSC, using MareNostrum:

“EinExprs”, S. Sanchez-Ramirez et. al. arXiv:2403.18030
“Tenet”, S.Sanchez-Ramirez et al. (2023) github.com/bsc-quantic/Tenet.jl
“RosneT”, S. Sanchez-Ramirez et. al. IEEE/ACM Second International 
Workshop on Quantum Computing Software (QCS), 2021 

Use HPC to perform this contraction in a distributed manner.



HPC in quantum algorithms entry point

2) Advantageous quantum algorithms require quantum error correction

Current QPU are not fault-tolerant

QEC
+ FT quantum gates 

+ low errors

errors suppressed 
exponentially

State-of-the-art quantum computing: 
the Noisy Intermediate Scale Quantum computing era.

Solution: Quantum Error Correction (QEC)
Quantum information of logical (perfect) qubits encoded into 
several “noisy” (physical) qubits.

Goal: Fault Tolerant Quantum Computation (FTQC)

Measurement
Error 

inference
Error 

correction

Several QEC cycles along the quantum computation

QEC cycles must be fast enough to correct more errors than the 
ones created by the QEC protocol itself



HPC in quantum algorithms entry point

3) Hybrid quantum-classical algorithms

Optimize the quantum circuit 
parameters and structure using a 
classical optimization subroutine.

Compute an objective function 
using the quantum circuit output 
and find the optimal quantum 
circuit parameters that minimize it.

Goal: adjust the quantum circuit 
parameters to minimize the 
hardware errors.

The classical computer helps to design the optimal quantum circuit

K. Bharti, A. Cervera-Lierta, Thi Ha Kyaw, Rev. Mod. Phys. 94, 015004 (2022)



Distributed Quantum Computing

Scaling quantum computers

Circuit cutting: “cut” the quantum circuit into smaller circuits and reconstruct the result 
using classical post-processing.

Short term, small quantum computers: decide if you want to simulate or execute the 
subcircuits, depending on the size.

To scale quantum computers we will need to connect them with quantum communication
We need to split large quantum circuits and run them in parallel on different quantum 
devices.
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Towards the Quantum-HPC integration

Be Careful or the QPU could be a bottleneck

We need a proper scheduler to orquestrate the hybrid applications

Quantum-HPC 
Algorithm

Quantum 
circuit

Control 
electronics

QPU Result 
(bit string)

Probability 
distribution

Postprocessing
Classical 

subroutine
HPC nodes

Repeat N times



Quantum-HPC workflows

Orquestrating the hybrid quantum-HPC algorithms

We are extending COMP Superscalar (COMPSs), task-based programming 
model, to support the quantum computing nodes. 

We use the quantum circuit cutting application to develop the library Qdislib.

M. Tejedor, B. Casas, J. Conejero, ACL, R. Badia, SC25 Workshops 1898-1906 arXiv:2505.01184

Documentation



Towards the Quantum-HPC integration

Our vision

Classical connection
Quantum connection (future)

Full integration: all HPC and QC systems are installed on-site 
and integrated under the same infrastructure.

Computers (also quantum) are installed “turn-key”, Computer 
daily operation and management by BSC personnel only.

Quantum system requirements to be installed in our facility:
• System monitoring
• Automatized and efficient calibration
• Low maintenance technology

QPU QPU QPU

Control electronics*

Quantum node 

HPC nodes

Processing 
Units

Users

Ethernet network

Batch system
(SSH)

Shared storage

Federated Slurm

Slurm HPC queue Slurm quantum queue

*could be different
for each QPU



“MareNostrum5 Ona”

MareNostrum5 quantum computing partition

https://quantumspain-project.es

Superconducting circuits analog quantum computer

Part of the EuroHPC quantum computing network
Consortium BSC (ES) – IFAE (ES) – INL (PT)

Superconducting circuits digital quantum computer
(installed)

Access through the Spanish Supercomputing Network.
Quantum Spain: 27 Spanish institutions involved
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MareNostrum5

Integration of the quantum partition

Shared Storage (248 PB)

MN-GPP

General Purpose

6480x2 Intel Shapire
Rapids de 56c  each

MN-ACC

Accelerator

4480 Nvidia H100

MN-ONA

Analog Quantum 
processor

>10 qubits quantum 
annealer

Digital Quantum 
processor

35 qubits gate-based

https://www.bsc.es/marenostrum/marenostrum-5



Ona
MareNostrum5 quantum partition



Challenges and Opportunities

Focus on why, not only on how

Quantum 
computer

HPC 

Application or 
acceleration

Quantum-HPC integration must be application-driven

There is no recipe to 
introduce quantum 
computing into HPC 

algorithms and vice versa.



Challenges and Opportunities

Quantum technologies are diverse

Several quantum computing technologies have different capabilities. 

Superconducting 
circuits

Photons Cold atoms Trapped Ions

Quality figures (quantum hardware): number of qubits, coherence times, gate fidelity, gate 
times, initialization times, qubits connectivity, …

Quality figures (operational): maintenance cost, operational time, calibration time, cost, …

There is not a unique benchmark to certify the quality of a quantum computer so far.

…



Challenges and Opportunities

A growing and promising field

Challenge Opportunity

Specific knowledge to design quantum algorithms Creation of subjects, courses, tutorials, schools, … 
targeting different backgrounds

Low TRL most QC hardware Contribute to design the future QC adapted to 
applications needs

Restricted or expensive access to QC SC centers install their first QC and open its access

Quantum computers are following similar steps as traditional computers. 
We believe it’s time to get familiar with this technology and collaborate with 

experts and vendors to achieve a successful quantum-HPC integration



Quantum computers will not replace supercomputers: they will 
become one of their partitions. 

Quantum algorithms have always a classical subroutine. It can be 
accelerated by using HPC 

HPC centers do not contain (in general) laboratories, but operational 
sites. Vendors need to develop the necessary hardware and software 
to facilitate its operation by non-experimentalist technicians.

The development of hybrid quantum-HPC workflows is crucial to 
schedule and manage properly the algorithms between HPC and 
quantum nodes.

HPC centers adapt to users needs. As a public institution, we have 
to guarantee the democratic use of cutting-edge computing 
devices. As a research institution, we contribute to advance science 
and technology and aim to take part in the future of computation.

Alba Cervera Lierta

Senior researcher
Quantum Spain coordinator

alba.cervera@bsc.es
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