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• Federated slurm:

• Hybrid allocations 
enabled

• Shared GPFS 



MN5 - Ona

• Digital quantum computer 
(Qilimanjaro Quantum Tech) 

• Red 35 qubits 
• Blue 25 qubits
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• 2 coolers for the various quantum chips installation
• Shared GPFS 
• Multi-cluster SLURM 



EuroQCS-Spain

• Analogue quantum computer in the form of a quantum
annealer

• Effective in solving certain types of optimization problems
• Based on the concept of adiabatic evolution, where a

system is slowly transformed from an initial state to a
final state, that represents the optimal solution

• Quantum annealing is particularly effective for solving
problems with a large number of local optima

• Used in various fields, including machine learning, finance
and logistics

• 10 -> 15 -> 25 qubits

• From Qilimanjaro Quantum Tech - Spain
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https://www.eurohpc-ju.europa.eu/eurohpc-quantum-computers/our-quantum-computers_en#euroqcs-spain

Under deployment
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All systems share GPFS
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Multi-cluster slurm (not yet...) 
• Support for hybrid jobs HPC-QC
• Possibility to request more than one quantum node

All systems share GPFS
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Multi-cluster slurm (not yet...) 
• Support for hybrid jobs HPC-QC
• Possibility to request more than one quantum node

Communication Compute nodes with quantum nodes
• Through the storage network 
• Same latency as network for moving data (10Gb)

• Size of data depends on circuit size
• Smaller bandwidth inside the quantum node 

• Qblox and control electronics – 1Gb 

All systems share GPFS
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Multi-cluster slurm (not yet...) 
• Support for hybrid jobs HPC-QC
• Possibility to request more than one quantum node

Communication Compute nodes with quantum nodes
• Through the storage network 
• Same latency as network for moving data (10Gb)

• Size of data depends on circuit size
• Smaller bandwidth inside the quantum node 

• Qblox and control electronics – 1Gb 
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HPC+QC setting at BSC 

Goal: support for developing hybrid HPC-QC workflows 
in this setting
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A problem we wanted to solve

• In our search for hybrid use cases we run into the circuit cutting problem: 
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Circuit Cutting

Wire cutting
Number of subcircuits scales exponentially 
within the number of cuts 8k

Wire Cutting

Gate Cutting

Gate cutting
Number of subcircuits scales exponentially 
within the number of cuts 6k
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Qdislib Circuit Cutting Workflow

• Portability: agnostic of the quantum API  - Qibo, Qiskit, CUDAQ
• Parallelized with PyCOMPSs

One-cut task-graph:
Number of tasks grow 

exponentially with cut number

ACM DL



Hybrid Executions

• Marenostrum 5 GPP and ACC
• Marenostrum Ona
• IBM Quantum Cloud

BSC specific case
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Optimizing the performance with a circuit cache

• Motivation: circuit cutting generates a combinatorial number of reconstruction terms that often 
differ only in classical coefficients, but the quantum subcircuits are identical

• Goal: Reduce the number of simulations by storing previous results in a software cache 

• Generally applicable, not only for circuit cutting 
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https://arxiv.org/abs/2604.26788



Evaluation

• Validation in 35-qubit MareNostrum Ona red chip

• The circuits in the QPU are executed sequential

• Huge speedup when using the Quantum Circuit Cache
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Quantum Metropolis Hastings (MH)

Fault-tolerant Markov chain Monte 
Carlo (MCMC) algorithm 
Generally used for sampling multi-
dimensional distributions, 
especially when the number of 
dimensions is high

Uses quantum walks formalism to 
achieve a quadratic speedup 
converging with less iterations

Uses large structural information 
about the geometry of the 
distribution, obtaining meaningful 
information even when the data or 
sampling resolution is limited

Characteristics
#iterations 
to converge

problem 
complexity



Quantum Metropolis Hastings (MH)

• All previous implementation on MH were 
approximations and were not reversible 

• Our work is based on a mathematical 
formulation by Claudon et al.

• However, no implementation details 
were provided in the original article 

• First implementation of pure Quantum 
Metropolis Hastings algorithm 
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Hybrid Markov Chain Monte Carlo workflow

• Computationally cheap
• Effective local exploration
• May get stuck in local minima

The best of both worlds

Classical MCMC
• Enables global exploration
• Effective structural exploration of the 

whole space
• No fault-tolerant in current systems 

Quantum MCMC
• Classical MCMC can run 

independent chains in parallel
• Quantum MH can run each shot 

independently in different QPUs

Parallel solution

Hybrid workflow: Gravitational Wave (GW)
Collision of two massive black-holes using Bilby

1. Create GW Problem
Find out masses of two 
colliding black holes

2. Build a coarse 
model (discrete 
16x16 simplification)

3. Run Quantum
Metropolis Hastings

4. Lift back to 
continuous 
space

5. Run classical 
MCMC (fine 
refinement)
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Future and ongoing plans 
• Quantum Circuit Optimization in Qdislib

• Improve circuit cutting efficiency and educe simulation overhead
• Add new Circuit Cutting Algorithms
• Add CC algorithms with Classical Communication

• Implementation and hybrid workflows use cases 
• Implement other use cases with the Metropolis Hastings
• Workflow integrating both Digital and Annealer QC

• Extend environment to support hybrid HPC-QC workflows
• Support for Distributed Quantum Computing

• Other
• Initial research on QEC and its codesign with RISC-V
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Qdislib



Thank you!

mar.tejedor@bsc.es


