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Quantum computing is currently moving from NISQ era machines toward early fault-
tolerant, error-corrected systems.. Current infrastructure and devices can demon-
strate valuable physics, run small algorithms, and support cloud-based experimen-
tation however useful large-scale computation depends on quantum error correction.
The technical shift is the migration from adding more physical qubits to building
logical qubits, where many imperfect qubits collectively store information more re-
liably. Modalities such as superconducting qubiuts, trapped ions, neutral atoms,
photonic, topological qubits, remain in competition for specific use cases and ap-
plications. The likely first high-impact uses cases are chemistry, materials science,
cryptography-related analysis, and specialized optimization or simulation tasks, often
in hybrid workflows with classical high-performance computing.

Quantum computing infrastructure is currently evolving towards a fully hybrid envi-
ronment that takes benefit of both classical and quantum infrastructures in order to
advance the algorithms and use cases. Such a hybrid approach is currently seen as
the main way toward utility scale quantum computing. Different quantum comput-
ing systems, modalities present challenges in terms of access, integration, operation
and have advantages and disadvantages in specific use cases and applications. These
requirements and conditions create a situation where there is a need to integrate
a number of different quantum computing systems that have different computing
paradigm, operating conditions and requirements.

Poznan Supercomputing and Networking Center is currently operating three quantum
computing systems - optical and ion-trap that are integrated with the HPC infras-
tructure. The classical HPC infrastructure includes CPU and GPU environment that
allows to implement quantum - classical algorithms, use cases also in parallel way. The
existing use cases are focused mainly on optimization problems and quantum chem-
istry. The PCSS optical quantum systems are working on principle of boson sampling
and the ion-trap system is gate based system with all-to-all qubit connectivity. With
respect to quantum computing systems the important aspect is benchmarking to allow
comparison of different systems, modalities under certain use cases and algorithms.
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