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ORCA Computing: An Approach to Quantum Compdting Like No Other
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Generative Al Needs a Better Engine

*>

Search spaces can be vast. Classical models underperform, are
computationally expensive, and are increasing in energy. cost.

Quantum processors sample distributionsiclassical can’t.

ORCA’s PT Series are data-center ready, today.
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A hybrid future

Quantum computers used within existing data centre infrastructure to address significant challenges
ahead facmg AI , ‘
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Evolution of quantum-classical deployments

Standalone Deployment Co-located Deployment On-Node Integration
(2016) (2022) (20XX)

QC is housed independently and accessed Position QPQ near classical comutlng S embeckied direethy witin dessiesl
remotely. resources within the same environment. :

computing nodes.
Higher latency for hybrid workloads Local connectivity and lower latency

operation. Efficient hybrid workflows Tightest coupling and lowest possible latency

Ex: IBM, Pasqual, lonQ, etc
Ex: ORCA Computing
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tons Qusrur
ORCA PT-2
Testbed

System at the
NQCC

90 gumodes
measured at THz

99.4-99.7% fidelity

[ ocated within the
NQCC data centre
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Hybrid Quantum-Classical Generative Adversarial Networks

Classical Processing Cluster

Quantum co-processor

Training Set Real Data

Discriminator

quantu’h'l light pulse

() fibre delay cavity source
@o bulkswitch B detector Synthesized @

Generator Samples
v’ Programmable
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A unique, modular, and upgradable platform

—% Laser
Feeds light into the system

-3 Single Photon Source

Controllably isolates single photons of very high quality

NS

C) 3 . from the laser

Filters out unwanted photons

fOR Processor Module

A single-photon network which uses multiplexing to
controllably switch/control photons across time, frequency
and space to implement the algorithm that is being carried
out

Detector

Detects the distribution of photons across all space, time
and frequency modes

nn Electronic Control

Sends the detection event onwards to the software layer,
or back to the processor module if performing feedforward

Software level/SDK

Runs the algorithms and/or coordinates operations with
external software/compute resources
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Integrated Architecture Designed for HPC, Al and Data Centers

Documentation Live Monitoring Validation Plan Applications

Performance Qubit Entanglement Hybrid generative

User guide metrics Data logging processing rate verification models

Verification of .
Module status Job management entangling ELDS detect} an Hybrid
: demonstration S
Tutorials measurements optimisation
(QAOA)

System overview Benchmark gate Below-threshold
y fidelity performance
Notebooks Varlaponal
algorithms
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Hybrid Classical-Quantum Supercomputing: A demonstration of a multi-user,
multi-QPU and multi-GPU environment

Mateusz Slysz!, Piotr Rydlichowski!, Krzysztof Kurowski!, Omar Bacarezza®, Esperanza Cuenca Gomez?,

Zohim Chandani?, Bettina Heim?, Pradnya Khalate?, William Clements3, and James Fletcher3*
! Poznanskie Centrum Superkomputerowo-Sieciowe
*NVIDIA
>ORCA Computing

Achieving a practical quantum advantage for near-term applications is widely expected to rely on
hybrid classical-quantum algorithms. To deliver this practical advantage to users, high performance
computing (HPC) centers need to provide a suitable software and hardware stack that supports
algorithms of this type. In this paper, we describe the world’s first implementation of a classical-
quantum environment in an HPC center that allows multiple users to execute hybrid algorithms on
multiple quantum processing units (QPUs) and GPUs. Our setup at the Poznan Supercomputing
and Networking Center (PCSS) aligns with current HPC norms: the computing hardware including
QPUs is installed in an active data center room with standard facilities; there are no special consider-
ations for networking, power, and cooling; we use Slurm for workload management and the NVIDIA
CUDA-Q extension API for classical-quantum interactions. We demonstrate applications of this
environment for hybrid classical-quantum machine learning and optimisation. The aim of this work
is to provide the community with an experimental example for further research and development on
how quantum computing can practically enhance and extend HPC capabilities.

Developed and demonstrated with Nvidia, ORCA's blueprint for
ORCA operation of quantum + classical computers within hybrid data centers

COMPUTING



https://arxiv.org/abs/2508.16297
https://arxiv.org/abs/2508.16297
https://arxiv.org/abs/2508.16297

Significant improvements to industrial scale, industrially
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relevant problems

De Novo Therapeutics Design Biofuel Discovery

31%
o more novel molecules

85% increase in the generation of
generated

strongly binding peptides

Bioprocess Manufacturing
Optimization

Quantum-enhanced Vision
Transformers and CNNs

21 % reduction in multiply-add

operations (lowering GPU usage)
with improved accuracy

58 % more anomalies detected
than classical agentic Al method
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