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CINECA HPC

CINECA is a Consortium composed by 98
universities and public institutions

Since its origins in 1969, Cineca offers support
to scientific research, public and industrial,
through supercomputing and the use of the
most innovative computing systems based on
state-of-the-art architectures and technologies.

HPC Italian National Center, owner of the 4th
most powerful supercomputer in the world
(Leonardo, 240 Petaflops peak performance)
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Cineca Quantum Computing Lab

Teaching, Outreaching Quantum Computing
and Dissemination Resources
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The EuroHPC JU has selected six sites across
the European Union to host and operate
the first EuroHPC quantum computers in:
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Integration of a QC into a HPC environment
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Bringing quantum acceleration to supercomputers - MARTIN RUEFENACHT, BRUNO G. TAKETANI, PASI @ QUANTUM



Integration of a QC into a HPC environment
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Quantum Computers for High-Performance Computing - Travis S. Humble, Alexander McCaskey, Dmitry I. QUANTUM
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Integration of a QC into a HPC environment
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(a) usage of quantum in workflow (b) iterative workflow (c) onloading workflow
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Integration of a QC into a HPC environment
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Integration of a QC into a HPC environment

Quantum Intermediate
Re tation (QIR) IR Tree Walker Coprocessor Backend
Service Interfaces
Lowering Execution

Quantum Software
Workflow

feedback
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Decomposition of the software architecture required for quantum-HPC integration into a series of workflow steps, each exposing a unique set of
service interfaces. This architecture maximizes the flexibility, modularity, and extensibility of the suggested integration strategy. Here we show the

workflow decomposed into programming, compilation, IR lowering, and execution components. Each component exposes a series of service
interfaces intended for the implementation of concrete use cases.

Quantum Computers for High-Performance Computing - Travis S. Humble, Alexander McCaskey, Dmitry I. QUANTUM
Lyakh, Albert Frisch, Thomas Monz COMPUTING LAB



Leonardo: A Modular Supercomputer zuwe

Cluster

First half 2023: Leonardo
Module 6

Fourth most powerful supercomputer in the Multi-tier
Welgle Storage System

255+ petaflops (peak performance)
Modular Supercomputing Architecture (MSA)

Module 3
Data Analytics
Module
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Leonardo: A Modular Supercomputer =

Cluster

First half 2023: Leonardo
Module 6

Fourth most powerful supercomputer in the Multi-tier
WOI’|d Storage System

255+ petaflops (peak performance) Y
Modular Supercomputing Architecture (MSA) l i H s:;-"' |

End 2024: Quantum Module

200 qubits Neutral Atoms Quantum Simulator Module 5 ) Mo::unel:ai
ata Ana CS
(analog QC) presmesy Module
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Cluster

First half 2023: Leonardo
Module 6

Fourth most powerful supercomputer in the Multi-tier
WOI’|d Storage System

255+ petaflops (peak performance) Y
Modular Supercomputing Architecture (MSA) l i H s:;-"' |

End 2024: Quantum Module

200 qubits Neutral Atoms Quantum Simulator Module 5 - lt\ﬁo:ulel3i
(analog QC) — e

End 2025: QM Improvement

Enabling digital and mixed analog/digital
mode
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Leonardo: A Modular Supercomputer ggm

Cluster

First half 2023: Leonardo
Module 6

Fourth most powerful supercomputer in the Multi-tier
World Storage System

255+ petaflops (peak performance) e——
Modular Supercomputing Architecture (MSA) l s:n“: H m ‘
End 2024: Quantum Module

200 qubits Neutral Atoms Quantum Simulator Module 5 - lt\ﬁo:ulel3i
(analog QC) - i

End 2025: QM Improvement

Enabling digital and mixed analog/digital
mode

End 2026: QM Improvement 2
500 qubits digital/analog QC
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Cluster

First half 2023: Leonardo
Module 6

Fourth most powerful supercomputer in the Multi-tier
World Storage System

255+ petaflops (peak performance)
Modular Supercomputing Architecture (MSA)

End 2024: Quantum Module

200 qubits Neutral Atoms Quantum Simulator Module 5

(analog QC) o e
End 2025: QM Improvement |

Enabling digital and mixed analog/digital Neuromorphic | M Il

mode Module

End 2026: QM Improvement 2
500 qubits digital/analog QC

Future Improvements...
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Italian and European QC Environment
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Big Data and Quantum Computing
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Italian and European QC Environment
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Italian and European QC Environment
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Italian and European QC Environment
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