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Quantum-Classical Hybrid Computing

B System H builds on a well-established HPC software
stack, extending its middleware to support hybrid
gquantum-AI workloads

B Users can install custom software to create tailored
R&D environments

JUQCS, Qulacs, QNI

Storage Tool:
BeeOMND, s3cmd

B The system offers access to multiple GPU-enabled
guantum circuit simulators and Ising machines:

B NVIDIA cuQuantum Appliance

Algorithms NEDO QuAlLib (Factorization Machine with Annealing, Quluster, OpenFermion, PennyLane, CUDA-QX, etc
& Libraries Quantum Circuit Knitting, Qudas), etc
Annealer Quantum Frameworks:
AI/ML Frameworks:
Web- -'; rch 'D ced Frameworks: Qiskit, Cirg, QURI Parts, CUDA-Q, QIBO
e Amplify SDK
Access: ax, lensorkFlow - . .
JupyterLab, JijZept, PyQUBO Quantum Circuit Simulator: cuQuantum,
Open SDK (compiler, debugger, perf. . Packaging Tool:
Middleware ©nDemand analyzer, etc): Intel oneAPI, o EnﬁPn;urr:mL:nHm TICI Environment modules,
NVIDIA HPC SDK, CUDA Toolkit pentirL, A Spack, PyPI
~ Cloud Access: Workflow Orchestrator: Covalent
Qiskit runtime,
il Job Scheduler: PBS Professional
RPC/AFPI, ABCI
REST API Container Engine: Singularity CE

GPU-based Ising Machines:
Fujitsu DA, Amplify AE,
SQBM+, etc

Hardware

GPU compute system: System H

User Environment

Control Systems: OQTOPUS

QPUs: System F (Superconducting), System Q
(Neutral Atom), System O (Photonics), etc

B Fujitsu Digital Annealer
B Toshiba SQBM+
B Fixstars Amplify Engine

System H enables ABCI-Q users to effectively leverage cutting-edge computing resources for hybrid HPC and quantum workloads.
With a web browser-based interface powered by Open OnDemand, we provide an intuitive environment that lowers the barrier to
advanced computation—supporting industrial applications and fostering innovation
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B Job management
[l Jupyter Lab % https://qniapp.net/
B Web applications for qguantum computing (Qni, etc)

OQTOPUS: Quantum-HPC Hybrid Job Execution

B Support for hybrid job execution through integration
between OQTOPUS middleware and job scheduler

B https://ogtopus-team.github.io/
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New Energy and Industrial Technology Development Organiz .
and Innovation (CSTI), Cross-min erigi'Styategic Innovation Pro,'moiim\P\rogram: (SIP), “Promotin'&he'
application of advanced quantum technology platforms to social issues” (FUndqu agency : QST).
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Covalent: Quantum-Classical Application Workflow

B A workflow orchestration platform for developing quantum-
classical hybrid applications, led by DataRobot Inc

B ABCI-Q provides a web application that
launches Covalent services and JupyterLab
on System H compute nodes

B We developed Covalent job scheduler plugins
for ABCI serices

B Altair Grid Engine
B Altair PBS Professional

B https://github.com/QuAlILib/covalent-gridengine-plugin
B https://github.com/QuAlILib/covalent-pbs-plugin

QURI Parts: GPU-accelerated Open Source Library

;i is work was based on results obtained from “Development of Quantum-CIassi_caI/
Hybrid Use-Case Technologies in Cyber-Physical Development Project” (JPNP23003), commissioned by the
on (NEDO), and Council for Science, T@ﬁfw}ﬁﬁy

B An SDK for creating and executing quantum algorithms on
various quantum platforms, led by QunaSys Inc

We developed a simulation platform for QURI Parts that uses
cuQuantum to leverage multiple GPUs

B https://github.com/QunaSys/quri-parts-cuquantum
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