a4 AIST

Create the Future, Collaborate Together

ABCI-0Q: A Next-Generation Hybrid Platform Integrating
Al, HPC, and Quantum Computing

Global Research and Development Center for Business by Quantum-Al Technology (G-QuAT)
National Institute of Advanced Industrial Science and Technology (AIST)

Ryousei Takano

26 June 2026 2" QRUCH workshop in conjunction with ISC26



ABCI-0Q: An Open Quantum-Al Testbed for Industrialization

« ABCI-Q uniquely combines a large, dedicated GPU supercomputer for
quantum workloads with multiple on-premises quantum computers.

« This unique configuration enables an open testbed to accelerate the
industrialization of quantum computing technologies.

GPU Supercomputer Superconducting QC Neutral Atom QC Optical QC
(System H, Fujitsu) (System F, Fujitsu) (System Q, QuEra) (System O, OptQC)

S

Under Preparation
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ABCI-0: Quantum-Al Hybrid Computing Infrastructure AT

Create the Future, Collaborate Together

M System Overview M Installation on the AIST

Tsukuba campus

System H (GPU supercomputer) Syftem F 883 G-QUAT Headquarters
Internet 2020 GPUs , 48,480 CPU cores Fujltsu.(Superconductlng) : Building
650+ TiB Memory, 3800+ TB NVMe SSD 64 qubits
X 505 —
€3 Gru NVIDIA H100 SXMS (80GB) x 4 ‘ Fixstars < System Q System H
Amplify AE QuEra (Neutral Atom)
<> CPU Intel Xeon Platinum 8558 x 2 - 260 qubits
(2.1GHz/48cores) Fujitsu
I Memory 1024 GiB | Digital Annealer
1 Local Storage Micron 7450 SSD (NVMe) 3.84TBx2( .« ——— System O 883 System F
S : OptQC (Optical)
L0 Interconnect  InfiniBand NDR (400 Gbps) x 2 , SQBM+ 100 qumodes
] R System Q
Control Network for Quantum Computers ( 10/25G Ethernet ) T ’
System O

0

2:1E

2:1C &

2-2|

2.1A 2-2A ¢ #

i Y e B 2 RN E

]
All Flash Storage System
PB (Lustre FS, S3)

B System H is a HPC system ranked 27th on the TOP500 list. e Uchuoaid
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ABCI-0Q System F : Superconducting QC

Features:

Specifications:

Developed by Fujitsu through technology
transfer from RIKEN

First deployment of a commercial
quantum computer developed by Japanese
vendor

QURI Parts
OQTOPUS

64 physical qubits @ E)
Designed to expand to hundreds %:*L#Eﬁ;;w
of qubits *"é‘ Cﬁ;}
SDK: QURI Parts OQTOPUS e
(initial), QUDA-Q (planning)
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ABCI-0Q System Q : Neutral Atom QC

Features:

Specifications:

Developed by QuEra, utilizing research from
Harvard University and MIT
The first commercial gate-based neutral

atom system “Gemini”.

Blogade

260 qubits 72 :? «"39
QEC/NISQ/Shuttle modes R %
SDK: Blogade and @%
CUDA-Q (coming soon)

Simulator (with noise models): Blogade
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ABCI-Q System O : Optical QC

Features:

« The first demonstration machine
developed by OptQC, spun off from the
Furusawa-Endo Lab at the University of Tokyo

« OptQC aims to achieve the commercialization
of an optical quantum computer.

« Measurement-based Quantum Computer
(MBQC)

Specifications:

« 129 Qumodes

« Operating frequency: 100MHz
« SDK: MQC3 :
incl. Strawberry Fields-based simulator
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ABCI-0: Software Stack ZAIST

Open & Pre-competitive Layer

Applications

& Use cases Quantum-AI Hybrid Applications Benchmark Tool
] Quantum-Al Libraries: Quantum Libraries:
Algorithms NEDO QuAILib (Factorization Machine with Annealing, Quluster, OpenFermion, PennyLane, CUDA-QX, etc
o Lil - UE ittt e
AI/ML Frameworks: Annealer Quantum Frameworks:
Web-Portal  pyTorch, DeepSpeed Frameworks: Qiskit, Cirg, QURI Parts, Blogade, MQC3, CUDA-Q, QIBO
Access: ' ' Amplify SDK,
JupyterLab, Jax, TensorFlow JijZept, PyQUBO = Quantum Circuit Simulator: cuQuantum, JUQCS, Qulacs, QNI
Open : :
OnDemand SDPK (compiler, debugger, perf. S - ; Packaging Tool: )
Middleware analyzer, etc): Intel oneAP], Opcé?\mg; u“&IaS;XnHII;?—?r\L{J.CX Environment modules, B?ate%‘sgDe ;r;:?]lq'd
NVIDIA HPC SDK, CUDA Toolkit ! ! Spack, PyPI !
Cloud Access: Workflow Orchestrator: Covalent, Prefect
Qiskit runtime,
e Job Scheduler: PBS Professional
RPC/API, ABCI _ _
REST API Container Engine: Singularity CE
GPU-based Ising Machines: Cantral Systems: OQTOPIIS
Fujitsu DA, Amplify AE,
SQBM+, etc .
Hardware QPUs: System F (Superconducting), System Q
GPU compute system: System H (Neutral Atom), System O (Photonics), etc
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AIST

Open OnDemand: Jupyter Notebook with Fixstars Amplify A

. ot pamasis 0
ABCI-Q Open OnDemand  Avps- Fies - Jobs - Clstes = biaractimAops = Sats = S rn ™™ rDewop - Qg - S0 ood-portal.q.abci.ai
[ orEN ] ) My Interactive Sessions - ABCI-Q Open OnDemand _ fmqa_latest.... - JupyterLab
OnDeman
OnDema an inte xccess point for 3 HPC reso File Edit View Run Kernel Tabs Settings Help
Pinned Apps A featured subset of all available apps T T T—
ah10024nn@qh504:~/dev X #| fmqga_latest.ipynb X IS
Clsters = LEE I L sl SEEeies %
+ X [T >» =u z » v ®)
ta] woifampitiboptext faxampis] 5] X oo c Markdown # Python 3 (ipykernel) C
> o Name - Modified BEC7OCAORELN TS, BREOT Ty 7Ky 7 ARBOENEOKBERT. >
‘System H Shel Access M illust 3m ago _
. R fnga dite now o BB70Y M OMEET-IREIT BT 7Y 7Ry 7 ABBOEHE
= o FBETOY M AIVIRIIDERVBDOT Zy 7Ry 7 ARBO T 6
les
A * import matplotlib.pyplot as plt
e e Ju pyt er Notebook objectives_init = result.training_data.y[:n_init_data
, objectives_annealing_best =
O 4 = float(h.annealing_best_solution.objective) for h in result.history
= ughter <2
mO N nviDia
C
Covslont Desktop SutytpeNotebook Lviou cuoa-a # TA—ILICy 2
objectives_all
float(h.annealing_new_solution.objective)
if h.fallback_solution is None
else float(h.fallback_solution.objective)
for h in result.history
plt.plot(range(-n_init_data + 1, 1), objectives_init, "blue")
plt.plot(range(1, len(objectives_all) + 1), objectives_all, "lightgrey")
- N v B aanioo24nne v » plt.plot(range(1, len(objectives_annealing_best) + 1), objectives_annealing_best, "-r")
a > . o o
Ie plt.xlabel("Cycle")
SWIFT-FMQAIC & 375 v 7 Rv ¥ Zilli{t plt.ylabel("0Objective value")
sma mas
* . [ " gow IEE plt.grid(True)
SWIFT-FMQAD#i3E
-0.5 1
IR L RAD R R SZ e
-1.0 4 I
o
]
© —-1.51
B
]
2
©
L —2.0 1
a
o
-2.51
=1 e —— -3.0 '
Sytatuius femfs: 0 50 100 150 200
Exz cycle
Wi
Sigw 13 © Pyihon 3 loykened | e Col1 Ima w0 Simple B 3 @ Python 3 (ipykernel) | Idle @ Ln1,Col1 fmg test.ipynb 0
Y/ Py | i Py

M. Nakano, et al., SWIFT-FMQA, https://arxiv.org/abs/2507.21024v2
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AIST

Example Code of Covalent Workflow Orchestrator
import covalent as ct @ct.lattice

from quri_parts_oqtopus.backend import OgtopusSamplinglob, def workflow():

OgtopusSamplingResult outputl = calc()

output2 = calc()
@ct.electron(executor=systemf)

def calc(): return outputl,output2
program = """OPENQASM 3;
include "stdgates.inc"; dispatch_id = ct.dispatch(workflow)()
qubit[2] g; workflow_job = ct.get_result(dispatch_id, wait=True)
bit[2] c; print(f'counts={workflow_job.result.counts}')
h q[0];

cx q[0], q[1]; .
c[0] = measure q[0]; -
c[1] = measure q[1];

param = {
"program': program,
”ShOtS": 1000 — & @ Electron List

return param
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Access (SSH, REST API,

d) O RO 1 C
Open OnDeman S S Aot Bamgs
® m@ ﬁ'*ﬁ:“’qui?; g::% aaaaa s
</ zuﬁ‘%x -:g .%g;” .
User Token Admin - ; it
System F
Compute node OQTOPUS Cloud Control System QPU

(Fujitsu/Keysight) (Fujitsu)

OQTOPUS ® Scheduling

Open Buantum Toolchain

for OPerators & USers o TranSp”e = N\ = ,

® Pulse sequencer 2 ==————_—~
® User/Job/Data management dh LN |||

@© Submit Job @ REST API @ Poll Job @ Job
(HTTP POST) ( HTTP GET) Execution

3 <: C:) :: /
@ Send Result JHW

® Poll Result
(HTTP PATCH)

Token

I i
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Large-scale quantum circuit simulation (U.Osaka and Fixstars) e AIST

walak @ =
| ! ir ion f tur r 1 | Enabling I mark nd
tur joritt listi | I t pplicat f mpu ]
News Press Release

World’s largest quantum circuit simulation for quantum chemistry achieved on
1,024 GPUs: Enabling large-scale benchmarking and validation of quantum

algorithms for realistic molecular systems, supporting future industrial Demonstrates strong scalability
applications of quantum computing Number of nodes vs Execution time (log-log)
1031 —8— Execution time

60

——- ldeal scaling (1/N)

225K

= 200K
= 42 Spin-Orbital System 41 Qubits o
350 (H20 Tapered) (FezS; Full)
© 150K -
3 ! 2
E l 4 125K g
G 39 39 39 39 = QE-’
" 100K = £ 1024
£ 34 S +
pwi B 75K g g

30 29 = =
= E 5
2 © V]
a I )
8 50K G b
‘5 20 g w
b} 75K B
= Z
S 50K 1014
Z
=
=

25K
C2He C2He Cl Clp S0, H,0 FesS; FerS, ! . 1 - ' y y ! -
(Tapered) (Full) (Tapered) (Full) (Full) (Tapered) (Tapered) (Full) 1 2 4 8 16 32 64 128 256

Number of nodes

https://qigb.osaka-u.ac.jp/en/newstopics/pr20260312 I



Research Vision: Al Scientist for Quantum Discovery

AIST

Create the Future, Collaborate Together

® FTQC is expected to become a reality in the 2030s.

® Al scientists autonomously drive scientific
discovery using quantum computers.

= Paper Write-Up

@ Idea Generation :| Experiment Iteration =
IEEREEREREEER ) p |
) LLM Idea/Plan Experiment . [ Experiments ] . > Manuscript
: Innovation Template . : Template
. . \_
—> < I : . L]
. . Text A via
Novelty Check Code A via : | LLM&aider
[ Sem. Scholar ] [ LLM & aider ] [ Update Plan ] Y
l l ---------- [ Manuscript ]
Idea scoring / Experiment Numerical LLM Paper
archiving Exec Script Data/Plots Reviewing

Source: Lu et al., “The Al Scientist: Towards Fully Automated Open-Ended Scientific Discovery”, Sakana Al (2024). https://sakana.ai/ai-scientist/

Generated by ChatGPT based on a photo from Wikipedia
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AIST

Current State of Al Scientists in the Quantum Domain

QuantumBench Code
. . _ @EHL©
» A benchmark for evaluating LLM performance in the quantum domain f%*--*:‘:g‘;g

» Composed of standard undergraduate-level questions ﬂﬁ‘ :
@.: .;”333..'.'

GPT-5-high  gpt-oss-20b-high DeepSeek-R1 GPT-5-chat
} l l |

91% N Open / Reasoning
Open / NonReasoning

0.8 4 ‘ mm Closed / Reasoning
I I I Closed / NonReasoning
. Baseline (12.5%)

Current LLMs can already achieve
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S. Minami, et. al., https://arxiv.org/abs/2511.00092
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AIST

Al Evolving from a Computational Tool to a Discovery Engine

LLMs are advanCing rapidly/ Scenario: Intelligence Explosion

and AI research automation 1o

could dramatically accelerate 1ov
Automated 7

Superintelligence?
Al Research

progress—and it’s likely to
keep advancing.

Automated
Alec Radford?

GPT-4:

February 13,2026 .
Y Smart High Schooler

GPT-5.2 derives a new
result in theoretical physics

GPT-3:
Elementary Schooler

Effective Compute (Normalized to GPT-4)

GPT-2:
Preschooler

In a new preprint, GPT-5.2 proposed a formula for a gluon amplitude
later proved by an internal OpenAl model and verified by the authors.

2018 2020 2022 2024 2026 2028 2030

https://openai.com/new-result-theoretical- SITUATIONAL AWARENESS | Leopold Aschenbrenner
physics/

L. Aschenbrenner, “Situational Awareness,” June 2024
https://situational-awareness.ai
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Agentic Quantum-HPC Computing Platform

Paradigm shift: From human-centric to agent-centric operation

® Al agents autonomously create and execute jobs through continuous
interaction with systems.

® APIs, schedulers, security, governance, billing, and user support are
redesigned for agent-centric operation.

® Unified automation of operations and monitoring is essential for classical
computers as well as quantum computers.

Al agents Q\ Q\ Q

accounting/
metering

Job scheduler/resource manager user support

CPU GPU QPU
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MCP as an Interface between a Local LLM and Quantum Backends .--4%T

Our system: Local LLM + MCP + hybrid
quantum backends

User prowgt an_eaperimenl sh > PES Scheduler
Matnrsl Lampuage Prow g LM Job Qs

. g Result1: Automated GHZ sampling on
ABCI-Q Supercomputer (GPU Nodes")

GHZ sampling (2000 shots)

(@ Submit prompt 1200 Lore
ey (50.8%) o8l
Avaratide Tods 800
e 0 (@ LLM inference -» MCP sampler tool 9
-u---_m-_u--: [ —
eet_careimar_ren a 600
I S
400
() PBS job - CUDA-Q on H100 roo
Local deployment keeps execution inside ABCI-Q
0
] C3 & QCNC 202¢ N 1 Shiraist 000 111

Measurement outcome

Input prompt (from paper):
“Prepare a 3-qubit GHZ state in OpenQASM 2.6

and measure it 2680 times using |000) = 0.50, |111)=0.50
sampler_qasm_cudaq.”

* Noise-less simulator (on H100)

M. Shiraishi, et al.,
https://arxiv.org/abs/2604.08318

=
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AIST

Generative Al for Quantum Circuit Generation

GQE: Generative Quantum Eigensolver GQCO

Code
(Of #5510

s e .

» Analogous to text generation with language > A quantum circuit generator based on an encoder- %™ &%f
models, a Transformer is used to generate decoder Transformer architecture for solving T TS
quantum circuit. arbitrary combinatorial optimization problems. '*@""’?"'”;

GQCO Web App

- + , = -,
g Sample wfi) —— Wsum(J) Weum (7) o . .
{0} — W —> : k=N sum 1. Problem Setup 2. Circuit Generation  [Runwose 3. Visualization
: —
Jk‘ j Option1: Random Coefficient ® Circuit #1 320 e | Generated Circuit
_ k—1)

\ Append . . i .
— {07]1‘”'-}3* size(5 ] seed[1 ] [ Generate | Cireuit #2 |

Circuit #3 179 -

J

Circuit #4 -1.43 amm |
k<N ’ Circuit #5 |- r.a >
- o {EHEHEHE] 1= {%}
J : !
Uj]_ U‘72 (]‘73 U Option2: Graph Editor
size[s | Seed[o | [Initialize |
GPT-QE
QE) e
-0
- " i X " op “’ AT Histogram
] ~ Once upon a time . .. happily ever after o0
word, word;, word,, word;, .- word,, , word;, , word;, o 10 ‘
-] 3
LLM :
o e% o oss BN o 052 :%05 1 7,;,
Kais § o 8
= UNIVERSITY OF 204 =
& TORONTO v a7 AIST 2 ! -
St. Jude Children's AN GrROUP NVIDIA ° ¢ :
Research Hospnal .
Mitsubishi Chemical . on o oo . -

oooooooooooooooooooooooooooooooo
oooooooooooooooooooooooooooooooo

Naka etal https//arxworg/abs/240109253 L - §888588E8858C5;558¢8¢8¢88¢E:8¢E:3¢8849¢£¢4¢%
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Auger Spectroscopy via GQE AIST

Create the Future, Collaborate Together

Generated circuits match FCl and experiment for H,O Auger spectra

 Auger spectroscopy needs many excited states
( Input ) ( Step 1: GQE ) f Step 2: g-sc-EOM )
Generated circuit Uy(€)
CVS-1P
* Hybrid quantum-classical Q ; - Ould Auger
— GQE + g-sc-EOM + OCA DI DIP
GPT
Y G PU_acceIerated Via CU DA_Q Electronic Hamiltonian H = [:[‘J),‘\‘l_\
U, (€)) = Uy(€)|HE
) ’ ) Eip, Epip, transition RDMs ) g
* Validated on H,0 — matches FCI & experiment A SRR
* GQE halves gate count vs. VQE e |
Fill J Ll
Keio University \ \ o J
MITSUBISHI e
CHEMICAL = UNIVERSITY OF
WA GROUP W a4 AIST ¥ TORONTO
Mitsubishi Chemical %, & & NVIDIA

o 2O
SGLADIOY

Keithley et al., “Auger Spectroscopy via Generative Quantum Eigensolver: A Quantum Approach to Molecular Excitations,” arXiv:2603.12859 (Mar 2026) 18



reate the Future, Collaborate Together

Data Infrastructure as a Foundation for Al-Driven Quantum Control

® Quantum computing is becoming more data-driven.

® For example, NVIDIA Ising, an open Al mode, introduces Al-powered
workflow: calibration, QEC decoder.

AI24n

® Open data is essential to accelerate data-driven  @w s
research. ;;,
® Challenges toward data-driven Quantum x Al
® |Lack of standard data formats % e
® Ensuring reproducibility
® Limited access to real quantum hardware Y¥)JIJ =Aist

® We are working on a common data schema called Q-DATA and open
datasets.
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ABCI-0 as an Al-HPC-0C Integration Platform ol

« ABCI-Q is not just a collection of systems — it is a platform for
integrating and co-evolving AI, HPC, and quantum computing.

Quantum-AI Hybrid Applications Benchmark Tool

Quantum-AI Libraries: Quantum|Libraries:
NEDO QuAILib (Factorization Machine with Annealing, Quluster, OpenFermion, PennyLane, CUDA-QX, etc
Quantum Circuit Knitting, Qudas), etc

Anneaier uantum Frameworks:
AI/ML Frameworks:
Web- Frameworks: iskit, Ci -
Oua ntu m AI h bri d Sl Py';’orcl'},- DeepFSIpeed, Ampify SDK Qiskit, Cirq, QURI Parts, Blogade, MQC3, CUDA-Q, QIBO
—-— Access: ax, lensorFlow e 4 -
y e JijZept, PyQUBO Quantum Circuit Simulator: cuQuantum, JUQCS, Qulacs, QNI
Open SDK (compiler, debugger, perf. Packaging Tool:
° . Communication Library: : Storage Tool:
Middleware OnDemand analyzer, etc): Intel oneAPI, o, Environment modules, 9
Al go rithms & NVIDIA HPC SDK, CUDA Toolkit OpenMP1, NVIDIA HPC-X, UCX Spack, PyPI = b
o N Cloud Access: Workflow Orchestrator: Covalent, Prefect )
Appllcatlo ns Qiskit runtime,
A?;?;?%B,gghet Job Scheduler: PBS Professional
RPC/API, ABCI
REST API Container Engine: Singularity CE )
GPU-based Ising Machines: Control Systems: OQTOPUS D)
Fujitsu DA, Amplify AE,
° SQBM+, etc :
Ag e nt ICWO rkf I oW Hardware QPUs: System F (Superconducting), System Q
GPU compute system: System H (Neutral Atom), System O (Photonics), etc

J

Al-powered QPU control plane

20



AIST

Create the Future, Collaborate Together

We are looking for partners to collaborate in building
AI-HPC-QC hybrid platforms.
Thank you for your attention!

Contact:
Ryousei Takano <takano-ryousei@aist.go.jp>

Acknowledgement: A part of this work was based on results obtained from “Development of Quantum-Classical
Hybrid Use-Case Technologies in Cyber-Physical Development Project” (JPNP23003) and “Research and Development
Project of the Enhanced Infrastructures for Post-5G Information and Communication Systems” (JPNP25013),
commissioned by the New Energy and Industrial Technology Development Organization (NEDO), and Council for
Science, Technology and Innovation (CSTI), Cross-ministerial Strategic Innovation Promotion Program (SIP),
“Promoting the application of advanced quantum technology platforms to social issues” (Funding agency : QST).
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