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IBM Quantum mission

Bring useful 
quantum 
computing to 
the world
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日本における量子コンピュータの研究開発

1. 業界ユースケース開拓 2. サプライチェーン参画 3. 量子を中心とした
スーパーコンピューター

東京大学主導の「量子イノ
ベーションイニシアティブ協
議会 (QII) 」は世界最大の産
官学の研究ネットワーク

• 日本には米国以外で唯一のIBMの
量子ハードウェア開発環境（テス
トベッド）を設置

• 必要とされる重要な部品、材料の
重要サプライヤーとなりうる潜在
的な企業が多くある

• 理研がスーパーコンピューター
「富岳」とIBMの次世代量子シ
ステムを連携 (2024/4)

• 一体として動作するシステムを
開発
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Key milestones in bringing useful quantum computing to the world

2023

Establish quantum 
utility

2026

Demonstrate quantum 
advantage

2029

Deliver the first large-
scale, fault-tolerant 
quantum computer
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A noisy quantum computer 
produces accurate 
expectation values 
on 127 qubits and 2880 
gates, outside of brute 
force classical 
computation.

Y. Kim, A. Eddins, et al, Nature. 618, 500–505 (2023)
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Removing the roadblocks to fault tolerance at scale

Nature 627, 778–782 (2024) arXiv:2506.03094 (2025) arXiv:2506.01779 (2025)

Quantum memory 

using bivariate bicycle 
codes requires ~10x 
fewer physical qubits 

than the surface code

End-to-end resource estimates 

demonstrating that bicycle architectures 
retain an order of magnitude qubit 
advantage over surface code architectures 

when implementing large logical circuits

Demonstrating the feasibility of real-time decoding of 

qLDPC codes such as bivariate bicycle codes with a 
modified algorithm (Relay-BP) that eliminates the need 
for a second-stage decoder.

Is there a code that 
scales efficiently?

Does this code retain its 
advantage during computation?

Is real-time decoding possible?
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We predict that quantum 
advantage will be found 
by the end of 2026…
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… but only if we work together.



The ability to execute an 

information processing task 

on quantum hardware in a 

way that satisfies two 

essential criteria:

1. This correctness of the 

output can be rigorously 

validated.

2. The calculation is 

performed with a quantum 

separation that offers superior 

efficiency, cost-effectiveness, 

or accuracy than what can be 

obtained with classical 

methods alone.
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Read the white paper → https://ibm.biz/QA-whitepaper 

Read the blog → https://ibm.biz/QA-blog 

What is quantum 

advantage?
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Quantum-centric supercomputing (QCSC): 

A hybrid computing architecture 
that leverages both classical and 
quantum computers.



Sample-based quantum diagonalization (SQD)*

Sampler() 

Execute using Qiskit 
Runtime Primitives. Quantum 
compute generates samples from 
an exponentially large space

*) Robledo-Moreno, Javier, et al. arXiv:2405.05068

**) For QSCI - Kanno, Keita, et al. arXiv:2302.11320



Qiskit – 
Open ecosystem for quantum 
computing 



Workflow provides efficient resource utilization

IBM Quantum Computer
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Quantum resources in resource management system



Overlapping computation with Quantum and HPC resources



Prefect + Qiskit → Observability



GPU-accelearated Sample-based Quantum Diagonalization



Key quantum 

computational 

areas

Hamiltonian 
simulation

Optimization

Machine learning Differential equations
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