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Logical Qubit e
Bit-flip errors 100x smaller than phase-flip
Estimated 6x reduction in hardware g 2rhead PHASE ERROR READ OUT SI CHIP
OSCILLATOR-BASED QUBIT SI CHIP
GOLD-COATED COPPER BASEPLATE

AWS re:Invent 2023 Monday Night Live Keynote with Peter DeSantis
Quantum Computing https://youtu.be/pJG6NMR7XxI?si=aauJ8bDdh55kLtXu&t=3497
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— Oskar Painter (Head of Quantum Hardware)

— Fernando Brandao (Head of Quantum Algorithms)
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https://aws.amazon.com/jp/blogs/quantum-computing/announcing-the-opening-of-the-aws-center-for-quantum-computing/
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AWS Center for Quantum Computing
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— Alexey Gorshkov (University of Maryland)
— Gil Refael (Caltech)
— Amir Safavi-Naeimi (Stanford)

Liang Jiang (University of Chicago)

David Schuster (Stanford) s
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‘“concatenated cat codes”

[PRX Quantum 3, 010329 (2022), Blod]
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PRX QUANTUM 3, 010329 (2022)

Building a Fault-Tolerant Quantum Computer Using Concatenated Cat Codes

We present a comprehensive architectural analysis for a proposed fault-tolerant quantum computer
based on cat codes concatenated with outer quantum error-correcting codes. For the physical hardware,
we propose a system of acoustic resonators coupled to superconducting circuits with a two-dimensional
layout. Using estimated physical parameters for the hardware, we perform a detailed error analysis of
measurements and gates, including CNOT and Toffoli gates. Having built a realistic noise model, we
numerically simulate quantum error correction when the outer code is either a repetition code or a thin
rectangular surface code. Our next step toward universal fault-tolerant quantum computation is a protocol
for fault-tolerant Toffoli magic state preparation that significantly improves upon the fidelity of physi-
cal Toffoli gates at very low qubit cost. To achieve even lower overheads, we devise a new magic state
distillation protocol for Toffoli states. Combining these results together, we obtain realistic full-resource
estimates of the physical error rates and overheads needed to run useful fault-tolerant quantum algorithms.
We find that with around 1000 superconducting circuit components, one could construct a fault-tolerant
quantum computer that can run circuits, which are currently intractable for classical computers. Hardware
with 18 000 superconducting circuit components, in turn, could simulate the Hubbard model in a regime
beyond the reach of classical computing.

{odd cat)
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(even cat)

DOI: 10.1103/PRXQuantum.3.010329

Passive QEC (Cat qubit encoding)
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https://aws.amazon.com/blogs/quantum-computing/constructing-end-to-end-quantum-algorithm/
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Managed
Jupyter Notebooks

Amazon Braket Console
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Our research focuses on quantum Al using AWS cloud services SCSK

We explore quantum Al using AWS cloud services such as Amazon Elastic Compute
Cloud (EC2) F1 instances and Amazon Braket (QPU)

SDK Q_uantum Al
simulator

# python using FPGA

Endpoint Quantum Cross
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A quantum software development kit (SDK) for reproducing our quantum experiments is available at
https://github.com/scsk-quantum/phigonnect

p— _—

SCSK leveraged Amazon EC2 F1 (FPGA) instances
and Amazon Braket lonQ Harmony QPU
to explore quantum Al.
[Dr. Teppei Suzuki, Q2B23 Tokyo]
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Denso worked on the research
in the intersection of Al and quantum,
aiming automation of science.
[Dr. Tadashi Kadowaki, Q2B23 Tokyo]
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The new platform is implemented as a scalable cloud architecture by utilizing cloud services such as serverless
. . computing service INVENETSEE provided by Amazon Web Services @, It offers companies and research
FUJltSU and RI KEN develop SUPercondUCtmg institutions collaborating with Fujitsu and RIKEN a seamless access environment for both the quantum computer

quantum computer at the R'KEN RQC' FUjitSU and quantum simulator via common APls.

Collaboration Center, paving the way for The two parties anticipate that the new platform will enable flexible switching between quantum computing and

l f f h b .d . quantum simulation necessary for the development of hybrid algorithms that use both classical and quantum
p at orm ror y ri quantum compUt|ng computers, such as the Variational Quantum Eigensolver (VQE) algorithm for molecular energy calculation in
quantum chemistry or quantum machine learning algorithms in finance. Fujitsu and RIKEN further expect that the

Platform leverages new 64 quit superconducting quantum new platform can be linked to external quantum chemistry calculation libraries in the future.

computer to accelerate R&D for quantum chemistry

Platform for hybrid quantum computing

e
BH % @ Proprietary control algorithm
cia e Ve ) E ction tech jes,
Fujitsu Limited. RIKEN izl dlmw s % (..rywrw?.rlj:?,:‘cwg?nr»!‘.;:I,Q«;:,s

64 qubit superconducting [
Tokyo, October 5, 2023 m Cloud P | quantumcomputer Plan to deliver a
» @ frontend Bl Expectation of Exponential acceleration variety of unique

using quantum effects - R
Seamless access between quantum differentiation
computer snd smulator 3, 40 qubit quantum simulator (HPC) technologies
= Quantum computation without errors iﬂ the future
Quantum algorithms can be evaluated ’

calculations and quantum financial algorithms

Users

fl:: Externe F'bnryl ‘ Optimization techniques using computing workload broker
erveriess compute 5 Web services,otc. | | (KR PTTEATON 0 i
Automatically select and optimize resources for solving a problem

Overview of the new platform for hybrid quantum computing
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Serverless Architecture with AWS Lambda
[Satoyuki Tsukano, et al., QSRH 2024]
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A consortium of joint research partners including the Center for Quantum Information and Quantum Biology at
Osaka University, RIKEN, the Advanced Semiconductor Research Center at the National Institute of Advanced
Industrial Science and Technology (AIST), the Superconducting ICT Laboratory at the National Institute of

Information and Communications Technology (NICT), Amazon Web Services, e-trees.Japan, Inc., Fujitsu Limited, NTT

Corporation (NTT), QUEL, Inc., QunaSys Inc., and Systems Engineering Consultants Co.LTD. (SEC) today announced

the successful development of Japan's third superconducting quantum computer @ installed at Osaka University.
Starting December 22, 2023, the partners will provide users in Japan access to the newly developed computer via
the cloud, enabling researchers to execute quantum algorithms @, improve and verify the operation of software, and

explore use cases remotely.
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1.Amazon Braket Getting Started J1—X (6043)
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2.Quantum application development with Amazon Braket ———

1—X (9043)
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Amazon Braket

https://aws.amazon.com/blogs/quantum-computing/introducing-the-amazon-braket-learning-plan-and-digital-badqge/
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