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The Amazon Flywheel
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The Quantum Flywheel
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How can we support quantum software development? 

On-demand access to 
hardware

Low-level device 
control

High performance 
algorithm execution Cloud integration



© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark. 9

Quantum 
Circuit

Analog 
Program

It all starts with the hardware

On-demand access

No upfront commitment

Consistent user experience
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Built for builders - The Amazon Braket stack
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Hardware

Service APIs Tasks 
Hybrid Jobs

Circuits and low-
level control

Amazon Braket 
SDK

AutoQASM* braket.jl*

Quantum Program 
Specification

OpenQASM3.0 
(+OpenPulse)

Algorithms and 
Applications

Software Developers 
& Startups

(… and many 
more)

*experimental

AHS IR
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Low-level control to get 
the most out of hardware
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The Amazon Braket Python 
SDK

12

Design and build quantum programs
   Create quantum programs (Circuits/AHS)

   Low-level control with Braket Pulse

   Test locally with built-in simulators

   

 Interact with Braket APIs 

   Submit tasks and jobs to devices 

   Track and monitor their execution
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Device-native programming with Braket
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Inspect device topologies and properties Program verbatim circuits with native gates
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Amazon Braket Pulse
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https://aws.amazon.com/blogs/quantum-computing
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Pulse-level programming with Braket Pulse
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Standalone pulse sequences

Design analog quantum 
algorithms at the pulse level

Use pulses within circuits

Experiment with novel custom 
gate implementations

Optimize your circuits

Create modular circuits 
including both gates and pulses
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Access and customize native gate calibrations

16

Inspect hardware provider implementations Customize them to investigate noise effects

Example: deploy zero-noise extrapolation 
without modifying your circuits

Now available on Rigetti
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Optimizing gate implementations at the 
pulse level
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"The team at Q-CTRL is excited to have been an early user of pulse-level 
control through Amazon Braket. Q-CTRL's published results have 
demonstrated increased algorithm performance by up to 9000x over 
conventional approaches. We're thrilled that now, with the reach of the 
pulse control feature release from Amazon Braket, we’ll be able to 
utilize this capability on several backends to provide multiple orders of 
magnitude improvement in QPU performance." 



© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.

High performance quantum 
algorithm execution
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Running quantum tasks on Amazon Braket 

Users

Amazon CloudWatch 
(monitoring)

QPUs

AWS Cloud

Amazon Braket

Amazon Braket Console

Braket SDK

Local IDE

Managed notebooks

Amazon S3
(results storage)

AWS Identity and 
Access Management 
(permissions)
AWS Key 
Management Service 
(data protection)

Amazon EventBridge
(notifications)

Simulators
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Advanced workloads require fast execution of thousands 
of tasks

Setup and maintain classical 
environment 

Monitor 
convergence / progress

Make sure algorithm executes 
fast to avoid device drift
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Running Algorithms with Braket Hybrid Jobs

Users

QPUs

AWS Cloud

Amazon Braket

Amazon Braket Console

Braket SDK

Local IDE

Managed notebooks

Simulators

Hybrid Job

Instance Algorithm

Convenience
Fire-and-forget 
algorithm execution

Insights
Live monitoring of 
custom metrics

Performance
Priority access and 
optimized throughput

Now up to 10x faster
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Demo – Hybrid Jobs

22
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Learning from Machine Learning – 
Experiment management best practices 

Code Data

Github Amazon S3

Settings

Amazon Aurora

Braket Hybrid Jobs

Experiment repo

Integrated OpenQAOA with Braket 
Hybrid Jobs

Used it for running and organizing 
quantum experiments in engagement 
with Continental AG

Read about it on 
our blog
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Cloud integration 

24
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Amazon Braket – “Just another AWS service”
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AWS Cloud

Amazon BraketAWS BatchAWS ParallelCluster

Amazon EC2

Classical Compute

Amazon ECR

Amazon API 
GatewayCustomers

Amazon Cognito

Amazon ECS Amazon Braket 
Hybrid Jobs 
Container

Amazon Braket QPUs

Quantum Compute

AWS KMS
Control Layer

Orchestration Layer

Infrastructure layer (compute)

AWS IAM
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Amazon 
Braket

AWS 
Lambda

AWS 
Batch

AWS 
Batch

AWS 
Batch
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Build on Braket!

On-demand access to 
hardware

Low-level device 
control

Cloud integration
Programmatic 
algorithm execution
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Build on Braket!
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Bonus content - AutoQASM

29
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Today’s quantum programming tools: 2 main strategies

• Mature programming tools 
(e.g., numpy, matplotlib)

• Familiar language

• Need to shoehorn quantum 
concepts into Python

• Overloading of classical 
instructions

• Tailored experience for quantum 
programming 

• Real-time classical/quantum 
programs

• Need to learn a new language
• Need to build all other tooling 

from scratch (or interoperate 
with another language)

Python library 
(e.g., BDK, Cirq, Qiskit)

Domain-specific language
(e.g., Q#)
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An intuitive, interoperable approach 

With the experimental AutoQASM library for Braket, we are working 
toward a low-level quantum programming interface that is:

31

Python native

Builds on the AutoGraph library from 
TensorFlow to provide an intuitive quantum 

programming interface in pure Python.

Built for quantum

Builds on open-source OpenQASM libraries 
to generate interoperable OpenQASM 3.0 

and OpenPulse programs.

Experimental
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Example: Bit-flip error correcting code

Existing Python SDK Braket SDK with AutoQASM

32

Experimental



© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved. Amazon Confidential and Trademark.

Python-native quantum programming interface

AutoQASM is a new experimental 
module of the Braket SDK
Provides an intuitive interface for 
low-level quantum programming

Available on GitHub: 

33

Experimental
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Evolving low-level quantum programming on Braket

Potential future extensions include:

• Circuit ensembles/batches
(benchmarking, randomized compiling, …)

• Programmatic transformations
(dynamical decoupling for error 
suppression, qubit remapping, …)

• Complex real-time classical logic
(decoding for quantum error correction, …)

• Integration with Braket hybrid jobs
(quantum-classical hybrid algorithms, …)

• …and more

Get involved with the open-source 
Braket SDK and AutoQASM library

We want your feedback!
• Experimental project – we want 

users to guide our roadmap 

Contact me (erikessl@amazon.com) 
at any time for discussions, demos, 
suggestions, etc., or if you’re 
interested in contributing.
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Thank you!

© 2023, Amazon Web Services, Inc. or its affiliates. All rights reserved. 

Eric Kessler
erikessl@amazon.com
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Apply for AWS Cloud 
Credits for Research to 

use with Braket

Read more on the 
AWS Quantum 

Technologies blog

AutoQASM quantum 
programming module 

for Amazon Braket SDK

Experimental
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Thank you!


