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Potential to disrupt
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Potential applications
Manufacture fertilizer with less energy

Agriculture

Model photosynthesis for cheaper 

solar cells, battery tech, materials 

for carbon capture

Energy

Time-to-market for new 

drugs, molecular simulation to 

find stable configurations

Pharma

Machine learning

Logistics

Portfolio selection, risk 

management, trading decisions

Finance

Traffic routing, network optimization, 

manufacturing workflow

Reinforcement learning, search, 

sampling, neural networks
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What does it mean for me?

When should I get involved?

How can I get started?
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Quantum community

Application 

specialists

EducatorsGovernments Researchers

Hardware

providers

Tooling 

developers
Industry
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Catalyst for innovation

Enterprises
Solution 

providers
Researchers Educators

Teach on BraketResearch on BraketBuild on Braket

Quantum hardware providers

Secure 
and private

Operational 
consistency

Integrated 
services

Technical 
support

Simple 
pricing

Marketing 
platform

Developer 
environment

Amazon Braket
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Amazon Braket

Test

• Free simulator in the 

SDK for debugging

• Fully managed, high-

performance simulators

Build

• Managed notebooks 

• Example algorithms

• Tutorials

Run

• Access multiple 

quantum computers

• Integrate quantum and 

classical resources

Analyze

• Monitor progress

• Notify on completion

• Measure performance
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Hybrid classical-quantum algorithms

Classical and quantum processors act 

as co-processors, optimizing quantum 

algorithms to minimize the impact of 

noise and errors

Machine learning 
to optimize 
quantum circuit 
parameters

Update 
parameters

Return execution
results

Execute 
quantum 
circuit

Classical CPU

Quantum hardware 

or simulator
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Shots – tasks – jobs

Hybrid job
Sequence of classical and 

quantum compute cycles

(10s to 1,000s of tasks per job)

Task
Series if repeated shots 

on a device

(10s–10,000s shots per task)

Shot
Single execution of quantum 

operation on a device 
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Amazon Braket hybrid jobs

Easily design and manage the execution of 

hybrid algorithms

• Fully managed execution of arbitrary 

algorithm code and quantum tasks

• Job monitoring and algorithm metrics in the 

Braket console and CloudWatch

• Prebuilt or “bring your own” algorithm

• On-demand priority access

AWS Cloud

Amazon S3

Amazon CloudWatch

Quantum processors

Amazon Braket

Managed simulators

Job instance 

(container)
Amazon ECR

Users
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Submitting an Amazon Braket hybrid job

Submitting a quantum task

• Define device

• Provide circuit

• Run quantum task

Submitting a hybrid job

• Define device

• Select your container image

• Provide input data

• Provide algorithm code

• Create hybrid job
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Check the status of your Braket jobs



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

Results stored in Amazon S3

customizable monitoring capabilities Track job 

status changes

Structured S3: source code, 

checkpoint files, results
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Monitor quantum algorithms

• Customizable

• Define how to monitor progress

• Real time in CloudWatch and 

the Amazon Braket console

• Ability to intervene or make 

adjustments if your algorithm isn’t 

converging (or has converged early)

• Access logs from your container
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Building cloud solutions with Amazon Braket

Amazon Braket is one of over 175 

fully featured cloud services
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Custom APIs for quantum and HPC resources

• Access to multiple classical 

and quantum processors

• Secure APIs

• Custom images

• Multiple HPC resources

AWS Cloud

Amazon Braket

AWS Batch

AWS ParallelCluster

Amazon EC2

Classical compute

Amazon ECR

Amazon API 

Gateway

Users Amazon Cognito
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Build event-driven applications

AWS Cloud

Amazon EventBridge

Amazon Braket Compute

Database

Analytics

Storage

Machine learning

Customize event-driven applications for a 

variety of quantum and classical tasks 

• Store data and results

• Classical post processing and analysis

• Classical HPC and ML comparisons

• Analytics pipelines

• Organization-level user management

⋮

⋮

⋮

⋮

Users
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Quantum computing at 
JPMorgan Chase & Co.

Marco Pistoia, PhD

Head of Research & Quantum Computing, 

Distinguished Engineer
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Quantum investment in financial services

The financial industry is predicted to be 
the first sector to benefit from quantum 
computing, even in the short term

This is due to the abundance of high-
complexity financial use cases that can 
be solved more efficiently and 
accurately with quantum computing, 
including

• Portfolio optimization

• Derivative pricing

• Risk analysis

• Machine learning

0 5 10 15 20 25 30

Consumer goods

Insurance

Travel, transport, and logistics

Healthcare systems, services

Public sector, professional services

Telecom, media, and technology

Pharma and medical products

Advanced industries

Global energy and materials

Finance

Who could create value 

with quantum computing?

Percentage in the near term
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The road to 
quantum 
advantage

Quantum 

science

Quantum 

readiness

Quantum 

advantage

• Create the 

fundamental 

theoretical and 

physical building 

blocks of 

quantum 

computing

• Build portfolios 

of quantum 

algorithms and 

applications for 

future use in 

production

• Remain on top of 

the hardware 

ecosystem

• Start transitioning 

research assets 

into business 

solutions

• Commercial 

advantage to 

solving real-world 

problems with 

quantum 

computers more 

efficiently and 

accurately than 

with classical 

computers

2010s 2020s1900s
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Quantum algorithms and financial use cases

Problem Best 

classical 

time

Quantum 

algorithm

Quantum 

time

Speedup Considerations Relevance to finance

Linear systems

𝐴 Ԧ𝑥 = 𝑏 ∶ 𝐴 ∈ ℂ𝑁×𝑁, Ԧ𝑥, 𝑏 ∈ ℂ𝑁
𝑂 𝑁 HHL poly(log(N)) Exponential • Strict conditions, e.g., A well-

conditioned and sparse in 

both classical and quantum

• Portfolio Optimization1

Combinatorial optimization over 

𝑁 elements
𝑂 2𝑁

QAOA Heuristic Unproven • Empirical

• Suitable for near-term 

devices
• Portfolio Optimization2,3

• Natural Language 

ProcessingGrover’s 𝑂 2 Τ𝑁 2 Quadratic • Data loading

• Oracle for cost function

Monte Carlo integration with 

error 𝜖 𝑂
1

𝜖2
Amplitude 

Estimation 𝑂
1

𝜖

Quadratic • Data loading

• Payoff function

• Derivative Pricing4,5

• Risk Analysis
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Walk-through:
Portfolio optimization 
using QAOA in 
Amazon Braket
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Problem definition and input data generation

1. Construct the input for the QAOA algorithm

2. Generate reference values classically
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Hybrid job: Orchestration script – 1

2. Define function to upload data to 

Amazon S3

1. Specify hyperparameters
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Hybrid job: Orchestration script – 2

1. Create hybrid job

2. Specify starting point

3. Upload data and specify in the configuration where the job should 

fetch the data from

4. Console output confirming the job started
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Hybrid job: Execution logs

Console output showing the iterations of QAOA

Cost function decreases 

over successive steps
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Hybrid job: Results – 1

2. Plot cost function value vs. iteration

1. Print metrics
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Hybrid job: Results – 2

Create hybrid job

1. Fetch results and display

portfolio chosen by QAOA

2. Identify the solution in the 

probability distribution 

corresponding to the best 

portfolio



© 2021, Amazon Web Services, Inc. or its affiliates. All rights reserved.

AWS Cost Management Console 
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CloudWatch Resource Monitor 
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The quantum stack

Simulator 1

Applications

Algorithms

Circuits

Devices

Domains

Hardware-independent Quantum Circuit Management

Circuit Generation, Compilation, Hardware-specific Transpilation, Hardware-specific Optimization

Hardware 1 …

Finance
Risk Analysis, Portfolio 

Optimization, …

Optimization
Traveling Salesman 

Problem, Maximum Cut, …

AI
SVM, Neural Networks, 

Reinforcement Learning, …

Quantum Algorithms
Variational Quantum Eigensolver, Grover, Shor, 

Phase Estimation, Amplitude Estimation, …

Algorithmic Components
Variational Forms, Optimizers, Feature Maps, 

Multiclass Extensions,  Uncertainty Problems, …

Classical Algorithms
Eigensolver, Linear System Solver, Support Vector 

Classifier with Radial Basis Function Kernel, …

Hardware N

Interface Internal Service Layer

Cloud services 

• No installation required 

with cloud-based access

• Environment consistency 

across all users

• Low runtime overhead when 

quantum is integrated into a 

cloud system

• Cloud services seamlessly 

integrated (billing, 

monitoring, access control)

• Support for diverse 

technical users, such as 

quantum researchers and 

domain experts

Hybrid computing

• Ideal in the NISQ era for 

executing algorithms on 

near-term devices while 

offering proper scaling 

• Automatic resource 

management when 

executing classical/quantum 

hybrid applications

Hardware agnosticism 

• Ability to run algorithms 

on multiple computers 

and simulators with 

minimal effort 

Amazon Braket

Hardware 2
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Actionable takeaways 

• Urgency to become quantum ready now

▪ Stay abreast of the growing quantum ecosystem and understand its effects 

• Identify first-wave applications

▪ Build internal connections with product teams and use case owners

• Support scaling of quantum technology

▪ Identify your place in the quantum stack to build supporting assets
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What’s your next step?

Quantum 

curious

Quantum 

pragmatists

Quantum 

pioneer

Quantum 

enabler
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Resources

aws.amazon.com/braket

aws.amazon.com/quantum-solutions-lab

jpmorgan.com/technology/flare

https://aws.amazon.com/braket
https://aws.amazon.com/quantum-solutions-lab
https://www.jpmorgan.com/technology/flare
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Thank you!
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