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Agenda

Quantum computing – why should you care?

Where are we today?

Introducing Amazon Quantum Technologies 



Related breakouts

Thursday, December 5th

CMP213-R1: [REPEAT 1] Introducing Quantum Computing with AWS

2:30 PM - Bellagio, Grand Ballroom 5 Black
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Quantum computing
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Quantum technologies from last century



Simulating quantum is hard

~2n n



Simulating physics with computers

"trying to find a computer simulation of 

physics seems to me to be an excellent 

program to follow out (…) Nature isn’t 

classical, dammit, and if you want to make a 

simulation of Nature, you’d better make it 

quantum mechanical, and by golly it’s a 

wonderful problem, because it doesn’t look so 

easy” 

R. Feynman,  Simulating Physics with Computers, 81



Quantum mechanics

|ψ⟩ = |0 + |1

||2 +||2=1 

n

|0 |1
Pr(0) Pr(1)



Quantum technology of this century



Quantum Computers in the Lab

superconducting qubits silicon photonicstrapped ions Rydberg atoms



Applications Quantum Computing
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15 = 5 x 3

509284477619 = 217421 x 234239

n exp(1.9 n1/3)



Applications Quantum Computing

72 n3
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Quantum Error Correction

Error rate: probability of error during execution of gate    

0 -> 1,  1 -> 0

Qubit bit flip:         |0 + |1 -> |1 + |0
Qubit phase flip: |0 + |1 -> |0 - |1



Quantum Error Correction

Error rate: probability of error during execution of gate    

0 -> 1,  1 -> 0
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Quantum Error Correction
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Target: one billion gates with no error



Applications Quantum Computing



Quantum Computing Eras
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1: classical simulatable

2: Noisy Intermediate-Scale Quantum (NISQ)  

3: error-corrected quantum computing
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Quantum Supremacy

Are current quantum hardware better than classical at anything?

Analogy:  ‘Savant” versus pocket calculator competition

Problem: Multiply large numbers

“Supremacy” of  calculator over human brain



Quantum Supremacy

Are current quantum hardware better than classical at anything?

Google’s 53 qubits “Sycamore”

quantum “pocket calculator” 

3 minutes

Summit Supercomputer

classical computing “savant”

3 days – 10,000 years

Problem: Sampling from outputs from “random circuits”



Noisy Intermediate-Scale Quantum



Noisy Intermediate-Scale Quantum

Now it’s time to get started!
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Quantum Computation: Why now?

Growth
Users

Hardware 
capabilities

Use cases and 
algorithms

Hardware 
developers

Long-term transformative 
potential 

Quantum computers enter 
supremacy regime

Learn and build expertise

Develop new algorithms and IP



Introducing Amazon Braket



Amazon Braket puts quantum computing in the 
hands of every developer and scientist



Amazon Braket puts quantum computing in the 
hands of every developer and scientist

Managed development 
environments

High-performing 
circuit simulators

Hybrid workloads on 
secure, on-demand 
quantum hardware



Design - Managed Jupyter Lab environments

Fully managed infrastructure

Pre-built environments

Learning resources

Build and test algorithms



Test - Hosted circuit simulators

Serverless execution

Optimized performance

Individual circuits and hybrid 
jobs

Schrödinger 
simulator

Tensor network 
simulator

…



Near-term quantum computers will be used as co-

processors

Calculate 

batch error

GPUCPU

Update 

weights

Weights

Objective 

function

Objective 

function

Machine 

learning

CPU QPU
Parameters

Variational 

quantum 

computing

D
D
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Calculate 

expectation 

value

Update 

variational 

parameters



Run – Managed execution of hybrid quantum 

algorithms

Users

Local 
IDE

Fully managed 

execution

Pay only for what you 

use

Change backend with a 

single line of code

Amazon 

Braket

Classical 

compute

Simulator

Amazon S3

Amazon CloudWatch

QPU



Amazon Braket provides secure, on-demand access to 
different quantum computing technologies



Introducing Amazon Quantum Solutions Lab

Collaboration Education Solutions

A collaboration and research program that connects Amazon 

quantum computing experts with AWS customers



Introducing Amazon Quantum Solutions Lab

Collaboration Education Solutions

A collaboration and research program that connects Amazon 

quantum computing experts with AWS customers



Working backwards: quantum computing with 
Amazon Quantum Solutions Lab

Quantum 

Computing

Machine learning

HPC

Build and optimize deep learning approaches on AWS

Build and optimize classical and quantum-inspired 

approaches on AWS

Target use case
Build quantum computing prototypes

Develop new algorithms and approaches
Benchmarking Results



Technology and consulting partners provide software 
and service solutions on Amazon Braket



Introducing AWS Center for Quantum Computing

Near-term applications

Error correction & programming 
models

Quantum hardware and 
technologies



“It’s a marathon, not a sprint”

Amazon Braket in preview

Start researching the potential of quantum 
computing for your business with AWS

What’s next? 



Thank you!
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