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Exploring quantum computing
today with Amazon Braket
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Amazon Braket
GET STARTED WITH QUANTUM COMPUTING

Hybrid quantum computing
TRAIN YOUR QUANTUM CIRCUIT LIKE A NEURAL NET

Tensor network simulation

TEST NEW CIRCUIT CLASSES




» Technology milestones are being achieved
Increasing choice of competing technologies

v

Government initiatives stimulate activity

v

Understand the long-term transformative potential

v

Plan ahead, manage risk, and identify opportunities
and threads

Learn new skills, build expertise, and
collect resources

v

v

v

Develop new algorithms and IP




Democratizing
quantum computing
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Amazon Braket
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Build Test Run
Fully managed High-performing Secure, on-demand
development circuit simulators access to quantum

environment hardware



Choice of quantum hardware technology
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The Quantum Computing Company™
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Available on-demand on AWS
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The Quantum Computing Company™

D-Wave — Advantage_system1.1 lonQ Rigetti — Aspen-8

Universal gate-model QFU based
on trapped ions

Universal gate-model QPU
based on superconducting

Quantum Annealer based D:LJaue
on superconducting qubits

qubits
Qubits Status Qubits Status Qubits Status
5760 © ONLINE 11 © ONLINE 31 © ONLINE
Region Next available Region Next available Region Mext available
us-west-2 (@) AVAILABLE us-east-1 @ AVAILABLE us-west-1 ) AVAILABLE
NOW NOW NOW




Democratize quantum computing and
accelerate innovation

VOLKSWAGEN

GROUP
- Florian Neukart, Director of Advanced Technologies and IT Strategy, Volkswagen

Group of America

FIDELITY CENTER for
FCAT | APPLIED TECHNOLOGY

- Adam Schouela, Head of Emerging Technology at the Fidelity Center for
Applied Technology

Bwiarerioo | 1QC

- Michele Mosca, Full Professor at the University of Waterloo




Quantum algorithms exceed the capabilities of
today’s devices

Physics/Chemistry Material Science  Optimization
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Simulate FeMoco Simulate High-T Scheduling,
superconductors ranking, learning
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Quantum algorithms exceed the capabilities of
today’s devices

Cryptography  Physics/Chemistry Material Science  Optimization
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oco Simulate High-T Scheduling,
superconductors ranking, learning

~ 10M qubits* ~ 100K qubits* ~ 100K qubits* ~ 1M qubits*

*For qubits with 0.1% error rate



Learning quantum
machines
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Hybrid methods promise near-term applications

Noisy Intermediate Scale Quantum (NISQ)

Hybrid algorithms use fewer qubits and shorter circuits

QUANTUM COMPUTERS AS CO-PROCESSORS
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Self-learning quantum algorithms

VARIATIONAL QUANTUM COMPUTING MACHINE LEARNING

Update cPU CPU
variational Upf:late
parameters New weights New
parameters weights

Objective g — T QPU Objective GPU

function Calculatg function Calculate
expectation batch error
value value

» Adoption-led innovation: Build and test heuristic approaches

» Differentiable programming and sophisticated optimization strategies paved the
way for the success of neural nets

» Mature end user libraries make it easy and intuitive to build, train, and experiment




Introducing PennyLane on Amazon Braket

TRAIN YOUR QUANTUM CIRCUIT LIKE A NEURAL NETWORK

» Use familiar ML tools including PyTorch and TensorFlow

p — N N \/ » Get started with quantum differentiable programming
L /\ N i » Build hybrid quantum-classical models

» Get started quickly with pre-configured Amazon Braket
notebooks and tutorials

» Access application libraries for chemistry, optimization,
and ML

» Train 10x faster on Amazon Braket simulators




Train 10x faster on Amazon Braket simulators

VARIATIONAL ALGORITHMS REQUIRE MANY
CIRCUIT EXECUTIONS AT EVERY STEP

CPU
Update
variational
parameters New l
parameters
Objective +— M
I J Calculate

function
expectation
value

PARALELLIZE CIRCUIT EXECUTIONS WITH
AMAZON BRAKET SIMULATORS

it

Amazon Braket

Amazon Braket
simulator task

10x FASTER TRAINING TIMES ACCELERATING
ALGORITHM RESEARCH AND TUNING

Time for a single gradient evaluation*

——Local sequential =——SV1 parallel
450

400 /

350 /

300 /

250 /

200 //

150

100 e
/ 1)

50
/ v

Runtime [s]

20 40 60 80 100
Number of parameters

*20 qubits, local simulation on m5.12xl EC2 instance using PennyLane local simulator



Simulating quantum circuits is hard

aa Classical bits: 00 or 0T or 10 or 11
Quantum bits: 00 and 01 and 10 and 11

N

©/s\

Exponential memory
requirements
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The unreasonable
effectiveness of
tensor networks
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Introducing: Managed tensor network gé
simulation with TN1

Tensor network
simulation




What makes simulation hard?
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» Local gates
» Sparse circuits
» Weakly interacting groups of qubits




Large-circuit simulation with TN1 %

Time to simulate a quantum Fourier transform
450

Z10]0) /
350

300 /

» Simulate up to 50 qubits

— » Faster runtimes than SV1 for large,
0 550 / structured circuits

E

. / > Rehearsal determines whether

o

/ circuit can be simulated
150
100 //l
~—___——j::::::=,__‘::::;__ 4‘——————/"
0]

20 21 22 23 24 25 26 27 28 29 30 31 32 35 40 45 50
TN1 A

Number of qubits



Accelerating the innovation cycle with
Amazon Braket

NEW!

NEW!

Build

Get started quickly with a
fully managed
development environment

Build variational
algorithms with familiar
ML tooling

Access application libraries
for chemistry, ML, and
optimization

NEW!

NEW!

Test

Use fully managed
simulators to test and
fine-tune your algorithm

10x faster training
through optimized
parallel execution

Test new algorithm
classes with tensor
network simulations

L
Z

Run

Secure and on-demand
access to quantum
computers

Control the physical
allocation of qubits in
your algorithms



Thank you!
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Please complete
the session survey
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