Carnegie Mellon University

18-819F: Introduction to Quantum Computing
47-779/47-785: Quantum Integer Programming
& Quantum Machine Learning

Create AWS Braket, Dwave Leap, and IBM Qiskit accounts
Access USRA RIACS Resources
Join CMU Quantum Computing
Lecture X
09.28.2022
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Carnegie Mellon University

Agenda

« Create IBM (Qiskit) account

« Create D-Wave (Leap) account
« Create AWS account

« Amazon Bracket

» Accessing USRA resources
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Create IBM (Qiskit) account

Open-Source Quantum
Development

Qiskit [kiss-kit] is an opan-source SOK for working
h quantum computers at the level of pul

What can Qiskit do

ectrical & Computer
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Ty TEPPER

Carnegie Mellon University

1- Go to www.qiskit.org
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http://www.qiskit.org/

Create IBM (Qiskit) account

Quick Start
When you are looking to start Qiskit, you have two options. You can start Qiskit
cally, which is much more secure and private, or yo el
M Qua b.
Start locally
<11 Qiskit locally, you will nesd Start Online
end u
iet started in the cloud wit
anything with IBM Quantum Lab.
Qiskit I i
ymlab 3
Stabl nded u bl

||||||

Terminal

O ERGNERRRIG <y TEPPER

Carnegie Mellon University

2- Scroll down to Start Online and
click where it says “IBM Quantum
Lab”.
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Create IBM (Qiskit) account

Start coding with Python
in Quantum Lab

ectrical & Computer
 ENGINEERING

Sign in to IBM Quantum

Ty TEPPER

Carnegie Mellon University

3- If you want to log with your cmu
account, click Google’s symbol
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Create IBM (Qiskit) account

G Acceder con Google

Acceder

Iraibm.com

Correo electronico o teléfono
[ aag@andrew.cmu.edu

iOlvidaste el correo electrénico?

Para continuar, Google compartird tu nombre, direccion de
correo electronico, preferencia de idioma y foto de perfil
con ibm.com. Antes de usar ibm.com, revisa su

politica de privacidad y condiciones del servicio.

Espafiol (Latinoamérica) - Ayuda Privacidad Condiciones

ectrical & Computer
 ENGINEERING

Web Login

AndrewID |

Password |

Warning: The URL for this page should begin with https://login.cmu.edu.
If it does not, do not fill in any information, and repoert this site to it-help@cmu.edu.

I8

About | Change Password | Forgot Password?

=y
D

TEPPER

Carnegie Mellon University

4- Log with your credentials
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Create IBM (Qiskit) account

9

& & guantum-computing.ibm.com,

1IEM Quantum

IBM Quantum End User Agreement

Eftective date: Jun 19, 2020 4:30 AM Download sl

IBM Quantum End User Agreement

PLEASE READ CAREFULLY: This IEM Quantum End User Agreement is between you
("You™), and IBM, and consists of (a) the terms of this IBM Quantum End User
Agreement, (b) the IBM Privacy Policies (defined below), and (c) the authorizations and
related instructions indicated on Your TBM Quantum account page listing the specific
IBM Quantum resources You are permitted to use (referred to herein as “Authorization

Instructions”) (collectively, this “Agreement”). 5_ Read the End User Ag reement

By accepting this Agreement on the IBM Quantum webpages, You (i) accept the terms of
this Agreement, as may be amended from time to time as provided below and subject to
the “Applicability” terms in Article 1.1 below, (i) understand that You are entering a
binding legal agreement, and (iii) are at least 18 years old.

I You are under 14, You may not access IBM Quantum.

If You are hetween 14 and 17 years old, then Your parent or legal guardian must accept
this Agreement for You. By doing so, Your parent or legal guardian represents and
warrants s/he has the legal right to do so, understands that this is a binding legal

agreement, and accepts these terms on Your behalt, -

[C] T accept the TBM Quantum End User Agreement
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Create IBM (Qiskit) account

Q©

Electrical & Computer

ENGINEERING

Last stepl Before you get started,

Tell us a little more about yourself

Stay up to date with the latest news and updates by receiving:

[] Product updates and announcemen
] 1em o

[] Tips about using our tools

[[] requests for feedback to help improve cur tools

Ty TEPPER

Carnegie Mellon University

6- Complete the last step
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Create IBM (Qiskit) account

You will be redirected automatically when it's ready for you.

7- Wait while the server is starting
up
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Create IBM (Qiskit) account

. = - e o o
B
Electrical & Computer q
) ENGINEERG vy TEPPER

Carnegie Mellon University

8- Your account should be created
successfully!

l@ Universities Space Research Association 10



Carnegie Mellon University

Create D-WAVE (Leap) account

Ds\wave

Unlock the Power of
Practical Quantum
Computing Today

1- Go to dwavesys.com
2- Click on “Get Started”

Qubits 2021: The Quantum

=
b o I_ Computing Conference
U I s e E 1 ’ D-Wa cts-/
Hear their
‘ / latest ng.
There
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http://www.dwavesys.com/

Carnegie Mellon University

Create D-WAVE (Leap) account

Begin Your Quantum

Journey
3- Click on “Developers Get Started

with Leap”
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Create D-WAVE (Leap) account

Q©

[OI DUSITIESS

ormance and scalability.

"Using hybrid quantum applications,
we're able to solve astronomical
protein design problems. This
means we can create better
proleins and ullimately enable new
drug discoveries.

Hans Melo, PhD — Co-Founder and CEO at
Menten Al

Immediate Access to
the Latest and

Electrical & Computer

ENGINEERING

A Comprehensive,
End-te-End Platform
forthe Entire
Quantum Journey

Leap is D-Wave's cloud ba:
on developer:

of quantum d

=y

Ty TEPPER

Carnegie Mellon University

4- Scroll down
5- Click on “Sign up for Leap”

Universities Space Research Association
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D:wave @eap

Take the Leap

ssssssssss LAST NAME®

LEVEL OF QUANTUM COMPUTING EXPERIENCE®

408 TITLE

J0B DOMAIN®

cccccccc

INDUSTRY®

uuuuuuuu

AM INTERESTED IN QUANTUM COMPUTING FOR®

Electrical & Computer

ENGINEERING

Create D-WAVE (Leap) account

<y TEPPER

Carnegie Mellon University

6- Follow the steps

l@ Universities Space Research Association 14
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Create D-WAVE (Leap) account

&« C @ cloud.dwavesys.com

p:wave @eap

Verify your email address

guantum

7- Verify your email address

k your email and

Thank you for signing up for the Leap

Note that when Leap is busy with a lot of

simultaneous signup requests, the confirmation

email may take a few minutes to arrive

Lost activation link? Resend link
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Create D-WAVE (Leap) account

Welcome to Leap - Account Activation (Extemal) inbox x

notifications@dwavesys.com
tome =

Hi
Welcome to Leap, the only real-time Quantum Application Environment.

At login, you'll find access to demos about quantum computing, the Ocean quantum programming SDK,
interactive coding examples, a growing quantum community and, most importantly, free time on an actual D-Wave quantum computer.

The best part, you'll get the jump on a new paradigm in quantum development. And who knows... maybe even design the first guantum killer app.

We're thrilled you're here.
Click below to confirm your registration and get started.
https:/cloud.dwavesys.com/leap/activate/Njk4NTQ/5ui-79c654686ce3c527e92¢/

This one-time link expires after three days.

This is an unmonitored mailbox and unfortunately, this email is an automated notification unable to receive replies.
If you have a question or concemn, please contact us directly at support@dwavesys.com.

Electrical & Computer q
ENGINEERING vy TEPPER

Carnegie Mellon University

8- Confirm your registration

Universities Space Research Association
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Carnegie Mellon University

Create D-WAVE (Leap) account

Dawave Beap

Leap In

PASSWORD

9- Log in
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Create D-WAVE

oiwave @eap

Dashboard

Getting Started

o7 %
O o)

work by running our brief demos your own in ou IDE.

B Whats New > Monthly Usage Summary @

Trial Plan Used

Leap Access Expanded to
Singapore 0.00%

e

Maximiliano Stock

ACCOUNT TYPE
? Problem Status
Trial Plan

status of your last 1000 problems

oismiss @)

EXPLORE OUR EXAMPLES ACCESS OUR RESOURCES

Find out how D-Wave guantum computers Learn from example ap| lions or build Demos, di entation, and tooks to help

the power of quantum
computing.

Usage Detalls

Hybnd Sovers Tota R }

00.00.00.000.

TIME USED

0@

PROBLEMS SUBMITTED

Undatod crvery minut.

arch by probioem |a Y FILTER (]

(Leap) account

@ Ayuda

ectrical & Computer
 ENGINEERING

Ty TEPPER

Carnegie Mellon University

10- Enjoy!

18
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Create AWS account

1- Go to https://aws.amazon.com/
- i R . 2- Click “Complete sign up”

Financial Services  GamaTech  Madia & Entertainmant
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https://aws.amazon.com/

Create AWS account

Q©

aws

Signin
offers online,
in-person, and hybrid events for

getting started with machine learning

Account owner that performs tasks requiring
unrestricted access. Learn more

@® Root user ‘

1AM user
User within an account that performs daily tasks.
Learn more

Root user email address

username@examp le.com

By continuing, you agree to the AWS Customer Agreement
or other agreement for AWS services, and the Privacy
Notice. This site uses essential cookies. See our Cookie
Motice for more information.

Learn more

Create a new AWS account

Electrical & Computer

ENGINEERING

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

Ty TEPPER

Carnegie Mellon University

3- Click “Create a new AWS
account”
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Carnegie Mellon University

Create AWS account

aAWS

Sign up for AWS

Email addrass
‘You will use this email address to sign in to your new

new AWS account. AWS account.

Explore Free Tier products with a

To learn more, visit aws.amazon.com/free.

Password

QD 4- Complete step 1
f[_‘, @ Q\ Confirm password

AWS account name
Choose a name for your account. You can change this
name in your account settings after you sign up.

Continue (step 1 of 5)

Sign in to an existing AWS account

(() EEIENCECIEKI &E char Iqtg' | 'I T E P P E R l@ Universities Space Research Association 21



Create AWS account

aws

Sign up for AWS

Free Tier offers Contact Information
How do you plan to use AWS?

AllL AWS accounts can explore 3 different types

of free offers, depending on the product used. © Business - for your work, school, or

organization

- Personal - for your own projects
_\\ Always free
\_ ’ Mewver expires wWho should we contact about this account?

Full Name
12 months free I

Start from initial sign-up date

2 A full name is required

= N Organization name
Trials “
@ Start from service activation date

Phone Mumber
Enter your country code and your phone number.

Country or Region

United States -

Address

City
State, Province, or Region

Postal Code

| hawve read and agree to the terms of the
AWS Customer Agreement (2.

Continue (step 2 of 5)

O ERGNERRRIG <y TEPPER

Carnegie Mellon University

5- Select “Business — for your work,
school, or organization”

6- Complete step 2

22
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Create AWS account
AU

Sign up for AWS

Secure verification Billing Information

Credit or Debit card number

@ We will not charge for usage below
AWS Free Tier limits. We temporarily

hold $1 USD/EUR as a pending VISA . I-EM DISCOVER
transaction for 3-5 days to verify -
your identity, AWS accepts all major credit and debit cards. To learn

7- Ignore step 3 and wait for the
- v welcome email from AWS.

Cardholder's name

“@
Billing address

© Use my contact address

5000 Forbes Av
Pittsburgh Pennsylvania 15213
us

Use a new address

You might be redirected to your bank’s website to
authorize the verification charge.
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Carnegie Mellon University

Create AWS account

dWS
N1

Welcome to Amazon Web Services

Thank you for creating an Amazon Web Servicas (AWS) account. For the next 12
manths, you'll have free access 1o all AWS services within the limits of the Frae Tiar.

If you are unable to acoess AWS Senvices, please note that some services may take 8 - Cl . k ¢ ‘G tt < St I.t d
up to 24 hours to fully activate. If vou're still unable to access AWS Services after IC On e lng a e
that time, please visit AWS Suppart. 99

Resources

Getting Started Resources »

Welcome to the AWS community!

—The Amazen Web Services Team
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Create AWS account

O X | Q luspeills x T Leap™ Cuardum Choud Sev. X i U AN i X ) Gelling Stuted with Armaion Wo X

€ 5 C & wsamxo

aws s

Products Solutions Pricing Documentation Learn Partner Network AWS Marketplace Customer Enablement Events Explore More

Getting Started Resource Center Overview Fundamentals ~ Learning Paths ~ Category Deep Dive ~ Hands-On Tutorials Resources

Getting Started with AWS

Learn the fundamentals and start building on AWS now

Get to Know the AWS Cloud

AWS fundamentals you need to know before launching your first application.

Watch Intro Video Learn Core AWS Concepts
Learn about app development on AWS and _ Acquire the knowledge you need to easily
the develeper tools available to support you navigate the AWS Cloud

Launch Your First Application

Select a learning path for step-by-step tutorials to get you up and running in less than an hour.

Full-Stack Developer Front-End Developer Hobbyist Builder

g Launch a web app and & Build full-stack React, i0S, ..@ Build and scale 2 WordPress
connect it to a backend Android, and Flutter apps website

DevOps Engineer Al App Developer Data Scientist

x Create a simple continuous :___Q Analyze sentiment in text {}é} Build, train, and deploy ML

delivery pipeline models

QO BRI <y TEPPER

Carnegie Mellon University

9- You should be redirected to
aws.amazon.com/getting-started

25
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Create AWS account

10- Check your email

11- Click the link to view the
Invitation to join an AWS
Organization

Lmazs Wk Sorices
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Carnegie Mellon University

Create AWS account

AWS Organizations

Invitations

Invitation from avws-dlit-cmud @dit,com Duetinne vitati M|
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Carnegie Mellon University

Create AWS account

AWS Organizations

Dashboard Organizations Dashboard

Dashboard

Organization details

This AWS sczeunt belongs ta the fallowing e

Organization 1D

o-xpuhsmBEGe

Management account email address

aws-dlt-cmudi@dlt com

Feature set 1 3 = J Oy l
E I I =
Your organization has all features enabled. You can apply palicies that can configure and limit what the accounts in the organization can

do. Trusted AWS sarvices can access your organization and accounts. The management account can create, manage and pay for the
orga;

ation's accounts through consolidated billing.

Leave organization Leave this organization

If you leave the organization, you become res;

nsible for all billing charges related to this account. If you want to rejoin the organization,

youi it receive and 2pprove a new invitztion. Leam more [4
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Carnegie Mellon University

Amazon Braket

Poducts Solutions  Fricing  Doa 0 Llexn  Parter Network &

Amazon Braket Cverview  Festare  Pricieg  FAQs  CGetthigStarted +  Hirdwora Prowdass v Customers

Frise AWS Teaining | Foruss 01 the clouad shils wast reensant (0 you—chease froen 500+ digial courses arross 300 S ol tioes »
« Quartum Technokegies

Amazon Braket

Accelerate quantum computing research

1 free hour of simulation
time per month
Gt Started with Amazon Braket | for 2 year with AWS Free Tier

Easily wiork with different types of Build quantum projects on a trusted Innovate quickly with expert quidance
quantum computers and circuit doud with simple pricing and and tech support, or collaborate with
simulators using a consistent set of management controls for both consultants in the Amazor

development tools. quantum and classical workloads. Solutions Lab. 1 _ GO tO
How it works https://aws.amazon.com/es/braket/

v software developmens for quantum computing

Amazon Brsket s = fully raraged quéntum cormautivg senice designs

— 2- Complete Sign up

Asalyze
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Carnegie Mellon University

Amazon Braket

dws aws

N N’

S Security check

V-@'Rootuser f ‘
sk QWS rsnmgan: Type thecharaters seennthe nage below )

e " 4 aws iz

iR Propel =
your career — & Propel -

i Get AWS Certified ‘ ] your career 3- Sign up
T Get AWS Certified

By continuing, you agree to the AWS Cusiomer Agreement

agreement for AWS services, and the Privacy

ential cooides. Sea our Cookie

Create a new AWS account

€ 2021, Amazon Web Services, Inc. or its affisates. Al rights reserved English v

©2021, Amazon Web Services, Inz. o its affiliabes. Al rights reserved English v
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Carnegie Mellon University

mazon Braket

aws

Sign up for AWS

Select a support plan

Choose a support plan for your business or personal account. Compare plans and pricing examples
[A. You can change your plan anytime in the AWS Management Console.

© Basic support - Free
* Recommended for

new users just getting
started with AWS

24x7 self-service
access to AWS
resources

For account and
billing issues anly

Access to Personal
Health Dashboard &
Trusted Advisor

.

Developer support -
From $29/month

Recommended for
developers
experimenting with
AWS

Email access to AWS
Support during
business hours

12 {business)-hour
response times

Need Enterprise level support?

.

.

.

.

Business support -
From $100/month

Recommended for
running production
workloads on AWS
24x7 tech support via
email, phone, and
chat

1-hour response
times

Full set of Trusted
Advisor best-practice
recommendations

From £15,000 a month you will receive 15-minute response times and concierge-style
experience with an assigned Technical Account Manager. Learn more (4

() Electrical & Computer

B Con vy TEPPER

4- Complete Sign up

Universities Space Research Association
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Amazon Braket

N
[ L ©

Rz

Congratulations!

Thanlk you for signing up with AWS,

We are activating your account, which should take a few
minutes. You will receive an email when this is complate.

| | Go to the AWS Management Console

Sign up Tor another account or Contact Sales

As an additional step, tell us more about yourself

We wauld lave 1o learn more about your preferences so that we can provide recommendations catered to your role and interests.
My role is: -
I am interested in: v

(m] es, I'd like Amazon Web Services (AWS) to share the latest news about AWS services and related offerings with me by email, post or telephone.

news and affers at any time by following ammunications received. AWS handles your information as described in the

O ERGNERRRIG <y TEPPER

Carnegie Mellon University

5- Go to the AWS Management
Console

32
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Amazon Braket

AWS Management Cansole

Huid 3 salution

6- Search for Amazon Braket

Start rigrting e

Have fasdbark?
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Carnegie Mellon University

Amazon Braket

dWs  services w

Region Unsupported

Amazon Braket is not available in US East (Ohio). Please select another region.

7- Upon opening the Amazon Braket
service, the website may say it is
unavailable in your location. If so,
US East (N. Virginia) change to a suitable location, for

US West (N. California) instance US East (N. Virginia)

US West (Oregon)

supported Regions
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Amazon Braket

Amazon Braket X A .
Getting started with Amazon Braket
Blog Amazon Braket provides a development envirenment ta design quantum algorithms, test thom on quantum simulators, and run them on 3 quantum
computer. To successfully configure and enable Amazon Braket, you need to use an account that has the AmazonBroketFullAccess. You, of your AWS admin,
Notchooks can attach the policy 10 your role, user, or group using the IAM console.

Learn more (4

Choose your data storage

Amazon Braket stores resu nazon S3 bucket starting with "amazon-braket". To get you started, we can create a new

rom your algorithr

bucket for you, or you chouse Lo name your bucket, or select from a list of existing valid buckets.
© Create new
Specify now

Sele

existing

o will create the new bucket amazon-braket-de78199c9526

(6]

8- Accept terms & conditions
9- Enable Amazon Braket

Amazon Braker creates a service-linked role in your account. The role allows Amazon Braket to access
policy n Braket. Lo.

permissio trached to the role when you enable As

» Permissions

Terms & conditions

If you use Amazon Braket to access QUANTUM computing hardware operated by
one of the third-party hardware providers listed her (each 3 *Hardware

Provider'), you: (1) acknowledge that the Cantent you provide in connec

o
with your use of Amazon Braket may be processed by the Hardware Provider
outside of facilities operated by AWS; and (2) authorize AWS to transfer such
Content to the Hardware Provider for processing ;

| have read and accepted the above torms & conditions
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Amazon Braket ®

Amazon Braket

1 Beaket 3

Quantum Processing Units (QPUs)

D-Wave — Advantage_system1.1
Quantum Anncaler based on superconductng Difaue
cuibiits

Qubsts
5760
Resgiar

e

Rigetti — Aspen-B

Universal gata-madal QFU based cn flgEttI

superconducting qubits

Cubits Status

B @ HETRED
Hext 2uallatle
eu

Simulators

Amazon Web Services — 5V1

Amazon Hraket state voctar simulstor I\l 1

Electrical & Computer

ENGINEERING

D-Wave — DW_20000_6

Guantum Anncaler bazed on supercanducsing D WfEME
qubis

Gubits Stz

2040 @ ONLINE

Cuihits tans
52 (2 ONLINE
kegion

z-vmst-1

Amazon Web Services — TN1

Amazan Eraket tensor netwark simutator W

Cuibits Stans
50 (2 ONLINE
kegion

z-east-1, us-veest-2

lenth

Univerzal gate- model QFU bazed on trapped ionz O

Nt svailable
1 dligy F1ARFS

Amazan Web Services — DM1

amazen Braket density matris smulatar [_\

17
Aeglon

us-tmast-1, us-west-1, vs-

wesr-?

Ty TEPPER

Carnegie Mellon Universi

10- Start Amazon Braket. Locate
home page with various machines

and simulators.

Universities Space Research Association
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Amazon Braket

aws

Services ¥ N.Virginia ¥  Support ¥

Amazon Braket X Amazon Braket Notebooks

S—
1

Q @

Tasks

‘ Name contains: amazon-braket- X‘ ‘ Clear all ‘

Announcements c -
Name v Instance Creation time v Status v URL

11- Go straight to notebooks on the

Use Jupyter Notebooks to create quantum programs in an interactive coding environment. I eft pan e
.
Create notebook

Feedback English (US) w 2008 - 2020, Amazon Web Services, Inc. or its affiliates. Al rights reserved Privacy Policy Terms of Use

(() EEleNCECIaIN 8(E CEOFI? ﬁ'fér | 'I T E P P E R l@ Universities Space Research Association 37




Amazon Braket

Amazon Braket

Devicas

Notebooks

Tasks

Announcements

Create notebook instance

Amazon Braket provide fully managed notebook instances that run Jupyter. The notebook instances come preinstalled with the
Amazon Braket 50K and include tutorials and example algorithms. Amazon Braket notebooks are based on SageMaker Motebook
instances. Learn more [2

Notebook instance name

amazon-braket-| Testing

), but nat spaces. Must be unique withl

Maximum of 43 alphanumeric charact an Include hyphens r account In an AWS Reglon

Motebook instance type

nstance ty

Ing combinations of CPU, GPU, me or bullding, running your quantum tasks

mlLt3 medium v

* Additional settings

Permissions and encryption

LAM role

Create a new role 4

(@ Passing an 1AM role gives Amazon SageMaker permission to perform actions in other AWS services on your
behalf. Creating a role here will grant permissi i by the Amaz: tFullAccess [ 1AM policy to the
role you create.

Root access — optional
O Enable - Give users root access to the notebook

Disable - Don't give users root access to the notebook

cle configuration raot access

Encryption key — optional
Er

ur natebook data. Choose an existing KMS key ar enter a key ARN.

Mo custom encryption key v

» Network — optional

Create notebook instance

(} Electrical & Computer
ENGINEERING

Ty TEPPER

Carnegie Mellon Universi

12- To create Notebook instance
provide a name and click “Create
Notebook Instance”

38
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Amazon Braket

= 13- Check status of Notebook. It
o) o ==y takes a short amount of time f_or the_
: - i notebooks to get created. During this
: °” == time feel free to check out the
devices available to you by clicking

on “Devices” in the left tab.

ttttttt

o amazon-braket-Testing mlt3.medium Oct 02, 2021 15:16 (UTC) @ Inservice amazon-braket-testing-azrv.notebook us-east-1 sagemaker.aws |
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Amazon Braket

Amazon Braket

Amazon Braket Dev

Quantum Processing Units (QPUs)

it
Marehaoks
Tasks D-Wave — Advantage_systemd4.1 D-Wave — Advantage_system1.1 D-Wave — DW_20000_6

Quantum Annaaler based on superconducting DX WEUR Quantum Annealer based on superconducting WSV Cuantum Annezler based on superconducting 2 W/EE
N qubits qubits qubits
Announcements

Qubits Status Status

5760 ) ONLINE @ ONUNE

Regior Mext q Region Mext av

us-wast-2 E HOW us-wast-2 us-west-2 (=] LABLE NOW

lonQ Rigett Aspen-8 Rigetti — Aspen-9

Universal gate-model QPU based an trapped ions Universal gate-model QPU based an r|gg[t| Universal gate-madel QPU based an r|gg[t|

< superconducting gqubits superconducting gubits

3 Status
1 {2) ONLINE

ug-gast-1

Simulators

Amazon Web Services — 5V1

ecter simulatar \'I':@'i

Aumazon Braket staty

us-gast-1, us-west-1, us- @
wast-2

CQuibits Status
3 (@) RETIRED

ug-wast-1

Amazon Web Services — TN1

Amazon Braket tensor network simulator qg !

us-gast-1, us-west-2 ILABLE NOW

Staties
(@) OHNLINE

Amazon Web Services — DM1

Amazon Braket density matris simulatar L'\

Status Qubits Status Qubits Status
{2 ONLINE 50 {2 ONLINE 17 (@) OHLINE
Hext ;

us-gast-1, us-west-1, us- @ AVAILABLE NOW

west-2

Carnegie Mellon University

14- The Devices Page: Click on each
device to see what is under the hood.
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Amazon Braket

Amazon Braket X

D-Wave — Advantage_system4.1

Natehaoks

Tasks Quantum Annealer based on superconducting qubits

D-Wave's approach is quantum anneabing, which harmesses the natural evolution of guar

1 states. Each D-Wave QPU s a lattice of tiny metal loops, each of which is a qubitor a D ‘ ,aue

ven lower temperatures, exhibit quantum-mechanical effects

nouncemen

< loops become superconductors and, at

coupl

Selow temperatures of 9.2 kelvin, th

The Advantaged.1 guantum
most comple:
fewer physical qubits

mputer has more than
ated circuit ever built. With two-an

7 qubits and more than 40,000 couplers. To reach this scale, it uses around a million Josephson junctions, which makes the Advantage QPU one of the
than the D-Wave 2000Q system, the Advantage QPU enabl h

half times more connect

s the embedding of larger pe

perconducting i

The QPU archits
be mapped to the QPU.

s critical to translating a QUBO or Ising objective function into & format that a D-Wave system can solve. Such binary objective functions can be represented as graphs; these in turn can

The architecture comprises a repeated structure wherein each qubit is coupled to twelve oppositely atigned, and three similarty aligned, qubits. A basic unit cell contains twenty-four such qubits, with each
rtage QPU & a lattice of 16x16 such tiles, denot

h couplers between oppositely aligned qubits both within and between the disgonals.

he cell

bit in

two similarly aligned qubits in

qubit coupled to ane similarly aligned qu P16 graph. The global structure can be
seen as a system of diagonally arranged K_{4,4) bicliques, w

out this device (3

—— — 15- D-Wave. Note the Device ARN,

it may be useful in your Notebooks

Topology
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Amazon Braket

Amazon Braket X Amazon Braket

lonQ

10nQ D

Universal gate-model QPU based on trapped ions

rapped ion QPUs are built on a chain of trapped 171Yb# ions, spatially cenfined via a microfabricated surface electrode trap within a vacuum chamber. Gates are performed via a

photon Raman transition using 3 pair of counter-propagating beams from a mode-locked pulsed laser., This allows for high-quality sinqle and two-qubit transitions and all-to-all
tens, and photomultiplier tubes.

connectivity. Initialization is performed via optical pumping, and readout is performed with a combination of & resonant laser, 2 high numeric apertur

10nQ compiles and opti llest possible sat of laser pulses to realize your program on trapped ions, mapping your gates onto ideal %

palrs for execution using up-to-the minute continuous callbrations.

izes your high-level quantum logic gates into the

For single-qubit gates, lonQ uses the GPI gate, tho GPI2 gate and the GZ gate. The GPI and GPI2 gates are smply Rabi oscillations made ¢
configuration. The GZ gate is performed by advancing/retarding the phase of this laser beam, creating 3 “virtual' operation.

ving the qubits on resanance using laser beams in & Raman

tes, lonQ v bove cos 1with a

For entangling, two-qubit g + the Melmer-Serenson gate. This entangling gate and the singl

predesigned set of pulses, it is possible 1o couple ions' internal states with the chain's normal mades of mation to create entanglement

wvice (3

More about th

lonQ

Avallability

Weekdays,

16- 1onQ. Note the Device ARN, it

Status

may be useful in your Notebooks

Topology

Calibration
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Amazon Braket

Devices
Motabooks

Tasks

ANNDUNCEMENTS

Amazon Braket

Amazon Braket Devices Aspe

Rigetti — Aspen-9

gati del QFU based on sups ting qubits

Ll .
Figetli guantum processors are universal, gate-maodel machines based on all-tunable superconducting qubits. .- l E t t I
Just like tha Rigetti Aspen-8 chip, the Aspen-9 chip features tileable lattices of alternating fived-frequency and tunable superconducting qubits in a scalable 32-gubit noda g
technalogy. Distinguishing characteristics include direct coupling between one qubit and its three nearest neighbars; fast gate times for multiple entangling gate families;
rapid =ampling via active re

reset; and parametric contred.

The Aspan chip topalogy is octagonal with 3-fold (2-fold for edges) connectivity and features both CZ and XY entangling gates that allow developers to optimize programs for performance and minimize
cireuil depth. Rigetti's optimizing quilc compiler transforms abstract quantum algerithms ints this set of native gates and produces eptimal cireuit mplementations te be carried out en a Rigetti QPU. These
gates offer fast [50ns and 160ns) 10 and 20 gate times and program execution rates within quhit coherence times messuring ~20ys.

Universal gate-based guantum cc

\puters powered by superconducting qubits provide users with both fine grained control and efficient variational feedback loops to explore problem spaces in chemical
and machine learming

, combinatos

Mare about this device 3

Hardw:

wwidor Region Lacation
Figetti us-west-1
Next available Cost
19:00:00 UTC 12:00:10 £0.30 / task + $0.00035 [ shot
Status Oubits
arraws braket:device fpufrigettifis & ONLINE 32
Topalogy
4 3 14 13 24 23 34 35
5 2 15 12 25 22 35 32
6 1 16 n 26 21 36 31
7 0 17 10 27 20 37 30

Calibration Qubit specs Edge specs JSON

Last updated: Oc

Q,
Qubit T1ips] infa T2 (ps) mfe Fidelity (RB) (%) Info Fidelity (simultaneous RE) (%) Info Readout fidelity (%] info set fidelity (o) Info
o 27.661 12521 900 £ 0.009 99.612 £ 0.027 97.000 ¥9.850
1 35419 10.563 STE1T 20120 96,277 + 0623 85.800 57.200
2 24699 4462 3.750 + 0021 99.512+ 0027 93.700 9650

ectrical & Computer
(I ENGINEERING ~y TEPPER

Carnegie Mellon University

17- Rigetti. Note the Device ARN, it
may be useful in your Notebooks
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Amazon Braket

Amazon Braket x Amazon Braket > Devices > SVl

Amazon Web Services — SV1

Amazon Braket state vector simulator
51 iz a fully managed, high-performance, state vector simulator running on Amazon EC2 clusters. Yos
nnauncamants circuits on demand, and and you can run multiple dreuits in parallel.

More about this device [

Hart Reg
A uteast-1, ws-west-1
b Hext available
Fueryday, 00:00:00 - 23:59:53 UTC @ AVAILABLE HOW

armawsbraket: devies fquantum-simulatorfamazsn fse & ONUNE

ectrical & Computer
 ENGINEERING

u can use 5V1 to simulate circuits up to 34 qubits. 5V1 is always available, axecutes your l | |

Cost

50,075 / minute

Qubits

Ty TEPPER

Carnegie Mellon University

18- Braket Simulator. Note the
Device ARN, it may be useful in
your Notebooks
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Go back to Notebooks tab

19. Your Notebook may be green i.e. “In Service”

M. Virginia ¥ Support ¥

Amazon SaQEMaker X Amazon SageMaker
Amazon SageMaker Studio .
Dashboard
Q, search notebook instances 1 &
Search
¥ Ground Truth Name v Instance Creation time v Status v Actions

Labeling jobs
amazon-braket-Testina mLt3.medium Sep 21. 2020 22:10 UTC @ Inservice Open Jupvter | Open JupvterLab

20. Under Actions, click on the notebook

-
_Ju pyt er Open JupyterLab Quit Logout
Files Running Clusters Conda
Select items to perform actions on them. Upload || Neww &
Jo |~ | Wy Name 4 Last Modified File size
[ Braket examples 3 minutes ago
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Open Braket Examples

: Ju pyter Open JupyterLab Quit Logout
Files Running Clusters Conda
Select items to perform actions on them. Upload | New~ &
“Jo - BB/ Braket examples Name ¥ Last Madified File size
o. seconds ago
- (] advanced_circuits_algorithms 4 minutes ago
B hybrid_quantum_algorithms 4 minutes ago
B =] quantum_annealing 4 minutes ago
B =] simple_circuits_algorithms 4 minutes ago

Explore the set of notebooks provided by Amazon Braket.
The results are preloaded. You can execute the code yourself, keep in mind that it costs money!

First simulate classically and then use the quantum devices (preferably DWave, Rigetti and lonQ in that
order)
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Make sure to Stop your notebooks before you Log Out!

Play Around.
You are ALL SET Herel

« Don’t remember to stop the instances after you are done exploring them. Leaving them open costs money
and we have limited resources!
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Accessing USRA resources

RESEARCH TEAM AND FEYNMAN ACADEMY QUANTUM INFORMATION NISQ COMPUTING
PUBLICATIONS INTERNSHIP PROGRAM SCIENCE RESOURCES NEWSLETTER

B

HOME / QIS RESOURCES

X N QIS RESOURCES 1. Goto
\. https://riacs.usra.edu/quantum/qisprogram

USRA conducts quantum computing research, development and education programs that engage a broad ecosystem of collaborators
from universities, government organizations, and the private sector. There are multiple ways lo collaborate including obtaining time on

quantum computing hardware; collaborating on research and education projects involving quanium devices, quantum algorithms and b (44 b 29
quantum applications: and collaborating on research and education proposals to funding organizations. . IC On Og ln

4 . - . .

2 NASA Academic Mission Service (Quantum Al Laboratory - QuAlL)

QuAIL is the space agency's hub for assessing the potential of quantum computers to impact computational challenges faced by the
agency in the decades to come. The laboratory is lead by Dr. Eleanor Rieffel. The USRA quantum team is proud to serve the QuAIL
mission by providing technical workforce to NASA since the inception of the laboralory. For more information, visit the NAMS websile.

DARPA ONISQ Project: Scheduling Applications with Advanced Mixers (SAAM)

Universities Space Research Association (USRA) announced that DARPA has awarded the organization and its partners Rigetti
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Accessing USRA resources

Q©

Electrical & Computer

ENGINEERING

, 2, CQUANTUM

‘%, COMPUTING
v "'"~.*?‘,“‘ 2\
e, 00\

3. Log in with the next credentials:

Username: AFRLguest@AFRL
Password: USRApassl
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Accessing USRA resources

—
DARPA ONISQ Project: Scheduling Applications with Advanced Mixers (SAAM) '

rced that DARPA has awarded th
Laboratory (QuAIL) to work &
1 of the award, will manage the collaboration

Universities Space Resear saciation (USRA)
Computing and the NASA Quantum Artificial Intelligen
optimization. USRA, as the prime contract

organization and its ners Rigett
am to advance the state of art in quantum

The b
that take direct advantage
design methods for benchr

are aware software and ¢
tion problems In addi
ne quantum advantage

n developing a superconducling quantum or. h
the hardware advances to sol cheduling and asset all
g the hardware against classical computers to detel

om algorithms
he team will

In particular, the
approxim
on qu; a
collaboration bef

ar with the quantum
king

arget scheduling problems whose complexity goes beyond what has been done
nization algorithm (QAQA). USRA's Research Ins! >
for planning and duling for NASA QuAIL
n NASA QuAlL and Rigetti Computing

The grantis a part of the DARPA Optimization with Noisy Intermediate-Scale Quantum program (ONISQ). The goal of this program is
1o establish that quantum information processi ing NISQ & E r solving real-world
combinatorial optimization problems using ¢ OA method

NSF SpecEES Project: Advancing the Wireless Spectral Frontier with Quantum-Enabled
Computational Techniques (QENeTs)

ject running 2019-2021 is 9 rithms that are amenable to
in hybrid setting with N oal hardware and benchmarked

against the best known classical approaches. In addition to spectral efficiency, the project will also consider how quantum-enabled

ischriques can improvethe nergy sffcency o massive mulipe-inpulmulipl-aulput (MIMO) aigarims Mare ino on the prcject 4 . G O baC k to
NSF Expeditions in Computing Project: Coherent Ising Machines https ://r i aCS . usra_ ed UIq u antu m/q i SD roq ram

USRA has received a subaward from NSF. in team with Stanford, Ca S
program Expeditions in Computing Collaborators include NASA QuAlIL, NTT, NIl and Microsoft. This Expeditions aw -
Enconvontonal compuing arehocures,cated Coherent sing Machines (CIMS) o save s cass of optation poblr 5. Chick on Pro g ram Modules
provide a platform to t eas for  in the post- era Next- IMs also hold great promise L]

to drive substantial practical adva igence (Al) capabill i i 1 addition, the unconventional

memory format us | m information technologies
press r and

quantum computers. The

and Comell University, to work on the pre:

es More info on NSF
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Accessing USRA resources

Q|5 DEVELOPMENT PROGRAM

AFRL Quantum Information Science Workforce Development Program

The objective of this program is to enable the current and future workforce in emerging Quantum Information Science (QIS)
technologies related to Computing, and develop further the Quantum Computing User Community. The program supported several
lectures at the 2019 Q2B conference and coursework at the Airforce Institute of Technology.

The website provides access to several training modules, including slides and interactive Jupyter notebooks, as well as accessto a
catalog of seminars that review current research topics and a newsletter that provides a monthly digest of latest pre-prints in applied
quantum computing based on NISQ architectures.

There are plenty of seminars and training
available to you!

TRAINING SEMINARS
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Accessing USRA resources

RESEARCH TEAM AND FEYNMAN ACADEMY
PUBLICATIONS INTERNSHIP PROGRAM

Overview

Lecture 0 - Course Overview (Part 1)
Lecture 0 - Course Overview (Part 2)
Lecture 1 - Integer programming (Part 1)
Lecture 1 - Integer programming (Part 2)

Lecture 2 - Test-set methods - Grobner
Basis (Part 1)

Lecture 2 - Test-set methods - Grobner
Basis (Part 2)

Electrical & Computer

ENGINEERING

QUANTUM INFORMATION NiSQ COMPUTING
SCIENCE RESOURCES NEWSLETTER

N
<9/

COMPUTING

2N

DEVELOPMENT PROGRAM / TRAINING S / QUANTUM INTEGER PROGRAMMING

Quantum Integer Programming

Objectives: This course is primarily designed for graduate students (and advanced undergraduates) interested in integer
programming (with non-linear objectve functions) and the potential of near-term quantum and quantum-inspired comput
for solving comtinatorial optimization problems. By the end of the semester, someone enrolied in this course should
2ble to: - Appreciate the current status of quantum computing and its potential use for integer programming - Access and
use quantum computing resources (such s D-Wave Quantum Annealers) « Set up a given integer program to be solved

ith quantum computing + Work in groups collaborati on 3 state-of-t! rt project involving applications of quantum
computing and integer programming This course is not going to focus on the following - Quantum Gates and Circuits
« Computational complexity theory - Quantum Information Theory « An: of speedup using differential geometry,

e classes and cap Although this class has no exg rerequisite

bilities: Al
that the student should

of probability, calculus.
programming will be useful for this course. Programming skills are strongfy
recommended but lack of prior knowledge is not an issue as pertine!
knowiledge in quantum mechanics or algebraic geomef

required

Instructors: Davide David E. Bernal, Sridhar Tayur, Peter McMahon, Anil Prabhakar
Number of lessons: 25

Number of Interactive lessons: 14

Lecture 0 - Course Overview (Part 1)

Objectiv
Outline - Grading P

1ations - Pre-requisites - Tentative Course
iy, project choices and examples - Course Policy -

Instructors

Dr. Sridhar Tayur ﬁ

Uriversity

Dr. Davide Venturelli ‘

e for Ad

N

TEPPER

Carnegie Mellon University

Including last years edited videos, codes, and
notes!
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RESEARCH TEAM AND
PUBLICATIONS

FEYNMAN ACADEMY
INTERNSHIP PROGRAM

QUANTUM INFORMATION
SCIENCE RESOURCES

NISQ COMPUTING
NEWSLETTER

% CQUANTUM
" GOMPUTING

(

Since its inception in June 1983, RIACS has conducted basic and applied research in computer science for the nation's
asronautics and space-related missions and programs. In 2012, USRA partnered with NASA and Google to found the Quantum
Artificial Intelligence Laboratory (QUAIL): the space agency’s hub to evaluate the near term impact of quantum technologies.

The mission of RIACS quantum computing team is to advance the industry and the body of knowledge in quantum information
related sciences, and to continue to provide to its pariners the most qualified technical support to address hard challenges in
A \ applied computer science

Funding

> AFRL @

News

‘QV"

Best Paper Award MDPI! Algorithms Journal

QO BRI <y TEPPER

Carnegie Mellon Universi

Extra: Go to “Research Team and Publications”
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Accessing USRA resources

RESEARCH TEAM AND FEYNMAN ACADEMY QUANTUM INFORMATION NISQ COMPUTING
PUBLICATIONS INTERNSHIP PROGRAM SCIENCE RESOURCES NEWSLETTER

2, SQUANTUM

TING
Scroll down to

Quantum Integer Programming (QulP) 47-779:
Lecture Notes

RESEARCH TEAM

The team works primarily with NASA Ames Quantum Al Laboratory led by Eleanor G. Rieffel under the NASA Academics
Mission Service Contract. It is supported as well by the National Science Foundation SpecEES and Expeditions in Computing
program and by the DARPA ONISQ program

Davide Venturelll
_B Assocate Direclor Quantum

Aaron Lott Zhihul Wang
Proqram Marager Quantum b Soror Sciontist
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arXiv preprint arXiv:2102.07036, 2021-03-12  Jeffrey Marshall, Gianni Mossi, Eleanor G Rieffel

Quantum-accelerated constraint programming
arXiv preprint arXiv:2102.04502, 2021-03-08  Kyle EC Booth, Bryan QGorman, Jeffray Marshall, Stuart Hadfleld, Eleancr Rigffel

Entanglement across separate silicon dies in a modular superconducting qubit device

g}ﬁvpfepftir:ll arXiv:2102.13293, 2021-02-26  Alysson Gold, JP Paguette, Anna Stockklauser, Matthew J Reagor, M Sohaib Alam, Andrew Bestwick, Nicolas Didier, Ani Nersisyan, Feyza Oruc, Armin
azawl el a

Quantum Annealing for Large MIMO Downlink Vector Perturbation Precoding
arXiv preprint arXiv:2102.12540, 2021-02-24  Srikar Kasi, Abhishek Kumar Singh, Davide Venturelli, Kyle Jamieson

Information scrambling in computationally complex quantum circuits .
arXiv preprint arXiv:2101.08870, 2021-01-21 a0 Mi, Pedram Roushan, Chris Quintana, Salvatore Mandra, Jeffrey Marshall, Charles Neill, Frank Arute, Kunal Arya, Juan Atalaya, Ryan Babbush et al. ‘ llc k On

Quantum Integer Programming (QulP) 47-779: Lecture Notes
arXiv preprint arXiv:2012.11382, 2020-12-17  David £ Bernal, Sndhar Tayur, Davide Ventureli

, ‘ . Quantum Integer Programming (QulP) 47-779:
Quantum annealing speedup ofembgdded problemdse :E\;;r;fppresswn of Griffiths singularities
Physical Review B, 2020-12-10  Sergey Knysh, Eugeniv Plamadeala, Davi Lect_ure NOteS

Classical symmetries and QAOA
arXiv preprint arXiv-2012.04713, 2020-12-08  Ruslan Shaydulin, Stuart Hadfield, Tad Hogg, liya Safro

Quantum algorithms with local particle number conservation: noise effects and error correction
arXiv preprint arXiv:2011.06872, 2020-11-13  Michael Streif, Martin Leib, Filip Wudarski, Eleanor Rieffel, Zhihui Wang

Augmented fidelities for single-qubit gates
Physical Review A, 2020-11-12  Filip Wudarski, Jeffrey Marshall, Andre Petukhov, Eleanor Rieffel
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Quantum Physica
Ismie on 17 D 2

Quantum Integer Programming (QulP) 47-779: Lecture Notes

1, Yot et 9 Jun 2021 (v veran, V2l

Davia F Berna, Srdhar Teyur, Davice Vensurs
aqusnt ph

This lectura seres on Juanbum Integer Programming (2ulP) - created by Professor Sridhar Tayur, Denid E Semal, and Or. Davice Ventural, & collaboration between ChU and USRA, with the support from Amazon Braket during Fall 2020 - Is intended for students
and FEsCartErs Interstod N INteper Pogramming and the poecntial of near fem qUartum nd QUantum-NErsd comauhing In 5oiving cpimanan pobicms

Cwiginally crastid for Tepper Sonl of Dusiness s 47.779 (al CML, e aee sso csed o e coose (05040 (s 0T Matias by Professors Al Srabiekan s Frable Mandaem) whose siudenls (isled s ihe beginning of sach lecine) wers soives. Do
Wikesh Siodnu, post-doc In CHU Quanium Computing Group. assistec during ™e leclures, student projects, and with proaf-raading this scribe.

TRAUgN these iechures one Wil leam b Iormulale 3 prodkem and map 9 3 Quadrebe Unconsiained Binary Cpamezation {QUSC) prablom, unders:and varaus mapping and iecnnkques Ie e 15ing model, Graver Augmented Mullisosd ADanihm [GARAY
Sienulalen o Cusnlum Anneslg a0 CADA, S ides on how i solve e il preblere Usng ese gl @i dassosl reos

Export Bibtex Citation

Comments. Tre Couree web:
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X Bookmark
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{0 a0 2012 113502 quant oh] fr AETER

Submission history

Bibllographic Teass Code & Déts

Quantum Integer Programming (QulP) 47-779: Lecture
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Fall 2020
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You will see the arXiv preprint with the scribed
notes from 2020 Quantum Integer
Programming.
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Abstract

scfe Smarl Cilations (Ahal an Srart Chiena]

Thin et setlen o are Programmbsg (QuIP) - erented by Profiessr Seidhar Tayie
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W Astwaling, €

eywords! Iusg n

Asenlin

aning, Comp wetry, Graver Dasis. Quan

usterial Optinl, e noniline

wling, i

ket how

() EEIeNCECI N E E erl\—l-G N ' E P P E R Universities Space Research Association 56



