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Next

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

New to AWS?

Create a new AWS account

Aspen-M-1




Sign up for AWS

Explore Free Tier products with a Root user email address

Used for account recovery and some administrative

new AWS account. functions

To learn more, visit aws.amazon.com/free.
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Amazon Braket X f :
Getting started with Amazon Braket
. Amazon Braket provides a development environment to design quantum algorithms, test them on quantum simulators, and run them on a quantum
Devices computer. To successfully configure and enable Amazon Braket, you need to use an account that has the AmazonBraketFullAccess. You, or your AWS admin,
Notebooks can attach the policy to your role, user, or group using the IAM console.
Jobs Learn more [4
Tasks

Choose your data storage

Announcements o
Amazon Braket stores results from your algorithms in any Amazon S3 bucket starting with "amazon-braket-". To get you started, we can create a new
Permissions and settings bucket for you, or you choose to name your bucket, or select from a list of existing valid buckets.
© Create new
Specify new

Select existing

@ We will create the new bucket amazon-braket-

Account permissions

Amazon Braket creates a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. The following
permissions policy is attached to the role when you enable Amazon Braket. Learn more [

P Permissions

Terms & conditions

If you use Amazon Braket to access quantum computing hardware operated by
one of the third-party hardware providers listed here (each a "Hardware
Provider”), you: (1) acknowledge that the Content you provide in connection
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 terms & conditions.




Amazon Braket

Devices

Notebooks

Jobs

Tasks

Announcements o

Permissions and settings

‘Quantum Processing Units (QPUs)

@D Hide retired devices

D-Wave — Advantage_systemG.‘l

D-Wave — Advantage_system4.1

D-Wave — DW_2000Q_6

Quantum Annealer based on superconducting qubits Drwave Quantum Annealer basad on superconducting qubits Drwave Quantum Annealer based on supercanducting qubits Drwave

Qubits Status Qubits Status Qubits Status

5760 @ ONLINE 5760 @ ONLINE 2048 @ ONLINE

Region Next available Region Next available Region Next available

us-west-2 © AVAILABLE NOW us-west-2 © AVAILABLE NOW us-west-2 © AVAILABLE NOW

lonQ Rigetti — Aspen-11 Rigetti — Aspen-M-1

Universal gate-model QPU based on trapped ions Universal gate-model QPU based on superconducting ][ 8 (1] Universal gate-madel QPU based on supercanducting |’|gett|
qubits qubits

Qubits Status Qubits Status Qubits Status

1 © ONLINE 38 ® OFFLINE 80 © ONLINE

Region Next available Region Next available Region Next available

us-east-1 1 day 21:06:16 us-west-1 © UNAVAILABLE us-west-1 © AVAILABLE NOW

Oxford Quantum Circuits — Lucy

Universal gate-model QPU based on superconducting

o’cC

qubits

Qubits Status

8 © ONLINE
Region Mext available
cu-west-2 1 day 17:06:16



Amazon Braket Notebooks

Notebooks 0 Actions ¥ Create notebook instance

1 @

M
. Q
Name : amazon-braket | X | Clear filters
Name Instance Creation time Status URL

No Notebooks

Use Jupyter Notebooks to create quantum programs in an interactive coding environment.

Create notebook

Amazon Braket Tasks

@ QPUs are region specific. Select the correct device region for its tasks. Learn more [4

Tasks

Task ID Status Device ARN Created at

No Tasks

To create a task, first create a Notebook. Only tasks created in the current region are displayed.

Services Q s3

Search results for 's3'

Services

Features (10)
& S3 %

Blogs (1,073)
Scalable Storage in the Cloud

Documentation (106,643)

L

Buckets (1) info

Buckets are containers for data stored in 53. Learn more [/}

‘ Q Find buckets by

Name A AWS Region v Access v Creation date v
O amazon-braket- US East (N. Virginia) us-east-1 Q_I?[gg_t_g_t:_a_n_tg_e_glzz»lg[i_g May 14, 2022, 11:45:55 (UTC-04:00)
Objects (0)

Objects are the fundamental entities stored in Amazon S3. You can use Amazon S3 inventory [ to get a list of all objects in your bucket. For others to access your objects, you'll need to explicitly grant them permissions. Learn more [

ul S u e 2] [ Open [4 C Actions ¥ H Create folder I [A Upload

Name A Type v Last modified v Size v Storage class



Amazon Braket > Notebooks > Create notebook instance

Create notebook instance

Amazon Braket provide fully managed notebook instances that run Jupyter. The notebook instances come preinstalled with
the Amazon Braket SDK and include tutorials and example algorithms. Amazon Braket notebooks are based on SageMaker

Notebook instances. Learn more [}

Notebook instance settings

Notebook instance name

amazon-braket-

Maximum of 49 alphanumeric characters. Can include hyphens (-), but not spaces. Must be unique within your account in an AWS Region.

Notebook instance type

Instance types comprise varying combinations of CPU, GPU, memory for building, running your quantum tasks

ml.t3.medium

v

» Additional settings

Notebooks (1)

I & || Actions A | Create notebook instance

| Q. Search notebooks

Ci> o

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

Name v Instance

Stop
Delete

Open in Jupyter

Creation time IS v URL

Manage tags

| @ amazon-braket-  [4

mlLt3.medium

UTC) O Stopped —

Amazon Braket > Notebooks

Notebooks 1

\ Q, searct
Name : amazon-braket | X I | Clear filters ]
Name Instance

amazon-braket- ml.t3.medium

Creation time

May 14, 2022 21:23 (UTC)

Create notebook instance

<1 > B

Status URL

@ InService amazon-braket- notebook.us-east-1.sagemaker.aws

— Jupyter

Files Running Clusters

Select items to perform actions on them.

0o ~ W/

[J O Braket examples

Conda

Open JupyterLab Quit Logout

Upload | New~ &

Name Last Modifled File size

5 minutes ago



File Edit View Run Kernel Git Tabs Settings Help

j®

- + * &} ¢ @ Launcher
@ / Braket examples /
Name - Last Modified

o o Braket examples
BB advanced_circuits_zlgorithms 13 minutes ago

.} BB braket_features 13 minutes ago E Notebook
B9 getting_started 2 minutes age

@ B8 hybrid_jobs 13 minutes ago
B8 hybrid_guantum_algorithms 13 minutes ago F
BB pennylane 13 minutes ago

O BB guantum_annealing 13 minutes ago conda_brakst
[ LICENSE 3 days ago

= O NoTice 3 days ago

Conscle

conda_brakst

Other
P B

Terminal Text File Markdown File Show Contextual
Help

Server stopped

You have shut down the Jupyter server, You can now close this tab.
To use JupyterLab again, you will need to relaunch it.

Server stopped

You have shut down Jupyter. You can now close this tab.
To use Jupyter again, you will need to relaunch it.



Notebook instances

Q Search notebook instances

Name A4 Instance Creation time

v

Status

oG W

Qpen Jupyter

Qpen Jupyterlab

@ amazon-braket- mlLt3.medium

@ InService

& &

My Account

My Organization

My Service Quotas
My Billing Dashboard

My Security Credentials

Sign Out




Chapter 2: Bracket Devices Explained

External Quantum Devices
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Chapter 3: User Setup, Tasks, and Understanding Device
Costs

Security Considerations

Console Remote Simulator Qru

Both v~ v All devices Access v~ v~
Remote Access e \/ Simulator Access Ouly \/ X
Covsole Access v X No Device Access X X

Identity and Access X
Management (IAM)

Q. Search IAM

Dashboard

W Access management
User groups

Users
Roles

Policies



1AM User groups

User groups (0) mfo | & | Deete

A user group is a collection of IAM users. Use groups to specify permissions for a collection of users.

Q. Filter User groups by property or group name and press enter 1 &

Group name v Users Permissions Creation time v

No resources to display

IAM > Usergroups » Create usergroup

Create user group

Name the group

User group name
Enter a meaningful name to identify this group.

Remote_Users

Maximum 128 characters. Use alphanumeric and +=,.@-_' characters.

Attach permissions policies - Optional (Selected 1/751) info z | \'W]
You can attach up to 10 policies to this user group. All the users in this group will have e
permissions that are defined in the selected policies.
Q Filter policies by property or policy name and press enter 3 maiches 1 &
"braket” X \ Clear filters
8 Policy name (&' v Type v Description
AmazonBraketServiceSageMakerNotebookAccess-20220514T212357 Customer managed Amazon Braket execut
7] AmazonBraketJobsExecutionPolicy AWS managed Grants access to AWS
W AmazonBraketFullAccess AWS managed Provides full access to
<« ] »

Cancel Create group



1AM Users

Users (0) mfo o Delete
An IAM user is an identity with long-term credentials that is used to interact with AWS in an account
Q Find users by username or access key 1 &
User name i Groups Last activity MFA Password age Active key age

No resources to display

Add user o 2) (3) (4) (5

Set user details

You can add multiple users at once with the same access type and permissions. Learn more

Username* | remote_user

© Add another user

Select AWS access type

Select how these users will primarily access AWS. If you choose only programmatic access, it does NOT prevent users from accessing the console using
an assumed role. Access keys and autogenerated passwords are provided in the last step. Learn more

Select AWS credential type* | Access Key - Programmatic access
Enables an access Key ID and secret access key for the AWS API, CLI, SDK, and
other development tools.

Password - AWS Management Console access
Enables a password that allows users to sign-in to the AWS Management Console.

Add user 1 e s) (2) (s

~ Set permissions

'Q.)‘ Add user to group Copy permissions from é Attach existing policies

A existing user directly

Add user to an existing group or create a new one. Using groups is a best-practice way to manage user's permissions by job functions. Learn more

Add user to group
‘ Create group | & Refresh
Q search Showing 1 resuit

Group v Attached policies

v Remote_Users AmazonBraketFullAccess



1AM Policies

Policies (946) info
A policy is an object in AWS that defines permissions

Q, Filter poiicies by property or policy name and press enter

“braket” X Clear filters

Policy name

AmazonBraketServiceSageMakerNotebookAccess-20220514T212357

T} AmazonBraketJobsExecutionPolicy

®

ﬁ AmazonBraketFullAccess

B @

[T} AmazonBrakeiServiceRolePolicy

s

4 maiches

- Type v Used as

Customer managed Permissions policy (1)
AWS managed None
AWS managed Permissions policy (2)

AWS managed Permissions policy (1)

IAM > User groups

Remote_Users Add permissions

Attach permission policies to Remote_Users

P Current permissions policies (1)

Actions W= Create Policy

1 @

- Description

Amazon Braket execution
Grants access to AWS Ser
Provides full access o Am:

Allows Amazon Braket {o ¢

3

Other permission policies (Selected 1/752) mfo o - o ‘ ‘ Create Policy (7 |
You can aitach up te 10 managed policies to this user group. All of the users in this group inherit the attached e
permissions.
Q Fitter policies by property or pelicy name and press enter 4 maiches 1 [
"braket” X Clear filters
=] Policy name (3 v Type v Description
AmazonBraketSenviceSageMakerNotebookAccess-20220514T212357 Custormner managed Amazon Braket execution role ¢l
No_Amazon_Braket_Device_Access Customer managed
no_Amazon_Brakel_QPU_Access Customer managed
il AmazonBraketJobsExecutionPolicy AWS managed Grants access to AWS Services

>

Tasks (17)

| cancel ‘ Add permissions |

‘ Q, Search tasks

Task id Status
o] A © COMPLETED
o] R © COMPLETED
Task details
Quantum task ARN Status
am:aws:braket AR (U antum- @ COMPLETED
task/DunRRNEE R
Created Ended

May 21, 2021 19:32 (UTC)

S3

May 21, 2021 19:32 (UTC)

Device ARN

@ arnaws:braket::device/quantum-simulator/amazon/svi

@ arnaws:braket::device/quantum-simulator/amazon/sv1

Device ARN

Show task details

<12 > @

Created at

May 21, 2021 19:32 (UTC)

May 21, 2021 19:20 (UTC)

arn:aws:braket::device/quantum-simulator/amazon/fsv1

Shots
1000

Status reason

https://s3.console.aws.amazon.com/s3/buckets /amazon-braket- il - —

it t———



Objects (1)

Objects are the fundamental entities stored in Amazon $3. You can use Amazon $3 inventory [ to get a list of all objects in your bucket. For

others to access your objects, you'll need to explicitly grant them permissions. Learn more [/}

[ Copy S3 URI [ Copy URL [ Download Open [4 Delete
Create folder [* Upload
Q, Find objects by prefix 1 &
] Name A Type ¥ Last modified v Size ¥ Storageclass
O B results.json json May 21, 2021, 15:32:21 (UTC-04:00) 50.8 KB Standard
Hardware Provider QPU family Per-task price Per-shot price
D-Wave 2000Q $0.30000 $0.00019
D-Wave Advantage $0.30000 $0.00019
lonQ lonQ device $0.30000 $0.01000
oQc Lucy $0.30000 $0.00035
Rigetti Aspen-11 $0.30000 $0.00035
Rigetti M-1 $0.30000 $0.00035

Minimum and maximum shots based on number of measured

100000000

10000000

1000000

100000

qubits and device

max SV1, DM1, Rigetti

10000

/

max lonQ, D-Wave

1000

Minimum Shots

100

10

3

max TN1

7 8 9 10 11 12 13 14 15 1e 17 18 19 20

Number of Qubits measured

4 5 6
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Billing & Cost Management Dashboard

Getting Started with AWS Billing & Cost Management
« Manage your costs and usage using AWS Budgets
« Visualize your cost drivers and usage trends via Cost Explorer

« Learn more: Check out the AWS What's New webpage
Do you have Reserved Instances (Rls)?

Cost Explorer.

« Dive deeper into your costs using the Cost and Usage Reports with Athena integration

« Access the RI Utilization & Coverage reports—and Rl purchase recommendations—via

Spend Summary

Welcome to the AWS Billing & Cost Management console. Your last month, month-to-date, and month-end

forecasted costs appear belowr.

Current month-to-date balance for June 2021

S08
50.45
$0.3 $0.3

$0.15

Month-to-Date
(June 2021)

Cost Explorer

$0.52

Forecast
(June 2021)

cost per minute(S)
0.075
0.275
0.075

Month-to-Date Spend by Service

The chart below shows the proportion of costs spent for each service you use

$0.3

B sagemaker
[l clovawateh
B crs
B cle
|

S3

Bill Details

$0.28

$0.00

$0.00

$0.00

$0.00

$0.02

$0.30



AWS Cost Management > Cost Explorer

Save as... Recent reports v © New report

& Monthly costs by service

Last 12 Months

w» Monthly v @

Jun 2020

Linked Account  Region Instance Type Usage Type Resource CostCategory v Tag v

Iy, Bar «

APl Operation  Availability Zone  Platform  Purchase Option More v

Jul 2020 Aug 2020 Sep 2020 Oct 2020 Nov 2020 Dec 2020 Jan 2021 Feb 2021 Mar 2021 Apr 2021 May 2021
M Graket [ SageMaker JES3 [ Elastic File System [ Glue [ Others
To see usage data, filter by “Usage Type" o “Usage Type Group® filters with matching units (eg., hours).

Download CSV
Service Jun 2020 Jul 2020 Aug 2020 Sep 2020 0ct 2020 Nov 2020 Dec 2020
Total cost ($) 0.00 0.00 495 0.00 1031 1.1s ol
Braket ($) 210 000 1030 920
SageMaker ($) 285 000 001 195
S3(9) 0.00 000 0.00 000 0
Elastic File System ($) 0.00 0.00 0.00 0.00 0
Glue ($) 000 000 0.00 000 000 000 0

v

Budgets ()

« I



Chapter 4: Writing Your First Amazon Braket Code Sample
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Chapter 5: Using a Quantum Annealer — Developing a QUBO
Function and Applying Constraints

Local Minimum Global Minimum
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aO al aQ
a, -0.5
a, 0.5 1.0
a, -0.25 0.25 -0.75
X,=1 X,=1
aO ai a2
L
X,=1 a, -0.5
N ]
a, 0.5 1.0
X=1 || a, ||-025]| 0.25
Alice Bob Charlie David Eve Frank
Alice 0.5
Bob 1 0
Charlie 0.5 0.25 -0.25
David -0.5 -1 0 -0.5
Eve -1 -1 0.25 0.5 -1
Frank 0.25 -0.25 0 0.5 -0.5 -0.5




Step 1:

A. Fully understand
the traditional
formulation
and goal

B. Create the
traditional
formulation and
find a solution

WN P

Step 2:

. Understand how

to translate the
traditional formulation
into a QUBO

. Present the data

as a matrix

. Add appropriate

constraints or penalty

. Visualize the landscape

employee scores

T

o

E[2,2]

i=j=2

i=j=1
E[1,1]

. Total employees 100, (i=0...i=99)
. Ei,jl not always equal to E[j.i] (except when i=j)
. E[i,j] is the score by employee i given to employee j when i is not equal

Step 3:

. Solve the matrix using

Classical solvers
or Simulated Annealing

. Convert the matrix into

a Binary Quadratic Model
and solve using Quantum
Annealing devices

. Validate results by checking

with original formulation

. Improve results of Quantum

devices by modifying embedding
and parameters

to j, and is the score given by manager to employee when i=j (eg, Eli,il)

© 0o~

. Eli,j] values range from O to +5

. Final Team employee count constrain to 10
. If final team has employees 1,9 then the total team score is E[1,1]+E[9,9]+E[1,9]+e[9,1]
. Team Score = Sum ((manager - employee terms) + (employee - employee terms))

. Goal: Maximize Team score
. Assume weight of manage - employee value = employee - employee value

(Note "-" refers to " to" and is not the negative sign as used above).
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Chapter 6: Using Gate-Based Quantum Computers — Qubits
and Quantum Circuits
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g=7, r=2 Unitary Matrix Multiplication

20 40 60 80 100 120
states

g=7, r=2 Unitary on LocalSimulator

10 15 20 25 30
states




q=7, r=2 Circuit on LocalSimulator
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states

gq=7, r=2 Unitary on SV1
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states




q=7, r=2 Gate circuit on SV1

5 10 15 20 25
states

g=7, r=2 Gate circuit on TN1
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states
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q=7, r=2 Gate circuit on lonQ Device

0 1| 11 I
4 3 14 13 24 23 34 33 44 43
- 2 15 12 25 22 35 32 45 42
6 1 16 1 26 21 36 3 46 a1
7 0 17 10 27 20 37 30 47 40
104 103 114 113 124 123 134 133 144 143
105 102 115 112 125 122 135 132 145 142
106 101 116 m 126 121 136 131 146 141
107 100 117 110 127 120 137 130 147 140
q=7, r=2 Gate circuit on Aspen-M-1
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Chapter 7: Using Gate Quantum Computers - Basic Quantum
Algorithms
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Chapter 8: Using Hybrid Algorithms — Optimization Using
Gate-Based Quantum Computers
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Chapter 9: Running QAOA on Simulators and Amazon
Braket Devices
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Chapter 10: Amazon Braket Hybrid Jobs, PennylLane, and

Other Braket Features

Amazon Braket Device

| Amazon Braket Hybrid Jobs Instance

Braket default Image

(Job Control Code)

(Create Job}

' W i
{Job Source Module) (Job Source Module) @ A ﬂ ﬂ |
7y g =y ) )
{input Data, hyperparameters) qH (input Dsta and hypterparameters)
.1 |
(Results) ‘\j | (output Data) i
| |

Amazon Braket X Amazon Braket Permissions

Devices Permissions management for Amazon Braket
Notebooks
Jobs When you create a resource, such as an Amazon Braket notebook or job, you have the ability to specify the actions this resource can perform on your behalf

by attaching an execution policy to an 1AM Role [4. You can create default roles for different Amazon Braket resources here. To build custom Roles for
advanced use cases visit IAM [4]. Roles that are used by Amazon Braket need to have braket.amazonaws.com as a trusted entity in IAM.

Announcements e Jobs Verify e g roles

Permissions

Tasks

The AmazonBraketJobsExecutionPolicy [4 provides minimially required permissions for a role to run an Amazon Braket job [4. You can verify that you
have existing roles with this policy attached.

Jobs Create default role

The AmazonBraketJobsExecutionPolicy [4 provides minimially required permissions for a role to run an Amazon Braket job [4. You can verify that you
have existing roles with this policy attached.



Jobs

The AmazonBraketJobsExecutionPolicy [4] provides minimially required permissions for a role to run an Amazon Braket job [4. You can verify that you

have existing roles with this policy attached.

@ Created AmazonBraketJobsExecutionRole [4 successfully.

Jupyter Notebook (Job Control Code)

AwsQuantumlJob.create(

source_module="QAOA.py",
entry_point="QAOA:start_here",

QAOA.py (Job Source Module)

def start_here():




Jupyter Notebook (Job Control Code)

AwsQuantumlob.create(

source_module="QAQA.py",

entry_point="QAOA:start_here",

input_data="iong-matrix.csv"

QAOA.py (Job Source Module)

long-matrix.csv (Input Data)

Jupyter Notebook (Job Control Code)

AwsQuantumJob.create(
device_arn,

hyperparameters=hyperparameters,

input_data=filename,
wait_until_complete=False

)

long-matrix.csv (Input Data)

Amazon Braket Hybrid Jobs Instance

Braket default Image
Amazon $3/S3bucket/jobs/braket jobs...123/

script/source.tar.gz

input

output

QAODA.py (Job Source Module)

def start_here():

------>| long-matrix.csv (Input Data)

{Output Data)

QAOA.py (Job Source Module)

def start_here():
—————|» device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

» hp_file = os.environ["AMZN_BRAKET_HP_FILE"]
with open(hp_file, "r") as f:
hyperparams = json.load(f)
matrix = (hyperparams["matrix"])

input_dir = os.environ["AMZN_BRAKET_INPUT_DIR"] G—T

filename = f"{input_dir}/input/{matrix}.csv"

Amazon 53/53bucket/jobs/braket jobs...123/input

long-matrix.csv (Input Data)



Jupyter Notebook (Job Control Code)

QAOA.py (Job Source Module)

AwsQuantumlJob.create(

)

def start_here():

E = np.array(job.result()['E)

save_job_result({ "E":E,...})

Amazon Braket X Amazon Braket Jobs

Devices

Jobs (10+)
Notebooks
Jobs Q
Tasks
Job name
braket-job-default-11
Announcements
Permissions

braket-job-default-11

braket-job-default-11

model.tar.gz (Output Data)

Amazon $3/S3bucket/jobs/braket jobs...123/data/output

[0 ][ pcore ~ | T

Status Device
6 @ RUNNING [ arn:aws:braket::device/quantum-simulator/amazon/sv1
5 @ FAILED [ arn:aws:braket:zdevice/quantum-simulator/amazon/sv1
a4 ® COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1

parameter landscape

1>

Created at

Feb 27, 2022 05:55 (UTC)
Feb 27, 2022 05:48 (UTC)

Feb 19, 2022 05:37 (UTC)

--15




Amazon Braket » Jobs » braket-job-default-1: 5
Summary
Status Runtime Job logs
® FAILED 00:01:15 View in CloudWatch [4
CloudWatch X CloudWatch > Loggroups » /aws/braket/jobs > braket-job-default-1 S/algo-1-11 5
Favorites
Log events
Dashboards You can use the filter bar below to search for and match terms, phrases, or values in your log events. Learn more about filter patterns [2
View as text Create Metric Filter
» Alarms Ao @o @o :
¥ Logs Q Filter events Clear m 30m 1h 12h 1)
Log groups
Logs Insights > Timestamp Message
No older events at this moment. Retry
» Metrics
3 2022-02-27700:52:17.070-05:00 2022-02-27 5:52:13,730 sagesaker-training-toolkit INFO No GPUs detected (normal if no gpus installed)
» X-Ray traces > 2022-62-27700:52:17.071-05:00 2022-02-27 05:52:13,731 sagemaker-training-toolkit INFO Failed to parse hyperparameter matrix value iong_matrix to Json.
> 2022-02-27700:52:17.071-05:00 Returning the value itself
v Events > 2022-02-27700:52:17.071-05:00 2022-02-27 05:52:13,749 sagesaker-training-toolkit INFO No GPUs detected (normal if no gpus installed)
Rules > 2022-02-27700:52:17.071-05:00 2022-02-27 05:52:13,750 sagemaker-training-toolkit INFO Failed to parse hyperparameter matrix value iong_satrix to Json.
Event Buses > 2022-02-27700:52:17.071-05:00 Returning the value itself
> 2022-02-27700:52:17.071-05:00 2022-02-27 05:52:13,768 sagesaker-training-toolkit INFO No GPUs detected (normal if no gpus installed)
v Application monitoring > 2022-02-27700:52:17.071-05:00 2022-02-27 85:52:13,768 sagesaker-training-toolkit INFO Failed to parse hyperparameter matrix value ionq_satrix to Json.
> 2022-62-27700:52:17.071-05:00 Returning the value itself
ServiceLens Map e
> 2022-02-27700:52:17.071-05:00 2022-02-27 05:52:13,779 sagemaker-training-toolkit INFO Invoking user script
Resource Health > 2022-02-27700:52:17.071-05:00 Training Env:
Synthetics Canaries > 2022-02-27700:52:17.071-85:00 { “additional_framework_parameters™: {}, "channel _input_dirs": {}, “current_host": “algo-17, “framework_module”: null, “hos..
g > -02-27700:52:17.071-05:
Evidently 2022-02-27700:52:17.071-05:00 }
3 2022-02-27700:52:17.071-05:00 Environment variables:
RUM > 2022-02-27700:52:17.071-05:00 SH_HOSTS=["algo-1"]
> 2022-02-27700:52:17.071-05:00 SH_NETWORK_INTERFACE_NAME=etho
b Insights > 2022-02-27700:52:17.071-05:00 SH_HPS={"end":0.5, "satrix": "ionq_matrix", "shots":100, "start™:0.2, "step":0.1}
. > 2022-02-27700:52:17.071-65:00 SM_USER_ENTRY_POINT=braket_container.py
ettings
ng 3 2022-02-27700:52:17.071-05:00 SH_FRAMEWORK_PARAMS={}
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Step 1:
Classical

Step 2: QUBO
Formulation

Step 3: QUBO
Solvers

¢ Develop classical formulation
e Evaluate classical results

* Develop QUBO matrix based on objective and constraints

* Ensure correct strength of constraints

* Use probabilistic_solver() to evaluate the energy landscape
* Extract solution values and filter for feasible solutions

* Ensure best solution has the lowest energy

* Run Matrix on QUBO solvers

» Convert QUBO matrix to required format if needed:
* BQM for D-Wave
* QAOA Ansatz for gate-based quantum computers

» Adjust device and hardware specific parameters for optimal results
» eg. chain-strength, shots, QAOA parameters, qubit embedding

« Extract solution values and filter for feasible solutions
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Chapter 12: Multi-Objective Optimization Use Cases

“ Supplier not available

t Desired Supplier
‘ High Risk supplier

\N\,\

x Item not available

Suppliers

High Inventory
Cost
Item in demand
Select Maximize
Optimial Available Product
Suppliers  Products  sale

Scenario A

Scenario B

L

.. Select
Minimum R
Supplier Optimal

. Product Mix
Selection
Products/Items

Scenario

LLE

Scenario

B

2. Suppliers
covering
Items

Scenario

A

e

Scenario 5
1. items

B required
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Chapter 13: Knapsack BQM Derivation
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