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Queue depth

Queue depth= %78 ClHFOlAOf CHell CHZ[Holl = A 5] & sto|EE|E 5 ~& LIEHHL]
PR

Ct. ClHtO|A Q| A} 2rQd Bl 5t0|E2|E 2] CH7|Y == Braket Software Development Kit (SDK)
E=E Sl HMAE £ Q& LICtAmazon Braket Management Console.

=
e M =22 7| sl CH7| S & LA 5 +& LIEHHL

2. M =2 L 7|8 Zol=& Sl dd=|7| 2lsll CH7| S ME =
' ol

L|CtAmazon Braket Hybrid Jobs. O|2{8t 242 slolEE|= &
=

3. st0|EE|E A Oi7|¥ Zol= =Xl ClHto|&of CHZ| &2l sto|EE|E 4ol & & LIEtH
LICt 3tO|EE|E o] B 2 Quantum tasks MEE = 24M =271 Yol EAHE LICt
Priority Task Queue.

Queue position

Queue position= Zt C|HHO|A CHZ (D Lo M LAt 21 EE= SHO|EE|= 24 ol FR f|X|E LtEt
HL|Ct. Braket Software Development Kit (SDK) EE=& Sall &AL ¢ EE= 5t0|EHE2|= & 4oi| CH

3l &2 + U&LICtAmazon Braket Management Console.
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(® Note

E ATl 232 Amazon Braket A|ZH0|E & ZAF M2| HX|(QPU) 2HY AAEEE 7[ECR
g FHERIULICH EAE o 232 AKX 230 CHE = J&aLth ofd 232 gelojLt 3
B2 12435t x| 2 20 Amazon Elastic Compute Cloud(Amazon EC2)2+ &2 CtE AMH|A Q|

AtEol et £t 20| Edg = AU&L/c

AN EH
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Sv1ol CiEr HI8 FX

HE FH &+ E AEs5te UHE Eo{F 7| 250 Bell HEf 3|Z2E F 4511 SV1 AIZHIOIE{o|AH A
istL|Ct. HA] Braket SDK 2 E2 7tX{2 1, Bell 4EHE XO|5l1, Tracker() &£ 3|20 F7}
grLct.
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#import any required modules

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.tracking import Tracker

#ficreate our bell circuit
circ = Circuit().h(@).cnot(0,1)

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
with Tracker() as tracker:

task = device.run(circ, shots=1000).result()

AAZHol| 7177t2 HIB £
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https://aws.amazon.com/braket/pricing/

Amazon Braket

#Your results
print(task.measurement_counts)

Counter({'00': 500, '11': 500})

LESE HAE [ Bell SEH AlZ2H|0|Mof Chisl Tt E={E 7|CHE = USLICH E2f7 Eole ©
SE X 2RE SR MY, MY T T E d¥ (2 & 2|0 HIE0| uSD B9I2 EAIELUCH &
& Alzhe2 AlZefolMdottt OHE = /l&LC

import datetime

tracker.quantum_tasks_statistics()

{'arn:aws:braket:::device/quantum-simulator/amazon/svl’:
{'shots': 1000,

'tasks': {'COMPLETED': 13},

'execution_duration': datetime.timedelta(microseconds=4000),
'billed_execution_duration': datetime.timedelta(seconds=3)}}

tracker.simulator_tasks_cost()

Decimal('@.0037500000"')

HI& &7|& Ar83stod 2|0 HI8 HH

HIE FX7|E Ar835tod Z2 130 CHEH 2|CH HIS S HEE = U&LICH XIHE Z2330f X|&E
B Sof CHEt zICH YAIZEOl AUE = U&LICH O|FE | 51T HIE FXTIE AHE5to A _u=01l
M I:I|9- Mo ZEE FHE = U&LICH CFg oMo M= Rigetti QPUOMIA S8t 3|2 & M85t
HI€S 1 USDE A|EHELICH T EofA 3|28 & ¢ gH= AlSists Ol E= H|I€2 0.30 USDYILICH.
5 HIROI 1 USDE =& H77+ | BHSSIE S 22 MYERELICH et ZE 2242 o 3 gH=0|
1 USDE Z ot 77t x| Al & %L*ELIEL UbtMoz T2 I3 st= 2|CH HISo| = E [W7HK]

A% grsELchol 32 3 §I Sgch

device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
with Tracker() as tracker:
while tracker.gpu_tasks_cost() < 1:
result = device.run(circ, shots=200).result()
print(tracker.quantum_tasks_statistics())

print(tracker.qpu_tasks_cost(), "USD")

AAZHol| 7177t2 HIB £
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{'arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3': {'shots': 600, 'tasks':
{'COMPLETED': 3}}}
1.4400000000 USD
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-manage-access.html#restrict-access
https://aws.amazon.com/aws-cost-management/aws-budgets/
https://aws.amazon.com/aws-cost-management/aws-budgets/
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APls, SDKs & HHEE CIE{H|0|AE M3 ELICH

« Amazon Braket Python SDK(T &)

« Amazon Braket API & X

*+ AWS Command Line Interface
« AWS SDK for .NET

* AWS SDK for C++

+ AWS SDK for GoAPI| Reference
+ AWS SDK for Java

+ AWS SDK for JavaScript

« AWS SDK for PHP

+ AWS SDK for Python (Boto)

* AWS SDK for Ruby
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https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
https://amazon-braket-sdk-python.readthedocs.io/en/latest/#
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/cli/latest/reference/braket/index.html
https://docs.aws.amazon.com/sdkfornet/v3/apidocs/items/Braket/NBraket.html
https://sdk.amazonaws.com/cpp/api/LATEST/namespace_aws_1_1_braket.html
https://docs.aws.amazon.com/sdk-for-go/api/service/braket/
https://docs.aws.amazon.com/AWSJavaSDK/latest/javadoc/com/amazonaws/services/braket/package-summary.html
https://docs.aws.amazon.com/AWSJavaScriptSDK/latest/AWS/Braket.html
https://docs.aws.amazon.com/aws-sdk-php/v3/api/class-Aws.Braket.BraketClient.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://docs.aws.amazon.com/sdk-for-ruby/v3/api/Aws/Braket.html
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Amazon Braket Tutorials GitHub 2I|ZX|E2|0M ZE NE 7IMH2 £ Q& LCt.

 Braket At& A GitHub
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CHZ2 Braketoll AFEElE 7| WZ|X([7F Z&E 204 E|ZX[EE| S5 EAIRLICH

« Braket Python SDK - Braket Python SDKE AF&35104 Jupyter Python ZZ 122 ¢10{2 L E S0
A= E MYEFLICE Jupyter tESE M E ¥ Braket C|HHO|A 2 A|ZH[O|E{0IMH ZEE A

£ U&Lch
« Braket A 7|0} - Braket SDK2} Braket AH|A 7Ho| H|2FlL|Ct.
« Braket 7|2 A|ZTO|E] - Braketoll CHEt ZE Z2Z 2Kl A|SCO[E{(AE) HE] 3! 2T OHEEIA).

{12l

JHCHS ChYet Cletola Y Z2 T2 =7 o 7 APQ-EW Ctet E2{a2l0| U&LICH o7|of

= Braket X|¥ £ Q12 of2iet ZHo| EfALOIM X5t 212210 =& ELICt

Amazon Braket X|¢:

« Amazon Braket & 11 2|& 2tO0|EEHE| - Python2 2 EHE AFM HEE SR S e[&2| 7R 2
ALt a2 A>dst7HL Ol Ao R AI86tod O S& et LTEES FHELIC

« Braket-PennyLane £2{712! - Braketol A QML Z 2|22 PennyLaneE Al LICEH

EFANEEH Blo] 2LIER & 70d):

» Qiskit-Braket S =X} - Qiskit SDKE AtE 5104 Braket 2|20 M| AT LICH
« Braket-Julia SDK - (EXPERIMENTAL) Braket SDK2| Julia |O|E[E HHT

Amazon Braket X|H 2| & C|HFO|A

EA 2lo| 7|= & ol=LICt AWS! Amazon Braket Digital Learning Plano|
S5ot1 do| of& Il C|X|=H IHE 2t =8 + AHA| CIX[E B X|E &S ELc
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https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-schemas-python
https://github.com/aws/amazon-braket-default-simulator-python
https://github.com/aws-samples/amazon-braket-algorithm-library
https://github.com/aws/amazon-braket-pennylane-plugin-python
https://github.com/qiskit-community/qiskit-braket-provider
https://github.com/awslabs/Braket.jl
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
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Amazon Braketo| A C|HFO|A = Rt 22 M-St fle ZEE = U= QPU EE= A[ZT0IHE
LIEHHALICE. Amazon Braket2 lonQ, IQMQuEra, 29| QPU C|H}O|ARigetti, 2C|THE A|ZE|0|E 3

70, 2Z4 AIEd0lE 371, YHIC|= AIZE0IE] 1740l CHEF BMIAE MSELICH 2 & Cldto|Aol &
2 Amazon Braket 2£ 2| C|H}O|A &Y EE= GetDevice APIE 3 C|HIO|lA EZZX|, £ O|O|E
2 O|E|E HO|E MEQL &2 F7I CIHIO|A &8 &2 = U&LICH AZB0EZ 328 74

& [ Amazon Braketol M= $4A Q1% FH|E E&= QIHAE ALE5HOF B LICH Amazon Braket SDK
2 &YsteE 2 o5 ZE ofXek 20| ClHIO|A S0 HMAE = JU&Lct

from braket.aws import AwsDevice
from braket.devices import LocalSimulator

device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/svl')
#SV1
# device = LocalSimulator()
#Local State Vector Simulator
# device = LocalSimulator("default")
#Local State Vector Simulator
# device = LocalSimulator(backend="default")
#Local State Vector Simulator
# device = LocalSimulator(backend="braket_sv")
#Local State Vector Simulator
# device = LocalSimulator(backend="braket_dm")
#Local Density Matrix Simulator
# device = LocalSimulator(backend="braket_ahs")
#Local Analog Hamiltonian Simulation
# device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/tnl")
#TN1
# device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/dml')
#DM1
# device = AwsDevice('arn:aws:braket:us-east-1::device/gpu/ionq/Aria-1")
#IonQ Aria-1
# device = AwsDevice('arn:aws:braket:us-east-1::device/qgpu/ionq/Aria-2")
#IonQ Aria-2
# device = AwsDevice('arn:aws:braket:us-east-1::device/gpu/ionq/Forte-1")
#IonQ Forte-1
# device = AwsDevice('arn:aws:braket:us-east-1::device/qgpu/ionq/Forte-Enterprise-1")
#IonQ Forte-Enterprise-1
# device = AwsDevice('arn:aws:braket:eu-north-1::device/qpu/igm/Garnet')
#IQM Garnet
# device = AwsDevice('arn:aws:braket:us-east-1::device/gpu/quera/Aquila’)
#QuEra Aquila

X|H=ElE 2I™ & ClHolA 15
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# device = AwsDevice('arn:aws:braket:us-west-1

#Rigetti Ankaa-3

# get device properties
device.properties

s
<

QuEra Computing

Rigetti

X|ElE AlEE0lE

- 24 el HE A|ZEl|0|E(braket_sv)('7|&2 AIZE0|E])

. 22 g HEZA AIZd0[E{(braket_dm)

|= 2l 0|E{(SV1)
. AUz OjEEIA AIZ8|0|E{(DM1)

+ Tensor HUE 23 A|ZEO|E{(TN1)

PennyLane2| B17§ A|=2i0|E

O} Eredoll 7ha RIEHEH AIBEIIOIE] M

« AZd0|H Hlw

Amazon Braket C|HFO|A

S=A ClHio|A OlF I Ch

lonQ Aria-1 HO|E 7|

Ht

o

QPU

::device/qpu/rigetti/Ankaa-3")

C|H}O|A ARN 2|

arn:aws:braket:us- us-east-1
east-1::device/qpu/

iong/Aria-1
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arn:aws:braket:us-
east-1::device/qpu/
iong/Aria-2

arn:aws:braket:us-
east-1::device/qpu/
iong/Forte-1

arn:aws:braket:us-
east-1::device/qpu
/iong/Forte-Enterp
rise-1

arn:aws:braket:eu-
north-1::device/qpu/
igm/Garnet

arn:aws:braket:us-
east-1::device/qpu/
quera/Aquila

arn:aws:braket:us-
west-1::device/qpu/
rigetti/Ankaa-3
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2 AWS CloudFormation AF& ME A 2| AWS::SageMaker::NotebooklInstanceLifecycleConfig& & &
SHMIR.

BraketNotebookInstancelLifecycleConfig:
Type: "AWS::SageMaker: :NotebookInstancelLifecycleConfig"
Properties:
NotebookInstanceLifecycleConfigName: BraketLifecycleConfig-${AWS: :StackName}
OnStart:
- Content:
Fn::Base64: |
#!/usr/bin/env bash
sudo -u ec2-user -i #EOS
curl -o braket-notebook-lcc.zip https://d3ded4lzbllnme.cloudfront.net/
notebook/braket-notebook-1cc.zip
unzip braket-notebook-lcc.zip
./install.sh
EOS

exit 0
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oi&tol| HFAH7F 2 Amazon S3 HHZ!9] s3:ListBucket ! s3:GetObject®f ol CHE
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ExecutionRole:
Type: "AWS::IAM::Role"

2EA|: Amazon SageMaker AlOI A £=15H= IAM 3& A4 26


https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-sagemaker-notebookinstancelifecycleconfig.html
https://docs.aws.amazon.com/sagemaker/latest/dg/sagemaker-roles.html
https://docs.aws.amazon.com/sagemaker/latest/dg/sagemaker-roles.html

Amazon Braket TR 7H0|E

Properties:
RoleName: !Sub AmazonBraketNotebookRole-${AWS: :StackName}
AssumeRolePolicyDocument:
Version: "2012-10-17"
Statement:
Effect: "Allow"
Principal:
Service:
- "sagemaker.amazonaws.com"
Action:
- "sts:AssumeRole"
Path: "/service-role/"
ManagedPolicyArns:
- arn:aws:iam::aws:policy/AmazonBraketFullAccess
Policies:
PolicyName: "AmazonBraketNotebookPolicy"
PolicyDocument:
Version: "2012-10-17"
Statement:
- Effect: Allow
Action:
- s3:GetObject
- s3:PutObject
- s3:ListBucket
Resource:
- arn:aws:s3:::amazon-braket-*
- arn:aws:s3:::braketnotebookcdk-*
- Effect: "Allow"
Action:
- "logs:CreatelLogStream"
- "logs:PutLogEvents"
- "logs:CreatelLogGroup"
- "logs:DescribelogStreams"
Resource:
- !Sub "arn:aws:logs:*:${AWS: :AccountId}:log-group:/aws/sagemaker/*"
- Effect: "Allow"
Action:
- braket:*
Resource: "*"

2E|: Amazon SageMaker Al A = 5HE IAM & A A4 27
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AWS CloudFormation AF& AHAS| AWS::SageMaker::NotebookInstance & & Z5HAM L.

Z|04 Amazon Braket 2

BraketNotebook:
Type: AWS::SageMaker: :NotebookInstance
Properties:
InstanceType: ml.t3.medium
NotebookInstanceName: !Sub amazon-braket-notebook-${AWS::StackName}
RoleArn: !GetAtt ExecutionRole.Arn
VolumeSizeInGB: 30
LifecycleConfigName: !GetAtt
BraketNotebookInstanceLifecycleConfig.NotebookInstanceLifecycleConfigName
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Notebooks (1) ‘ c H Actions ¥ ‘ Create notebook instance

‘ Q, Search 1 matches

Name : amazon-braket ‘ X ‘ ‘ Clear filters 1 ®

Notebook name Instance Creation time Status URL

@) amazon-braket-test ml.t3.medium Feb 05, 2024 20:28 (UTC) © InService amazon-braket-test-fgn4.notebook.us-west-2.sagemaker.aws [4
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ZHERSt 'Hello, world!'2 A|ZFEH &= QI&LICE of. TX{ Bell & EHE FHI|st= 3|2 E T4 O3 CHE T
Ho|A0M S 2|2 & aldsto] AutE L&LICt

import boto3

from braket.aws import AwsDevice

from braket.devices import LocalSimulator
from braket.circuits import Circuit

# Create the circuit
bell = Circuit().h(@).cnot(@, 1)

CtS BHE ALEstod 3|28 AlZEHE = &L
print(bell)
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# Instantiate the local simulator
local_sim = LocalSimulator()

el
rr
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# Run the circuit

result = local_sim.run(bell, shots=1000).result()
counts = result.measurement_counts

print(counts)

Ct=t 22 A7t E AlZ|o{oF &Lt
Counter({'11': 503, '@0': 497})
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® Note
CIS odlXM7F HZ! O|E2 2 EA|ZlE AA| 7|& amazon-braket-s3-demo-bucket E{Z! O|
&2 =ELICH. Amazon Braket2| HHZ! O|§2 &4 2 A|%5t1 1 amazon-braket- 5{0f
78t CHE Al EX7F SLICH S3 A A Hof CHet "MEJH 2R d 39 Amazon S3
AlESH 7| & HESHMIR.

# Get the account ID
aws_account_id = boto3.client("sts").get_caller_identity()["Account"]

# The name of the bucket
my_bucket = "amazon-braket-s3-demo-bucket"

# The name of the folder in the bucket
my_prefix = "simulation-output"
s3_folder = (my_bucket, my_prefix)

ol

oM B2 E A&SIE{™ O|Tof MEHEE S3 H{Z!o] {XIE .run() EENM x| 22 XS
SV1ELICE.

HOF

# Choose the cloud-based on-demand simulator to run your circuit

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")

# Run the circuit
task = device.run(bell, s3_folder, shots=100)

# Display the results
print(task.result().measurement_counts)

Ct. 22 2| Quantum Tasks Bie 2 0|
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# Choose the IQM hardware to run your circuit
device = AwsDevice("arn:aws:braket:eu-north-1::device/qpu/igm/Garnet")
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# Choose the Iong device to run your circuit

device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/ionq/Aria-1")

HIO|AE MEfet = QI3 2EE Aety| 7ol S ZEZ CIHtO|A CH7 | ZI0|& #E|stod At
oA |y oA

At L= 510|EE|E &1 48 2Qlgh £ QlaLCt et 1ZH2 0| C|HIO|A H|O|X|of|Af C|HIO|A
CH7|¥d ZI0|& & == ! &LICtAmazon Braket Management Console.

# Print your queue depth

print(device.queue_depth().quantum_tasks)

# Returns the number of quantum tasks queued on the device

# {<QueueType.NORMAL: 'Normal'>: '@', <QueueType.PRIORITY: 'Priority'>: 'Q'}

print(device.queue_depth().jobs)
# Returns the number of hybrid jobs queued on the device

22 A S™M Amazon Braket SDK7t ZAotol| CHaH E & LICHZ |2 MEH AlZH2 5Y). CHS o X2t
.Tun () H230 M poll_timeout_seconds ItZtO|E{E £=5t040| 7|EZ

Zol e HEY £ s
Lich. £ M#H AlZHo| 1T HO W QPUE ALSE 4 9in 22 KIEH AlZt QF 7} BEtEls Bt 2
O £2! AlZH LHoll ZTh7h BHEFEIX| o8 4 UALICH task.result() 48 s55tod B A
Azt 4 gL

# Define quantum task with 1 day polling timeout
task = device.run(bell, s3_folder, poll_timeout_seconds=24*60*60)
print(task.result().measurement_counts)

P QAL 2] = 5H0|EEIE Y2 MEFH & queue_position() E4+E 5E5104 CH7|Y IR
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print(task.queue_position().queue_position)
# Return the number of quantum tasks queued ahead of you
# 12!
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Amazon Braket X Amazon Braket » Algorithm library
Dashboard Algorithm library
Devices

A catalog of pre-built quantum algorithms written in Python. Each quantum algorithm is available as ready-to-run code that can be integrated into more complex algorithms. Open or create a

Notebooks managed JupyterLab Notebook to run the algorithm locally, on a managed simulator, or a quantum computer.

Hybrid Jobs

Quantum Tasks i
Algorithms (11) Open notebook ¥

Algorithm library Q Filter algorithms

Announcements o

Berstein Vazirani algorithm ©) GitHub [2 Deutsch-Jozsa algerithm ©) GitHub [2
Permissions and settings

The Bernstein-Vazirani algorithm is the first quantum algorithm that solves a problem One of the first quantum algorithm’s developed by pioneers David Deutsch and Richard

more efficiently than the best known classical algorithm. It was designed to create an Jozsa. This algorithm showcases an efficient quantum solution to a preblem that cannot

oracle separation between BQP and BPP. be solved classically but instead can be solved using a quantum device.

Grover's algorithm ©) sitHub [2 Quantum Approximate Optimization Algorithm ©) sitHub [
Grover's algorithm Is arguably one of the canonical quantum algorithms that kick- The Quantum Approximate Optimization Algorithm (QAOA) belongs to the class of
started the field of quantum computing. In the future, it could possibly serve as a hybrid quantum algoerithms (leveraging both classical as well as quantum compute), that
hallmark application of quantum computing. Grover's algorithm allows us to find a are widely believed to be the working horse for the current NISQ (noisy intermediate-
particular register in an unordered database with N entries in just O(sqrt(N)) steps, scale quantum) era. In this NISQ era QAOA is also an emerging approach for

compared to the best classical algorithm taking on average N/2 steps, thereby providing benchmarking quantum devices and is a prime candidate for demonstrating a practical

a gquadratic speedup. For large databases (with a large number of entries, N), a quadratic quantum speed-up on near-term NISQ device.
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https://github.com/aws-samples/amazon-braket-algorithm-library
https://github.com/aws-samples/amazon-braket-algorithm-library
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EX QPUs. XtAM|EH LI 2 Amazon Braket2| WA X|0{E & ESHMIR.
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Ho|lE & 3|2

%A HO|E 2! |2 = Amazon Braket Python SDK2| braket.circuits EeiA01 Ho|E LT,
SDKUIME ZE£35t0{ M| 3|2 HHME QLAHASIE = U&LICHCircuit().

of: 3|2 Mo

ol oMl E&, Bt F|E Hadamard HI0|E 2! 27| E q1CNOT HO|EZ T El 47iqubits(q0, g2, &
dlO|E X|Hg3)el ME S|ZE Holste R Z AIRTELICH O oA 20| print &8 555
040| 3|2 E AlZEte £ U&LICH

# Import the circuit module
from braket.circuits import Circuit

# Define circuit with 4 qubits
my_circuit = Circuit().h(range(4)).cnot(control=0, target=2).cnot(control=1, target=3)
print(my_circuit)

T :# 0 # 1 #
HH#HHH

q0 : ## H H##HHHAHBHSHBH
HH#HHH #
HHHHEH #

ql : ## H ######4##HHAHES
HHHHEH # #

HHHES HHHHH #
q2 : ## H ### X #####4#44
HHHES HHHHH #

HHHHEH HHHHEH
q3 : ## H ######### X ##
HHHHEH HHHHEH
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from braket.circuits import Circuit, FreeParameter

# Define a FreeParameter to represent the angle of a gate
alpha = FreeParameter("alpha")

# Define a circuit with three qubits
my_circuit = Circuit().h(range(3)).cnot(control=0, target=2).rx(@, alpha).rx(1l, alpha)
print(my_circuit)

Ch=ot 2ol 2 matolefel e XIEste B float(ZE AR LetOIE7L F|stE gh) £ 7IRE
Rl+£ 3|z oi XMSstod mtetOlEst el x| o2 M 2= & met0EEHE 2|20l dEe - AU&LICH

my_fixed_circuit = my_circuit(1.2)
my_fixed_circuit = my_circuit(alpha=1.2)
print(my_fixed_circuit)

my_circuite +EEX| 22 = 0| Ar8stod THE miet0IH gtz B2 M 328 QIAEHA
ste +~ A&LICH

of: 8|22| HO|E =+

CHS oAM= Mo X ™ SHHRE A8 st HIOIET /(e 3|2 & HolgtLIct olefdt =8 At
£ AEst0d Mo{E HO|ESt Z2 M Ry HOIEE &8 & J&LICH

from braket.circuits import Circuit

# Create a bell circuit with a controlled x gate
my_circuit = Circuit().h(@).x(control=0, target=1)

# Add a multi-controlled Ry gate of angle .13
my_circuit.ry(angle=.13, target=2, control=(0, 1))

# Add a 1/5 root of X gate
my_circuit.x(@, power=1/5)
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print(my_circuit)

HO|E B HAt= 2 AlZ 8 O|E{of| Met X[ ELICEH
of: AH8 7t5EF 2E HOIE 27|

CHS oMol M= Amazon Braketol M AL 7158t ZE HOIEE E= &g Eo{ELIC

from braket.circuits import Gate

# Print all available gates in Amazon Braket

gate_set = [attr for attr in dir(Gate) if attr[0@].isupper()]
print(gate_set)

Ol AEQ| &240fl= 2= HO|EV} L}QE=EIL|CEH,

['CCNot', 'CNot', 'CPhaseShift', 'CPhaseShift@@', 'CPhaseShift@l', 'CPhaseShiftl0',
'CSwap', 'Cv', 'Cy', 'CZ', 'ECR', 'GPhase', 'GPi', 'GPi2', 'H', 'I', 'ISwap', 'MS’,
'"PRx', 'PSwap', 'PhaseShift', 'PulseGate', 'Rx', 'Ry', 'Rz', 'S', 'Si', 'Swap', 'T',
'Ti', 'U', 'Unitary', 'V', 'Vi', 'X', 'XX', 'XY', 'Y', 'Vy', 'Z', '7Z']

1 2|20]| F7He & QU&LICH o & S04

ol2{8t |0 S E3t0
£ F7He L Chqubit.

E =
circ.h(0)& E&53l0d
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|20 CHEF HIMEE
d Hmjol stChOt= HO|E

® Note
HOIE7t MAtE|of| F7HE|D CHE of&ol M= O oiXlof| LIFEl 2E HO|EE S8t 3|2
off &7hghct.

circ = Circuit()

# toffoli gate with q@, gl the control qubits and g2 the target.
circ.ccnot(Q, 1, 2)

# cnot gate

circ.cnot(@, 1)

# controlled-phase gate that phases the |11> state, cphaseshift(phi) =
diag((1,1,1,exp(1lj*phi))), where phi=0.15 in the examples below
circ.cphaseshift(@, 1, 0.15)

# controlled-phase gate that phases the |00> state, cphaseshift@@(phi) =
diag([exp(1j*phi),1,1,1])

circ.cphaseshiftoo(o, 1, 0.15)
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# controlled-phase gate that phases the |01> state, cphaseshift@l(phi)
diag([1,exp(1j*phi),1,1])
circ.cphaseshift@1(@, 1, 0.15)

# controlled-phase gate that phases the |10> state, cphaseshiftl1@(phi)
diag([1,1,exp(1lj*phi),1])
circ.cphaseshiftlo(@, 1, 0.15)

# controlled swap gate

circ.cswap(Q, 1, 2)

# swap gate

circ.swap(0,1)

# phaseshift(phi)= diag([1,exp(1j*phi)])
circ.phaseshift(0,0.15)

# controlled Y gate

circ.cy(0Q, 1)

# controlled phase gate

circ.cz(0, 1)

# Echoed cross-resonance gate applied to q@, ql
circ = Circuit().ecxr(0,1)

# X rotation with angle 0.15

circ.rx(0, 0.15)

# Y rotation with angle 0.15

circ.ry(0Q, 0.15)

# Z rotation with angle 0.15

circ.rz(@, 0.15)

# Hadamard gates applied to q@, ql, g2
circ.h(range(3))

# identity gates applied to q@, ql, g2
circ.i([0, 1, 21)

# iswap gate, iswap = [[1,0,0,0],[0,0,1j,0]1,[0,1j,0,0],[0,0,0,1]]
circ.iswap(0, 1)

# pswap gate, PSWAP(phi) = [[1,0,0,0],[0,0,exp(1j*phi),@],[0,exp(1j*phi),0,0],
[0,0,0,1]]

circ.pswap(@, 1, 0.15)

# X gate applied to ql, g2

circ.x([1, 21)

# Y gate applied to ql, g2

circ.y([1, 2])

# Z gate applied to ql, g2

circ.z([1, 21)

# S gate applied to q@, ql, g2

circ.s([0, 1, 2])

# conjugate transpose of S gate applied to q@, ql
circ.si([0@, 1])

# T gate applied to q@, ql

SDKO{M 3|2 F#4
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circ.t([0, 11)

# conjugate transpose of T gate applied to q@, ql

circ.ti([0@, 1])

# square root of not gate applied to q@, ql, g2

circ.v([0, 1, 2])

# conjugate transpose of square root of not gate applied to q@, ql, g2
circ.vi([0, 1, 21)

# exp(-iXX theta/2)

circ.xx(@0, 1, ©0.15)

# exp(i(XX+YY) theta/4), where theta=0.15 in the examples below
circ.xy(Q, 1, 0.15)

# exp(-iYY theta/2)

circ.yy(Q, 1, 0.15)

# exp(-iZZ theta/2)

circ.zz(0, 1, ©0.15)

# IonQ native gate GPi with angle 0.15 applied to q@
circ.gpi(@, 0.15)

# IonQ native gate GPi2 with angle @.15 applied to g0
circ.gpi2(@, 0.15)

# IonQ native gate MS with angles 0.15, 0.15, 0.15 applied to g0, ql
circ.ms(@, 1, ©.15, 0.15, 0.15)

A HolE HOIE ME Qo At HolEl B HO|EE 3|20 M8E =% &Lt ol B
FE HO|IE(CHE A4 ZEH| EAIE) & targets IH2HO|E{0f| 2|30 qubits Ho|Elol M E CHE
HE HO|EY &= U&LICH.

import numpy as np

# Apply a general unitary
my_unitary = np.array([[0, 1]1,[1, 0]])
circ.unitary(matrix=my_unitary, targets=[0])

K& F75t04 7|1& 32 E & = &Lt Instructione & P CIHFO|A A ~&E R}
g MYESHE LA H-EQULICH Instruction QIARIOE ROl ZHA|Gate Rt ZEHEILICE.

# Import the Gate and Instruction modules
from braket.circuits import Gate, Instruction

# Add instructions directly.
circ = Circuit([Instruction(Gate.H(), 4), Instruction(Gate.CNot(), [4, 51)1)

SDKO{M 3|2 F#4
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# Or with add_instruction/add functions
instr = Instruction(Gate.CNot(), [0, 11)
circ.add_instruction(instr)
circ.add(instr)

# Specify where the circuit is appended
circ.add_instruction(instr, target=[3, 4])
circ.add_instruction(instr, target_mapping={0: 3, 1: 4})

# Print the instructions
print(circ.instructions)
# If there are multiple instructions, you can print them in a for loop
for instr in circ.instructions:
print(instr)

# Instructions can be copied

new_instr = instr.copy()

# Appoint the instruction to target

new_instr = instr.copy(target=[5, 6])

new_instr = instr.copy(target_mapping={0: 5, 1: 6})

of: 2 ClutolA7}E X|stE HOIE BT

A2 0|E{= Braket SDKS| 2 & H|O|EE& X|&3HX|EH QPU
LICH ClHtOl& &80 M ClHo|A 2| X[ E|= HO|EE & =+ U&LICH CHE2 lonQ C|HHO|A 2
Oof| M| LI CF.

# Import the device module
from braket.aws import AwsDevice

device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")

# Get device name

device_name = device.name

# Show supportedQuantumOperations (supported gates for a device)

device_operations = device.properties.dict()['action']['braket.ir.opengasm.program']
['supportedOperations']

print('Quantum Gates supported by {}:\n {}'.format(device_name, device_operations))

Quantum Gates supported by Aria 1:
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['x', 'y', 'z', 'h', 's', 'si', 't', 'ti', 'v', 'vi', 'rx', 'ry', 'rz', 'cnot',

'SWap" 'XX" lyyl’ 'ZZ']
XHElE HOIEE €A HENO{0AH AYE|7| Toi HIOIE|E HO|EZ ZHutsHoF & 4 U&LICE.
3|22 NE35H Amazon Braket20| HulUg XIS 2 £&sL|C}.

of: ClHFO| &0 M X[ 25t HIOIE|E HO|ELS| SATE Zz2Oefd YAloz HM

Braket 22| C|ut0|A HOIX|0IM B4 HEE & 4 USLICL Z2IY YAOR SUs W
ofl M| 23HE 20| £20| Bl FL7t USLICH THE ZEE QPULI S qubit HI0|E Zhell £ AHo|=
SATE FE5HE WHS BoiELI

# Import the device module
from braket.aws import AwsDevice

device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")

# Specify the qubits

a=10

b=11

edge_properties_entry =
device.properties.standardized.twoQubitProperties['10-11"'].twoQubitGateFidelity
gate_name = edge_properties_entry[0].gateName

fidelity = edge_properties_entry[0@].fidelity

print(f"Fidelity of the {gate_name} gate between qubits {a} and {b}: {fidelity}")

At B|20IM BE HHIEE FYoHE ChAl R2 HHS ALRst0d WY HHIE T HHIE 59l T2t

CHE ZE o X= Bell 4B |20 HH|E 08t §H5t0{ &8 M S Ho{ELIC

from braket.devices import LocalSimulator
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from braket.circuits import Circuit

# Use the local state vector simulator
device = LocalSimulator()

# Define an example bell circuit and measure qubit 0
circuit = Circuit().h(@).cnot(@, 1).measure(0)

# Run the circuit
task = device.run(circuit, shots=10)

# Get the results
result = task.result()

# Print the circuit and measured qubits
print(circuit)

print()

print("Measured qubits: ", result.measured_qubits)

=& qubit &

O| LAt HAFEOIM LA S| ZE AYE I MEAXMOR =& qubit L2 AF&3t0{ T E|EN AHSE
E qubitsE |01 Rigettis U&LICEH Amazon Braket 223} Amazon Braket SDKE A 50 MEH
gt &R %2l Ex|(QPU) ClHIO|A S| 2|4 EH HIO|EE AAME = o2 2 Aol 7HE qubits X8

3 GlOJEIE Mg 4 aLich

TS qubit S ALEsH 2ot &6t 2[2E Aot 7HE qubit HEE ZAME & UGLICH
T g AASAHE 2[4 ClHOlA 2EY CIO|EHE Ve R 2|2 MAHE 2|Mststn o et 21t
E odg 2 oA |0},

= == T AAHE

CHE MM E qubitsE BAIMH2Z EEsts YHE 2oiELICH

# Import the device module
from braket.aws import AwsDevice

device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
circ = Circuit().h(@).cnot(@, 7) # Indices of actual qubits in the QPU

# Set up S3 bucket (where results are stored)
my_bucket = "amazon-braket-s3-demo-bucket" # The name of the bucket
my_prefix = "your-folder-name" # The name of the folder in the bucket

s3_location = (my_bucket, my_prefix)
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my_task = device.run(circ, s3_location, shots=100, disable_qubit_rewiring=True)

22 GitHub2| Amazon Braket 0iA| EE= ECt XXM 20| - ES: QPU C|HIO|AO FHE
=

HOIE 7|8t Axt HFEOM SR 3|28 AT M Aot {7t =3 glo] HolEl T2 HESHA 3I§
E Ast == XIAE £ J&LICH HoiX AL U2 AHE5tod A 2|2 & XIHE Oz H&EetH 2
t7LL EY R 2R EESIE S X|HEY & A& LICHRIigettid MEH X|#). St=o] HIX|OHE E= SP_TEr
23t TEEZS QI LNEIES MNLE e stERIo{oM A Sl HoIE X 3|2 BolofrE H
gotA x|He = Us SM0| HELICH Fo{ AntUS AHSstH &7 2|X3t BAHE THM Autd
ZENAE A™ Nofg = USSR 3|27t HAE CHE Yt A>ELIC

F0{™M Hut Y2 FXY Rigetti, lonQZ IQM C|HIO|A 0| M K| E/0H HIO|E|E HO|EE ALE35HOF B L
Ch 5oiM HotdE MEsteE B CIHIO|AL| EEZX[E & Qlsto] AZEI0A 71I0IE7F ZEED
Z|Z qubits 7} 5t =040l X[ El= LIO|E|E HO|EE AM&Est=X| &elstE 20| E&LICH CHS o
Ao M= ClHFO|AOM XSS H|O|E|E HO|E 220 T2 2T YAloZ HMASIE HiHE |

o1& LICtH.

device.properties.paradigm.nativeGateSet

Ol A2 Fo{ Aut U} &M AH3524™M disableQubitRewiring=TrueE 475104 Rigetti qubit XH
HiM Z|S & 7Hok & LICt. ?:.TLF°'01|H oF MAXHE AL MHO| disableQubitRewiring=False &
HEl d2 41 22 450 Hufstn A>EX| ef&LICt.

|20 Chall S04 Hut Lol &4d5tk|of 41 0|8 X|SHX| &t= QPUMIM A-E|l= 2 RIHEX]
ole Mo 2 Qlal 20| MufRHS 2 LIEHLE @7 7F MM ELICH O B2 &t stEN 017t 7|2
o2 Huted & X[HSE20| 7|s2 o8t CIHIO|AE Z &t 5 & ELICH Fo{ Aot
2 X|{5tE ClHto|AOE CHS ZER #H2IE M X|HEls e 2 ZEE LCH

from braket.aws import AwsDevice

from braket.device_schema.device_action_properties import DeviceActionType
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
device.properties.action[DeviceActionType.OPENQASM].supportedPragmas

Z0{ U Al BHAE FI} HIE2 Q& LICE Amazon Braket 2 2 T 0| X|of| X|HE S| 22
7|&2 2 Amazon Braket QPU C|HFO|A, = ES QIAEA Ol 2C|EHE A|ZD|O|E{0|M AL &F
A EAol CHiHE A& 20| BobELICH AHM[EH LI S0 ALY oA tESE A ESHMIL.
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® Note

OpenQASMZ AF&3t0q lonQ C|HIO|A0]| CHEH 2 2E M1 3|2 E 2| HH[Eol 2% Of
Lsleds B OpenQASMO|A disableQubitRewiring Zef3 8 &73| F Al#pragma
braket verbatimdt2ZZE ALE3HoF ELICH

L 0|= AlZdlo|M

# Import the device module
from braket.aws import AwsDevice

device = LocalSimulator(backend="braket_dm")

1. =O|&7} B2 22 E ofeioM 92 L=§LCH
2. 7|E9| LO|= gi= B2 E 7IXtM MMM E LO|ZE FUELICH

CtE oA MHE 2= £ O|=7t /= B 3|22 AHEA X|™ Kraus MEE ME5ts M2 YAl
Ho{ELICH

import scipy.stats
import numpy as np

# Bottom up approach
# Apply depolarizing noise to qubit @ with probability of 0.1
circ = Circuit().x(@).x(1).depolarizing(@, probability=0.1)

# Create an arbitrary 2-qubit Kraus channel

EQ = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.8)

E1l = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.2)
= [EQ, E1]

# Apply a two-qubit Kraus channel to qubits @ and 2
circ = circ.kraus([0, 2], K)

from braket.circuits import Noise

SDKO{M 3|2 F#4
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# Inject noise approach

# Define phase damping noise

noise = Noise.PhaseDamping(gamma=0.1)

# The noise channel is applied to all the X gates in the circuit
circ = Circuit().x(@).y(1l).cnot(@, 2).x(1).z(2)

circ_noise = circ.copy()

circ_noise.apply_gate_noise(noise, target_gates=Gate.X)

CHe 5 oiRio 20| 3|28 AHHE I OlMT SYUE AR FELIH

rlo

oAl 1

task = device.run(circ, shots=100)

Or

oAl 2

task = device.run(circ_noise, shots=100)

Z=7} of|X|= Braket /2 - 0|= A|E8|0|E{ INIE FHZSIMIS.

S|2 AA}
Amazon Braket2| &KXl Z|20{= 2t= 2lAF A2t FHEH0] U&LICIMoments. 2= & H HO|IEE &

= =
& qubit = UELICHMoment. | M2 3|22 H|0|EMomentsE M &€ XMElstn AlZt +X2E
Zsl= 749|L|C).

=72 ditMo 2 Ho|ETH QPUMM ML= A AlzZtol siE st x| & LICH

from braket.circuits import Circuit

# Define a circuit with parametrized gates
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circ

print

print

qo :

ql :

q2 :

q3 :

T

(circ)
('Total circuit depth:', circ.depth)

H 0 # 1 # 2 #
HAHBHHAHHRHH HH#HHEH
## Rx(0Q.15) ############## 333333 X ##
HAHBHHAHHRHH # HH#HHEH

HAHBHHAHHRHH # HAHBHHAHHRHH
## Ry(0.20) ######### 722(0.15) ########
HAHBHHAHHRHH # HAHBHHAHHRHH

HH#HHEH #
HEHHHHBHHAHBRHE X HEHHAHBHHBH RS HEHHRH 1S
HH#HHEH #
HAHBHHAHHRHH
HAHHSH AR 72(0.15) ####HaddH
HAHBHHAHHRHH
D # ] # 1 # 2 #

Total circuit depth: 3

el 229 & 3|2 Zlol= 3YLICH, 0

= A& LI

Momen

tse 71-2f Ho{e| Aoz HSELICH

|2t} qubit HE 7} MomentsKey () E

q
2 g2 ELICHInstructions().

moments = circ.moments
for key, value in moments.items():

print(key)
print(value, "\n")

2f &

Circuit().rx(@, 0.15).ry(1, 0.2).cnot(@, 2).zz(1, 3, 0.15).x(0)

=02). 2 &=7tol CHEt HO|E EHde &Holgt

2LCt.

MomentsKey(time=0, qubits=QubitSet([Qubit(@)]), moment_type=<MomentType.GATE:
noise_index=0, subindex=0)
Instruction('operator': Rx('angle': 0.15, 'qubit_count': 1), 'target':
QubitSet([Qubit(@)]), 'control': QubitSet([

D,

'control_state':

oF

'power':

MomentsKey(time=0, qubits=QubitSet([Qubit(1l)]), moment_type=<MomentType.GATE:
noise_index=0, subindex=0)

'gate'>,

'gate'>,

3|2 AAt
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Instruction('operator': Ry('angle': 0.2, 'qubit_count': 1), 'target':
QubitSet([Qubit(1)]), 'control': QubitSet([]), 'control_state': (), 'power': 1)

MomentsKey(time=1, qubits=QubitSet([Qubit(@), Qubit(2)]), moment_type=<MomentType.GATE:
'gate'>, noise_index=0, subindex=0)

Instruction('operator': CNot('qubit_count': 2), 'target': QubitSet([Qubit(0),
Qubit(2)]), 'control': QubitSet([]), 'control_state': (), 'power': 1)

MomentsKey(time=1, qubits=QubitSet([Qubit(1l), Qubit(3)]), moment_type=<MomentType.GATE:
'gate'>, noise_index=0, subindex=0)

Instruction('operator': ZZ('angle': 0.15, 'qubit_count': 2), 'target':
QubitSet([Qubit(1), Qubit(3)]), 'control': QubitSet([]), 'control_state': (), 'power':
1)

MomentsKey(time=2, qubits=QubitSet([Qubit(@)]), moment_type=<MomentType.GATE: 'gate'>,
noise_index=0, subindex=0)

Instruction('operator': X('qubit_count': 1), 'target': QubitSet([Qubit(@)]), 'control':
QubitSet([]), 'control_state': (), 'power': 1)

£ &3l 3|20 AHOIEE F7IE =& U&LICIMoments.

from braket.circuits import Instruction, Gate

new_circ = Circuit()

instructions = [Instruction(Gate.S(), 0),
Instruction(Gate.CZ(), [1, @]),
Instruction(Gate.H(), 1)
]

new_circ.moments.add(instructions)
print(new_circ)

T :# 0 # 1 # 2 #
HEHHS HHHHH

q0 : ## S ### 7 #H#H#HHHH
HEHHS HHHHH

# HHHHEH
ql : ####HHHAHHSHES H H#H
HHHHEH

T # 0 # 1 # 2 #

3|2 AAt
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Amazon Braket2 & Al&5t0{ 2|2 & FYE M CtY e R A& frete = U&L

CtResultType. 2|2 Ot 242 fYEo| ZOHE HHEtE = JU&LICH

« AdjointGradient= M3 E &E 7ts8Ho| ofl & gto| atol|o|M(HE otd)S gBHetErLIch of &
& 7lsste Y xHEsk iy El otet0|E{ e #tedstod XS E chHatofl 2 8hL|ct.
shots=0Q! A<L0{|Zt0| & HE AR |C

T
L
W
>

lo
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I
mo
rII
i

o

« Amplitude sHL|CH 2l sv1 2Z AlEd|o]

£ £ flol2 &=oilM X|HE FA SE
E{o MEF AL E

24
= A&LLCH.
3

0
E_\'l_
|0
e
o
_o'l_l
[}
Ll
o
;l:._\'l_
& Tl0

Ol 7§>I-O| FIHEH | AjHEl

« Expectatione X|HE #E 759 of xTE

Observable BeiAZ XIEY 4 UALICH BE TH538 HHsHE O qubits AHSElS CHA S X
Aol 5, XIRE CH4F S B2 7HSE qubits} S SHE 49f Zotob BLITh chatol &l Xl
of2 7L B JHs qubits 10IAMEH S 3HOF SHH 2 E 0l Halqubits2 M ELIC
SHEHBELICH CHAO| RITEIX| g2 HRE BE

- Probability= A& 7|E HEHE SHE =HE
7|1& MNEHE 5HE S ES Probability BHEHEFLICH
ehH| 2 &0 BhetqubitsElLICH ZH2|¥ AIE2l0lE & QPUsE Z|CH 15 H|IEZ MBtElH 24 AlE
BOlEl= AlABS| HZ2E| 2 7|2 AMBHELICH.

AN -

C. .
CHAMO| XM E|H x| Elof 9l 7|2 HIE{9
_|

« Reduced density matrix=2| A|ARIMM X|HE CHat ol 5t A|AEIN CHE 2= DHEERA
qubitsE gFetErL|Ctqubits. O] 23t R 2| 2 7|& Btst7| 2I5H Braket2 CHar =& Z|CH 8qubits
JHE MBHEr L Ct.

* StateVector= TA| Ef HEE BrEtEfLICE 24 AEO[EHM AEE £ J&LICH

+ Sample= X|EE CHY qubit ME & 2 7tsS8t £ +& HretefLIch T o %2
& 7t qubit= 10 MEH 2 S3lioF 5tH 2 E 0 E&qubitsz MEELICH Cidfo| X|EE B xIH
Z CHef o == & 758 SEqubits2| =2F Zrotof Lt

. Variances X|HE CHA qubit ME Q| EAkmean([x-mean(x)]?))S dtetsid QM E 20 83
O Z ptEE = UELICH CHA O] XIHEIX| b2 2 #E 7S qubite 10 MPH 2S5l oF 5t 2 &
o S&qubits2 MSELICE 2 X| oteM X|HE Y = 2E 7ISEE MEY = qubits U=

=2t Zrotof gLt

CHESr ClHtO|&0f XIRElE At /!

2 A svi DM1 TN1 Rigetti lonQ QM

[
A=)
e
o
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BMa N Y N N N N N
2t o]

M

Amplitude Y Y N N N N N
Z|CHX| Y Y Y Y Y Y Y
Probabili Y Y Y N Y Y Y
ty

UAE Y N Y N N N N
i O

EZIA

AMEf Y N N N N N N
E

Sample Y Y Y Y Y Y Y
35} Y Y Y Y Y Y Y

CHS ollxet Z ol ClHIOlA £48E HALSto] X|ElE 2ot fRES g + U&LIch

from braket.aws import AwsDevice
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")

# Print the result types supported by this device
for iter in
device.properties.action['braket.ir.opengasm.program'].supportedResultTypes:
print(iter)

name='Sample' observables=['x', 'y', 'z', 'h', 'i'] minShots=10 maxShots=50000
name='Expectation' observables=['x', 'y', 'z', 'h', 'i'] minShots=10 maxShots=50000
name='Variance' observables=['x', 'y', 'z', 'h', 'i'] minShots=10 maxShots=50000
name="'Probability' observables=None minShots=10 maxShots=50000

E 3 £5lo{H O F ofxle Z 0| & 20i ResultTypeF 7+ LICEH

g RE =S5 49
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from braket.circuits import Circuit, Observable

circ = Circuit().h(@).cnot(@, 1).amplitude(state=["01", "10"])
circ.probability(target=[0, 1])

circ.probability(target=0)
circ.expectation(observable=0Observable.Z(), target=0)
circ.sample(observable=0bservable.X(), target=0)
circ.state_vector()

circ.variance(observable=0bservable.zZ(), target=0)

# Print one of the result types assigned to the circuit
print(circ.result_types[0])

® Note

CtFet Xt ClHIO|AE CHY B FAlo 2 AN E XMB LT o & 01 Rigetti C|HIO|AE &
it grgrste B lonQ ClHEO|A = #HEE MBS ELICH Amazon Braket SDKE ZE 2t
of gt &H £ 42 MIELICH J2{Lt & &S EHEtste ClHHo|A S| B XY FHAUS Al

EEY = IeBE Ol2{3t HHAUR ALF ALEIH SHES (¢t 2 FLICH Aot AbE A4

ZRA=X| &Eolsted™H Zot xmeasurements_copied_from_deviceOl|MHE & QIgHL|C
0| 2212 Amazon Braket SDK GitHub Z|XZ X|E 2|2| gate_model_quantum_task_result.py I}
Uof xtAls| B E[0] U&LICE.

i
vt
_\'I_
olr

Amazon Braket2| Observable SCHAE AIE5IH & 7158t EHE S™HE + U&LICH

Ztoll TRE HIAIEAR S8 4 AUALICkqubit SUEtoll Chal = 7 0l4r0] MZ CHE HIAlY BHE
$=2 RIUsE B9 2RI SHE ULkl OIF SIsh SIM KBl % RAE B 1sE Y 2
A2 ALEILICH Fqubit, oA SHE8HE @47 S YAl qubit RXIEIE 3 SUsH0] o2 HA KIS
S Host & ola |0}

= LTI 2 T AAHE

TE 7ISEE 2Tt O E 2E 7HsSEHE FIME + USLICHAAH YT ofFof 2tA|giol). 22w
ot H

AdjointGradient ZAX

Observable A0l ChEnt 242 & & S50| ZEELICH

import numpy as np

ZEEE R 50
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Observable.I()
Observable.H()
Observable.X()
Observable.Y()
Observable.Z()

# Get the eigenvalues of the observable

print("Eigenvalue:", Observable.H().eigenvalues)

# Or rotate the basis to be computational basis

print("Basis rotation gates:", Observable.H().basis_rotation_gates)

# Get the tensor product of the observable for the multi-qubit case
tensor_product = Observable.Y() @ Observable.Z()

# View the matrix form of an observable by using

print("The matrix form of the observable:\n", Observable.Z().to_matrix())
print("The matrix form of the tensor product:\n", tensor_product.to_matrix())

# Factorize an observable in the tensor form
print("Factorize an observable:", tensor_product.factors)

# Self-define observables, given it is a Hermitian
print("Self-defined Hermitian:", Observable.Hermitian(matrix=np.array([[0@, 17, [1,

011)))

print("Sum of other (scaled) observables:", 2.0 * Observable.X() @ Observable.X() + 4.0
* Observable.Z() @ Observable.Z())

Eigenvalue: [ 1. -1.]
Basis rotation gates: (Ry('angle': -0.7853981633974483, 'qubit_count': 1),)
The matrix form of the observable:

[[ 1.+0.] ©.+0.7]

[ 0.+0.7 -1.+0.71]]
The matrix form of the tensor product:

[[ 0.+0.] ©0.+0.j ©.-1.7 0.+0.7j]

[ 0.+0.j -0.+0.] 0.+0.j 0.+1.j]

[ 0.+1.7] 0.+0.j 0.+0.j 0.+0.7]

[0.+0.j ©0.-1.j 0.+0.j -0.+0.j]]
Factorize an observable: (Y('qubit_count': 1), Z('qubit_count': 1))
Self-defined Hermitian: Hermitian('qubit_count': 1, 'matrix': [[0.+0.j 1.+0.j], [1.+0.]j
0.+0.311)
Sum of other (scaled) observables: Sum(TensorProduct(X('qubit_count': 1),
X('qubit_count': 1)), TensorProduct(Z('qubit_count': 1), Z('qubit_count': 1)))

[
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o2t0|g

szt P& Hel0lEE SHE 4 UALIC Ol2{E P& nEt0lEls 8 Mot TAI5hH of2] H M
& 4 9lonf JatElolMe Alttets Ol AL E £ AsLICH
2t A8 JHS 8 mEtOEIE T8 £t O ASElE EXYR A2 TE ol§2 AR E LI

from braket.circuits import Circuit, FreeParameter, observables
from braket.parametric import FreeParameter

theta = FreeParameter("theta")
phi = FreeParameter('"phi")
circ = Circuit().h(@).rx(@, phi).ry(@, phi).cnot(@, 1).xx(@, 1, theta)

™ J2tH oM

SV1 C|HO|A = CFE 80 SHAUEL|OIO{E 2 & 5t0od & 7hser ofldf 2kel 1™ JEtoo|ME Al
gfLICH T2t 0|EE T EotciH OIF(EAE S4) e Y A= E KIggLoh

from braket.aws import AwsDevice
from braket.devices import Devices

device = AwsDevice(Devices.Amazon.SV1)

circ.adjoint_gradient(observable=3 * Observable.Z(®) @ Observable.z(1l) - 0.5 *
observables.X(@), parameters = ["phi", theta])

T HE otetole 2f2 metolEsE 3|20l Qi+ 2 ME st AHE 7ts e metolE 7F X7 E
LICt o] 2[Z2& 2 A™stH A& 7hsEh mtetd|E 7t o ol ERlistX| eL7] E o 277t
AdjointGradient g gfLIC CHE I = OiXMoMHE SHEE AFSHT R E AEHE HoiEL

=H= L
Ct.

# Will error, as no free parameters will be present
#tdevice.run(circ(0.2), shots=0)

# Will succeed
device.run(circ, shots=0, inputs={'phi': 0.2, 'theta': 0.2})

[
A=)
e
od
Jin
J

52



Amazon Braket TR 7H0|E

MBI} =01 g7

o

Braket /2| 2£0i|M XY LA HFE TE7Ht 214510 T2 E0i CHEF F71 X[EHE 2o

F0i| A Braket DirectS

g
2 A8E & &Lt

Braket Direct€ Soff &7t ZH M4 B Mst24H Braket 2
I- £ T ARH

MEfS O HE7 b ohsn 22 ™o

n

« Braket 25 AlZ}: Braket 2 F AlZt2 1:1 MM 2, ME&O 2 O & TIZELICH AHS 7tS8H 2
UF Al €22 3020|H FRULICH Braket ME 72t CH3I 5+ use-case-to-deviceHtO|A BHE
£ Bt & 2[&0d Braket2 71 H HEE £ U= SME AES 1T, Amazon Braket Hybrid
Jobs, Braket Pulse == Ot 21 | 2E AlEd0|MIt 22 £% Braket 7|52 A& St= o]
CHEF HE ALE S 401 ofO|C[o{of| A A™&HR| Cf WHEA +-&E = A&LICH

EE

rr

+ Braket 2% AlZHoil 7HUHEA™ 7hUS MEistD od2tH M, I 2E AR HE U 3t
FrlE YastLc

- OlHldE Soll A8 7HsE ChE X0l Cigh A =OHE 2 A Elulch

(® Note

Zigst 28 =

=otx| gt2 &

32 A
A-&3stod o|Tdof| EfEh A

EE = Quantum Computing Stack Exchange&
PN

HEEE & T A&LICH

 Quantum St=E90{ 3Z At M E: lonQ, QuEraZ! Rigetti ZH=E S35l M2 AMHIAE MSELICH
AWS Marketplace.

- 4ES HMGlE{H A4S MBSt 582 &Lt
« O| ™ME MH|A AZEof Ciet RMEF L8 2 TE MH|A XMEES AWS MarketplaceR Z35HMIL

« Amazon Quantum Solutions Lab(QSL): QSL2 At HFE 2 20t
Hs2 Grlste ol E30| Bl S AFE MEIIE FHE 38 o7 2 ©E Mu[A HdL(ct
- QSLOi| Q=52 A S MENSI T QdEHR] HEQ AFS AtE| MIF HEE =gt
- QSL Elo| CtZ EHAof 2} o|HIYE Sl =S =7 ALt

O| Al 40{ A= Amazon Braket0i|A] 5tO|E2|= ZrHE st Lol CHE xX|& 74 240 i

HE & MSELch



https://console.aws.amazon.com/support/home#/case/create?issueType=technical
https://repost.aws/tags/questions/TAhMWeHkpfSMSCxIFNqcqYog?view=all
https://quantumcomputing.stackexchange.com/questions/ask
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« Amazon Braket Python SDK.

« Amazon Braket 2&.

« Amazon Braket API.
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
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AMZN_BRAKET_CHECKPOINT_DIR S¢t &4 H7} X|He B2 A E &= U&LICH 7| 842
QILIC}. ENone, CIE §l0|EE|E o] M3 EZQIE O|O|E{= M 5t0|EE|E &0 AFSE|X| ot &

Quantum %f: Quantum 4 At= S3 Y| X|0f M ELICts3://amazon-braket-<region>-
<accountID>/jobs/<job-name>/tasks.

A Ak dnE|E AR ET EE HeTt MSE CIEEE| ME St 2E 2ol X|-HEl S3 ¢
X|2 S AH"AMZN_BRAKET_JOB_RESULTS_DIR"EL|Cloutput_data_config. Ol gt2 X|H3tX|
olo |

™ 7222 QLICts3://amazon-braket-<region>-<accountID>/jobs/<job-name>/
<timestamp>/data. ¥ Z|E AFEEM ZEE M AU E HMLE SEE HEISHAH XME st =
ol AL & £ = SDK save_job_result &1 &+E MIErLICH.

MIAZRIE: MIAEAEE AEstedH 2tF H=ol M X|IHE CIHEE|o| MIEZRIEE MHEE =
&L|CH'AMZN_BRAKET_CHECKPOINT_DIR". save_job_checkpoint SDK &1 &+& CH&l A

4= Lo

oo 32

P

ok

dnE|E K|E: 5H0|HE|E &0| A™E|= S92 Amazon CloudWatchZ LHE LHX| T Amazon Braket
2E0]| AAZHCE EAE= Ld12E AR ECURERE 4 E|&E X|EE Holg £+ &LcH &1
2I& X|EE AME35HE WOl o= Amazon Braket Hybrid JobsE AFE35104 QAOA T E|E AlHS
HZFA

B2 e

« AMZN_BRAKET_INPUT_DIR - €23 Ol|0|E{ C|ZIE{2| opt/braket/input/data.

« AMZN_BRAKET_JOB_RESULTS_DIR - 24 ZutE & £2] C|AHE 2| opt/braket/model &IL|C}.
« AMZN_BRAKET_JOB_NAME - £{9| O|& L |C}.

 AMZN_BRAKET_CHECKPOINT_DIR - X2 ZQIE C|HE{Z|IL|C}.

« AMZN_BRAKET_HP_FILE - 30|mHut2}tO|E{7t £ & & ot lL|ct.

« AMZN_BRAKET_DEVICE_ARN - C|H}O|A ARN(AWS Z|A A O|E).

« AMZN_BRAKET_OUT_S3_BUCKET - CreateJob 2%&9|oi X|ZE £24 Amazon S3 HZ! L]
CtOutputDataConfig.
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« AMZN_BRAKET_SCRIPT_ENTRY_POINT - CreateJob 2% 9oloj X|&HE R L]
CtScriptModeConfig.

« AMZN_BRAKET_SCRIPT_COMPRESSION_TYPE - CreateJob 2&olof x|MHE &= Q3L
CtScriptModeConfig.

« AMZN_BRAKET_SCRIPT_S3 URI - CreateJob %&oloi X|HE AF2 X A3 RIE 9| Amazon S3
| xIL|CtScriptModeConfig.

o R

o

« AMZN_BRAKET_TASK_RESULTS_S3_URI - SDK7} 7|Exo =2 Z=do] Cf
5= Amazon S3 9| x| &l L|C}.

-—
2
(0)
-
\l
AL
=
-—
M
>
—_
!
-

« AMZN_BRAKET_JOB_RESULTS_S3_PATH- CreateJob 2% o|oj X|HE CH= = A7} x{ZHE
Amazon S3 ¥ x|L|CtOutputDataConfig.

* AMZN_BRAKET_JOB_TOKEN - ¢4 Z4&i|0|L0of| Y& At Zdoi| CHEH CreateQuantumTaskel
jobToken ZtZtO|E{of| ME £|ofof 5t EAFLILICH

o g4

Amazon Braket2 Z1E|O|L4 ¢/23 Q! £E241lo| M5 22 7tAS6le H 7 X| 2 &4+ X3 &L
Cl. olg{er € &£ Slo|EHEIE Zde At O A Els 12|15 A3 EE LM S&E L
Cl. CHS Mo ME OIE M85t e Eo{ELICH

get_checkpoint_dir() # Get the checkpoint directory
get_hyperparameters() # Get the hyperparameters as strings
get_input_data_dir() # Get the input data directory
get_job_device_arn() # Get the device specified by the hybrid job
get_job_name() # Get the name of the hybrid job.
get_results_dir() # Get the path to a results directory
save_job_result() # Save hybrid job results

save_job_checkpoint() # Save a checkpoint

load_job_checkpoint() # Load a previously saved checkpoint

k74

gng|ld AFREQ BE

ok
oz
lo

Amazon Braket2 1 2|& 23 EO| ZAH|0|LH0| M Ho|gt Ml 7tX| Bt E S R|HELICE.

- 7|2 ZE|0|Ld(image_uriX|HE AL 7|22
« Tensorflow 2! PennyLaneO| = Z4E{|O|L
S

Z1E{ 0|

rir

« PyTorch & PennyLaneO| !
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JHeER 7Hol=

C

= Zoll= ZiEl|olLet ZAE[o|Lol| 2 & El 2tol=2eq2lol| CHet MF HE Tt Liet A& LI

Amazon Braket Z1E{0|L

o=
'IT°O=|

Base

Z7} 2to|
IS

PennyLaneX TensorFlo
w

292282985366.dkr.e
cr.us-east-1.amazo
naws.com/amazon-
braket-tensorflow-jo
bs:latest

» awscli
* numpy

* pandas

* SCipy

* amazon-braket-defa
ult-simulator

* amazon-braket-penn
ylane-plugin

* amazon-braket-sche
mas

* amazon-braket-sdk
* ipykernel

* keras

» matplotlib

* networkx

* openbabel

* PennyLane

» protobuf

« ST4

* Isa

PyTorch& At&3st=
PennyLane

292282985366.dkr.e
cr.us-west-2.amazo
naws.com/amazon-br
aket-pytorch-jobs:latest

e awscli
* numpy

* pandas

* SCipy

* amazon-braket-defa
ult-simulator

* amazon-braket-penn
ylane-plugin

* amazon-braket-sche
mas

* amazon-braket-sdk
* ipykernel

* keras

» matplotlib

* networkx

» openbabel

* PennyLane
 protobuf

- ST4

* Isa

| = 2t

292282985366.dkr.ecr.us-
west-2.amazonaws.com/
amazon-braket-base-jobs:lat
est

* amazon-braket-default-
simulator

* amazon-braket-penn
ylane-plugin

* amazon-braket-schemas

* amazon-braket-sdk

+ awscli

* boto3

* ipykernel

« matplotlib

* networkx

* numpy

» openbabel

* pandas

* PennyLane

* protobuf

- ST4
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7 PennyLanell TensorFlo  PyTorch& At&5t= | = 2
w PennyLane
* PennylLane-Lightning- « PennyLane-Lightning- + rsa
gpu gpu * scipy
» cuQuantum * cuQuantum

ofr

>

| A&

aws/amazon-braket-containers0lA @ AA ZAEH|O|L] Ho|E ET0 A st 4= QUELICEH AFE Al
of 7k& XM&rst ZAE|0|L{E MEHEFLIC} ZE|olL = P0|EE|E xtolg S E5H= AWS 2|7 of ?lo{ok
gtLct. stolEE|E &2 MM ) 5t0|EE|E 2] AT RIEQ| create(...)

Fof cha Ml el
=i gizdol ele.
o

& StLHE F7t5toq Z4E| 0[] o|0|X|E X[™E &Lt Amazon Braket Z1E|0|LA0d| €l

D2 HEI(AIE £= HENY HIE) Al ME4SH ZAE|O|LHol| F7t S&MH e Ax|E = YgLUch s

us-west-2 2|7 2| oi| 4 L|Ct.

« 7|2 O|0|X| image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-
jobs:1.0-cpu-py39-ubuntu22.04"

» Tensorflow image_uri="292282985366.dkr.ecr.us-east-1.amazonaws.com/amazon-braket-
tensorflow-jobs:2.11.0-gpu-py39-cu112-ubuntu20.04" O|0O| X|

« PyTorch 0|0|X| image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-
pytorch-jobs:1.13.1-gpu-py39-cu117-ubuntu20.04"

g8 AME5to{E HME = image-uris UELICH

Amazon Braket SDK2| retrieve_image() &= A
dfedg HodELIC AWS 21X,

Ct2 oA MHE us-west-20| A A 5=

from braket.jobs.image_uris import retrieve_image, Framework

image_uri_base = retrieve_image(Framework.BASE, "us-west-2")
image_uri_tf = retrieve_image(Framework.PL_TENSORFLOW, "us-west-2")
image_uri_pytorch = retrieve_image(Framework.PL_PYTORCH, "us-west-2")

StO|HE|E AtdE WHe W st&E = BAH I37(e 2ol dnel&o| 28 stolmotZt0HE H
ofgh = U&LICH stolmmtzt0lE gf2 Yt Hez g 2|Fo| Chefet FHE Mofst= Ol AFSE[H
qnE[Eo d5E 2IMEst T ZEElE B 7F E&LICH Braket 50|22 2|= %40 A 5t O|m{mtE}
OIEE AM&sted™ o|F 1t 2t 2 SHMLUEIZ BAIMe =z x[Fstiof #LICH 22 EXHE Clo|E F4{0]

F
ofok grL|ct =|Mof 2f Hlgte AMe W BHlAEE stolmutatolH gt XIEELICH stolm{uteEt0lE

o2
o

StO|THEtEtO|E] ALS 60


https://github.com/aws/amazon-braket-containers
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30 L

W A= sto|lHutetO|HE AIe = st Holste WLICH ol O ZE
2
=

L{CH

2
x
|_0'|_'
rO [o][]
ok
1 32

# Defining the number of qubits used

n_qubits = 8

# Defining the number of layers used

n_layers = 10

# Defining the number of iterations used for your optimization algorithm
n_iterations = 10

hyperparams = {
"n_qubits": n_qubits,
"n_layers": n_layers,
"n_iterations": n_iterations

O OE 2ol M3 E ZE =Ztof HolE sto|mutEt0lEE TEstod S 22 2t oA M=
2 nE|&E AFSEfLICH

ror

import time
from braket.aws import AwsQuantumJob

# Name your job so that it can be later identified
job_name = f'"qcbm-gaussian-training-{n_qubits}-{n_layers}-" + str(int(time.time()))

job = AwsQuantumJob.create(
# Run this hybrid job on the SV1 simulator
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
# The directory or single file containing the code to run.
source_module="qcbm",
# The main script or function the job will run.
entry_point="qcbm.qcbm_job:main",
# Set the job_name
job_name=job_name,
# Set the hyperparameters
hyperparameters=hyperparams,
# Define the file that contains the input data
input_data="data.npy", # Or input_data=s3_path
# wait_until_complete=False,

SFOIHTIZHOE] AFS o
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® Note
2123 Ci|O|E{od| CHaH AHAIS| otEedmd @12 MM S HEotAMIR.

O OE OhS =8 AMEst0od stolHIt2tO|EHE stolEElE 3 AFEIEo| Z=FLICH

import json
import os

# Load the Hybrid Job hyperparameters
hp_file = os.environ["AMZN_BRAKET_HP_FILE"]
with open(hp_file, "r") as f:

hyperparams = json.load(f)

@ Note
&= CllolE & ClHHOlA ARNIY 22 EE & 0|5 E|E &Y AT BEN ME 5= Lol o
8t XtAMIEH L& 20| github H|O|X|E %t

F>|
g'l_l
x
FO

sto|mutztolE AMS WS &&dte ol 0f 88 = 7tX| 7}0|E& Amazon Braket Hybrid Jobs
E A& 3H= QAOASF Amazon Braket Hybrid Jobs AFH&A19] PennyLane I Quantum 77| & &0 A
MEELICk. Amazon Braket

OpenQASM 3.02 AIE35t0d 3|2 Al

Amazon Braket2 O|A| H|0|E 7|8t &X} C|HIO|A 2! AIZT|O|E{0l CHEH OpenQASM 3.02 K| &
LIC}. O] AH® MM = Braketo| A X| 3= OpenQASM 3.02| 5H9 Zl&hol CHet HEE NS &L
Ct. Braket 1242 O|X| SDKE A& 3l04 Braket E|2& A& 3+7{LI Amazon Braket APl 2! Amazon

Braket Amazon Braket Python SDKE AF&3t04 Z & #|0|E 7|8}t C|HFO|A 0 OpenQASM 3.0 EA+YS

£ HH M3 = A&LICh

O| 7to|=2o| FHMME ChE St 22 2tEst= Yol cHet st oMl E etLiELICH

o C}FEF Braket C|HFO|A 0| OpenQASM A 54 MM 2 K| E
- XREl=E &Y 3 A o] AHAA

=H = 7E=|
+ OpenQASM2 Z L 0|= A|Z&0|M

(=) OpenQASM 3.02 2 3|2 A 62


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
https://openqasm.com/
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://github.com/aws/amazon-braket-sdk-python
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+ OpenQASMOI|M So{ Ao U ME
+ OpenQASM EA| s &

EEEHO| 7H0|E0f M= Braket2| OpenQASM 3.022 e += Qle 5 StES0{E 7|5 7t 2|4
A0 CHEr AT E ATHELICEH

Of AMIM:

+ OpenQASM 3.00|2t F UL}
« OpenQASM 3.02 At83&Hok st= 3
+ OpenQASM 3.0 &5 4

s M ZEH

-Io

- Braket2 0{¥ OpenQASM 7|5 & X|H5LIR?
« OA| OpenQASM 3.0 XX} red MM 2 AME

o Ct2FE Braket C|HFO|A0{ A OpenQASM X| &
+ OpenQASM 3.02 Z = O|X A|E0 0|4

+ Qubit OpenQASM 3.02 AL 8+ R HHM

« OpenQASM 3.0 AtE 8t Fo{ Hupg

* Braket 2&

o« 7| ElAA

+ OpenQASM 3.02 AFE

+ OpenQASM 3.02 AtE5to] EH HHIE &

5104 I 2tCiofM H At

OpenQASM 3.00|2F FSIIL|7}+?

Open Quantum Assembly Language(OpenQASM)= FA+ X|&ElE f|gt 578 ZFLICE OpenQASM
2 QE AA ZP 30| HO|E 7| C|HIO|A Q| ¥R} = = 2

OpenQASME AL83HH AL A LR AHlMo 748 QA E FH5= A AOIE Y SHEHUS 2
O e £~ QU&LICEH OpenQASME| O HHZ(2.0)2 048] L&}
22 MESE= o ASEIR}ESLICH

|
Hu
N
o
o
u
I}
[
b
2
x
ry
M
i

M HZE1 2| OpenQASM(3.0)2 0| HHE & T stod 2(E AHEXRE QB 0|A %t StEH 0 HF o] zt
Of AAtE sliasty| s HA & XMof, Ao|E Eto|d, EeiM Mo{ =& Z2 HER VISE X

EHErLIch i M 3.004 CHEH MR HE 2 ALY 2 GitHub OpenQASM 3.x 2tO[E AbeFof A & olg

OpenQASM 3.00[2F FULI7}H? 63


https://docs.aws.amazon.com/braket/latest/developerguide/braket-troubleshooting-openqasm.html
https://en.wikipedia.org/wiki/Intermediate_representation
https://github.com/openqasm/openqasm
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£ AU&LICH OpenQASMO| &% 7He 2 OpenQASM 3.0 7| 28 3|0 BEI5HH, 0l {3
AWS = IBM, Microsoft & University of Innsbruckt &7 3|2 LIC}.

OpenQASM 3.02 A3l of st= 8<%

OpenQASM2 O} 7|ElX{#H 0| ot -l 619 =& X0o{& Sl At T2 IME X|H5t= £ o3
£ ME&35t22 048] HO|E 7|gt C|H}o|A0] CHEE 3o 2 X{EHEtL|Ct OpenQASMO]| CHEH Braket X|
2 HO|E 7|8t S LT EES Jeste YEE H2 GASE MEIZ2 FTI5H0{ AL AL 043 =

ol e300l 20|22 e RXIY ERde £t

OpenQASM 3.00f 7|& =233 2tolEq2|7} Q E Z%'—‘F— OIE-|°F 3|28 2G| CHA| M= EH*'
BraketJ_'—l' Ié=ll-77'" A|' |' % % %EI- ‘)I&‘ Isl\l:l l—l I:l' oL
g2 X|5to AHE 7HsSEF EFAF EHo|E B 2|e] =

[lIIIIJ rolI
mir
(g1
-l
S o
U
-
IO

OpenQASM 3.0 &5 4]

Braket2| OpenQASM 3.0 X|H2 #HXf Szt 23 7|5 W2EIE MBS ELICH &, Braket2 AH& 504
StEQ0f C|HtO|A 2 2C|THE AIZT[OIE{0|AM A =& = U= ZE =2 BraketE AHE 35107
OpenQASML 2 £&st &~ Q& LICIAPI. 34Xl Braketl| C|HFO|A0]| 3|27 MIBElE YA FALE
gtAlo 2 I E 7|0|E 7|gt C|H}O|A 0 OpenQASM EXtU 2 A X Z 8604 OpenQASM OpenQASM
3.0 T2 IS AYE = Q&LICt Braket AFE A= OpenQASM 3.02 X|{5tE EHAL EHO|EEHE|IE

SeE £ J&LICt o] 7t0|E 9| LtHX| £ 20| M= Brakett AFEE OpenQASM E 32 7MY 5=
g KRMIS| A>EELICH

Amazon Brakett| A OpenQASM 3.02 AM& 3248 Amazon Braket Python A 7|0 H7& v1.8.01t
Amazon Braket Python SDK H{% v1.17.0 0|4 0| Qlo{oF &FL|Ct.

Amazon Braket2 2 Al235tE Z< Amazon Braket2 & 433}56H0F g LICt X|&E2 Amazon Braket
sl 2 AR EAS.

Braket2 0{& OpenQASM 7|52 K|H5HLI2?

Che M0l Braketol M X|245HE OpenQASM 3.0 CIOJE{ & 4!, 2 2 pragma X|Z 0| LIYE|0{ U&
L|Ct

Of AlM:

« X|HEl= OpenQASM HIO|E{ F 4]

- X|¥E]E OpenQASM &

r

OpenQASM 3.02 At3slof sl B 64


https://aws.amazon.com/blogs/quantum-computing/aws-joins-the-openqasm-3-0-technical-steering-committee/
https://github.com/aws/amazon-braket-schemas-python
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html

Amazon Braket TR 7H0|E

- Braket OpenQASM Z 210t
« 2Z AEdI0|E{0l| M OpenQASMO]| CHEF T2 T|5 X

« OpenPulse| M X|#El= 5] 2 25

e

K| E|l= OpenQASM G| O|E{ & A
Amazon Braketof| A X|2/5t= OpenQASM Ci|O|E| @42 CtS3t Z&LCt.

« S27totd HaE (7Hy 2 E21X) HHIE QIE A0 AFSELICH
 cnot q[@], q[l];
* h $0;

- HOIE 3| AEole 8 AT-H A E= 48 MSE = JU&UCH
« rx(-0.314) $0;
- rx(pi/4) $0;

(@ Note
pic OpenQASMe| 7|2 XME &=0| L2tO|E O|F 22 ALSE = gl&LCh

- ROl S| Z0|E| 2HE CHef 2 Holetr| 28t Aut 78 Zefaotet B zefjantod S8 <kt
HiQd(odl & £ 20l CHEt OpenQASM im E7|H AL8)0| 3{&ELICt.
* #pragma braket unitary [[0, -1im], [1lim, @]] q[@]
* #pragma braket result expectation hermitian([[@, -1im], [1im, @]]) q[@]

K| El= OpenQASM &
CHS OpenQASM £2 Amazon Braketol| A X|&dElL|C}

* Header: OPENQASM 3;
« 224 HIE MHAH:
« bit bl; (&7}, creg bil;)
« bit[10] b2; (S7}, creg b2[10];)

—_ -

Braket2 O{F# OpenQASM 7|s& X|H5LIR? 65
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« qubit bl; (S7}, qreg bil;)
« qubit[10] b2; (§7} qreg b2[10];)
- HiRE L 1= 4 q[0]
« 2124: input float alpha;
- S2|1H9| AFXqubits: $0
« C|HtO|AOIM X[RHEl= HO|E & 2.
- h $0;
« iswap q[@], ql1l;

(® Note
OpenQASM 2t dofl it C|HO|A &40l ClHtO|A Q| X[ El= HIOIEE ¥ g £+ &Lt
o|2{#t HO|EE AIE3t= Ol HIOIE Ho|7t Le3stX| k&Lt

= Z. Xy

qubitsE F0{% &

Hy

ok@;x

-

#pragma braket verbatim
box{

rx(0.314) $0;
}

0%
=]
I
bl
L
g'l_l
0
°
r
ful

« qubits == ™A qubit 2l X|AEO| CHEt &
- measure $0;
* measure q;
* measure q[0Q];
* b = measure q;

* measure q # b;

Braket OpenQASM Z2t10f

CtE OpenQASM Z2t10F X|E2 Amazon Braketo| A K| ¢4 E LICH.

Braket2 0{% OpenQASM 7|52 X|&H5tLI2?
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=

e LO|= Z2lan}

« #pragma braket noise bit_flip(0.2) q[0]

« #pragma braket noise phase_flip(0.1) q[@]

* #pragma braket noise pauli_channel

- F0{X Z2}an}

* #pragma braket verbatim

AEf HIE]: #pragma braket result state_vector

ST ¥ #pragma braket result density_matrix

« J2HolAM HA Z i)

A J2H|0|M: #pragma braket result adjoint_gradient expectation(2.2 *
x[@0] @ x[1]) all

- Z718 At R

®

ZIZ: #pragma braket result amplitude "@1"
EE: #pragma braket result probability q[@], q[1]

=
- 72 nAME A R

7|CH AFE: #pragma braket result expectation x(q[@]) @ y([qll)
AtO|: #pragma braket result variance hermitian([[@, -1im], [1im, ©]])
$0

MZ: #pragma braket result sample h($1)

Note

OpenQASM 3.02 OpenQASM 2.0t S EE|TZ 2 2,02 ALE5t0{ 2t El T2 22 Braket
ol M A=-E = U&LICH J2{Lt Braketdl M X|#35t= OpenQASM 3.02| 7|S2 qreg vs
creg & qubit vs@t ZH0| 2f7ko| 2 AtO|7t U&LICHbit. FE FEM T X0[7 Y222
ZHIE T ESZ X|§aHof gLt

Braket2 0{% OpenQASM 7|52 X|&H5tLI2?
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2 AZ20|E{0| A OpenQASMOT CHEH 12 7|8 R|H

= Braket2| QPU EE= 2LC|HHE AZHO|EHe| YR E NS EIX| &= 1= OpenQASM 7|52
LocalSimulator X|HELICI CIS 7|5 S5 o AHTF X|#ELICH LocalSimulator

- HO|E &K}
« OpenQASM LHZ H0|E

- AF8XH XI'H HOIE
- 2214 Xlof
« QASM I}

1z 7|5l o=0| HE LESE FISHAMR. X OpenQASM AHZ2 OpenQASM & AIO|EE

OpenPulse0| A X|HE|l= 5] & EH
K| E|l= OpenPulse CIO|E{ & 4]

H x4
o

M|

=.
.

cal {

Defcal &

// 1 qubit
defcal x $0 {

// 1 qubit w. input parameters as constants
defcal my_rx(pi) $0 {

}

A5HLER? 68
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// 1 qubit w. input parameters as free parameters
defcal my_rz(angle theta) $0 {

// 2 qubit (above gate args are also valid)
defcal cz $1, $0 {

ol

frame my_frame = newframe(port_0, 4.5e9, 0.0);

=)
o

// prebuilt
waveform my_waveform_1 = constant(le-6, 1.0);

//arbitrary
waveform my_waveform_2

AR XI™E HolE B ofA:

cal {
waveform wfl = constant(le-6, 0.25);

defcal my_x $0 {
play(wfl, q@_xf_frame);

defcal my_cz $1, $0 {
barrier q@_ql_cz_frame, q@_xf_frame;
play(q0_ql_cz_frame, wfl);
delay[300ns] q@_xf_frame
shift_phase(q@_xf_frame, 4.366186381749424);
delay[300ns] q@_xf_frame;

shift_phase(q@_xf_frame.phase, 5.916747563126659);

barrier q@_ql_cz_frame, q@_xf_frame;

shift_phase(q0_ql_cz_frame, 2.183093190874712);

{0.1 + 0.1im, 0.1 + @.1im, 0.1, 0.1};

Braket2 0{% OpenQASM 7|52 X|&H5tLI2?
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bit[2] ro;

my_x $0;

my_cz $1,%0;

c[0] = measure $0;

2ol HA ofA:

bit[2] ro;
cal {
waveform wfl = {0.1 + ©.1im, 0.1 + 0.1im, 0.1, 0.1};
barrier q@_drive, g@_gl_cross_resonance;
play(q@_ql_cross_resonance, wfl);
delay[300ns] q@_drive;
shift_phase(q0@_drive, 4.366186381749424);
delay[300dt] q@_drive;
barrier q@_drive, q@_qgl_cross_resonance;
play(g@_ql_cross_resonance, wfl);
ro[0@] = capture_v@(r@_measure);
ro[1] capture_v0@(rl_measure);

ol Al OpenQASM 3.0 A £FQ] 4 4l X

T

Amazon Braket Python SDK, Boto3 =& At& 3504 Amazon Braket C|HFO|A AWS CLI Of
OpenQASM 3.0 ZAt A2 MEE = U&LICH

Of AlM:

« OpenQASM 3.0 = Z 12 of x|

« Python SDKE At830{ OpenQASM 3.0 FAF &Fed A

« Boto3Z Al235l0 OpenQASM 3.0 LR} XHQ A Ad

- AWS CLI € A875t01 OpenQASM 3.0 HH &4

OpenQASM 3.0 T2 134 o K|

OpenQASM 3.0 2 MMstei™H CHS
Z 233 (ghz.qasm)2 2 A|EE £ QlaLCt

// ghz.gasm
// Prepare a GHZ state

oMl OpenQASM 3.0 AL 2 B L NME
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OPENQASM 3;

qubit[3] g;
bit[3] c;

h ql0];
cnot q[0@], q[1];
cnot q[1], ql[2];

C = measure q;

Python SDKE AF2735104 OpenQASM 3.0 FAF Zhed A A

Amazon Braket Python SDKE At&35t04 Ctg 2 =2 &7 0] Z= 132 Amazon Braket C|H}O| A0
MEE £ U&LICE ol XM Amazon S3 HZ! x| “amzn-s3-demo-bucket’€ At&| Amazon S3 H{Z! O]
EoZ dHt#of gLICt

with open("ghz.gasm", "r") as ghz:
ghz_qgasm_string = ghz.read()

# Import the device module

from braket.aws import AwsDevice

# Choose the Rigetti device

device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
from braket.ir.opengasm import Program

program = Program(source=ghz_gasm_string)
my_task

device.run(program)

# Specify an optional s3 bucket location and number of shots

s3_location = ("amzn-s3-demo-bucket", "opengasm-tasks")
my_task = device.run(
program,

s3_location,
shots=100,

Boto3E AFE 3104 OpenQASM 3.0 ¥ AF &4 MM

CHS ofl |2t Z- 0] AWS Python SDK for Braket(Boto3)2 AM& 604 OpenQASM 3.0 EXIU S AFE5l0d
LAt HYS YO £ UELICHL OF ZE =242 2[9 20| GHZ JEfE &HIstE ghz.qasmE &
=srct

N
u}

of| Xl OpenQASM 3.0 ZAt &F MM 2l x|

THA
N


https://github.com/aws/amazon-braket-sdk-python
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://en.wikipedia.org/wiki/Greenberger%E2%80%93Horne%E2%80%93Zeilinger_state
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import boto3
import json

my_bucket = "amzn-s3-demo-bucket"
s3_prefix = "opengasm-tasks"

with open("ghz.gasm") as f:
source = f.read()

action = {
"braketSchemaHeader": {

"name": "braket.ir.opengasm.program",

"version": "1"

+

"source": source

}

device_parameters = {3}

device_arn = "arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3"

shots = 100

braket_client = boto3.client('braket', region_name='us-west-1")

rsp = braket_client.create_quantum_task(

action=json.dumps(
action
),
deviceParameters=json.dumps(
device_parameters
),
deviceArn=device_azrn,
shots=shots,
outputS3Bucket=my_bucket,
outputS3KeyPrefix=s3_prefix,

AWS CLI & AtE3t04 OpenQASM 3.0

Ct= olA|2F 20l AWS Command Line Interface (CLI)E AF& 304 OpenQASM 3.0 Z2IME MEE

AFO4 AHAA

=~

o o

= A&LCH

aws braket create-quantum-task \
--region "us-west-1" \

--device-arn "arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3" \

--shots 100 \

T

Ju]

of Xl OpenQASM 3.0 A+ &hed 44 2 |

M
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--output-s3-bucket "amzn-s3-demo-bucket" \

--output-s3-key-prefix "opengasm-tasks" \
--action '{

"braketSchemaHeader": {

name": "braket.ir.opengasm.program",
Ilversionll. Illll

}I

"source": $(cat ghz.gasm)

[a

Ct 5t Braket C|HFO| A0 A OpenQASM K| &

OpenQASM 3.0 X|#5t= ClHtO[A Q]

A 0| A2 action EEE Rigetti ! lonQ C|HFO|A00 CHE CHS o
M|t ZHo| GetDevice SEES Sall i 22 X|ELICH

//0penQASM as available with the Rigetti device capabilities

{
"braketSchemaHeader": {
name": "braket.device_schema.rigetti.rigetti_device_capabilities"
"version": "1"
},
"service": {...},
"action": {
"braket.ir.jaqcd.program": {...},
"braket.ir.openqasm.program": {
"actionType": "braket.ir.openqasm.program",
"version": [
nyn
1,
}
}
}
//0penQASM as available with the IonQ device capabilities
{
"braketSchemaHeader": {
"name": "braket.device_schema.ionq.ionq_device_capabilities",
"version": "1"
I
"service": {...},
"action": {
"braket.ir.jaqcd.program": {...},
C}2F8t Braket C|HFO| A0 A OpenQASM X |2
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"braket.ir.openqasm.program": {
"actionType": "braket.ir.openqasm.program",
"version": [
nqn
1,

HA Mo{E X|HEHE CIHIO|A S| B pulse EEJ| GetDevice SEO| EAIELICE CHS of| Aol M
= Rigetti C|HtO|A0f CHEHO| pulse EEE E0{ELICH.

// Rigetti
{
"pulse": {
"braketSchemaHeader": {
"name": "braket.device_schema.pulse.pulse_device_action_properties",
"version": "1"
.

"supportedQhpTemplateWaveforms": {
"constant": {

"functionName": "constant",
"arguments": [
{
"name": "length",

"type": "float",
"optional": false

},
{
"name": "iq",
"type": "complex",
"optional": false
}
]
.
.
"ports": {
"go_ff": {
"portId": "qgo_ff",
"direction": "tx",

"portType": "ff",

C}2F8t Braket C|HFO| A0 A OpenQASM X |2 74
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"dt": 1le-9,
"centerFrequencies": [
375000000
]
},

},
"supportedFunctions": {
"shift_phase": {

"functionName": "shift_phase",
"arguments": [
{
"name": "frame",

"type": "frame",
"optional": false

I

{
"name": "phase",
"type": "float",
"optional": false

}

]
},

},
"frames": {
"q0_qgl_cphase_frame": {
"frameId": "q@_qgl_cphase_frame",
"portId": "qgo_ff",
"frequency": 462475694.24460185,
"centerFrequency": 375000000,
"phase": 0,
"associatedGate": "cphase",
"qubitMappings": [
0,
1
]
I

1,

"supportsLocalPulseElements": false,
"supportsDynamicFrames": false,
"supportsNonNativeGatesWithPulses": false,
"validationParameters": {

C}2F8t Braket C|HFO| A0 A OpenQASM X |2
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"MAX_SCALE": 4,
"MAX_AMPLITUDE": 1,
"PERMITTED_FREQUENCY_DIFFERENCE": 400000000

et o] HEo|= ChE0| AHMIS] dBX(o] Q&L

ZE
XHE ZEO| 2t £ 2|0l = QPUO| MAHEI At M El 2|2 (extern) C|HIO|A ZEE HHE
LICE o] £ Zoi LIYE B E ZTEE= AEX7t MES OpenQASM 3.0 ZZ 13 Lo RE 8 AlEx}

2 A MoiElLICh ZEO| £ 442 gl ZaUch

. ZE ID(portld)
« OpenQASM 3.001| A A2 MO1El X E O|F L CH.

- L)
- ZEO|HERLICH EBI0|E ZEE HAMY x)E M&sis tHH FYE ZE= HARE “X)
E s Aguct
- ZE RY(portType)
- O| ZEJI HY3lE &Y 8 (0: EBHO|E, ZHR] EE = ff - fast-flux).
- Di(dt)
- XEE ZEQ| T ME Azt BAHE LIEHLHE = EH| AlZFLICEH

* Qubit 01 & (qubitMappings)
- XHE ZEQ HAAE HH|EJLICE

- 54 I='._|_'.:_(centerFrequencies)

Off A AbT *"O*EI7-ILP AERI7EHolet R E Zefel HAEE S Bl SSLICH RhAE

« QHP §7 £/d(ghpSpecificProperties)

- QHPS} ERAEl ZEO| ChE 7|E S48 RHAIS| Tshs Mo el

ol
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QPUO]| MAHEI AP MM El o Zpf|n Zajof CHEt #tEd 482 HHEFLICEH o] Fxoi LHEE
ZE ZHYUS AEXIE MES 0penQASM 3.0 T2 LHO|M &8 AMEXIZE AFH MAE LCY
Zoyo| 7 £M2 ChSot Z&LCh
- Z3¥ ID(frameld)

« OpenQASM 3.004| A AR 2 MAEl =2 o|F ILICE
« X E |D(portld)

o Zg|elo AZE stEo{ ZEQILICE
o HIFHIE)

- Zggle| 7|& =7| Fub=Lct

» Center Frequency(centerFrequency)

. malelo| FIb4 CHAE FAQILICH Yo 2 agle B¢ Fri4 £l SH jyEoR
OF ZHE 4 YALICH MEtM Fo4 ZHE B4 Fuh4o| XHE Wet Ljof Rlodof BrLich. of

AE Zf2 A3 metolEoM &g = ULt

o« EHAI(EHA

~—

« Zho| 7|8 F7| BHALICE

¥
N

Z4El H 0| E(associatedGate)
- XEE Z Yot AZE HOo|EJLC.
* Qubit Mappings(qubitMappings)
- XHEE ZYut AZE B E L
- QHP §H -’—'.‘-*o*(thSpecificProperties)
« QHPZt ZHEAEl ZB[of| CHEt 7|&E S-S RHAMls| dBste MEE] Y| Ct.

rH

SupportsDynamicFrames:

e

OpenPulse newframe &+2

=5
= o =
BELICEH false@! F¢ Z&|Q #+ZX0f LILE
SupportedFunctions:

XI’HEl OpenPulse & =0f CHal IZE 2=, 2l & U ghet R 2ol C|H
MEE |EP OpenPulse & = ALE O A& E 24 OpenPulse At

nu
ru|o £
l]>|'
I->|
Q'I_l
>
o &
¥
=I>~|=

« shift_ |4
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- Zp|lo| EAHE X[HEl 2t 2 o|sELICH
» set_phase
- ZPo| BAHE XIHE g2 d™EELC

. A

» set_frequency

. EE“%IQ.l H._l_'.:_% x|x-|5| Zrog A—|X-I%I-L_||:|._

CIHFOIAOIA AFSE 4 Q= AFY THE IHE B49 B 914 U ¥ MBI 7/2oz
Braket Pulsel= ZE ClHO|A0A CHETH 22 AFY T E ThY REIS AT ELIC
g4

Constant(t, T,iq) = iq

def constant(length, iq)

7t Al
Gaussian(t, 7,0, A =1,ZaFE = 0) =
. 2
A 1 _5) 1(1\2
exp | —5 — Zal x ex (—— 5 )

1—ZaE*exp(—%(%)2> [ p( 2( o ) 1% 2 (20) ]
T IHEo| Z0[0|1, o= 7R AIRHe] L{H|O|H, A= RIELICH ZaEE E H™YSIH True7tR A2
mao| AlREDE BofM 0T 21 A ATH EZSHES QEAET ChA| ZHELICH
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def gaussian(length, sigma, amplitude=1, zero_at_edges=False)

DRAG 7t Algt

DRAG Gaussian(t 7. 0.0 A4 | zal ()

ey (- 85) oo (<3 (52)) - Zemvem (3 (5)7)]

= IOl Z0|0|1, o= 7FRAISHS| LHH|O|H, BE AH7 mIZtO|E{O| 1, = TIZAQILICH ZaEE 2 M
M5tH mhEE ol AZnF BofMd o1t 24 AKX £ 20| A Z|CHol| =& 3 == DRAG(Adiabatic Gate) 7+
9| Tru A

H7t LEAME|T ZHELICH DRAG THEof CHE REAISH LI 2 oF 5t M FE
745t 7| 2I8t Simple Pulses EME 2 XM

def drag_gaussian(length, sigma, beta, amplitude=1, zero_at_edges=False)

Erf AFZ+HS

Erf Square(t,L,W,0,A =1,ZaFE =0) =

A erf((t —t1)/o) + erf(—(t — t2) /o)
2 x erf(W /20))

0{7|M L& Zolo|z, we T ol LiH|o|1,&=
t1=(L-W)/2 A= TIEZQL|C}H ZaEE 2 *E"’“%P‘.:'_" True
AZCHO| 25§ QEAL| T CHA| REELICH ChS WE A2 ItyEol 37|

Stot,2=(L+W)/2,
o ZoMont 2
=

— 0

Erf Square(..., ZaE = 1) = (a x Erf_Square(..., ZaE = 0) —bA)/(a — b)

0{7|M a=erf(W/20) L LICtb=erf(-t1/0)/2+exf(t »/0)/2 .
def erf_square(length, width, sigma, amplitude=1, zero_at_edges=False)

SupportsLocalPulseElements:

=
EP. ZIOI Ol AR falseR
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SupportsNonNativeGatesWithPulses:

HEFLICH o E S0 AL
| Ho|E2l Z2 U|O|E|
nativeGateSet 7| 2

HIOIE|E 7} otl HOIEE HA Z 231 H7H A &= U=X| {RE 4
El Z/H|Eof defcal CHSH HE &
27l ol HO|EE AFEE

o %Xl A A
£ &2 + A&LICH

lO 0.|.|.

ok
>
29 o
> oh
r
[u}
n
5
S
>
\d
or
2
x
o
S
m
T
X
[5)
|rn

ValidationParameters:

e g ZEeiol HA o4 AS FAE 4HEL
. IOl 2) T R/2ICH TE ZH(el W A WEE)

. MZE A F5o0lM Hz Br9I0] 20h Fop4 Ch=
. % ©9lo] 2|4 TA ZOUXIS Alzt

. % B0l 2|ch A ZOUXIS Alzt

OpenQASMO| M X|HEl= =], 2ot & 21t R

Zt C|HFO|A M| M X|F3t= OpenQASM 3.0 7|s2 = 2l5t2{™ C|HIO|A 7|S £39] action EE0
= braket.ir.opengasm.program 7|& & Z5tM L. o & E0{ C}S 2 Braket &' E HIE| A2
OlE{0f| AtEE = = XIHElE 2] & Aot RFLICISVI.

"action": {
"braket.ir.jaqcd.program": {

},
"braket.ir.openqasm.program": {

"version": [
"1.0"

1,

"actionType": "braket.ir.opengasm.program",

"supportedOperations": [
"ccnot",
"cnot",
"cphaseshift",
"cphaseshiftoo",
"cphaseshiftol",
"cphaseshiftlo",
"cswap",

cy,
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cz",
Ilhll’

Ilill’

"iSWap",
Ilpswapll’
"phaseshift",

rx",

Iy,

rz",

s,

si",

"swap",
nen
"ti",
ny

vi",

X,

xx",

IIXyII ,

Y,

Yy,

z,

1,
"supportedPragmas": [
"braket_unitary_matrix"
1,
"forbiddenPragmas": [],
"maximumQubitArrays": 1,
"maximumClassicalArrays": 1,
"forbiddenArrayOperations": [
"concatenation",
"negativeIndex",
"range",
"rangeWithStep",
"slicing",

zZ

"selection"
1,
"requiresAllQubitsMeasurement": true,
"supportsPhysicalQubits": false,
"requiresContiguousQubitIndices": true,
"disabledQubitRewiringSupported": false,
"supportedResultTypes": [

{

C}2F8t Braket C|HFO| A0 A OpenQASM X |2 81
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"name": "Sample",
"observables": [

X,

Yy,
"Z",
Ilhll’
Ilill’
"hermitian"

]I

"minShots": 1,

"maxShots": 100000

"name": "Expectation",
"observables": [

nye

nyt,

ng

"

i

"hermitian"
1,
"minShots": 0O,
"maxShots": 100000
"name": "Variance",
"observables": [

nye

"y",

ng

"

i

"hermitian"
1,
"minShots": 0,
"maxShots": 100000
"name": "Probability",
"minShots": 1,
"maxShots": 100000

C}2F8t Braket C|HFO| A0 A OpenQASM X |2
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"name": "Amplitude",
"minShots": 0,
"maxShots": 0

"name": "AdjointGradient",
"minShots": 0,
"maxShots": @

iy

OpenQASM 3.02 2 L 0|= AlZd|0|M

OpenQASM3ZE L 0|XE A|Z20|M35l24™ pragma K& S AL& 310 L O| X HAARLE F 7+ LICH
o|E £0] o|™0f MZE GHZ Z2 10| L O|=X A E AIEd0|M5t2{H CI2 OpenQASM Z21

HE MEEL = AU&LICHL

// ghz.gasm
// Prepare a GHZ state
OPENQASM 3;

qubit[3] g;
bit[3] c;

h q[o];

#pragma braket noise depolarizing(@.75) q[@] cnot q[@], ql[1];
#pragma braket noise depolarizing(@.75) q[@]

#pragma braket noise depolarizing(@.75) q[1] cnot q[l1], ql[2];
#pragma braket noise depolarizing(@.75) q[@]

#pragma braket noise depolarizing(@.75) q[1]

C = measure q,

N

e

T|= 2 E pragma L O|= Qd4EXOf| CHE AFXF 2 CHS S50 Liet /&Lt

#pragma braket noise bit_flip(<float in [0,1/2]>) <qubit>

#pragma braket noise phase_flip(<float in [0,1/2]>) <qubit>

#pragma braket noise pauli_channel(<float>, <float>, <float>) <qubit>
#pragma braket noise depolarizing(<float in [0,3/4]>) <qubit>
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#pragma braket noise two_qubit_depolarizing(<float in [0,15/16]>) <qubit>, <qubit>

#pragma braket noise two_qubit_dephasing(<float in [0,3/4]>) <qubit>, <qubit>

#pragma braket noise amplitude_damping(<float in [0,1]>) <qubit>

#pragma braket noise generalized_amplitude_damping(<float in [@,1]> <float in [0,1]>)
<qubit>

#pragma braket noise phase_damping(<float in [0,1]>) <qubit>

#pragma braket noise kraus([[<complex m@_00>, 1, ...], [[<complex ml_00>, ], ...1, ...)
<qubit>[, <qubit>] // maximum of 2 qubits and maximum of 4 matrices for 1 qubit,
16 for 2

Kraus 934K}

Kraus QIMAIE MAMH5H7| {6l DHERIA S 58 UHS 510 DIERIAS| ZF QA E EX8H EdAoZ 9

ME = A&sLct

Kraus Q1AHXLE AFRE [HE CHS AEHo| R2|3HAMI2.

= = eiaLich A7|0to| #HAH Ho|=0| Mgt MA™ELCt.

o| Zo|= 82| =040k R LICt &, 2x2 HHEZ0F M E|0{oF & L|C}.
m o

| B2 & 4qubit7, 22| 2L #H 167HE

Qubit OpenQASM 3.02 A8+ RHHHA

Amazon Braket2 Rigetti C|HFO|A 2] OpenQASM LHO| M E 21X qubit £7|HE K| EFLICHAFAIS

L 20| I|o|x| 2 =X). Lto|Z RHiA FEFqubitsTt 7 EEIXE AIRStE L qubits7t MEHEH C|
HFO|A0] @3 E|0] U=K| &I LICEH EE&= Bl X|qubitAEE CHAI AF2 5t Z 2 Rigetti CIHFO|AO]|
M 22 R MEFo| 7|2 Mo 2 g MstE LC

// ghz.gasm
// Prepare a GHZ state

OPENQASM 3;
h $0;

cnot $0, $1;
cnot $1, $2;

measure $0;
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measure $1;
measure $2;

OpenQASM 3.02 At3et 504 Hup&

= =)

Rigetti, 219t 22 ZZ UMM MBste X AFEE{0|M LA 3|28 ARllonQstH Hu {7}t £

Molo| Mo|El =z XMetstAH S| 2E AR x q

FLICH Rigetti C|HFO|A S AFR8HH TR Fe =X

QI&LICH 3|20 EX BEEQ HE5p{M EEE 2|™ Lol A HIo|EI=
Me MA| 3|20l cHsh S04 ZHutUlonQRt X o

.

@
fu

11°I'

Hh -I[[

M

OpenQASME At85tH FE &t Fool H0{x ZEta0tE BAIMLZ X|FE + JA&LITH J2H
IE ¥xte HRIEX| ot stES02] 6t2 =& Hm Y FEIo| olal z[x5E|X| L
oMol MHE #pragma braket verbatim X|AIEE ALE5t04 0|8 E M5t WS _'?'_01-E-L—|EP.

OPENQASM 3;

bit[2] c;

#pragma braket verbatim
box{

rx(0.314159) $0;
rz(0.628318) $0, $1;

cz $0, $1;
}
c[@] = measure $0;
c[1] = measure $1;

ofl M| & 2 Atel|E =850 ’—70'| Hut = 2 M Ao CHE XMﬂE LH& 2 amazon-braket-examples
github Z|ZX|E 2|0 MBS == S04

Braket 2&

OpenQASM 3.0 242 Amazon Braket Z2&0|M AFEE = Ao BElgd = JUsLICE 2&£0Me=
7|1E LA 2 A2 MEE met OrEH 7RI 2 OpenQASM 3.001A LA 2HdS MEE + U&LICH.
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Verbatim_Compilation.ipynb
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Amazon Braketo| Al OpenQASME A|Zt5t7| 2|8t of| K| = E S Braket Tutorials GitHub& & Z= 5t Al
o

L.

OpenQASM 3.02 A& 35104 Z12tH| 0] 7|4

M e m 2C|ME A[Z20/Eet 24 AIE8(0IH 2
| o atEE YHE MEstod EHEELICH AldteteiE O
| ZCof MEE CHE MY Z2ta0tE M3 E = J&Lith

OPENQASM 3.0;
input float alpha;

bit[2] b;
qubit[2] q;

h ql@];

h q[1];

rx(alpha) q[0];
rx(alpha) q[l];

b[@] = measure q[@];
b[1] = measure q[l];

#pragma braket result adjoint_gradient h(q[@]) @ i(q[1]) alpha

DE &L Tet0EE BAMeZ Lidste tial Ze2faot LHof all Z|RIEE XEE += &L
Ol st LI¥=E R E input mt2tO|E{ofl CHEH Z22too|Mo| AlAtE|= 2 mtetole] 7} o 2
Helst Mol 2 = &Lt 0l B2 pragmas CFE oA el Z =2t Z&LCH

#pragma braket result adjoint_gradient h(q[@]) @ i(q[1]) all
Amazon Braket2| OpenQASM 3.0 #&40i| M= 71 QI4kRL, BIM A&, S{0(E|QH & 7S, Sum
B 75 5 2E B JHs ROl KIMELICH JatloIMES HArE o ALSE ST A
=

-1 o
expectation() &= Lo 2HEE[o{oF StH, & 7ts3t 2ol ZF Z710| BA|M o2 X|HE|o{of
ot
= .

3
rir

OpenQASM 3.02 At835to] EH HHIE F7

Amazon Braketol A MSstE 24 B HE AE20/H & 24 YU IHEZA AIEH(0IH
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Getting_Started_with_OpenQASM_on_Braket.ipynb
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£Y0I2t st=0| 7|52 Ar8 st Bt Ciy ™ol £ EXQ &Rt AlLto| 7hsELICH 0o|& So{ Ct
& A ZZ0ME 27E 3| 2E ddotD F ] HHIEE SHoIK| A2 ez FHM 5 Hl 7
HIER SHtCF MEE + A&LICH

partial_measure_gasm = """
OPENQASM 3.0;

bit[1] b;

qubit[2] g;

h q[e];

cnot ql[0], q[1];

b[@] = measure q[0];

Ol of&Moi M= & 2t= 5 7He| HH|ET} = LAt 3271 UXR[EH q[0] q[1]3 ¢ HH|E Q| A EY
ot £Hst= Ol 2 &0] U&LICE Ol= qubit[0]2] 4EHE b[0] = measure q[0]1FHE5tD ANE
24 HIE b[0]oll M&E5t= &0l o5 EMHELICEH O] 22 5 AlLtZ|2E A™5t7| 281 Amazon
Braketol| M X3 5t= 24 A Ef HE AZTOIE0IM CHE T EE A™E = JU&LICH

from braket.devices import LocalSimulator

local_sim = LocalSimulator()

partial_measure_local_sim_task =
local_sim.run(0OpenQASMProgram(source=partial_measure_gasm), shots = 10)
partial_measure_local_sim_result = partial_measure_local_sim_task.result()
print(partial_measure_local_sim_result.measurement_counts)

print("Measured qubits: ", partial_measure_local_sim_result.measured_qubits)
2tod £ M 0f|lM requiresAllQubitsMeasurement ZEE A0 C|HIO|A Y B2 SHE X[
St=X| 2QlE = QU&LICt 2 B2 FalseR & 0| X[ ELICH.

from braket.devices import Devices

AwsDevice(Devices.Rigetti.Ankaa3).properties.action['braket.ir.opengasm.program'].requiresAllQu

07|M requiresAllQubitsMeasurement= O|HFalse, Ol ZE HHIEE Mok st W2
ot'=lg LtEtHLICEH
EEALE 55 5



Amazon Braket TR 7H0|E

A 7S AdTHET]

T QIR C B UHMA|IFIEH MET HAIKQI 7|50 HMASHE 20| ZLELICH Braket DirectS
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Analog Hamiltonian simulation Spin terminology
qubits 4 e 4k S 5o 52 S spins
global driving field —«r amplitude —»
(time dependent) transverse
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phase — F v F F F v v
(time dependent) B}
detuning —»
(time-dependent)
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(time-dependent) ( ) fleld
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/07_Simulating_Lattice_Gauge_Theory_with_Rydberg_Atoms.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/08_Maximum_Weight_Independent_Set.ipynb
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/03_Parallel_tasks_on_Aquila.ipynb
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Amazon Braket2 Amazon Braket SDK, & OpenQASME S3ll 5% 3|2 & X|HELICtAmazon
Braket Qiskit Provider.
Mef =A:

1. measure_ff X|&Q| I|=8 7|= 3o &LICI.
=

2. £ Ut I|=4 Fmeasure_ffZ O|% 0] 2 Mcc_prxdloF & L|C}.
3. &Y 320 M HHIEQ I|E XEE KMo R = OHE FHHIEZD Mo{g = JU&LcH ME

o
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Z|20M ME2 CHE XMo{ &2 7HE = JU&Lch
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-openqasm-verbatim-compilation.html
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https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/experimental_capabilities/dynamic_circuits
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oM =B 2 ClHto|A&, Fabs & EHAlof| 2k ZtELICH ClHro| Ao hEk A ol El g
U2 MEHE L ZEE X260 M TS QIAEIASIE £ Q& LCH

from braket.aws import AwsDevice
from braket.pulse import Frame, Port

# Predefined frame from a device
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
drive_frame = device.frames["Transmon_5_charge_tx"]

# Create a custom frame

readout_frame = Frame(frame_id="10@_measure", port=Port("channel_0", dt=1le-9),
frequency=5e9, phase=0)

X E

LE= HHEE Nofsts ZE UZ/EH t=Rlo| 74 RAE LIEIWE AZEQ| o] T4 LCH
0l8 Sl =0 IZUME AL HHIEE TastD BE6t| 9ol 42 HBF + 2l QI
HOo|AE M3E = U&LICH ZEE 9—|'-4'E+9_| O|§2 LIEtl= B EXtE2 E-stELICH EFHo|
EAE2 ntE e dotLt MZstA Holgd = U=XIE XIEsts x4 Azt BEE EAIRLICH

from braket.pulse import Port

Port® = Port('"channel_0", dt=1e-9)
&
IE2 E¥H ZENMAUSE HEUWHU 2 ZEE S5 A5 E XS ol AS8E = U Al
54 25U 2R £A S22 S5 T= I YEIS AStol =0 IIAERE| 25
g MAstod e Y x|IHY & et

from braket.pulse import ArbitraryWaveform, ConstantWaveform
cst_wfm = ConstantWaveform(length=1e-7, iq=0.1)
arb_wf = ArbitraryWaveform(amplitudes=np.linspace(0@, 100))

Braket PulseE= &% &, 72 A9 ot HIHE AHo|Eof o|st ul XM7{(DRAG) WS Z&st &
£ It 2lo|lE 2|8 MBELICH CH2 o Xt 20| sample & +E S5l Il&E HIO|E{E AM5t0{ L
ol @eFe2 12l 4 Ql&LCh.

OII

gaussian_waveform = GaussianWaveform(le-7, 25e-9, 0.1)

H
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X = np.arange(®, gaussian_waveform.length, drive_frame.port.dt)
plt.plot(x, gaussian_waveform.sample(drive_frame.port.dt))
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etal.2 FESHAL
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+ ro_rx HHIEO| ZEHE 97| M8 HZUI0EZEE A E M3
. ffE AHHIEO| R ZEE WE EA 21018 LIEpLICH Ol
& 4 olaLich 50| 7HssHE S MAIE FH(=olp ff ZE7}
ZF 745
=

2 A& LICH
EZAE Y Ato|of HXM 8T A0l U7 ME 0| HHIE-FHIE &= 282 gdstete dgS &
|

ofZ|=&oi| CHEF AtMIEt LHE 2 Valery et al. 2 H ESHAIL.

Hello Pulse &2

O MMoi| M= Rigetti C|HFO|A MM HAE AFE5H0{ 23 Bt R{H|E H|0|EE S35t 745t
= U2 dotELICH HE|Eo| ME ZEE M6 Rabi TS 0| 2485t0{ 0 & E{2t 1 21 EH AtO|o]
M #H|E7t HMetELICH Ao HHEEl ZOo|2t HHE ALE 3 Rabi KI%ol chel ZH|E HO|IEE A
Areh = JUELICH 07| M 2t SEE WA A|HAE 255t Ol AEEl= 7|12 ESQI pi2 HAE
EH5t7| @It 2[Mo| WA Zo|E ZAHEELICH

HX{ HA A|EHAE LUESE{H PulseSequence EEiAE 7HK{SLICE

from braket.aws import AwsDevice

from braket.circuits import FreeParameter

from braket.devices import Devices

from braket.pulse import PulseSequence, GaussianWaveform

import numpy as np

a3 S QPU2| Amazon Resource Name (ARN)2 AFE2 304 A Braket C|HFO|A S QIAEIASIEFL|
Ct. Otg = EE2E MAEFLICIRIgetti Ankaa-3.

device = AwsDevice(Devices.Rigetti.Ankaa3)

CHe LA ARAOE THE RIADE HHIE SHOIEHE T kx| T4 QA7 ZEELICH WA ARAL
Uittio2 Talol MBE £ AUALICH HHIEO| MY £ s B U X|eim 22 F x| ofQl
S MQIBLICH WA AIBAS TAI5H7| Holl A8 7HS B ZAIYS ZMsHoF BLICH Satole ZaY
2 Rabi ZIS0] CHet BAE XS ste Ol ASEIH, 947| Z YL HHIE HEHE SHstE Ol ASE
LIC}. Ol R0l A= qubit 259] TS AFSEHLICH Z 3ol CHEH RLAMISH LSS Za3ie 2 ZEOf

CH.
NS HESHAMIR.

o

drive_frame = device.frames["Transmon_25_charge_tx"]
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readout_frame = device.frames["Transmon_25_readout_rx"]
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waveform = GaussianWaveform(FreeParameter("length"), FreeParameter('"length") * 0.25,
0.2, False)

X[ 2 ‘_*Eé ABHAR ZEELICH "HA ARAME EBFOIE T X[HE ZEE play
Mt o= 47| ZH oM 4 EHE capture_vo SHEELICH

pulse_sequence = (
PulseSequence()
.play(drive_frame, waveform)
.capture_v@(readout_frame)

CHe

rot

LA Zo|E AZHstod QPUO| MEgfLICH

start_length = 12e-9

end_length = 2e-7

lengths = np.arange(start_length, end_length, 12e-9)
N_shots 100

tasks = [
device.run(pulse_sequence(length=1length), shots=N_shots)
for length in lengths

probability_of_zero = [
task.result().measurement_counts['@']/N_shots
for task in tasks

]
FHIE &5 SH = 0 JEfSH 1 SEf AtOloIM TSt HHIE | TS qstg HoELch S O
O|E{0f M Rabi Fut+& FES D WA ZO0|E O|M =50 £ 1HIE 7| |§§ 2EE &0l |
HIO[EH0 M =782 2 154ns ] L|C}. [[I- A pir2 & HO|EE Zo|7t

Ch. o & Soq otz 222
38.5nsQl WA A|EH A0
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OpenPulse

OpenPulse= it &AL ClHFO|A S| HA =& X|0{E€ X|™H5t= 210{0|H OpenQASM 3.0 AtFo| &

HolL|C} Amazon Braket2 OpenQASM 3.0 E310penPulse2 AIE36l0i WAE Rl =2 JalE
= UZE X|§ELICH

T AALE

Braket2 & 7|2 X|Ho|MH HAE E3S7| {8t 7[&2 S7F ET0penPulseL E A& LICH=
defcal ("Ho| EX" MQ10| oFof) @ 4A|o| M EX FIIE OpenPulse X|HELICH 0|28 MAE A}
|1E dg X

=
-4 —
8otH st =& Mol EH LHoll A Ao 1&g = A&

o

CHE ¥ S PulseSequence AF23104 BraketQ| OpenPulse ZZ2 1S £ 4 AU&LICH

print(pulse_sequence.to_ir())

ek

OpenPulse ZE2IZ A 8 =L UA&LICH

lI|

from braket.ir.opengasm import Program

openpulse_script = """
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https://openqasm.com/language/openpulse.html
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OPENQASM 3.0;
cal {
bit[1] psb;
waveform my_waveform = gaussian(12.0ns, 3.0ns, 0.2, false);
play(Transmon_25_charge_tx, my_waveform);
psb[@] = capture_v@(Transmon_25_readout_xrx);

AT ZIEE Program ZAME ddeLict O3

i)
15|
H1J

S QPU| ME gLt

from braket.aws import AwsDevice
from braket.devices import Devices
from braket.ir.opengasm import Program

program = Program(source=openpulse_script)

device = AwsDevice(Devices.Rigetti.Ankaa3)
task = device.run(program, shots=100)

HHAE AI23104 H|0|E|E HO|Eof HAMA

4T ele EX QPUOIM X|5t= HIOIEIE HO|E7F o{EH WAZ T3 E|=X| &&H5| Qotof 3te
Z7t BALICH TA ARHALE FEY o] Z2Ko] o3 AIS5H X E|X|DH 0|28 AlRA| HA
ASHH AR A O LI AO|EE MASHHL EX HO|EQ| HAE #AH5t0{ M2 £ O|X Q|4 nt
Ze o= 25lE QFt TR EZ S EMME 4 QI J|3|E AZErLICH

Amazon Braket2 Rigetti2| H[O|E|E HO|Eof CHEF Z2 a2 Y YAl HMAE X|ELICH

import math
from braket.aws import AwsDevice

from braket.circuits import Circuit, GateCalibrations, QubitSet
from braket.circuits.gates import Rx

device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")

calibrations = device.gate_calibrations
print(f"Downloaded {len(calibrations)} calibrations.")
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® Note
St=Eflo 2R FF &tF0f
H X

F & o
8otH =&l HO|E EHE HE + UE

device.refresh_gate_calibrations()

RX & XY HOlE9 22 XIHE HI0/EIZ HO|EE HA52{H Gate Z4H9t B4 Qs HHIES T
ChaoF BHLICH 02 S01 qubitod]l B El RX(1/2)2] WA T3S ZALE & QlaLct.

rx_pi_2_q0 = (Rx(math.pi/2), QubitSet(0))

pulse_sequence_rx_pi_2_q0@® = calibrations.pulse_sequences[rx_pi_2_q0]

filter &+ E AIE5t0 ZEYE EH HNEE ddt
gtLICHQubitSet. CHE ZEE RX(m/2) & qubit 00 CHEF R E EHE X &tE F MEESE MMEL
Ct.

rx_calibrations = calibrations.filter(gates=[Rx(math.pi/2)])
g0_calibrations = calibrations.filter(qubits=QubitSet([@])

OIHI AER} XI"o EY MEE ¢dZsto{ L|O|E|E HO|EL| B YUE MIstHLE = + U&LICE of

bell_circuit = (
Circuit()
.rx(0,math.pi/2)
.rx(1,math.pi/2)
.iswap(0,1)
.rx(1,-math.pi/2)
)

PulseSequence ZH&|| AFXE gate_definitions 7|RE Ql40fl MEqubit 03+0{2] HO|Eoi CH
gt AR X rx HO|E EHo=E Al-E = AUELICH GateCalibrations ZA| 2| £40i A A
g 748E £ pulse_sequences UELICH XIHEX| 42 ZE HOIEE X StES0| SSAte| H
A BHOZ ChA|ELICEH

nb_shots = 50
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custom_calibration = GateCalibrations({rx_pi_2_q@: pulse_sequence_rx_pi_2_q0})
task=device.run(bell_circuit, gate_definitions=custom_calibration.pulse_sequences,
shots=nb_shots)

ot =1 si{ZE Al=cio|

ob 2 SHUE AIZ B OIMAHS)R 7IE YA 5|2 SYD 34| CHE YR TS| MZ 2 medct
elLich 2t 3|27t 3 Hofl & HHIEIMEH AHSsHe U] HOIE CHAL AHS Z2 L BHE
Hamiltonian2] AlZt B4 3 B2t 4 Tat0IEI2 HOlEILICH AlAB0| SHLUE Lioks ofLiR| 4

I+ 9% #lo| WEHe IR, Ol BH AEHO| AlZH ¥5HE MlofEHLICH N-IHIE AlARO| Be

[e] —
Hamiltonian2 =& %= xto| 2Nx2N Alz+sd sizdz m3dst 4 laLch.

o
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Amazon Braket

THLRE 7H0|=
« QuEra®| Aquila QPUOI| A A%
-« QPU 21t B4
- O3 B
8% 58 AE A
A% Z25lE OlE|Z 0| B2 A|AHI Q| HA ofx|o| AR 83|7e| 2l Mzts EZi& L chzbzt v gl
m AEHOl RS £ AUF). AR[EHO| 2 AJAER O|0| Ao 2 dlEtE X7 M=l E IIK| &
O 22 342 2odELICH o] tAoME ¢ 3|H0| Bl WEE 7t217|E AQ ZAtA oS ZH|
Ste W 2oiELict

Hello AHS: 5 #mf obf 27 s 2E AIES ol A 105



Amazon Braket

JHEER} 70| =

4 N
s N
d AN
4 N
s N
g M
/
|
! I
! I
! I
! 1
! I
! I
! I
! I
! 1
! I
1
/7
S ’
S ’,
N L
S ’
A ’
S ’
S ’
N s
A ,
Ay
H|ef
Zt 3|70 CHsl StLte| B2 HANE AFS e ZWo|mH, “9” & “otel” 3[H & Ell= ZrZh HXe| 07| E
Rydberg & El 2! X[& MEHRE QIS ELICH HA] 2-d HHYE S MEEFLICH CHS 2 EE AFE5H0q 22
3|1 E@g z2aefye = A&t
Hello AHS: & E4mi ot 2 1 sHHLE A|Soilo|M ™ 106



Amazon Braket TR 7H0|E

M Z7: Braket SDKE pip A %|5HOF B LICH ( Braket 4
O| SDKE =E ST} &7 AX dx|=lo MBELICH) EXE K252 shell HHE A& 35tod
matplotib& YT 2 MX[3H0F & LICtpip install matplotlib.

import numpy as np
import matplotlib.pyplot as plt # Required for plotting

from braket.ahs.atom_arrangement import AtomArrangement
a = 5.7e-6 # Nearest-neighbor separation (in meters)

register = AtomArrangement()

register.add(np.array([0.5, 0.5 + 1/np.sqrt(2)]) * a)
register.add(np.array([0.5 + 1/np.sqrt(2), @.5]) * a)
register.add(np.array([0.5 + 1/np.sqrt(2), - @0.5]) * a)
register.add(np.array([0.5, - 0.5 - 1/np.sqrt(2)]) * a)
register.add(np.array([-0.5, - @.5 - 1/np.sqrt(2)]) * a)
register.add(np.array([-0.5 - 1/np.sqrt(2), - ©.5]) * a)
register.add(np.array([-0.5 - 1/np.sqrt(2), ©0.5]) * a)
register.add(np.array([-0.5, 0.5 + 1/np.sqrt(2)]) * a)

£ AEstod DA

ok

= &Lt

fig, ax = plt.subplots(l, 1, figsize=(7,7))
Xs, ys = [register.coordinate_list(dim) for dim in (@, 1)]
ax.plot(xs, ys, 'r.', ms=15)
for idx, (x, y) in enumerate(zip(xs, ys)):
ax.text(x, y, f" {idx}", fontsize=12)
plt.show() # This will show the plot below in an ipython or jupyter session
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from braket.timings.time_series import TimeSeries
from braket.ahs.driving_field import DrivingField

# Smooth transition from "down" to "up" state
time_max = 4e-6 # seconds

time_ramp = le-7 # seconds

omega_max = 6300000.0 # rad / sec
delta_start = -5 * omega_max

delta_end = 5 * omega_max
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omega = TimeSeries()

omega.put(0.0, 0.0)

omega.put(time_ramp, omega_max)
omega.put(time_max - time_ramp, omega_max)
omega.put(time_max, 0.0)

delta = TimeSeries()

delta.put(0.0, delta_start)
delta.put(time_ramp, delta_start)
delta.put(time_max - time_ramp, delta_end)
delta.put(time_max, delta_end)

phi = TimeSeries().put(0.0, 0.0).put(time_max, 0.0)

drive = DrivingField(
amplitude=omega,
phase=phi,
detuning=delta

N

COhS 23 REE AL8eto] T LEO| A[AUEE AlZEHE £ &L

1jo

fig, axes = plt.subplots(3, 1, figsize=(12, 7), sharex=True)

ax = axes[0]

time_series = drive.amplitude.time_series
ax.plot(time_series.times(), time_series.values(), '.-');
ax.grid()

ax.set_ylabel('Omega [rad/s]')

ax = axes[1]

time_series = drive.detuning.time_series
ax.plot(time_series.times(), time_series.values(), '.-');
ax.grid()

ax.set_ylabel('Delta [rad/s]')

ax = axes[2]
time_series = drive.phase.time_series
# Note: time series of phase is understood as a piecewise constant function

ax.step(time_series.times(), time_series.values(), '.-', where='post');
ax.set_ylabel('phi [rad]')
ax.grid()

ax.set_xlabel('time [s]')
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plt.show() # This will show the plot below in an ipython or jupyter session
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MgtLictahs_program.

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

24 A =clO|E0l| M A

ol M= = 7| Eo(15%] 3| 0|2 AHS & QPUO|AM A& 37| 0o Braket SDKeH &7H XS &l
L

£ 2Z AHS A|Z|O|E{0| M A&e = AU&LICH 24 A[ZEB|0|E{= Braket SDKOIM F 22 AIEE
T Re8z FEE SHEH AYE + UL S ot= XWo| 7t E&LICH
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017|M= 24 AlZClOIE7t LAE HEH| AlZh #H3HE =Xt

x5 4
EtE of7tit Ss2|HM & =8 =2 (o 18HEhe 2 NP = U&LICt
from braket.devices import LocalSimulator
device = LocalSimulator("braket_ahs")
result_simulator = device.run(
ahs_program,
shots=1_000_000
).result() # Takes about 5 seconds
AZdolH dot 24
Zt AEIO| MEH(CHR'O| AR 'd, 'l HR v EE= Yl AIO|EQ| AR 'e)E FESID 4F MAoM 2
TEO| HME =B AHbtetE O &8 ME85t0] & ZIE EAE = JU&LIch

from collections import Counter

def get_counts(result):
"""Aggregate state counts from AHS shot results

A count of strings (of length = # of spins) are returned, where
each character denotes the state of a spin (site):

e: empty site

u: up state spin

d: down state spin

Args:
result
(braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuz

Returns
dict: number of times each state configuration is measured

state_counts = Counter()
states = ['e', 'u', 'd']
for shot in result.measurements:
pre = shot.pre_sequence
post = shot.post_sequence
state_idx = np.array(pre) * (1 + np.array(post))
state = "".join(map(lambda s_idx: states[s_idx], state_idx))
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counts_simulator = get_counts(result_simulator)

state_counts.update((state,))
return dict(state_counts)

print(counts_simulator)

{'udududud': 330944, 'dudududu': 329576, 'dududdud':

counts CHS2 AFoiM 2t & 0] 2HEE A48 Adtsts AMULICH CHE ZEZ Al

T AaLch

from collections import Counter

def

def

def

has_neighboring_up_states(state):
if 'uu' in state:
return True
if state[@] == 'u' and state[-1] == 'u':
return True
return False

number_of_up_states(state):
return Counter(state)['u']

plot_counts(counts):

non_blockaded = []

blockaded = []

for state, count in counts.items():

if not has_neighboring_up_states(state):

collection = non_blockaded
else:
collection = blockaded

collection.append((state, count, number_of_up_states(state)))

blockaded.sort(key=lambda _: _[1], reverse=True)

non_blockaded.sort(key=lambda _: _[1],

for configurations, name in zip((non_blockaded,
blockaded),
('no neighboring "up" states',
'some neighboring "up" states')):

plt.figure(figsize=(14, 3))
plt.bar(range(len(configurations)),

Hello AHS: & £imij obf 27 S A|Z |0l Ml

JHeER 7Hol=

# Takes about 5 seconds

reverse=True)

[item[1] for item in configurations])
plt.xticks(range(len(configurations)))
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=90)

plt.gca().set_xticklabels([item[@] for item in configurations], rotation

plt.ylabel('shots')

plt.grid(axis="'y"')

plt.title(f'{name} configurations"')

plt.show()

plot_counts(counts_simulator)

no neighboring "up” states configurations
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QuEra2| Aquila QPUO|A{ A%

At Z74: Braket SDKE pip dx|et= X
7| HHHE EM=KX] =M.

(® Note
Braket AR L EE QIAEHAE AIE5= 8
of AMZElLCt.
2E F&5Mo| Mx|E HEHoAM Aquila QPUO]| A&

from braket.aws import AwsDevice

aquila_gqgpu

AHS EE:LEHC’ QuEra CHAlo| %4851 BHS 24 Aquila QPUOIM 52
'l-o HFQE'OHOI: ol"L_lEI- (OlE—Iol- O__I.L Al_ol-g OIE I“;HAI-E”7I'

d Q|0 = Amazon Braket2 X2 A

2 Braket SDK& @l

OH J*Eli'L—lEP L ESaquila_gpu. propertles dlCt()O‘“kl

CHEt REMIEH LHE 2 Aquila = E

5 ANE

o
sE50{0] AU 2 WE £ AdLIC

discretized_ahs_program = ahs_program.discretize(aquila_qgpu)

o

O|A| Aquila QPUOIAM T2 2 (X|Z 2 10032 4F A

@ Note
Aquila EE)K-IIA-IOHA-IOI ZZ e Al
ZHo| H| St & MAstm 7Ho| MA[ZESZ H]

A& LICH

task

metadata = task.metadata()
task_arn = metadatal['quantumTaskArn']
task_status = metadata['status']

= aquila_gpu.run(discretized_ahs_program,

shots=100)

X-I%EI- _Jl\_ (o)

[ st Be TR Alxts

AEIAQL A AFM A x|

= AwsDevice("arn:aws:braket:us-east-1::device/qpu/quera/Aquila")

—
OI-L xo-“:lal

ol= C|HlolA mztolEdof o]

AN -

H5to4 2 =+ U&LICH Aquila

StM2.) discretize HMEE

t0d H|2 0| ekt L|Ct. Amazon Braket SDKO{|=
/= Cost Tracker7} _Jt°*E|O-I
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https://github.com/aws/amazon-braket-sdk-python#installing-the-amazon-braket-python-sdk
https://docs.aws.amazon.com/braket/latest/developerguide/braket-get-started.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-get-started.html
https://github.com/aws/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/01_Introduction_to_Aquila.ipynb
https://aws.amazon.com/blogs/quantum-computing/managing-the-cost-of-your-experiments-in-amazon-braket/
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print(f"ARN: {task_arn}")
print(f"status: {task_status}")

task ARN: arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-

cdef-1234-567890abcdef
task status: CREATED

il 42l= Alzhol I A 2B Z (718 7IZH A QPU A8 &0 e CHE) At &
}.

Y ARNZ 7|SdtE 0| E&LICH et LIS CHE ZE ZZH 2 AL8sto EIE &HelE = &

# Optionally, in a new python session

from braket.aws import AwsQuantumTask

SAVED_TASK_ARN = "arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890abcdef"

task = AwsQuantumTask(arn=SAVED_TASK_ARN)
metadata = task.metadata()

task_arn = metadatal['quantumTaskArn']
task_status = metadata['status']

print(f"ARN: {task_arn}")
print(f"status: {task_status}")

*[Output]*
task ARN: arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-

cdef-1234-567890abcdef
task status: COMPLETED

& Ef7} COMPLETED(Amazon Braket 2 & 2| At 21 H|O|X|0| M EQIE = UZ)7t E|H OIS S
At83to Aot #Helg = ULt
result_aquila = task.result()
QPU 21t &4
O|™It S YT get_counts &F-E AFE5H04 7T+ E AHLHE = l&LICH.
116
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counts_aquila = get_counts(result_aquila)
print(counts_aquila)

*[Output]*
{'udududud': 24, 'dudududu': 17, 'dududdud': 3, ...}

2E AI8310d4 plot_countsZZEIELICH
plot_counts(counts_aquila)

no neighboring "up” states configurations
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Rydberg -Z-EI ot = sHHUH AlZcl ol & Aquila C|HHO| 20| CHsH XEM|T] ot E{H oK E

QuEra Aquilag AIE35t0{ Ol 20 Z2 3 K&

O| | O|X|HIM =2l Aquila AIAH] 7|0l CiEt ZH MRl dHEME MIBELICtQuEra. 07| M CHE = Al
2 HE= O30 24Ut 1) 2 A[Edo|ME JLPEPEIIE-IEPEJ HamiltonianAquila, 2) AHS ZZ 12 m}
2t0O|E], 3) AHS Z1 ZEIX 4) Aquila 715 TI2HO|E]. Ctr+F EIAE ZHMS AL235t04 Z21 RS

zZt0/E & &&= XWo| E&Lct
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ol
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1

Braket AHS T2 20 AF|O}
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ot

« QuEra C|HIO|A &£ AF|0

_

=

ol

O| Aquila A|lAEI2 7|EX2 2 CHF (AlZ

Ok

%) Y EL|0l0{E QuEra AlE 20T LICH

N N N-1
H(t} - Zkzl Hdrive._l.: (t) + Z_Lzl Higeal detuning, L(t "_ Z ZI k<1 Vidw eyl

(® Note
A CIFLo] CHet HMAE A% 7|50|H Braket DirectE S8l 225l04 AF2E £+ &L
Ct.

o17|M Z =52 ot Z &Lt

o Harvex®=( /2 "0 S 1+ T "1™V Sy k) + (™ giopa(nk),
. "(tye AlzZtoll et %*EMIE ™Mot =3 FIZ (2| Znp4)o 2, B9 (rad/s) LICH
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https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
https://docs.aws.amazon.com/braket/latest/developerguide/braket-experimental-capabilities.html
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* global(t)l— Azt &ML 2=

« n 2 HAF k2| Rydberg & EHO|

o IE
0
m
0L
I°
T
Il

* Hiocal detuning k(1)== ™ ocal(t)h KNk
* "ocal()E (rad/s) T2 LIEHH 24 F ot 0[S 2| Azt & 1Lt
- hy= AIO|E B QIXE, 0.004M 1.0 Ato|Q| xH#d Q= =AFLICE.

* Viawk=Ce/(dk,)°nin,
- ¢Cis van der Waals |=, (rad / s) * (m)"6 &<

+ dyis BR kot Aol RBEIE H2lZ, DlE B9l2 SHELICH

M= Braket AHS T2 AF|0E S35l CH2 of2tO0IEIE Mo{E 4 &LCt.
« kI=1,2,..N2 2 ¥ X HE| dy | & Mo{st= 2 BRI BHE(ZE BAt kel (xand yycoordinates, um
cH))
. "(t), AlZt B%, T Rabi BIE, B E2l(rad/s)
5™ 224 BA (rad) B2
"gobal(t), AlZt BE, TAH CIR', BH2l(rad/s)
* "ocallt), 2 CIF'E A7[0 A2t SH(Z2Y) 2=, B Rl(rad/s)
o

- h, 2EE CIRE 27[2| (X)) AO|E &% QA 0.00{A 1.0 AtO|2| RH Sl= AL

—

@ Note
MEXte st El =& (0d: S_,S,, n ¢&tXI7F 1 E)0|Lt Rydberg-Rydberg &3 & H|<(C)

Braket AHS T2 12 A 7|0}

braket.ir.ahs.program_v1.Program Z4&i[(0d])

® Note

A’Eol| sl EZ C|F'E 7|s0| B dstEIX| &t 2 8 CFF odXlocalDetuning=[]JHIME
A& ghLct.
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Program(
braketSchemaHeader=BraketSchemaHeadex(
name="'braket.ir.ahs.program',
version="1"
),
setup=Setup(
ahs_register=AtomArrangement
sites=[
[Decimal('@'), Decimal('Q')],
[Decimal('@'), Decimal('4e-6"')],
[Decimal('4e-6"'), Decimal('Q')]
1,
filling=[1, 1, 1]

),
hamiltonian=Hamiltonian(
drivingFields=[
DrivingField(
amplitude=PhysicalField(
time_series=TimeSeries(
values=[Decimal('®'), Decimal('15700000.0'),
Decimal('15700000.0'), Decimal('Q')],
times=[Decimal('Q'), Decimal('®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]
),
pattern='uniform'
),
phase=PhysicalField(
time_series=TimeSeries(
values=[Decimal('®'), Decimal('Q')],
times=[Decimal('Q'), Decimal('0.000003')]
),
pattern='uniform'
),
detuning=PhysicalField(
time_series=TimeSeries(
values=[Decimal('-54000000.0'), Decimal('54000000.0')],
times=[Decimal('Q'), Decimal('0.000003')]
),

pattern="'uniform'

1,

QuEra AquilagE MtEsto{ ot 20 Z2 03 X E 120
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localDetuning=[
LocalDetuning(
magnitude=PhysicalField(
times_series=TimeSeries(

values=[Decimal('®'), Decimal('25000000.0'),
Decimal('25000000.0'), Decimal('Q')],

times=[Decimal('Q'), Decimal('®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]

Iy
pattern=Pattern([Decimal('®.8'), Decimal('1.0'), Decimal('©.9')])

JSON(O))

@ Note
Agoll cis 22 C[F S 7s0| #€dstE|X| of2 B2 & olXM"localDetuning": []0d
ME AHEF LT

"braketSchemaHeader": {
"name": "braket.ir.ahs.program",
"version": "1"

.

"setup": {

"ahs_register": {
"sites": [
[@E-7, OQE-7],
[@E-7, 4E-6],
[4E-6, QE-7]
1,
"filling": [1, 1, 1]

1,
"hamiltonian": {
"drivingFields": [

{

QuEra AquilagE MtEsto{ ot 20 Z2 03 X E
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"amplitude": {
"time_series": {
"values": [0.0, 15700000.0, 15700000.0, ©.0],
"times": [QE-9, 0.000001000, 0.000002000, 0.000003000]

},
"pattern": "uniform"
},
"phase": {
"time_series": {
"values": [QE-7, QE-7],
"times": [QE-9, 0.000003000]
.
"pattern": "uniform"
.

"detuning": {
"time_series": {
"values": [-54000000.0, 54000000.0],
"times": [QE-9, 0.000003000]

},
"pattern": "uniform"
}
}
1,
"localDetuning": [
{
"magnitude": {
"time_series": {
"values": [0.0, 25000000.0, 25000000.0, 0.0],
"times": [QE-9, 0.000001000, 0.000002000, 0.000003000]
I
"pattern": [0.8, 1.0, 0.9]
}
}
]
}
}
7= ze
Z2 33 T type =ES
setup.ahs_register.sites SE[SEAZe) EAHO| #AIE EF
= 2-d THE S8
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ZZJ™ I

setup.ahs_register filling

hamiltonian.drivingFields[].amplitude.time_series.time

S

hamiltonian.drivingFields[].amplitude.time_series.valu

es

hamiltonian.drivingFields[].amplitude.pattern

hamiltonian.drivingFields[].phase.time_series.times

hamiltonian.drivingFields[].phase.time_series.values

hamiltonian.drivingFields[].phase.pattern

hamiltonian.drivingFields[].detuning.time_series.times

hamiltonian.drivingFields[].detuning.time_series.value

S

hamiltonian.drivingFields[].detuning.pattern

type

List[int]

str

List[ &1 &l=]

List[&] &l

str

List[ & &I=~]

List[&l Zl4]

str

Ad404
=o

E= AO|EE RIX|
st= HALE 12, Hl
MOIEE 022 &

Al ct.

8 FE A,

Omegal(t)
Fd 7E g,

Omegal(t)

Delta_global(t)

clole ClRd
Zt, Delta_global(t)

CeElo|e C|F
'go| 37+ IHE,
Delta_global(t); '=*
ol'sHof &

QuEra AquilaZ AMS

stod o2 T2 I3 K&
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2O Ee type M
hamiltonian.localDetuning[].magnitude.time_se List[&] El=] EHCIRE 37(9
ries.times Azt 3% QIRE Al

™, Delta_local(t)

hamiltonian.localDetuning[].magnitude.time_se List[&] El=] Delta_local(t)2| 2

ries.values ZC|IRE H7|°|
AlZt =2 Olxl Zt

hamiltonian.localDetuning[].magnitude.pattern List[ & &l EHC|IFRE 37(9

AMOIE & 24

h_k(Z{= setup.ahs
_register.sites Q| At
O|E0f aliE)

HEtC| OB 2=
Z2 3 Zc type MY

braketSchemaHeader.name str A 7|0k2| O|& ILIC}. 'braket.ir.ahs.pro
gram'0|0{0F & L|Ct

braketSchemaHeader.version str A7Z|0F HH

Braket AHS Zr4 ZA1t A 7|0}

Braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuantumTas

AnalogHamiltonianSimulationQuantumTaskResult(
task_metadata=TaskMetadata(
braketSchemaHeader=BraketSchemaHeadex(
name="'braket.task_result.task_metadata’,
version="'1"
),
id='arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890abcdef",
shots=2,
deviceld='arn:aws:braket:us-east-1::device/qpu/quera/Aquila"',

QuEra AquilagE MtEsto{ ot 20 Z2 03 X E 124
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deviceParameters=None,
createdAt='2022-10-25T20:59:10.788Z",
endedAt='2022-10-25T21:00:58.218Z",
status="'COMPLETED',
failureReason=None

)
measurements=[
ShotResult(
status=<AnalogHamiltonianSimulationShotStatus.SUCCESS: 'Success'>,
pre_sequence=array([1, 1, 1, 1]),
post_sequence=array([0, 1, 1, 1])
Iy
ShotResult(
status=<AnalogHamiltonianSimulationShotStatus.SUCCESS: 'Success'>,
pre_sequence=array([1l, 1, 0, 1]),
post_sequence=array([1l, 0, @, 0])
)
]
)
JSON(OH))
{
"braketSchemaHeader": {
"name": "braket.task_result.analog_hamiltonian_simulation_task_result",
"version": "1"

},
"taskMetadata": {
"braketSchemaHeader": {
"name": "braket.task_result.task_metadata",
"version": "1"
b
"id": "arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890abcdef",
"shots": 2,
"deviceId": "arn:aws:braket:us-east-1::device/qpu/quera/Aquila",

"createdAt": "2022-10-25T20:59:10.788Z",
"endedAt": "2022-10-25T21:00:58.218Z2",
"status": "COMPLETED"
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.
"measurements": [
{
"shotMetadata": {"shotStatus":
"shotResult": {
"preSequence": [1, 1, 1, 1],
"postSequence": [0, 1, 1, 1]
}
.
{
"shotMetadata": {"shotStatus":
"shotResult": {
"preSequence": [1, 1, 0, 1],
"postSequence": [1, 0, 0, 0]
}
}
1,

"additionalMetadata": {
"action": {...}
"queraMetadata": {

"braketSchemaHeader": {

"Success"},

"Success"},

"name": "braket.task_result.quera_metadata",
"version": "1"

},

"numSuccessfulShots": 100

}
}
}
7|12 2=

ated 71 Te

measurements|[].shotResult.preSequence

type

List[int]

2 sof CHEH A& & S HIE
(Zt 2R AFOIEOfl THBH BHLF)
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shed 71 We type My
measurements[].shotResult.postSequence  List[int] Zt JFo| A HA = Y HIE: §XL
7} Rydberg AEHOI7Lt AtO|E 7}
Hlo{ Q= B2 0, HRT K| &
Efol 7 1, Yxt Tate At
S A AL BojM &
HEIHO|H EHE
3l 7o Ee type o
braketSchemaHeader.name str A 7|oke|
o|& &L
Ct. 'braket.t
ask_resul
t.analog_
hamiltoni
an_simula
tion_task
_result'0{0F &
L|C}.
braketSchemaHeader.version str A7|0F HA
taskMetadata.braketSchemaHeader.name  str A 7|0t9]
o|& L
Ct. 'braket.t
ask_resul
t.task_me
tadata'0{0F &
L|C}.
taskMetadata.braketSchemaHeader.vers str AZ|0F HA
ion
taskMetadata.id str LAFEAO| ID
Llck AWS
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taskMetadata.shots

taskMetadata.shots.deviceld

taskMetadata.shots.createdAt

type

int

str

str

RFC3339 &
RS
YYYY-MM-D
DTHH:mm:s
S.558Z040F &
Lict Z[2gt2

oi= Lct.
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taskMetadata.shots.endedAt

taskMetadata.shots.status

taskMetadata.shots.failureReason

additionalMetadata.action

type

str

str

str

braket.ir.ahs.program_v1.Pr
ogram

nx
0%

bal
fd

o

o| E|- |
dLlct &8
e 1SO-8601/
RFC3339 2
A g4
YYYY-MM-D
DTHH:mm:s
s.85sZ040F &
LIct. Z|&2at2

RS LCh.

15

|

Of 02
I A
|
|. > > 12

I
>l]¥l]§9

oA BHdo] &
EH(CREATE
D, QUEUED,
RUNNING,
COMPLETED,
FAILED). 7|2

712 oi= ol |
HAL- HAEL H

( Braket AHS
ZEJ7 A7
of MM & x)
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A An g type =k
additionalMetadata.action.braketSche str A7|0te|
maHeader.queraMetadata.name O|& &L
Ct. 'braket.t
ask_resul
t.quera_m
etadata'040F &
L|C.

additionalMetadata.action.braketSche str A7|0F HHA
maHeader.queraMetadata.version

2
ol
X
OH
o

additionalMetadata.action.numSuccess int
fulShots

I > > e
1 >

r
o

measurements[].shotMetadata.shotStatus int

in
o
> OH

0%
OH

2 B qr »;
£ Fﬁ AL o>
0%
H

m
L
n

QuEra C|HFO|A &4 AF|O}
Braket.device_schema.quera.quera_device_capabilities_v1.QueraDeviceCapabilities(0d])

QueraDeviceCapabilities(
service=DeviceServiceProperties(
braketSchemaHeader=BraketSchemaHeader(
name="'braket.device_schema.device_service_properties',
version="'1"
),
executionWindows=[

DeviceExecutionWindow(
executionDay=<ExecutionDay.MONDAY: 'Monday'>,
windowStartHour=datetime.time(1, 0),
windowEndHour=datetime.time(23, 59, 59)

),
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DeviceExecutionWindow(
executionDay=<ExecutionDay.TUESDAY: 'Tuesday'>,
windowStartHour=datetime.time(0, 0),
windowEndHour=datetime.time(12, 0)

),

DeviceExecutionWindow(
executionDay=<ExecutionDay.WEDNESDAY: 'Wednesday'>,
windowStartHour=datetime.time(@, 0),
windowEndHour=datetime.time(12, 0)

),

DeviceExecutionWindow(
executionDay=<ExecutionDay.FRIDAY: 'Friday'>,
windowStartHour=datetime.time(0, 0),
windowEndHour=datetime.time(23, 59, 59)

),

DeviceExecutionWindow(
executionDay=<ExecutionDay.SATURDAY: 'Saturday'>,
windowStartHour=datetime.time(@, 0),
windowEndHour=datetime.time(23, 59, 59)

),

DeviceExecutionWindow(
executionDay=<ExecutionDay.SUNDAY: 'Sunday'>,
windowStartHour=datetime.time(0, 0),
windowEndHour=datetime.time(12, 0)

1,
shotsRange=(1, 1000),
deviceCost=DeviceCost(
price=0.01,
unit="'shot'
),
deviceDocumentation=
DeviceDocumentation(
imageUrl="https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5c5¢c878/
abcfcbfca26cflc2elc6.png’,
summary="Analog quantum processor based on neutral atom arrays',
externalDocumentationUrl="https://www.quera.com/aquila’
),
devicelLocation='Boston, USA',
updatedAt=datetime.datetime(2024, 1, 22, 12, O,
tzinfo=datetime.timezone.utc),
getTaskPollIntervalMillis=None
),
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action={
<DeviceActionType.AHS: 'braket.ir.ahs.program'>: DeviceActionProperties(
version=['1'],
actionType=<DeviceActionType.AHS: 'braket.ir.ahs.program'>

iy

deviceParameters={},

braketSchemaHeader=BraketSchemaHeadex(
name="'braket.device_schema.quera.quera_device_capabilities’',
version="'1"

),

paradigm=QueraAhsParadigmProperties(

# See https://github.com/amazon-braket/amazon-braket-schemas-python/blob/main/
src/braket/device_schema/quera/quera_ahs_paradigm_properties_vl.py

)

)
JSON(0d))

{

"service": {
"braketSchemaHeader": {

"name": "braket.device_schema.device_service_properties"”,
"version": "1"
b
"executionWindows": [
{
"executionDay": "Monday",

"windowStartHour": "01:00:00",
"windowEndHour": "23:59:59"

b

{
"executionDay": "Tuesday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"

},

{
"executionDay": "Wednesday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"

b
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{
"executionDay": "Friday",
"windowStartHour": "00:00:00",
"windowEndHour": "23:59:59"
},
{
"executionDay": "Saturday",
"windowStartHour": "00:00:00",
"windowEndHour": "23:59:59"
I
{
"executionDay": "Sunday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"
}
1,
"shotsRange": [
1,
1000
1,

"deviceCost": {
"price": 0.01,
"unit": "shot"
I
"deviceDocumentation": {
"imageUrl": "https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5c5¢c878/
abcfcbfca26cflc2elc6.png”,

"summary": "Analog quantum processor based on neutral atom arrays",
"externalDocumentationUrl": "https://www.quera.com/aquila"

1,

"devicelocation": "Boston, USA",

"updatedAt": "2024-01-22T12:00:00+00:00"
I
"action": {
"braket.ir.ahs.program": {
"version": [
nyn
1,

"actionType": "braket.ir.ahs.program"

iy
"deviceParameters": {},
"braketSchemaHeader": {
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"name": "braket.device_schema.quera.quera_device_capabilities",
"version": "1"

iy

"paradigm": {
# See Aquila device page > "Calibration" tab > "JSON" page

}

MH|A &8 ZHE type M
service.executionWindows[].executionDay ExecutionDay A 7(zto| U . 'Of ',
'%OEI', '2|SDE|-', '_?—EJROEP, l§ PL
4, SeY '2
U EQYU = U0|
0{0F gFL|Ct
service.executionWindows[].windowStartHour datetime.time 2™ 7[7Ho| Al E|l= Alzt
O| UTC 24 A2+ & A
service.executionWindows[].windowEndHour datetime.time ™ 7|7to| BRE|l= Alzt
O| UTC 24 A|ZH &4
service.qpu_capabilities.service.shotsRange Tuple[int, int] ClHto|A Q| |4 B Z|CH 4F
&
service.qpu_capabilities.service.deviceCost.p float Ol= €2{ 7|& CldtolA 7t
rice 4
service.qpu_capabilities.service.deviceCost.unit  str a BF B, o "2, Al
Th 1AE 1O
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JHeER 7Hol=

HEIH OB E=

HEtH|O|E EE=

action[].version

action[].actionType

service.braketSchemaHeader.name

service.braketSchemaHeader.version

service.deviceDocumentation.imageUrl

service.deviceDocumentation.summary

service.deviceDocumentation.externalDocumentationUrl

service.devicelocation

service.updatedAt

type

str

ActionType

str

str

str

str

str

str

datetime

A4 04
= o

AHS T2 724 A 7|0}
B

AHS ZZ 24 A 7|0}
O|& ILIC}. 'braket.i
r.ahs.program'0|0{ 0Ok
grLCt.

A7|ote| o|&§ L
C}. 'braket.device_sch
ema.device_service
_properties'0{0F & L|
Ct.

A7(0F HH

C|HFO|A o|O|X|<
URL

C|hrO[Aof| CHEt ZHEF
s} A404
- =2 O

Q¥ MTEAM URL

ClHFOlA 2| X|2[H 2

x|

ClHol& %40l OF K|
o 2 HHO|EE Al
Zt
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AWS Boto3 Z&Hed

Boto3= Python& AWS SDKRILICt. Python 7HY A}= Boto3E A& 3504 Amazon Braketdt Z2 &
A AWS MH|A, T4 2 B2|E 4= QU&LICH Boto3= 24X X|E APIF Amazon Braket0d| CHEt 59
F& HHAE MSELICH

Boto3 Quickstart 70| = 2| X|&lo]f [} 2} Boto3 & Mx|stT M= WS dotELICt.

Boto3= Amazon Braket Python SDK} &7A 2t 53504 F R} =+ = O =30| &=
Al 7|52 MIBELICH Python 242 & 4 Boto3E Adx|8Hok &fLIC. Ol &4 F340(7| HE Y
LICH F7t 1 HMEE M&5tE2{™ Amazon Braket SDKT A %|3HoF & L|Ct,

Q

o

.y
X

0 £ £0{CreateQuantumTaskE ZZ 3™ Amazon Braket SDK7| Boto30 2HE NMESHCISE
AWS 3 EELICIAPI.

o]
« Amazon Braket Boto3 22} 0|1E 747|

« Boto3 2! Braket SDKO{| CHEF AWS CLI Z 21}l 24

1z
B

Amazon Braket Boto3 22} 0|21E 7{7|

Amazon Braket0l| A Boto3& A& 324H Boto3E 7HA{2 CHX Amazon Braket0ll @1Z235t= Ol AH& 35t
= Z20|¢EE Ho|slof L|CIAPI. CHS 0d| A0 A Boto3 220|HE Q| 0|22 L|Ctbraket.

import boto3
import botocore

braket = boto3.client("braket")

(® Note
Braket2 IPv6E X[ ELICE IPv6-only HIEXIE ME3IHLE KFZZETL IPve ECHEE A

O|X| braket 22}0|HEE MMM T2 Amazon Braket AMH|AMAM QA E 510 SES AHElg £+
USLICH APl & Z0M 23 2! S&F Olo|E{of| CHEE REAISH LHE S &l &= U&LICH
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https://docs.aws.amazon.com/sdkref/latest/guide/feature-endpoints.html
https://docs.aws.amazon.com/sdkref/latest/guide/feature-endpoints.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
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ClHFO|A A

* search_devices(**kwargs)

XIEE HEE Ar85toq ClHtO[AE HAELICH

# Pass search filters and optional parameters when sending the
# request and capture the response
response = braket.search_devices(filters=[{

'name': 'deviceArn',

'values': ['arn:aws:braket:::device/quantum-simulator/amazon/svl']

}], maxResults=10)
print(f"Found {len(response['devices'])} devices")

for i in range(len(response['devices'])):
device = responsel['devices'][i]
print(device['deviceArn'])

I:lHI'Olé 74 AH

* get_device(deviceArn)

Amazon BraketO| A A 7S CIHFO|AE ZHMELICEH

# Pass the device ARN when sending the request and capture the repsonse

response = braket.get_device(deviceArn='arn:aws:braket:::device/quantum-simulator/

amazon/svl')

Amazon Braket Boto3 Z20|HE 7{7|
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print(f"Device {response['deviceName']} is {response['deviceStatus']}")
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# Create parameters to pass into create_quantum_task()

kwargs = {

# Create a Bell pair

'action': '{"braketSchemaHeader": {"name": "braket.ir.jaqgcd.program", "version":
"1"}, "results": [], "basis_rotation_instructions": [], "instructions": [{"type": "h",

"target": 0}, {"type": "cnot", "control": @, "target": 13}1}°',
# Specify the SV1 Device ARN

'deviceArn': 'arn:aws:braket:::device/quantum-simulator/amazon/svl"',
# Specify 2 qubits for the Bell pair
'deviceParameters': '{"braketSchemaHeader": {"name":

"braket.device_schema.simulators.gate_model_simulator_device_parameters",
"version": "1"}, "paradigmParameters": {"braketSchemaHeader": {"name":
"braket.device_schema.gate_model_parameters", "version": "1"}, "qubitCount": 2}}',

# Specify where results should be placed when the quantum task completes.

# You must ensure the S3 Bucket exists before calling create_quantum_task()

'outputS3Bucket': 'amazon-braket-examples',

'outputS3KeyPrefix': 'boto-examples',

# Specify number of shots for the quantum task

'shots': 100

# Send the request and capture the response
response = braket.create_quantum_task(**kwargs)

print(f"Quantum task {response['quantumTaskArn']} created")

OF X} Ehof 74 AH

o 1 H BT

* get_quantum_task(quantumTaskArn)

XA =l QER} Rho{S ZAHBHL|C},

# Pass the quantum task ARN when sending the request and capture the response
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response = braket.get_quantum_task(quantumTaskArn='arn:aws:braket:us-
west-1:123456789012:quantum-task/ce78c429-cef5-45f2-88da-123456789012")

print(response['status'])

O X} EFO{ 74 AH

o 1 =H B 1

* search_quantum_tasks(**kwargs)
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# Pass search filters and optional parameters when sending the
# request and capture the response
response = braket.search_quantum_tasks(filters=[{
'name’': 'deviceArn',
'operator': 'EQUAL',
'values': ['arn:aws:braket:::device/quantum-simulator/amazon/svl']
}1, maxResults=25)

print(f"Found {len(response['quantumTasks'])} quantum tasks")

for n in range(len(responsel[ 'quantumTasks'])):
task = response['quantumTasks'][n]
print(f"Quantum task {task['quantumTaskArn']} for {task['deviceArn']} is
{task['status']}")

oFx} Ehod

A AT FA

a

* cancel_quantum_task(quantumTaskAzrn)

KEE LA HUS FAELCH

# Pass the quantum task ARN when sending the request and capture the response
response = braket.cancel_quantum_task(quantumTaskArn='arn:aws:braket:us-
west-1:123456789012:quantum-task/ce78c429-cef5-45f2-88da-123456789012")

print(f"Quantum task {response['quantumTaskArn']} is {response['cancellationStatus']}")
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Boto3 ! Braket SDKO1| CHEF AWS CLI T2 1}l 14

2hg| WA|Z o 2 X|HSHK| &f= 8 Amazon Braket SDKE 7|2 AWS CLI A} 23 SHE AL &tL|C} &
E &S QIAEIAE A|ZHE HEHO| U= IAM &S K| Z56l ok 3t=2 2 222 Amazon Braket = E 504 A
E AMME M 7|EgtE FXIstE Aol E&LICH

Ol MMof M= o248t CLIZE #+45te Wt i Z2nlo| MEH2 AF&310 API 20| O|F04X|
g aied 20t S Amazon Brakett| & 5t= profile &0l CHEt ZH2fet MBES XS FLICH

®)

| Al
. 16t 22 AWS CLI 24 profile
« 2CHA|: Boto3 Al ZHA]| A&

« 3CH7H|: Boto3 A4S Braket AwsSession0l| E &t

12t7: 2Z AWS CLI 714 profile

ANEXE ddsts W 7|20l ot Z2EHE F st =

S1o{FLICt Ol248F FXAofl CHEr REMIEF LIS 2 Che S xR tA 2.

r|r
0%
o

MEste 20| 240w

. AlEtato]

« AWS CLI E A83t=5 T4 AWS IAM Identity Center

Amazon Braket2 A& 35t24H0| A& KR 242 El CLIO| profile® Q & Braket T8t=2 XS 3HoF &L
Ct. o 2 04 AmazonBraketFullAccess A& A3 4= Q& L|Ct.

2EHAH|: Boto3 MM ZHx| A
Boto3 MM ZHA|E MHSIE{H LS T = oA E & E35HAMI2.

from boto3 import Session

# Insert CLI profile name here
boto_sess = Session(profile_name= profile )
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# Insert CLI profile name _and_ region
boto_sess = Session(profile_name=profile’, region_name= region’)

|=0| B2 region, S Z'0| Amazon Braket AWS 2| 2 AMSE == = & 5tLo

(o]}
=5t 2t 2 CHAllus-east-1lus-west-18L|C}.

3EH7|: Boto3 M| 2 Braket AwsSession0f &

|

ro
|>
_I_
lgg
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t2 i Mol M ClHO| &S

[e]]}

CH= oMol A= Boto3 Braket AlME Z 7|5t
HoiFLILC}.

from braket.aws import AwsSession, AwsDevice

# Initialize Braket session with Boto3 Session credentials
aws_session = AwsSession(boto_session=boto_sess)

# Instantiate any Braket QPU device with the previously initiated AwsSession
sim_arn = 'arn:aws:braket:::device/quantum-simulator/amazon/svl'
device = AwsDevice(sim_arn, aws_session=aws_session)

ol MX¥o| =2 E|H QAAFHASIE AwsDevice Zix|o] LA 2 MEE 4+ U&LICHO:
device.run(..) BHS 3E35t0d). s ClHIO|AMM s&E 2E API Z &2 O™ 2 X|HEt
CLI Z2EZ1 HAZAE IAM AH4 BE2 &8 + U&LClprofile.
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Amazon Braket& Al &350 Xl 2 HAE

Amazon Braket= AN &} StEQ0{0MH SAF L 2|ES AlSSHY| Mo A LT 2|1ES EHAES
I ASste ol =20| £l ChYst 1ds LAt 3|2 AIZ00IE{E M3 ELCt olg{s AlZ8I0IE =

Sxs 7|12 AZEQof & 21Z 22} Amazon Elastic Compute Cloud(Amazon EC2) E{AEE %12l
5tod 2oHA] 1S HAFY(HPC) lZztoll M LR 22 & AlZH0|Met= RH S Ho{ELICt ol2{8t
4 9F Xk Of
o

BlAAE AS S ZoFl0IME Jest T 2IMststE ol B £ AsLIH

Braket2| A|ZCH|OIEHE ALEotH S 2| A ClHtO|A9| Mof =24 & HI?_F oi0l &xt 2= A g
&2 HXstH HAEE = A& IEP. O|& Sdll 7|2 At HOIE o
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@& 23} 7|Hol| 0|27I7 % =l Jide B 4 glguc _

== R |
Braket SDKE Ar8otH X 5t HE AIZCOIE| A MEY = U222 2 o|= =Ent
¢ 2 AlEdolMd o2t 0| & Mojstod ER due|Ee| S5 o & OlslE + A&LICH Amazon

Braket Hybrid Job 7|52 & &35tod Ecl4 AFRE A FXx HAE A E ARSI HAE I A

& HRIE oS g8 = U&LIch

Braket2| A|Z | O|E{0l A At 24 S HXHS] AX &R
QAO|EE U1 L nE|&EE FAEtstn HEEHE 28 + J&LIC

ni _cg__ﬁ_g 7‘=|_/Ik_§|.3|.|] g-;llx-log okx|. 4

st=9fodol| HiZ5t7| Tol| #S et
. O|= A st 7HY AlZhE EO
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O| AMM:

« AMECOIEo EAF A ME

« Amazon Braket 5t0|E2|E &4 =2

AlZB|0|E 0ol FAF XY A

T

Amazon Brakete= ¥At 2 g EH|AEE = /= 0i2] AIE8[OIE 0] CHEF AHMAE MSELICH LAt
ElA3 & fEMo = MESHL SR EfAT L& XEIE dEE + U&LICH

A28 0|E

- AT OHEZIA A|Z2OIE], DM1 : arn:aws:braket:::device/quantum-simulator/
amazon/dml

- AEf HIE] A|ZTIOIE], SV1 : arn:aws:braket:::device/quantum-simulator/amazon/

svl
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+ Tensor HE2/3 A[EH0|E], TN1 : arn:aws:braket:::device/quantum-simulator/
amazon/tnl

« 24 AZAI0|E: LocalSimulatoxr()

(® Note

QPUs & 2C|MHE A|Z20|E{2| CREATED & EHOIA At A S FAE + U&LICH 2C|H

H 1= QPU ZQUEUEDAL 22 QPU 7t84d 7|Zh S¢t d3H

C.
O MM
- 27 HEl #E AZ2I0|E(braket_sv)
- 24 2 o{EEA A[Zd[0|E(braket_dm)

- 2Z AHS A|Z2i0|E{(braket_ahs)
E{ AlZ8I0|E{(SV1)
2T OHEE]A A|Ed0|E{(DM1)

« Tensor HE 23 AIE0|E{(TN1)
« AHICIE AIZBI0|E HE

» Amazon Braket A|EQ|0|E{ H|®
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® Note
2Z AMEZ2I0|E= QPU C[HIO|A E &= 7|E A|ZHOIEIM X[HEIX| 2 &= U IS
OpenQASM 7|52 X|&ELICE X|HEl= 7[S0i CiEt RHAIEH LI 2 OpenQASM Local
Simulator —tE=0| M3 E X E FH=E5HML.

AlEQ0|E]| Zrdoi CHEE REMIEH LI 2 Amazon Braket 0K E & X SHAMIL.

2 4dr oHEZA A[EH|0|E(braket_dm)

2Z Zr HEZA A|Z80|E{(braket_dm)= AFE At 2t E0MH EHE A=Y E|= Amazon Braket

SDKO| YR RLIC} Braket i QIAEA Ei& 27 70| st=Rof Abroll 2t =0l =7} i &
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27 AHS(Analog Hamiltonian Simulation) A|Z2{|0|E{(braket_ahs)= BE0IMH 2ZHE A
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AmplitudeDamping

Probability has to be within [0,1]
BitFlip

Probability has to be within [0,0.5]
Depolarizing

Probability has to be within [0,0.75]
GeneralizedAmplitudeDamping

Probability has to be within [0,1]
PauliChannel

The sum of the probabilities has to be within [0,1]
Kraus

At most 2 qubits

At most 4 (16) Kraus matrices for 1 (2) qubit
PhaseDamping
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Probability has to be within [0,1]
PhaseFlip

Probability has to be within [0,0.5]
TwoQubitDephasing

Probability has to be within [0,0.75]
TwoQubitDepolarizing

Probability has to be within [0,0.9375]
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# choose the on-demand simulator to run the circuit
from braket.aws import AwsDevice
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
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print (device.name)
for iter in device.properties.action['braket.ir.jaqgcd.program']:
print(iter)

Sv1

('version', ['1.0', '1.1'])

('actionType', <DeviceActionType.JAQCD: 'braket.ir.jaqcd.program'>)

('supportedOperations', ['ccnot', 'cnot', 'cphaseshift', 'cphaseshift0o',
'cphaseshift@l', 'cphaseshiftl1l@', 'cswap', 'cy', 'cz', 'h', 'i', 'iswap', 'pswap',

rz', 's', 'si', 'swap', 't', 'ti', 'unitary', 'v', 'vi

rx', 'ry',
Iyyl' 'Z', IZZI])

'phaseshift’,
le' 'XX', 'Xy',

Yy,

('supportedResultTypes', [ResultType(name='Sample', observables=['x', 'y', 'z', 'h’',

'i', 'hermitian'], minShots=1, maxShots=100000), ResultType(name='Expectation',
observables=['x"', 'y', 'z', 'h', 'i', 'hermitian'], minShots=0, maxShots=100000),
ResultType(name="'Variance', observables=['x', 'y', 'z', 'h', 'i', 'hermitian'],
minShots=0, maxShots=100000), ResultType(name='Probability', observables=None,
minShots=1, maxShots=100000), ResultType(name='Amplitude', observables=None,

minShots=0, maxShots=0)])

oAl A 2 MlE
2C|ME AZHo[Eol M A-E o LA HUS MEFLICH

# create a circuit with a result type

circ = Circuit().rx(@, 1).ry(1l, 0.2).cnot(@,2).variance(observable=0bservable.Z(),
target=0)

# add another result type

circ.probability(target=[0, 2])

# set up S3 bucket (where results are stored)

my_bucket = "amzn-s3-demo-bucket" # the name of the bucket

my_prefix = "your-folder-name" # the name of the folder in the bucket
s3_location = (my_bucket, my_prefix)

# submit the quantum task to run
my_task = device.run(circ, s3_location, shots=1000, poll_timeout_seconds = 100,
poll_interval_seconds = 10)

# the positional argument for the S3 bucket is optional if you want to specify a bucket

other than the default
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# get results of the quantum task
result = my_task.result()

device.run() BHL CreateQuantumTask APIE &3 :

AlZto| X|LtH 2R EfA T = CIHEO|A MM SR EfAT E A™St= EF 0| EXHE W7HX| CHZ|E
LIC}. 0] AL C|HIO|A S QIL|CFSVA. C|HFO|A 7} A4S 22 5T Amazon Braket= 3 Z0i X|&
Zl Amazon S3 2[x|of| 21t E 7| &Lt |x| el== EZ A|ZC0|E{E A8t 2= C|Hto|A0

s3_location EEfLICH
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from braket.circuits import Circuit, FreeParameter, Observable

# create the free parameters
alpha = FreeParameter('alpha')
beta = FreeParameter('beta')

# create a circuit with a result type
circ = Circuit().rx(@, alpha).ry(1l, alpha).cnot(@,2).xx(@, 2, beta)
circ.variance(observable=0bservable.Z(), target=0)
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# add another result type

circ.probability(target=[0, 2])

# submit the quantum task to run

my_task = device.run(circ, inputs={'alpha': 0.1, 'beta':0.2})

shots& X|'G&LICH.

)]

shots 2l sl

SV1 K| gL

H & LtEtL|Ctshots. 2 242 AIZH|0|EE F 7IX| A|ZE[0|M EEE

+ shots = 09 ZS AIZHIOE{= st AISH0IME £35t0 DS 7T} S0l Cfst & zhe BHa
SHLICH (Ol ME AFBE 4 S LICHTNA.)

« 2£0l 00| otl AR AIECIO|E{shotsE E3 EX M MES FE35l0{ AXN| QPUS| shot =0|=E
of Z2dd|o|MEFLICH QPUs QPU C|HFO|AE shots > 0Bt 5{& & LICI.

LRF 2T Z|CH 4F =0 CHSF REM|EH LH® 2 Braket QuotasE & X SHAIL2.

my_task.result()E A&e i SDK= At 2 W Al Ho|gh ntetn|E{= Zntol| cier 28
AIZFEFLICE.
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« poll_interval_secondstE ¥At 20| Z22|E BIE QILICH 2C|ME AlED0|E{ 2 QPU C|
HFO|AOIA LA 2Hed0| A=l [ AFENE 7}X{ 27| API 2/5 BraketE 3 &5t= BT E K|&EHL|
Ct. 7|22t 1=t
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print('Measurement results:\n',6 result.measurements)
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print('Counts for collapsed states:\n',6result.measurement_counts)
print('Probabilities for collapsed states:\n',6result.measurement_probabilities)

Measurement results:

[[1 0 1]

[0 0 0]

[1 0 1]

[0 0 0]

[0 0 0]

[0 0 @]]
Counts for collapsed states:

Counter({'000': 761, '101': 226, '010': 10, '111': 33})
Probabilities for collapsed states:

{'101': 0.226, '000': ©.761, '111': 0.003, '01Q': 0.01}

oA 2zt 27|

EXEFesz gretEl A0 E = ResultTypes U&ELICH 2ot RE2 3|20l F7HE =MOUZ &

print('Result types include:\n', result.result_types)
print('Variance="',result.values[0])
print('Probability="',result.values[1])

# you can plot the result and do some analysis

import matplotlib.pyplot as plt

plt.bar(result.measurement_counts.keys(), result.measurement_counts.values());
plt.xlabel('bitstrings');

plt.ylabel('counts');

Result types include:
[ResultTypeValue(type={'observable': ['z'], 'targets': [0], 'type': 'variance'},
value=0.7062359999999999), ResultTypeValue(type={'targets': [0, 2], 'type':
'probability'}, value=array([0.771, 0. , 0. , 0.2291))]
Variance= 0.7062359999999999
Probability= [0.771 O. 0. 0.229]
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# import the LocalSimulator module
from braket.devices import LocalSimulator
# the following are identical commands

device = LocalSimulator()

device = LocalSimulator("default")

device = LocalSimulator(backend="default")
device = LocalSimulator(backend="braket_sv")
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T

O OFE CHE 2 AFE5t0d A &g AderLct
my_task = device.run(circ, shots=1000)

24 U HERA(AS) AZCO0IEHE QAEAS ST flcf U2 CtSnt Zo| WA= E HEE L
Ct.

# import the LocalSimulator module
from braket.devices import LocalSimulator
device = LocalSimulator(backend="braket_dm")

=4 AZ80lE0M &8 AHIE &7
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A A E[ZE X|slH, 0|& FE FHol2tn T gLch

o & E0{ CIS __EoilA‘lE 27 E S|2E M5 D CHa HH|ET7F QU= measure BHEE 32 2o F

# Import the LocalSimulator module
from braket.devices import LocalSimulator

# Use the local simulator device
device = LocalSimulator()

# Define a bell circuit and only measure
circuit = Circuit().h(@).cnot(@, 1).measure(0)

# Run the circuit
task = device.run(circuit, shots=10)

# Get the results
result = task.result()

# Print the measurement counts for qubit 0
print(result.measurement_counts)

S A Y UE #E
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FE Y AU&LICH 0§ S04 10702 At 2f 0| HFh 7|4t
2 Ol2{8h &RF X 2|§7P Mz S2H0|2tH HiRIEHE A8 st= [0l E&LICH Oo|FE A 5t H
2 | =2 m7tx| 7|coHE 27t eisL

circuits = [bell for _ in range(5)]

batch = device.run_batch(circuits, s3_folder, shots=100)
print(batch.results()[@].measurement_counts) # The result of the first quantum task in
the batch

AEAMIEH LIS GitHub = Quantum %4 22 X 2[2| Amazon Braket 0K & & Z=HAM|L. 0470
= YdE A E|01| CHEF REMIBH HE T} LEQF Q& LICH https://github.com/aws/amazon-braket-sdk-python/
blob/main/src/braket/aws/aws_quantum_task_batch.py
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S 342t 22 7| 4 L 2 H Hixlole B2 HI0| &dE qubits SV1T U&LICH ERE
| Z10dl run_batch &Y Zt2 Fo| ZA ChA| ZolsloF ZLich TN1MIME A

« TN1= AUt 2|5{M EhAl 2Fdof CHEt HIE S L HAIZ = UELICHKRIME LHE2 TN1 2 &
Z). RS A 7F HI80| FIHE £+ /o2 2 AL Al HHX| X1 Al 'max_ retrles' £2 002 MHst
£ X0l ZE&LICHTN1(HE EfA 3 HiR| K|, 1863 & X).
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https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/aws/aws_quantum_task_batch.py
https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/aws/aws_quantum_task_batch.py
https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#braket-simulator-tn1
https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186
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Quantum 24 &2 ®{2| & PennyLane

Ct= ol M2t Z 0| Amazon Braket0ll A PennyLane2 AF& & [l Amazon Braket C|HFO|AE QIARA
Slparallel = True® HE MHst0] HIX| X2|E B S LICH.

device = gml.device("braket.aws.qubit",device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/svl",wires=wires,s3_destination_folder=s3_folder,parallel=True, )
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from braket.circuits import Circuit, FreeParameter, Observable
from braket.aws import AwsQuantumTaskBatch

# create the free parameters

alpha = FreeParameter('alpha')

beta = FreeParameter('beta')

# create two circuits

circ_a = Circuit().rx(@, alpha).ry(1l, alpha).cnot(@,2).xx(@, 2, beta)

circ_a.variance(observable=0bservable.Z(), target=0)

circ_b = Circuit().rx(@, alpha).rz(1, alpha).cnot(0,2).zz(0, 2, beta)
circ_b.expectation(observable=0bservable.Z(), target=2)

# use the same inputs for both circuits in one batch

tasks = device.run_batch([circ_a, circ_b], inputs={'alpha': 0.1, 'beta':0.2})
# or provide each task its own set of inputs

inputs_list = [{'alpha': 0.3, 'beta':0.1}, {'alpha': 0.1, 'beta':0.4}]

tasks = device.run_batch([circ_a, circ_b], inputs=inputs_list)
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from braket.circuits import Circuit, FreeParameter

# create a parametric circuit
circ = Circuit().rx(@, FreeParameter('alpha'))

# provide a list of inputs to execute with the circuit
inputs_list = [{'alpha': 0.1}, {'alpha': 0.2}, {'alpha': 0.3}]

tasks = device.run_batch(circ, inputs=inputs_list)

Amazon Braket 5t0|HE|E 24 2F ]
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* Amazon Braket Python SDK.

« Amazon Braket &

* Amazon Braket API.
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https://github.com/aws/amazon-braket-sdk-python
https://console.aws.amazon.com/braket/home

Amazon Braket TR 7H0|E

27 ICE SHOlEAE YR MY

Amazon Braket Hybrid Jobs= Amazon EC2 Z#F&! 2|AAE Amazon Braket Quantum Processing
Unit(QPU) AN A QL ZE5t0d 5t0|EHE|E SAt-ZaiAl TR0l 2™ BE|E QA AER 0|ME X
ST 502 BIE ol M MAE SR AT E JiY FA AR oM Of7|Yoll 2loBE
YA ElAT Of7|He| HE o Qe dnE|l&0| SHEX| ef&LIch 2 QpPus EE 2| slo|EE|E &
A OH7|ge Xl 2Elst2E § Alztol stLte| sto|EE|= 2ot Aldieh = l&Lct

Of MIM:

« 2Z Python ZE0|M 5l0|EE|E 2] M4

« 7t Python {7 |X| 3 A4 FE MX|

- SlO|EE|E 5 QAR A HOIH MY H EE

- stolE2[E A d o= 1|O|E-| D] AbE|

27 Python ZE0{AM 5l0|EHE|E %] 24

2% Python ZE& Amazon Braket 5t0|E2|= X o 2 AHE &
Ol @hybrid_job CIZEIO|EZ I =0 FMHS
Container Registry(ECR)2| At X} X% ZE[O|LHE MESIE S MEfE = l&LICt.

(® Note
Python 3.108t 7|22 2 X[ ELICH

@ehybrid_job HIZEBIO|EE AtE3t0{ &0l FMHE & £ U&LICEH Braket2 HIZE|O|E LIRS F
E £ Braket SIO|EE|E 2] ¢ 2|& AFEER E'_E._Fz. LICt O3 CHS Sto|E 2= E2 Amazon
EC2 QIAEAO| H|ZEOIE LHOM &5 51 . job.state() £ Braket 2& & A& 35}0]
e 2 HEE ZUEZEY = JUELICHCOIE 2E 1|X1|EO1|A‘| 57t x| HEfO| A|BHAE Ast=
0 & L|C}State Vector Simulator (SV1) device.
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from braket.aws import AwsDevice

from braket.circuits import Circuit, FreeParameter, Observable
from braket.devices import Devices

from braket.jobs.hybrid_job import hybrid_job

from braket.jobs.metrics import log_metric

device_arn = Devices.Amazon.SV1
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@hybrid_job(device=device_arn) # choose priority device
def run_hybrid_job(num_tasks=1):

device = AwsDevice(device_arn) # declare AwsDevice within the hybrid job
# create a parametric circuit

circ = Circuit()

circ.rx(@, FreeParameter("theta"))

circ.cnot(@, 1)
circ.expectation(observable=0Observable.X(), target=0)

theta = 0.0 # initial parameter
for i in range(num_tasks):

task = device.run(circ, shots=100, inputs={"theta": theta}) # input parameters
exp_val = task.result().values[0]

theta += exp_val # modify the parameter (possibly gradient descent)
log_metric(metric_name="exp_val", value=exp_val, iteration_number=i)

return {"final_theta": theta, "final_exp_val": exp_val}

UHEAO1 Python & =2t O 7L X2 &8 S &5104 stolEHE|E &S dgstuict a2 Lt ol =
OlE] &= &2l 217t ot 5t0|EE|E & SHES BRI LICH §t2 & Z1E ZAMSIE{HE At
& LICHob.result().

job = run_hybrid_job(num_tasks=1)
result = job.result()

O|AE X|HELICE 0l B2 SV1 AIZEIOIEILICE QPU M =2 dopi™ &+ LHdM AA8El=
C|HtO|A ARNO| G| 2. 2i|o|E{of| X[ &= [t L x|5t=X| & elsHo =
835t040] MO1E! C|HFO|A ARNE ZX{get_job_device_arn( )& + U &LICtehybrid_job.

@hybrid_job CIZEl|0|E{e| C|HIO|A Q4= 5lO[EE|E %]0| MMz AMAY - U= ClH

(® Note
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sto|m{ T} 2} O|E

run_hybrid_job() &+ £ QI8 num_tasks 7FX{et MAEl XX} &4 82 Mo{gL|ct. stol2
2= &4 o|§ sto|mHutztdl

-
HI B2 Ao 2 ZMA{grLICt.

® Note
5tO|mmt2tO|E{= Braket 2&£0| EXUE EAIE|H, EXFL2 2,500K 2 & eHELICH

NE:R=1g=t4

run_hybrid_job() &= Lol Et5 L 12|&0 X|E= 2 7|SELICHog_metrics. X|E& 3F0|
== = &4 o2l o] Braket 2& HO|X|0fl XIS 22 EA|EILICH X|EE A& 3104 Braket HIE E|
HE A& 5t0d %}OIH 2= 2 A Foll R &Y HIES el Az e 2 FME £ lsLt ¢
oAM= 21 REEol X ¢l = E2 7|F5t= X|E O|F “probability”E AtSELIC

Z A

St0|EZ|= 20| 22 E|HE AIE 350 5t0|EE|= £ AuME job.result() AMELICH BHEt
20 U= ZE A= Braketol o|cH AtS S = HXELICE S0 gHetets A 4 QAE 2™
3tE = Uz FEO|o{oF FLICH 0§ Eo{CtE T E= &8 L AT oXE EoiELCH.

@hybrid_job(device=Devices.Amazon.SV1)
def passing():
np_array = np.random.rand(5)
return np_array # serializable

@hybrid_job(device=Devices.Amazon.SV1l)
def failing():
return MyObject() # not serializable

X4 ol
7 o 20| solEgE ol o|l&

0X
mok 3

2t O|F0IM fFELICH Z[CH 50Xt AFS A X|H Ol 2
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SERIEE
£ U&LIC o2 E0{ 2 Z =0 =2 0| "my-job-name"ILIC}.

AN

@hybrid_job(device=Devices.Amazon.SV1l, job_name="my-job-name")
def function():
pass
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@hybrid_job(device=Devices.Amazon.SV1l, local=True)
def run_hybrid_job(num_tasks = 1):
return ...

EILICH o|&2H| 3t EST}
S} E.|=IL_||:|. EEH Xl-o-lo."E %kyq. XF
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£ 2 braket.jobs.quantum_job_creation 2 E=

CHE RE 5t0l=EIE 5 SMO| KIHELIL SM =
e L)

Z=7t Python I7|X| & AA FE MX|

245HE Python THF|X|E AFESIEE
o, If7|X| O|§ |/ 2 ArE5t7HLE AHAl| ZAE|O|LH(BYOC)E 7

HELQ 282 MEX XY + UE
5

requirements.txt ItUES AtEsto] HEIY BrE2 AEX X|Hsted™ CHE ZE of|XME H ZstAl
2.
@hybrid_job(device=Devices.Amazon.SV1l, dependencies="requirements.txt")
def run_hybrid_job(num_tasks = 1):
return ...
0€ £0{ requirements.txt ItYol= Mx|e CtE 7 |X[7F Z&E &= A&LICt
giskit
pennylane >= 0.31
mitiq == 0.29
s CHE T 20| 71X OIE & Python S22 RZE 4 &Lt
@hybrid_job(device=Devices.Amazon.SV1l, dependencies=["qgiskit", "pennylane>=0.31",
"mitiq==0.29"])
def run_hybrid_job(num_tasks = 1):
return ...
FIAAIEECHE ZE X} 20| 28 S8 = HY ZEE X[HE = J&Uc
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@hybrid_job(device=Devices.Amazon.SV1l, include_modules=["my_modulel"”, "my_module2"])

def run_hybrid_job(num_tasks = 1):
return ...

to|E2|= &Y QIARHAN HIOEH MY Y EE

tolEE|E 22 Mg i Amazon Simple Storage Service(Amazon S3) HZ!E X|™

§tod = EH OIO|H MEE MSE &= JU&LICH 24 ZEE X|%6tH Braket7t s3://
<default_bucket_name>/jobs/<job_name>/<timestamp>/data/<channel_name>2|
Amazon S30{ CI|O|E{E Ri5c2 Y2 giLct 24 A2 E X|Hsle AL #Md 0|22 7|Exe2
“ePoZ MYEILICH ChE ZEE 24U F2 9| F44s ntelg HoiELICidata/file. npy.

@hybrid_job(device=Devices.Amazon.SV1l, input_data="data/file.npy")
def run_hybrid_job(num_tasks = 1):
data = np.load("data/file.npy")

return ...
S39| B2 get_input_data_dir( )M HMHZ ALE35toF & LICH
s3_path = "s3://amazon-braket-us-west-1-961591465522/job-data/file.npy"

@hybrid_job(device=None, input_data=s3_path)

def job_s3_input():
np.load(get_input_data_dir() + "/file.npy")

@hybrid_job(device=None, input_data={"channel": s3_path})

def job_s3_input_channel():
np.load(get_input_data_dir("channel") + "/file.npy")

Mg 2k A S3URIs EE 24 B2 AIME K|S5H04 042 &3 O|O|E AAE X|HE + JU&LICH

input_data = {
"input": "data/file.npy",
"input_2": "s3://amzn-s3-demo-bucket/data.json"

ehybrid_job(device=None, input_data=input_data)
def multiple_input_job():

2Z ACE stolHelE &Yooz AH
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np.load(get_input_data_dir("input") + "/file.npy")
np.load(get_input_data_dir("input_2") + "/data.json")

® Note

2123 olo|E{7H 2 H(>1GB) &0l MAE(7| Hoi ch7| Alztol ZoELICh. Ol §3 KXol A
g YEcE m 22 92 ololE7l & @&l £7IS3%)7| EYLICH Oix|%o = & @
%40| Braket MH|A 0| MEE/L|C}.

S3oi At M%

SAI B 40| B 20l ZBEIX| o2 AME MESHH ZE 14 M| SHdol SHHE CIMEEIE &
JhaHiob BLICH Ch oliFol M F202H BiETt matplotiib 12IS A&t e HoiELICH

@hybrid_job(device=Devices.Amazon.SV1)
def run_hybrid_job(num_tasks = 1):
result = np.random.rand(5)

# save a numpy array
np.save("result.npy", result)

# save a matplotlib figure
plt.plot(result)
plt.savefig("fig.png")
return ...

ZE 2= 2te o2 ¢S ELChmodel . tar. gz. Python < job. result()E A5 HLE
Braket 22| 2&2| 5l0|2 2= & Ho|X|o|M A EC|Z 0|S5t0d ZWE CIRE=E 4 USL
Ct.

AMIAZRIENA K L XH7H

27| MY StolEE|E Ao AR dnE|Ee B HEHE F7IMeE XMES= A
ol Z&LIct 7|2 M& save_job_checkpoint (¥ &+E AI6 7L} otUS
AMZN_BRAKET_JOB_RESULTS_DIR AZ0| XHE & = QU&LICH o|F = € &0l AFEE = &

&L|Ctget_job_results_dir().

Cl=22 50|12 2|E & O|Z0|EIE AI25t0d A2 EQIEE KEstD EESHE Z|A =] of| AL

EZICEE S0|EEE o2 A¥ 167



Amazon Braket TR 7H0|E

from braket.jobs import save_job_checkpoint, load_job_checkpoint, hybrid_job

e@hybrid_job(device=None, wait_until_complete=Tzrue)
def function():
save_job_checkpoint({"a": 13})

job = function()
job_name = job.name
job_arn = job.arn

ehybrid_job(device=None, wait_until_complete=True, copy_checkpoints_from_job=job_arn)
def continued_function():
load_job_checkpoint(job_name)

continued_job = continued_function()

% iy 6to|2 2= EdoME save_job_checkpoint ()7t X% ste24E HIO|E{7} Z&HE

AT EH 2 EELICH J|BMoR B E U2 HAER XH@S} Jtsalor Lich F&2 ol
et Z2 o SEE Python A E MIAEZQIESZAHE MHEY &= U&LICIdata_format =
PersistedJobDataFormat.PICKLED_V4. O] 2=+ "checkpoints"2t= 5t & ot2iel 5tol=
2|= %] OlE|HE<jobname>. json0M 7|2 0|ECZ2 MIAZQIE ntUS MAstT Ho{asL|Ch

MIAZRIENAM HSE M 5t0[EEIE 2 S 445tE{™ job_arn7t O 29| sto|EE|E
Zrod ARN?! copy_checkpoints_from_job=job_arn {xI& ™ME ok &LICH 2H CHS
load_job_checkpoint(job_name)& Al&3504 M2 EZQIENMHE ZEELIC

SIO0|EE|E 2Fd o2 |0|E 28] Al

HZB 0B Moo= YHE St0|EEE U2 HISVIACE, ZeiA U Sxt LA ASE = U
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= 40“

g Aee DUEYSLICH AHE YTEES MESHH Brakets B 7Hs 8t 7E 0|45+l &
MenElEe Agstn ¢nalE0| R M 21 HMELC
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Amazon Braket X Amazon Braket » Permissions and settings

Dashboard Permissions and settings for Amazon Braket

Devices
Notebooks General Execution roles
Hybrid Jobs

Quantum Tasks The AmazonBraket]obsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [A. You can verify that you have existing

roles with this policy attached.

Algorithm Llibrary
Service-linked role

Announcements o
Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [

@ Service-linked role found: AWSServiceRoleForAmazonBraket [

Verify existing roles I

The AmazonBraketlobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have

Hybrid jobs execution role

existing roles with this policy attached.

SIOIEEIE Hrds AdY = /= SEE Teto| U= JFol =X 52 7| & I el HE
g MEigLct o|F A 5tTd fho| YHE|RICE HIAIXIZE EAIELICH 238 0| O|& T & ARNsS
Hp{md odst T A| HES MEisHL|CH
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Amazon Braket X Amazon Braket » Permi and settings

Dashboard Permissions and settings for Amazon Braket

Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have

existing roles with this policy attached.

Algorithm library
Service-linked role

Announcements "
Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [

Permissions and settings

@ Service-linked role found: AWSServiceRoleForAmazonBraket [/}

Hybrid jobs execution role

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

@I Roles were found with sufficient permissions to execute hybrid jobs. ]

v[rowras]

Role name Role ARN

l AmazonBraketJobsExecutionRole [4 arn:aws:iam:260818742045:role/service-role/AmazonBraketJobsExecutionRole l
—_ =l = > = = = = = = A
5tO|ZE|E Solg AlME 4 ol HEE MEto| Qe A0l i B2 BT e M 4 gtk
HAIXIZE ZAIELICE 7|2 HE 4 HES MEistod SE&F Weto| Qe dg S 7HMHSLIct
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Amazon Braket

Dashboard
Devices

Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements °

Permissions and settings

Amazon Braket » Permi and settings

Permissions and settings for Amazon Braket

General Execution roles

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

Service-linked role

Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [

@ service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role

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

@[ND roles found with the AmazonBraketJobsExecutionPolicy attached and braket.amazonaws.com as a trusted entity in \AM.]

o4St | A x4 AMAME| 742 |E = o =|.= | | | |. v |E|=| | |.
Amazon Braket X Amazon Braket » P 15 and settings
Dashboard Permissions and settings for Amazon Braket
Devices
Notebooks General Execution roles
Hybrid Jobs
Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have existing
roles with this policy attached.
Algorithm library
Service-linked role
Announcements o
‘Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [4
Permissions and settings
@ Service-linked role found: AWSServiceRoleForAmazonBraket [
Hybrid jobs execution role
The AmazonBraketobsExecutionPolicy [4] provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.
@Il:reateﬂ AmazonBraketJobsExecutionRole [ successfully. ]
=o|E sdlg Heto| gle B HMATH HFELICH 0] B2 LT 2 E|RHof| Al 2 2f st Al
O| 2o|E e Heto| gl B2 HAM|ATE HEELICH o] B2 LR AWS ZHE|Rto| A 22|5tHA(L.
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Amazon Braket Permissions

Permissions management for Amazon Braket

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 IAM Role [4. You can create default roles for different Amazon Braket resources here. To build custom Roles for
advanced use cases visit IAM [A.

Jobs

Amazon Braket jobs [/ require the roles with managed policy AmazonBraketJobsExecutionPolicy [4 attached, which provides minimally required
permissions to an Amazon Braket job.

é AccessDenied

User: arn:aws:sts::012345678912:assumed-role/SampleRoleName/username is not authorized to perform: iam:ListAttachedRolePolicies

on resource: role AmazonBraketJobsExecutionRole with an explicit deny

SIOIEEIE NS AdE =~ U= TEto| Qle HEo| le™ T EH|7h # Lo X
Braket 5tO|22|= Mol A2 dNE|F AFZEQLICH MWsiH e YduElES Yolstn g0
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bell=Circuit(}.h{@).cnot(d, 1)
task=device.run(bell, shots=188

job = AwsQuantumlob.create(
device=device_arn,
source_module=...

Algorithm
Script
Entry point and
other code

Quantum Task

Create job
Track status
Analyze results

gl

User

Braket notebook / Console, Quantum device
or local IDE
X, CHY 7HX| B S EHE ot D sl Y A0t E Mste dEl& AT - EQ O (& oA

£ 4z EM2.

import os

from braket.aws import AwsDevice
from braket.circuits import Circuit

def start_here():
print("Test job started!")

# Use the device declared in the job script

device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

bell = Circuit().h(@).cnot(@, 1)

for count in range(5):
task = device.run(bell, shots=100)

print(task.result().measurement_counts)

print("Test job completed!")

ol UL O|E algorithm_script.py2t &7H Braket cES == 2 &0 #4xl| =] C|HE{2|of X
grLICt. algorithm_script.py It L2 & A& E Tl ™start_here() 22 AFS g LICH.
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1% CHZ algorithm_script.py Tt 1t S8t C|RE{2(0d| Python Tt EE= Python = ES S gL
Ct. Ol A3 EEE= SIO|EZ|E &HUS AlEfetD A e MEf EE= T2 A QIMe 22 HIS7| &
2l& Mel&ct 2[A80| AT REE= SHO|EHE|E 24 A3 RIEQL 7|2 C|HO|AE K|Zd5HOF & L
C}.

® Note

0|5t C|ZIE{ 2|01 A Braket = E S8 MAI5t7LE algorithm_script.py Tt T}t ZH2
E35t= gHoi Cigt REMIBH LI 2 Amazon Braket Python SDKE AF& 3104 51

LICt CHA X C|HFO|A, AEBI0|E &
deviceOlM £ X|™H3t= C|HO|A

IRE
ATERIENM B8 He Z AI8Y =+ UL

Ol 7|& & Hml| Alzie] B2 AIZBIOIEHE Y= &
A ZxF %2 B x|[(QPU) S #A810] EP% A3

stolHElE B2 o5t Ol AHSEH Y1 E&E

CHAMZN_BRAKET_DEVICE_ARN.

@ Note
StO|EHE[= 2 AWS 2| oloi M At & == = C|HtO|ARH AL E = U&LICH Amazon
Braket SDK7| O|& AtS 22 MEHEFLICH AWS 2. 6|E& £04 us-east-12| 5t0|E2|= &
2 ,1onQSV1DM1, & TN1 C|H}O|AE AFEE £ M' |2t Rigetti C|HFO|A= AFEE = Q&L
C.

W

mjo
>
0%
ol
H

E MEHSIH BraketeE M HMA HEtoZ2 B E FXF 2

L|C}.

A28 0|E] CHAl LR HE

o
= stol=als shelg ol

o

from braket.aws import AwsQuantumJob
from braket.devices import Devices

job = AwsQuantumJob.create(
Devices.Amazon.SV1,
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
wait_until_complete=True
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THEHOIEIE Seio] MY Yl AN Aol FUE HHES Ml 28
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job = AwsQuantumJob.create(
Devices.Amazon.SV1,
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
wait_until_complete=True,

)

Initializing Braket Job: arn:aws:braket:us-west-2:<accountid>:job/<UUID>

Completed 36.1 KiB/36.1 KiB (692.1 KiB/s) with 1 file(s) remaining#@15download:
s3://braket-external-assets-preview-us-west-2/HybridJobsAccess/models/
braket-2019-09-01.normal.json to ../../braket/additional_lib/original/
braket-2019-09-01.normal.json

Running Code As Process

Counter({'00@': 55, '11': 45})
Counter({'11': 59, '00': 41})
Counter({'00@': 55, '11': 45})
Counter({'00': 58, '11': 42})
Counter({'@@': 55, '11': 45})

Code Run Finished
2021-09-17 21:48:05,544 sagemaker-training-toolkit INFO Reporting training SUCCESS

(@ Note
x(ZZ ClEE 2| E= otYo| BE & tar.gz I O| S3 URNE ™E 5104
AwsQuantumJob.create HIME2L B AFEAL X|H EE2 A E =& &L
S3 = of| M= Amazon Braket 0| X| Github 2| ZX|E2|2| 5t0|E2|E & ZHof M
Parallelize_training_for_ QML.ipynb I} & & X 3IAHI2.
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.aws.aws_quantum_job.html#braket.aws.aws_quantum_job.AwsQuantumJob.create
https://github.com/amazon-braket/amazon-braket-examples/tree/main
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb

Amazon Braket

JHeER 7Hol=

PLIE At

EE &= Amazon CloudWatchOll M 21 £240f HMAE 4= QU&LICH O|ZEA| 6} o4 Zd N2 &
3 aws

i o|x|e| 21% o
jobsChs %t O|FO| ZHE 21 A&

23

= = /braket/
EZlg MEHSHL|C

<l ofl ™ol Aol ZI%

default-1631915042705/algo-1-1631915190.

CloudWatch
Favorites
Dashboards

» Alarms

v Logs

Log groups

Logs Insights

¥ Metrics

All metrics
Explorer

Streams
» X-Ray traces
» Events
» Application monitoring
P Insights
Settings

Getting Started

Ao @o @o

‘ CloudWatch

Log groups

Jaws/braket/jobs

JobTest-autograd-1636588595/algo-1-1636588740 |

Log events

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 [

Q

Y VY Y VYVYYVYVYVYVVYVVYYVYYVYVVYVYVVY

Timestamp

2021-11-10T17: .993-07:
2021-11-10717:01:01.993-07:
2021-11-10T17:01:01.993-07:
2021-11-10T17:01:01.993-07:
2021-11-10T17: .993-07:
2021-11-10T1 .993-07:
2021-11-10T17: .993-07:

2021-11-10T17:01:01.993-07:
2021-11-10T17:01:01.993-07:
2021-11-10T17:01:01.993-07:
2021-11-10T17:01:01.993-07:
2021-11-10T17:01:01.993-07:
2021-11-10717:01:01.993-07:
.993-07:
.993-07:
2021-11-10T17:01:01.993-07:
2021-11-10T17:01:01.993-07:
2021-11-10T17:01:01.993-07:
2021-11-10T17:01:01.993-07:

2021-11-10T17:
2021-11-10T17:

00
00
00

Clear m 30m 1h 12h

View as text

Custom

Message

There are older events to load. Load more.
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_gates.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_instruction.py
aws-amazon-braket -sdk-python-staging-3f885a942c09911b104eee053328733f34779f a6/ test /unit_tests/braket/circuits/test_moments. py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_noise.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_noise_helpers.py
aws-amazon-braket -sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_noises.py

braket-sdk-pyth ging-3f8850942C09911b104eee0d53328733F34779F a6/ test /unit_tests/braket/circuits/test_observable.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779Fa6/ test /unit_tests/braket/circuits/test_observables.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/circuits/test_quantum_operator.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eecd5332873334779F a6/ test /unit_tests/braket/circuits/test_quantun_operator_helpers.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eeed5332873334779Fa6/ test /unit_tests/braket/circuits/test_qubit.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779Fab/test /unit_tests/braket/circuits/test_qubit_set.py
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/circuits/test_result_type.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779Fa6/ test /unit_tests/braket/circuits/test_result_types.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/devices/
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779F a6/ test /unit_tests/braket/devices/test_Local_simulator.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779Fa6/ test /unit_tests/braket/jobs/

braket-sdk-pyth ging-3f8850942c09911b104eec053328733F34779F a6/ test /unit_tests/braket/jobs/Local/

py 9ing-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/jobs/local/test_local_job.py

ChE ddHE MEstod 2£0iM stolEElE
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Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks
Algorithm library

Announcements o

Permissions and settings

sto|lEHE|E

X Amazon Braket » Hybrid Jobs » braket-job-default-1693508892180

braket-job-default-1693508892180

C— Atoi= AlSH
HL- EO

Summary

Status Runtime

© COMPLETED 00:01:21
Settings Events Monitor Quantum Tasks Tags
Details

Hybrid job name
braket-job-default-1693508892180

Device
arn:aws:braket:::device/quantum-simulator/amazon/sv1

Status reason

Source code and instance configuration

Entry point
job_test_script:start_here

amazon-braket-<region>-<accountid> 0|11

OlA
AAE

HE{2|0]|

® Note

0| S3 H{Z!

LIC}. sto|E2 EI= Z{0| Braket Python SDKZE
H5t04 O|2{Et OtE[HE 7 MEEl=

[K=3
— 1

Xtod
=

ATEE

E|E S0 Amazon S30A LE OlE|HEE
jo

S3 9I%|8 TAE 4

AWS Z2|™ of 5 sto]

Hybrid job ARN

arn:aws:braket:us-west-

2:260818742045:job/braket-job-default-

1693508892180

Execution role

arn:aws:iam::260818742045:role/service-

role/AmazonBraketJobsExecutionRole

Instance type
ml.m5.large

BH=£&=

ol
AAEH

LICE.

AH A =]
So=

Hybrid job logs
View in Cloudwatch [

Event times

Created at
Aug 31, 2023 19:08 (UTC)

Started at
Aug 31, 2023 19:09 (UTC)

Ended at
Aug 31, 2023 19:10 (UTC)

Stopping conditions

Max runtime (seconds)
432000

MAMEHLICEH 7|2 S3 B{Z! 0|

code_location [ C}E

jobs/<jobname>/<timestamp> C|ZE{2|0{= model . tar.gz T+
E=8 ot @l EC7F Z & &l0of UELICE EFF source. tar.gz It o %_T'_Elé A3 EE OfE|H

Escript7t £ E 2t=

Ctjobs/<jobname>/tasks.

Xto4 7
=1 =

A XM

gtng|E AJRE

MAMEl 74012 1

&5lod slo|EE|E & A
Amazon S32| &34 ZH( model.tar.gz2t = tar-zipped It ) A AHE

240{oF B Lt

CIRERIE Q&L AN LXF &Hodo| Ambe at=

3zE
& 4

obs/<jobname>/<timestamp> LC|
E x|

Xtod
==

N

=ML S Iy
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TRt 7hol=
£ 342 JavaScript Object Notation(JSON) & 4IE AtEStoq mhof K& ok gfLIct |o|E{7I HAE
off &7 =ZstE = o= B2, OtH| P el FAe et Zo| MEiSH H|o|E YAl ALE5to{ 2lE3stst=
SHS HMEE =

I&LICH REMIEH LI 2 braket.jobs.data_persistence ZES & XML

-

StO|E 2= &edo| AuE MY otedH d1E|& 23 EE #ADDZ FM0| X|HE OHE &2 F7I

I

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.jobs import save_job_result #ADD

def start_here():

device = AwsDevice(os.environ['AMZN_BRAKET_DEVICE_ARN'])

results = [] #ADD

bell = Circuit().h(@).cnot(@, 1)

for count in range(5):
task = device.run(bell, shots=100)
print(task.result().measurement_counts)
results.append(task.result().measurement_counts) #ADD

save_job_result({ "measurement_counts": results }) #ADD

J% CHS #ADDZ print(job.result()) 40| HE £2 FItoto] Y AFRIE Q| Xt At

import time

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",

device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

print(job.arn)

xfoi A7} x{&

HHE=
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.jobs.data_persistence.html#braket.jobs.data_persistence.save_job_result

Amazon Braket TR 7H0|E

while job.state() not in AwsQuantumJob.TERMINAL_STATES:
print(job.state())
time.sleep(10)

print(job.state())
print(job.result()) #ADD

Ol MM E &M E292 AAX|wait_until_complete=Truedt”| € MAHE&LICE CIHE S
?I5H CHAl 718 = & LICt 0| 3tolE 2| &S AR AHEXItE £23%t job-arnChE 50|
=HelE 2o|7t 2 7k X| 10Z=0tCt 5t0|EE|= 20| o EHE Z=4FL|Ct. COMPLETEDZ{H ! 3|
29| A7t EAIELICH OIS o & & X sHA2.

arn:aws:braket:us-west-2:111122223333:job/braket-job-default-1234567890123
INITIALIZED

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

COMPLETED

{'measurement_counts': [{'11': 53, '00': 47},..., {'00': 51, '11': 49}]1}

MIAEZRIEE A85t0{ ot0|EE|E &Y XY L RHA[F

MIEZQIEE AL835t0] 5t0|EE|E Xt Ho| Bzt gh5
AZE N M= #ADDE FM0| X|HEICHE &2

from braket.aws import AwsDevice

from braket.circuits import Circuit

from braket.jobs import save_job_checkpoint #ADD
import os

def start_here():

AMIAEZQIEE AlE35t0{ slo|EE|=E & X

ud

a
>
2
>
it
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device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

#ADD the following code
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
save_job_checkpoint(
checkpoint_data={"data": f"data for checkpoint from {job_name}"},
checkpoint_file_suffix="checkpoint-1",
) #End of ADD

bell = Circuit().h(@).cnot(0Q, 1)

for count in range(5):
task = device.run(bell, shots=100)
print(task.result().measurement_counts)

i MM 7|2 /opt/jobs/checkpoints 27t e MIAEQIE CIHEE|9|
OFE[® E 0 <jobname>-checkpoint-1.json It 0| MELICL O] 7|2 AR E #HZEst
Xl et= &t StolEElE &Y AFBIEE HALX| ei&LCh

O|M stO|EZ|E YoM HHE MIAEXCIEN M 5t0|HEE HYUE EESIEie d* ¢1EE 23
ZEEE A& LICH rom braket.jobs import load_job_checkpoint. &1 2|& AJEE
Ecg 232 o5 24Utk
checkpoint_1 = load_job_checkpoint(
"previous_job_name",
checkpoint_file_suffix="checkpoint-1",
)
Ol MZEQEE 23t 20 ZEE FHXE J|Hto 2 2 X2 HSE = U&LICtcheckpoint-1.
(® Note
checkpoint_file_suffixe= I ZQIEE Mg mf o|™ol x|&eh MOALt & x|5HoF & LIt

LAAEYO|M AFZIEE= #ADDE FA0| X|™E £ AE5t0{ 0| 510|EHE[E EHdjob-arn2|
£ XIgsHok gLict.

>
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job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
copy_checkpoints_from_job="<previous-job-ARN>", #ADD

)

EZH DR §to|lEz|E &ed gl dl |2

MstolHE|IE dTP|E2ElcE | 2EH PE= 912|8 AJREE C|HZUSHD HIAESH= O
T 20| ElLict. 22 2 == Amazon Braket Hybrid JobsOll M AF23tEdE ZEE ’é'gc'i%a* = UK
Ot Braket7} 3t0|E2|E 2] A S QT Q1= tE HElE 227l Qe 7Isd
Braket Notebook QIAEIA EE= S ESO|L} AT S AFE} L2 7|8 Ect
g 242 AREL
2 BE0|Me 0475 YA 2de AN CIHFO|AR M4 & 4 QIX|pt 2Z ZE oM AX| Quantum
HMEl EXI(QPU)E 7|EL =2 Al#E [l ds2fo| 0| 0| gi&LLCt.
EHADEE ASSE{H Z2 33 LI 25t = LocalQuantumlob 2 & ¥ X2

=]

AwsQuantumJob& e LICt 0 & S0 A tolE2|= =] oM oM E A™stedT Cf
o |

X 5
St 20| Z=0lM st0o|EE|= 2Y A3 R EE HEFLICH

from braket.jobs.local import LocalQuantumJob

job = LocalQuantumJob.create(
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",

)

(® Note
0| 7|5 € A&35t2{™ Amazon Braket = ES0{ 0|0| AFX A X|El DockerE ZE4 gH40{ AX|
affok &LICt. Docker A%| X|&2 Docker 7 X2 7| HO|X|olAf QI8 £ aLich £3t 274

DEolM 2E mhetolE 7t X[ ElE A2 oL

ZZ DC2Z 3l0|22|C &Y WE O ClHZ 184


https://docs.docker.com/get-started/get-docker/
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Amazon Braket=2 A2 35104 &R} £hed AlSH
BraketS Chebst 2840| otk ZFE{ol Ci&t erﬂorsaunﬂ: HHAE KIZELIC lonQ, IQMZO] 7

O|E 7|8t ¥At HFERigetti? QuEral| ot 21 sHY cilO[E{of| HM|AE ﬁLIEF EEBt

AlZE
MAX of ol glem IiE S2XE Sall AMAE = %g*% 7t &L

« Amazon Braket 22 2l4oA L X AU S MM 22l 2 2LE-SE O 20| &= ClHo|A

7§-|I:|9|. AI-E_HE X‘"—'—°I'L||:|'

« Amazon Braket Python SDKQ} 242 Sl &Al 22 MEstn AdsiLct SDKE 0|2 7+ - E
Amazon Braket tES & Sal| HMAE = U&LICH

« Amazon Braket API= Amazon Braket Python SDK 2! tES 2 Sal| HMAE 4 Q&LICH
oY Ao 2 Xt HAFE 2 ME5t= OHEEAO|ME YUES= API BRE AH S EE = UE

Ct.

o] AlM 9| of| M|of| A= Python SDK for Amazon Braket(Boto3) 2 & 74l Amazon Braket Python SDKZ
At &304 Amazon BraketS 2 API &Y & dst= WS 2o{ELICH AWS

Amazon Braket Python SDKO1| CH3H XFMIG| o2 7|

Amazon Braket Python SDKE At&3t2dH HX{ AWS & S &I = UL F Python SDK for
Braket(Boto3)& M x|&LICI AWS API. Amazon Braket Python SDKE= ¥At 122 2|8t Boto3 FH19]
Helst cim2tn Mz = JU&Lch

« Boto30l =& &83slof st= QIE{H 0|ATF ZE E|o] Q& LICH AWS APL. (Boto3E2t S4lsHE CHE
Python SDKILIC} AWS API. CHE 22 Boto3 QIE{HO|AE AWS AH|A X|ELICEH)

- Amazon Braket Python SDKOi|= &2, H|O|E, C|HIO|A, At & U AL 2ol 7[Et REE 2
gt AZEQo{ ZE0| ZEE|0] J&LICH T2 S MME motct sHE FAt o 2Rt 2E
2 7tXS Lt

« Amazon Braket Python SDK= At 242 Adiste Ol et 2E 28 L SEHO| A EEF
LESEZ Sl HMAE = U&LCH.

502 23t K| o 2247 Amazon Braket Python SDKM|IA 2 E Python A3 REZ ZEE 7}

-

Boto3E Adx|8t & Amazon Braket Python SDKE &3l At 2 MMste BAC e St
FARRFLICH
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https://console.aws.amazon.com/braket/home
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://boto3.amazonaws.com/v1/documentation/api/latest/guide/quickstart.html
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1. (ME AL ESE YLt

2. 3|20] 223t SDK ZES 7IXSLICt

3. QPU E= A|ZHI0|E{E RI™ELICH

4. 3|22 QUAEAZEL|C

5 32E M-AEFLICH

6. 20tE & ELICH

O] Mol ofXl= 2 EtH[e| ME HEE Eo{ELICt

KFAIEE ofl = GitHub2| Amazon Braket 0d|A| 2|Z X|E 2]

1]
o

SESYNI KN

O AMlM:

. Of|2F =HQd
« 27 23} 7|

QPUsOl| A 2 XME

Amazon Braket2 ¥At g AdE - U 042] C|HIO[A0f CHEF HMAE MBS ELICH FAF 2
2 ME™Mez MEstHL SR A U MelE dEE + U&LUTh

QPUs

AN EX| &R 2 S QPUsO| MEE = UX|TH 242 Amazon Braket 2£ 2| C|HIO|A HO|X|0f &
AElE EH 7-8 7|2 LHoi| AlMEILICH CFS MMof| ATHE! XX 2 IDE AFE5H04 FXF 2rdo| A

g AMgh = &Lt

* lonQ Aria-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Aria-1
* lonQ Aria-2 : arn:aws:braket:us-east-1::device/qpu/ionq/Aria-2
* lonQ Forte-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Forte-1

» lonQ Forte-Enterprise-1 : arn:aws:braket:us-east-1::device/qpu/iong/Forte-
Enterprise-1

* |IQM Garnet : arn:aws:braket:eu-north-1::device/qpu/igm/Garnet

QPUsOll &Rt 2 ME 186


https://github.com/aws/amazon-braket-examples
https://docs.aws.amazon.com/braket/latest/developerguide/braket-batching-tasks.html
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* QuEra Aquila

* Rigetti Ankaa-

;arn:aws:braket:us-east-1::device/qpu/quera/Aquila

3 :arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3

® Note
QPUs 2! 2C|HHE A|ZH|0|E{2| CREATED & EHOIM XA 2 S FAE = U&LICH 2C|H
c AIEHIOIH Sl QPUO]| CH3H %[4S CISH QUEUED A EfS| &R ZHd S FAE = U&LICEH
QPUs 12 QPU ZQUEUEDAI 242 QPU 7I8M 7|2t St ME Mo 2 FAE 71s540]
L_I-/\LlL—_l_
O| AMM:
* lonQ
 |QM
. Rigetti
* QuEra
« of: QPUO]| Xl ] K&
o HAuUE 3|2 HA}
lonQ
lonQE O|2 EF 7|&2 7|8t 2 HO|E 7|Ht QPUs MBEHLICt lonQsEE|E E 0|2 QPUsE
171Yb O|& 9| ECHEE O|2 #[QIE 7|8t 2 T FE|H,0| Q2 vacuum A LIS OtO|Z 2IHE
2 EHMS EYE 8ol SUHo= MEELC
lonQ C|HIO|A = CHE &K HO|EE K| ELICE.
'X', Iyl’ IZI 'IX', 'Iy', 'IZ', Ihl’ Cnotl Isl’ Isil’ Itl’ Itil’ 'V', 'Vi', Ixxl’
lyyl’ IZZl’ lswapl
F0{M Hu 2 &3l lonQ QPUs CH2 1t 22 HO|EIE HO|EE R|&ELICH
‘gpi’, 'gpi2’, 'ms’
HIOIE|E MS HO|EE AFEE | & BHA mItet0lE 8t X|-H6HH 25| 52l MS HOo|E7F A~™E L
C. 23| |/l MS 71|0|_E ga 2 3HE EELICH CHE 242 8 XH D EEMO R o3l

lonQ
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MS HO|EE A=stedT Ml Ml T2t 0IE{E FTtstod Hst= Z4 & XIEELICH REMEF LIS

Braket.circuits.gate =2 EZ5HAM 2.

I 2{Eh LIO|E|E HO|E= F0{ At Uoi|MEF AT = A&LICH Foi Hut Ao CHEF RbAMIEH LIS 2
S0 AutUS HESHMR.

QM

IQM A ZEMME ZTX6| EBHA
7I-

ZHIEE 7|Hto 2 sl= e 2 AHo|E =& Cldio|AlL|Ct.
IQM Garnet C|HIO|AE AFZHE R} 2

o
AE 20H|E ClHFo|A LIt
IQM C|H}O|AE CHE A HO|EE X|HELICH

"ccnot", "cnot", "cphaseshift", '"cphaseshift@@", "cphaseshift@l1", "cphaseshiftl0@",
"CSWap"’ "SWap", "iswap"’ "pswap"’ "eCI"’ "Cy"’ "CZ"’ "Xy"’ "XX"’ "yy"’ "ZZ"’ "h"’

Hi", thaseshiftﬂ’ "IX", HryH’ HIZH’ "S", "Si", Ht", Hti", "V", "Vi", "X", y , z

S0 A LS AH8stH IQM ClHO|A = ChE 1t Z 2 UH|O|E|E HO|EE KIRELICH

=

'cz', 'prx
Rigetti
Rigetti ¥At Z2MME ZE FE0| 7ts8 wH{™E T|Ho 2 5t= HE HO|E 2 AL

qubits.

=2 €83t 84H|E C|HtO|A LT

1}l
N
orr
o
12
m
>
\d

« 0| Ankaa-3 A|AHI2 &

Rigetti C|HFO|A = CHE At HO|EE X[ ELICH

cz', 'xy', 'ccnot', 'cnot', 'cphaseshift', 'cphaseshift@@', 'cphaseshift@l’,
'cphaseshiftl1@', 'cswap', 'h', 'i', 'iswap', 'phaseshift',6 'pswap', '

'S', 'Si', 'sWap', 't', 'ti', le’ 'y', lZl

rx', 'ry', 'rz',

F0{ ALt 2 Soll= Ct&1 22 HIO|E|E HO|EE Ankaa-3 X[ ELICH.
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.circuits.gate.html
https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.circuits.gate.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-constructing-circuit.html#verbatim-compilation
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HA =Z& o= Ankaa-3 A|AEl0]| CHSH CHE Rl A HolEl Z 2| MEE X|&st= Rigetti C|
HFO[AOIM AHEE &= &L

“flux_tx ', ‘charge_tx', ‘readout_rx', ‘readout_tx’

Ol{8h = ool CHEF RhAIEH LHE 2 ZEl S XEO| e 2 HEStAM2.

QuEra

& #%} 7|4k ClHtOlA B
(o)

QuErat OFg 21 SHLUE AIBEIOIM(AHS) SR BHle AMRE 4 s
M3 2gste AHIES Al B4 R

I_ = AN
ZELICH Of2{8t 54 8& ClHtolAE 24 JHo| SAlof 43 &8

rir 01>|

#{H|E 2| XK|AE 2| 2f|ofot= Tt
o|lMo| miz{ctfoil M ol2{Et C|
AHS E=2 &afl o|HEt =21

I gco AI Pl S7t B35S nodstod ol 2T U AlZ8
0 & & Q)& LICt Amazon Braket2 python SDK2]
22 -_r“é'ﬂf REZIE[E M3 ELICtbraket. ahs.

m T Fﬂ

RtMEr LH82 otg 2 SHEE A=20[M oM = ES E& QuEral| AquilaE ALE3H04 ofd 21
ZEJ ME HolX|IE HESMR

o: QPUO| Xl 2] A=

Amazon Braket2 AF& 3t QPU CIHIO|AO|M YA} 3|2 E AlReEr = U&LICH CHS M=
Rigetti == lonQ C|HIO|A O] ¥A}F 2 S MESHE WHE EodELICH

Rigetti Ankaa-3 C|HIO|AE MENSE O HAE 64 e Z & & lgfL

# import the QPU module

from braket.aws import AwsDevice

# choose the Rigetti device

device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': False,
'connectivityGraph': {'@': ['1', '7'],
'1': ['e', '2', '8'],
'2': ['1, '3, '9'],
'3': ['2', ‘4", '10'],
'4': ['3', '5', '11'],

QuEra 189


https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
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"5t ['4,
'6': ['5',
7' [or,
'8z ['17,
'9r: ['27,
'10': ['3,
11 ['4,
'12': ['5,
'13': ['6’,
140 17,
'15': ['8",
'16': ['9",
'17': ['10"
'18': ['11"
'19': ['12"
'20": ['13"
21 ['14°
'22': ['15"
'23': ['16'
24" ['17"
'25': ['18"
'26": ['19"
'27': ['20"
'28": ['21"
'29': ['22'
'30": ['23"
'31': ['24
'32': ['25"
'33': ['26'
'34': ['27"
'35': ['28"
'36': ['29"
'37': ['30"
'38": ['31'
'39": ['32'
'40': ['33"
41" ['34°
'42': ['35"
43" ['36'
44" ['37"
'45': ['38"
46" ['39"
47" ['40"
48" ['41"

I6I’

'13'1,

I8I’
l7l’
I8I’

10",
111,
sz,
15",
14",
1177,
16",
1177,
18",
151G,
9229,
1217,
9229,
190,
124",
'125°,

'12'],

'14'],
|9|’
|1®|’
|9|’ llll’

'15'1,
'16'1],
'17'1,

|12|’ '18'],
|13|’ |19|]’

'20'1],
'21'],
'22'],
'23'],
'18°',
'19°',
'20',
'27'1,
'28'],
‘23,
‘24",
‘25",
'26"',
'33'1,

'34'],

‘29",
‘28",
‘29",
‘30",
‘31,
'32,
'33,
'36",
'35,
'36",
'37,
'38",
'39°,
40",
43",
42",
43",
‘44,
45",
46",
47",

'35'],
'30°',
'31',
'32°',
'33°',
'34',
417,
'42'1,
'37°,
'38"',
'39°',
40",
'41°',
'48'1,
1491,
"44',
45",
'46"',
'47°',
48",
'55'1,

'24'],
'25'1],
'26'],

'29'1,
'30'1,
'31'1],
'32'],

'36'],
'37'1,
'38'1,
'39'1,
'40'],

'43'],
'44'1,
'45'],
'46'],
'47'],

'50'],
'51'1,
'52'],
'53'1,
'54'],
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'49"':
'50":
'51':
'52"'":
'53"':
'54":
'55":
'56"':
'57':
'58"':
'59"':
'60"':
'61"':
'62"':
'63"':
'64"
'65"':
'66"':
'67"':
'68"':
'69"':
'70':
'71':
'72":
'73"':
'75":
'76":
'77":
'78"':
'79':
'80"':
'81':
'82"':
'83"':

29| AFHE Rigetti C|HFO|A

lonQ Aria-1 C|HFO|A

['a2',
['43",
['a4',
['45",
['46",
['47",
['48",
['49",
['50',
['s1',
['52',
['59'],
['54",
['55",
['56",
['s57',
['58",
['59',
['66",
['e1',
['62',
['63",
['64',
['65",
['72',
['68",
['69',
['70",
71,
72,
['73',
['80',
['75',
['76",

1,
1,

1,

1,
1,
1,

1,

]I

1,

1,
1,

'56'1,
'51', '57'1,
'50', '52', '58'
'51', '53', '59'
'52', '54'],
'53', '55', '61'
'54', '62'],
'57', '63'1,
'56', '58', '64'
'57', '59', '65'
'58', '60', '66'
'62', '68'],
'61', '69'1,
64, '70'1,
'63', '65', '71'
64", '66', '72'
'65', '67'1,
'68'],

'67', '69', '75'
‘68", '76'1,
710, '77'1,
‘70", '72', '78
71", '73', '79"
'80'],

‘76", '82'1,
'75', '83'],
'78'1],

77", '79'1,
'78", '80'1,
'79', '81'l,
'82'],

'81', '83'],
'82'131}
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# or choose the IonQ Aria-1 device
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': True, 'connectivityGraph': {}}

0

CtZ odlAet 20| 7|2 HA o|le] |x|E X[HSI =5 MEfstH ANt E MEE S3 HZshots()2| <
Xlpoll_timeout_seconds(Z|£%f = 1000), poll_interval_seconds (7|22} = 432000 = 5%)
9l (7|82 = 1s3_location)2 ZHE £ &LICH S3

my_task = device.run(circ, s3_location = 'amazon-braket-my-folder', shots=100,
poll_timeout_seconds = 100, poll_interval_seconds = 10)

lonQ ! Rigetti C|HIO|A= XS E 2[2 & 1Y HIOIE|E HO|E NEE AISSE HutstT F4

qubit 2IHAE ST QPUL| E 2201 OiEqubits & LICt.

(® Note
QPU C|Hto|A 0| 2 A

L

P QILICH EZ ol TEotH 7| Alzhol 2o + &Lt

rot

Amazon Braket2 E7 714 7|7+ LHoll QPU AL 242 AdE £+ X2 2 E Y Cl|O|E{2 HIEL

CllO|E{7F M st S3 H{Zlof| QHE X 2 H”EIDE ANMEX|(24/7) ZAt 2H 2 MEEY = UA&LICH

CIS B0l 8 &= A/=0| AwsQuantumTask L 18t &Xl 2t IDE AFE35l0{ ¥X &ZHE 5+

g = &Lt

AUt U=l 3|2 A

LA X2l HXI(QPU)RE 22 SHES|04 CHIO| A0 A A} iﬁ% AlgsloF 5l B HA ClHO|A
S UsloF ELICH o & B0, &} =& L

7t olalist MElE = Ue S 7tst Aoz EIE Z{ o}
At |2 & Cch4 QPU stE/Io{0M X[ et &7 1
ol x|%

HulolEl S2d2 ZHAlsts 7Zde C|iZ g = 2 okx} off
=Z|7Ao|Me| ¥ H 2242 IlMHE = U XH’“ =X, 83 s E= 7|58 AEsi= ol =8
Ol & &= U&LICt ofe MBE ZEE ALE5104 Rigetti 2! A HAFE C|HFO|A 25 of CHEH &R} 3
2ol IQM ALY E ES B0 2ME + J&LIch
task = AwsQuantumTask(arn=task_id, aws_session=session)
192



Amazon Braket TR 7H0|E

# After the task has finished running
task_result = task.result()
compiled_circuit = task_result.get_compiled_circuit()

® Note
2 lonQ CIHO|A0f CHEF Hut UE 2|2 £ H7|= X|#EX| t&LICH

SR A2 AN AHELIR7?

3|2 & MN|E35t™ Amazon BraketO| X[ 8t C|HIO|AE B[22 & &S ELICE Quantum Processing
Unit(QPU) & 2C|HE AIZE0[E Xt 2H2 AE & MOIE Ci7|€ol| F7HE|D MEIELICH At
A2 MES & ®elste ol 23 A|ZH2 CHE Amazon Braket 1Z40| ME 8t 240l =9 =& 4
MEdSE QPUel 7+ goil ket E et LC.

)I'E d

O AMlM:
« QPU 7+8M 7|7t 2! AEH
« CH7|Y J7}A|A

« O|HY EE= SMS L3 A%

QPU 788 7|7 & &l
QPU 78442 cldtolAntch ChELIC

Amazon Braket 2£ 9| C|HIO|A H|O|X|0f| A E4XH & o
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o=l K| 2|, YIM0|IE E= 2P EXNZ Ol Qo] AEfY 4 &L},

CHZ | 7HAlSE

O} 5Hed EE 50|EEIS B ME S| Fof ClukolA Th7|2 ZIOIS 2Qlstod Yol Rl YAt &
of i SHO|2EIE A 48 HOI £ el
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Queue depthe= £ C|Hto|A0] CHEH CHZ[Fof| /= SR & L 5t0|EE|E 2] =& LIEF-LICEH
ClHto|Aof At 2Fd A 6tO|EE|= % CH7 | == Braket Software Development Kit (SDK) &
E S5 AMA e = A &LICtAmazon Braket Management Console.

1. Y U7 Zolz 2xl e 24 =22 A7 s CH7| 3¢ & LA 2 =& LtEL|CH
2. M =2l MY Oi7|L Z—J =& ol & +& LIEH

= =
3. StO|EE|= %Y 7| Zlol= & ClHiolAo ChZ| & st

O 2140l & =& LIERLICE
stolEE|E 2do| 22 2 Quantum tasks MEE= M =27t Yem{oi| &AHE LICHPriority Task
Queue.

E S 7Y ZI0|E Edde T2 OIS ZE =2 4510 LA & L= do|E2|E &9
CH7 |2 YIX|E 7t 2 Braket SDK = QU &LIC}.

device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/ionq/Aria-1")

# returns the number of quantum tasks queued on the device
print(device.queue_depth().quantum_tasks)
{<QueueType.NORMAL: 'Normal'>: '@', <QueueType.PRIORITY: 'Priority'>: 'Q'}

# returns the number of hybrid jobs queued on the device
print(device.queue_depth().jobs)
I3I

2
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12 QPUO| M&E6tH {3 2 =7} QUEUED AMEHZI E £ l&LCt
Amazon Braket2 112404 H KX}t 2t 2l 510|EH 2= 2] CH7 D Y x|od| CHEt 7FAEE M-S ELICE.

Queue position= Zt C|HIO[A CHZ [ Lo A LAt 21d EE= SIO|EEIE 24 ol HA {|X|E LtEtH
L|C}. Braket Software Development Kit (SDK) EEEE Salf &% ]
2 & U&LICtAmazon Braket Management Console.
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]IO
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rr
Q'I_I
o
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i
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ol
ne

AC x2S AXd5t0d LA} A E= slo|EE|= EHQ4o|

E Sdll ci7 ¥ *IXIE Ede 1 =4 S
7t

2rCts
£ Braket SDK #= /& L|Ct.

# choose the device to run your circuit
device = AwsDevice("arn:aws:braket:eu-north-1::device/qpu/igm/Garnet")
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#execute the circuit
task = device.run(bell, s3_folder, shots=100)

# retrieve the queue position information
print(task.queue_position().queue_position)

# Returns the number of Quantum Tasks queued ahead of you
I2I

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
"arn:aws:braket:eu-north-1::device/qpu/igm/Garnet",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
wait_until_complete=False

# retrieve the queue position information
print(job.queue_position().queue_position)
'3' # returns the number of hybrid jobs queued ahead of you
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2. EventBridgeOll A SNS FA|of| CHEF & BlE E2|Het= &2 MggLct XHME LI Amazon
EventBridgeE AF& 3104 Amazon Braket 2 L|E{22 EventBridge® Z35HAM| 2.
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https://docs.aws.amazon.com/sns/latest/dg/sns-getting-started.html
https://docs.aws.amazon.com/sns/latest/dg/sns-mobile-phone-number-as-subscriber.html
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Amazon Braket tES2 M EHAIE SHLHELICH REMIEH LHE 2 GitHub2l Amazon Braket 0iAl|, &

ol YIS Y57 fIE oM L ESE HESAML.

Amazon Braket 5t0|E2|E &ed kg
0| MMoj A= Amazon Braketoll A 5t0|E 2= Xt ZtElste ol cist X|&EE MB gt
Ct2 2 Al235104 Braketoll A 5t0|E 2| = ZHQ]of| HM|AE 4= & LICE.

* Amazon Braket Python SDK.

* Amazon Braket 2&.

* Amazon Braket API.
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« XA Z4El| 0|4 AFHE(BYOC)
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>
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gdTEE Met LT AHEO| CHE += /JU&LICH 7|2% 22 Amazon Braket2 ml.m5.large IAFE
A0M LD2|E AFREE AMELICH 22U CHE 7HX 27| 2 7+ I+ E AH835t0od 5lo|EE|=
A

oHd
xtoig MAE O] QIAEIA 932 AFAF X|&E 4 QlaLCh.

J

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"), # Use NVIDIA Tesla
V100 instance with 4 GPUs.

(=) Amazon Braket 3t0|E2E2|= & ¢ #+2
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https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples/tree/main/examples/braket_features
https://github.com/aws/amazon-braket-sdk-python
https://console.aws.amazon.com/braket/home
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)I

UHIC|= AlZEo|ME A™ Fo|z ClHo|A T 2Z C|HtO|AE X|HEt B E Kl
MinstanceCountdtl & & O|4 S 2 M™InstanceConfigdto{0A = O Q
2 e & JUsLch 482 52LICH o & S0{ LIS 20| QIARA 37HE MEfE = JU&LICH

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3), #
Use 3 NVIDIA Tesla V100

)I

ofE] QIAHAE
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@ Note
StO|EE|E Zrdo] CHEH 7|2 SciAl ZAFE QIAEA sEtars H {8 Amazon Braket &

- H
Z HOIX|E HZstM L.

EZ&E CIAEA vCPU H 2 2|(GiB)
ml.m5.large(7 |2 2}) 4 16
ml.m5.xlarge 4 16
ml.m5.2xlarge 8 32
ml.m5.4xlarge 16 64
ml.m5.12xlarge 48 192
ml.m5.24xlarge 96 384

ﬁELEIEE AI%Hg},_II:_% 3|'O|EE|E Xto4 O|ﬁEl_-|é ;LA—I 197


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb

Amazon Braket

JHeER 7Hol=

Ad

1Ms ClAEA

olr

ml.c5.xlarge
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ml.c5n.xlarge
ml.c5n.2xlarge
ml.c5n.4xlarge
ml.c5n.9xlarge

ml.c5n.18xlarge

GPU 7}t 1A GPU

EiA

ml.p3.2xlarge 1
ml.p3.8xlarge 4
ml.p3.16xlarge 8
ml.p4d.24xlarge 8
ml.g4dn.xlarge 1
ml.g4dn.2xlarge 1
ml.g4dn.4xlarge 1

ml.g4dn.8xlarge 1

vCPU

16

36

72

16

36

72

vCPU

32

64

96

16

32

H 2 2/(GiB)

8

16

32

72

144

10.5

21

32

72

192
H 2 2/(GiB) GPU M2 2|

(GiB)

61 16
244 64
488 128
1152 320
16 16
32 16
64 16
128 16
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GPU 7t QA GPU vCPU HI 2 2|(GiB) GPU HIZ 2|
EA (GiB)
ml.g4dn.12xlarge 4 48 192 64
ml.g4dn.16xlarge 1 64 256 16
@ Note

p3 QIABIAL us-west-101M AL E 4 & LIC 3l0[22IE &Hoi0| @ MEI ML ZHFE 8%

us-we
2 Z2HINIY 4 9 B O 2l

= A8 gL

Zt QIARIA = 30GB2| HIO|E| AEE[X|(SSD)Q| 7|& 72 AFSELICH JBLE 7 85te Aot &
Lot Hrlo2 AEZX|IE ZHEY = U&LUTHnstanceType. OE Mo M= & AEZ|X[E 50GB
E scle YHE 2oiELIct

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(
instanceType="ml.p3.8xlarge",
volumeSizeInGb=50,

)I
)I
oM 7|2 B{Z! £ AwsSession

KA AwsSession QIAEIAE &3 7|E Amazon S3 HZI 9| AL A XY {IxIE X|H5tE 7Is
o242 goddo| EAELICH 72X Z AwsSessiondlE 2] AFM A El Amazon S3 HHZ! 9|7}
A& LICH amazon-braket-{id}-{region}". 2LIE & I 7|E Amazon S3 HHZ! IXIE
MHO|g = U&LICtAwsSession. AAE A= CFE ZE M2 20| aws_session LEIOIEIE A3
5lo{ MEHRIO 2 AwsSession ZHA|E AwsQuantumlob.create() HAMEZ ME& £ Ql&LCt

aws_session = AwsSession(default_bucket="amazon-braket-s3-demo-bucket")
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# Then you can use that AwsSession when creating a hybrid job
job = AwsQuantumJob.create(

aws_session=aws_session

,.
o

stolals 2elS Flasts Wy

EO|d EfolM 5tolEEIE 2SS F|AdHoF & = UELICH 2E0M E= Z=E AE5H0{0] &
2 SHE
=

=g = A&LICH

Amazon Braket X Amazon Braket » Hybrid Jobs
Dashboard Hybrid Jobs (4) @] Actions & Create hybrid job
Devices " |
View hybrid job
Q search ‘ 1
Notebooks Cancel hybrid job
Hybrid Job:
ybrid Jobs Hybrid job name Status Device Manage tags at
Quantum Tasks
braket-job-default-1693603871840 (®) CANCELLED arn:aws:braket:us-east-1:device/gpu/iong/Aria-2 Sep 01, 2023 21:31 (UTC)

Algorithm library (-] braket-job-default-1693600353661 (@ QUEUED arn:aws:braket:us-east-1:device/qpu/ionq/Aria-2 Sep 01, 2023 20:32 (UTC)

O test-job-example (@ COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Jun 02, 2022 22:26 (UTC)
Announcements o
Permissions and settings Test-ashlhans (@ COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 May 25, 2022 19:50 (UTC)

FIAE FolotodH HAIXIZ7E EAIZH 2 Heof FAE ={e Of S &els MEfELICH

ol
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Cancel Job "JobTest-autograd-1637034526"? X

A « Cancelling the specified job can't be undone.
+ Cancelling will terminate the container immediately and does a best effort to cancel all of the

related tasks that are in a non-terminal state.
¢ Tasks that have already completed will still be charged.
* You can create a new job using your checkpoint data, if you defined it, to rerun your experiments

To confirm cancellation, enter cancel in the text input field.

cancel

.

Braket Python SDK2| ZEE AI83l04 510|EE|E XS F|ASHEAH job_arnE AFE35H0d §tol2
2= 22 AHEe CHE g =9 20| cancel BH )

job = AwsQuantumJob(arn=job_arn)
job.cancel()
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import os

from braket.aws import AwsDevice
from braket.circuits import Circuit, FreeParameter

def start_here():
print("Test job started.")

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

circuit = Circuit().rx(@, FreeParameter("theta"))
parameter_list = [0.1, 0.2, 0.3]

for parameter in parameter_list:
result = device.run(circuit, shots=1000, inputs={"theta": parameter})

print("Test job completed.")

- H = =

t2H0IE Hut LS X[2st= QPUOIA Sto|EE|E Atde e M 3|2
= AdoM= Aot dE Z 27 MAIBEEZ FIHAE E 90

A

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_arn,
source_module="algorithm_script.py",

® Note

2t0lE Hu e HA pld z2 a2 Xelstm el 2 E HO|E 7|H QPUsRIgetti
Computing0dll M X|#4E L|Ct.
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Amazon Braket0i| Al PennyLane A&

StolEHE|lE &2 el A Sx XEHE 2F 2 ote du2lEULICH SeiA x|&2 24
|2 Y 2

i

SIEQ0{(EC2 QIAEA EE= HE)OM A™E| T |O|E{ EE= A} HFE{0f| A AlRH
E'L—IEP SHO|EEIE &Y 7|52 A85t0d SlolE2le S nel&S Adste Zdo| E&LICH REAMIEH LY
2 Amazon Braket 2@ A& A|7|E EHZFHAMIL2.

Amazon Braket2 A& 3t Amazon Amazon Braket PennyLane Z2411219| X|#& EE= Amazon
Amazon Braket Python SDK 2! 0i|X| —ES Z|ZX|E2|E A&35t04 510|E2|E YA L E|E
S MHStD AE 4+~ U&LICH SDKE 7|HH 22 3= Amazon Braket (Xl —tES S AIE 3l

™ PennyLane E2110Q! gi0| & stolEE[=E ¢TI 2|EE Y5ty Al = A&LICH aBdLt
PennyLane2 Cf 23t &2 XM35t2 2 PennyLaneg A&5t= 20| E&LICH

SEIS e YNREE Q' U0l BLHULIC Hrf 6 HA CibtolAE YiizioR =
OIZE M2 E QF7F WASHY| HEQULICH AN £7HE ZE YR HOIEE O|XE £t
b alg B ULIC ThatM 7] A8 S TEIEE =0|x2 lsf S Eslof A RIL HUH & gla

Shor's(Quantum Phase Estimation 0{Al|) EE= Grover's(Grover 04| &)@t Z2
£ E= U0t Jiof xrdo| EeerLch ElAM YEtX o2 L o|&T} B2

HtO|AEtT stE 7IE LA ClHo|A0= A&XOIX| B2 &+ /U&LICH

Hol=2IS @ fuelFolx Y 212 BRI(QPUs S8 2k L2AFS S AL S8 20
7| 9/3h Z2HAl CPUsSl 25 Z2MME ASHLICH 22 M8#e o5 ClHol2 9| 750 T

= H| LHoi| M =AM Brob&LICE
O AMlM:

» PennyLane= A& 3= Amazon Braket

« Amazon Braket OiX| = ES 0| slo|EE|E &1 2|F

« PennyLane A|IZE|0[E7t LIZEl stolEE[=E T 2|EFE

« Amazon Braket A|EH|O|EHE At PennyLane_o-I =A™ Jetol|o|M

« 5l0|EZ|E &Y &l PennylLaneE AF&304 QAOCA &1 E|& A

« PennyLane &HIC|E A|EE|0|E{E AI25}04 5t0|EEIE Q32 A
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https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Quantum_Phase_Estimation
https://github.com/aws/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Grover
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PennyLane€ AFE 3= Amazon Braket

Amazon Braket2 YA} x5t T2 I JHHS J|HIO R ASEIQE AA ATZEQ o] THYUYT
21 PennyLaneOi| CHE X[ & MSEfLICE O ZRYKIE AE6t0 MBYE A At 815, &
R 71H g A x[xst ol AFE EXof CHet £F M2 3= X St YLAo2 It 3 2E &E
g = AaLch

PennyLane 2t0|E2{2|= PyTorch & TensorFlowE H|R & £l=8t 7|A & & =70 cift QIE{H O]
AE NME5tod =3 X SIZE =210 EgMoZ pHEL|CH

« PennyLane 2}0|E 22| -- PennyLane® Amazon Braket .- ES 01| At A X|E[0] QU &LICH.
PennyLane0i|A{ Amazon Braket C|Ht O|A 0| HMHASIE{H ESE Q1 Ctg BB S AFE 5104

PennyLane 2t0|EHZ|E 7}X{ZLIC}.

import pennylane as gml

AAEMM ESES AEsH HEH| Al2re = & LICt EE= MEIEH IDEO A Amazon Braket2|
PennyLane2 AtEE £ JU&LICEH

 Amazon Braket PennyLane Z2419! - X} &| IDEE AM&3t24T Amazon Braket PennyLane 241
P2 =822 MX|E + &Lt £E2{3 212 PennyLane2 Amazon Braket Python SDKQt ¢4
§t2 2 Amazon PennyLane C|HIO|A0M 22 & H™AE &= U&LICE PennyLane £{1212 MX|
StedH Ch2 BHEE AL

pip install amazon-braket-pennylane-plugin

Ctg oMo A= PennyLane0i|A{ Amazon Braket C|HFO| A0 CHEF HMAE MY5t= WHE EoiF
L|C}.

# to use SV1

import pennylane as gml

svl = gml.device("braket.aws.qubit", device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/sv1l", wires=2)

# to run a circuit:

@qml.qgnode(svl)

def circuit(x):
gml.RZ(x, wires=0)
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gml.CNOT(wires=[0,1])

gml.RY(x, wires=1)

return gml.expval(gml.PauliZ(1))
result = circuit(0.543)

#To use the local sim:
local = gml.device("braket.local.qubit", wires=2)

PennyLane0i| CHEF Ak& A oA REAIEH L& 2 Amazon Braket 0iA| E|ZX[EE|E HEFMR.

Amazon Braket PennyLane Z2{1212 At&35tH 8t &2 I =2 PennylLane0| A Amazon Braket
QPUL UHIC|= A[ZEO|E C|HtO|A Zhofl TEHE = /U &LICH PennyLanedt &7H AISE = U= 2
7HS| Amazon Braket At C|HIO|AE XS EFLICH.

 braket.aws.qubit QPUs ! A|Z2l|0|E{E Z &8 Amazon Braket A{H|A Q| X} C|HIO|AZ Al
SH
o

« braket.local.qubit Amazon Braket SDK2| 2Z A|ETO|E{Z A&

Amazon Braket PennyLane £2{1212 @& AAQIL|CH PennyLane Zc41 21 GitHub 2|Z X|E2[0f|
M AERE = J&LIct

PennyLaneOll CHEF XtAIEH LIE 2 PennylLane # AIO|EQ| MBEME R =AML,

Amazon Braket oA =EE Q| sto|lE2|E 12

O

Amazon Braket2 §tO|EZ|E ¢ 2|E &S 2/ PennyLane E2{a2l0f| o|E5HX| et= CHEt
oA —ESE MSELICt Quantum Approximate Optimization Algorithm(QAQOA) EE = Variational

Quantum Eigensolver(VQE)2t Z 2 #Hy 2 MAESt= 0|28 Amazon Braket 5t0|EE2[= oA o

ESE ANHE + A&LUCH

Amazon Braket 0{ Al .=E =2 Amazon Braket Python SDKE AF2 & LIC}H SDKE Amazon Braket2
Sl XAt HAFE StEQof ClHIO|ALt 4% 286t ZBYXIE MBS ELICE stolEHE|E I3 &
2Ol YX RES X|HFTE MAHE 2E A4 Blol22ILC.

olX| —ESE AtE35t04 Amazon Braket2 [ AtA| S| B A& 4= RU&LICE. https://github.com/aws/
amazon-braket-examples
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PennyLane AIZ20E{7 LI El StO|EE|IE S E|E

Amazon Braket Hybrid Jobs= O|X| PennyLanel| I4d& CPU & GPU 7|8t UH|IC|= A[Z 2| O|E{2t

2 MBELICH o YHICI= AZBI0|E MEZ2 5t0|EE[= 2] Z4H|0[L] LHoi| Y UHIC|I =&

& USMH E e I 1ightning.qubit A|[Z2I0|E, NVIDIAL| 1ightning.gpu cuQuantum

CtO|EEE[E AME835t0] 7H455HEl AZE0|E 2 Z&ELICH o248 HIC|E AlZB0lE = &

At St dhednt 758 nk=; H*b.';.'o §28g U %FXP 71 saT Ze WE g1 aEo MEELc
3

= -o
GPU QIAEIA0] M Of2{Er HHIC|=E AIZE0IHE Ade = U&LICH

A23IH O|X| EcHAl I Z 2 MM QPU, Z'2 Amazon Braket
AM&3t7HLE PennyLanel| HIC|= A|ZEO|EE & ALE 504 %‘ gtnglE 2

e rm
5
[N
>
11
o=

UHIC|= A|ZE0|EHE 5t0|EE|E 2] ZiE|O|LHoM O|0| ALEE = {222 H|Z|0|EZE 7|2
£ ehybrid_job CllZai|lo|44st 7|k 5tEd ElLICE PennyLane AIEE0IEHE AFE5tE{H
2t InstanceConfig 20| lightning.gpu0diX GPU QIAEAE X|Z5H0F &L|CH.

import pennylane as gml
from braket.jobs import hybrid_job
from braket.jobs.config import InstanceConfig

@hybrid_job(device="local:pennylane/lightning.gpu",
instance_config=InstanceConfig(instanceType="ml.p3.8x1large"))
def function(wires):
dev = gml.device("lightning.gpu", wires=wires)

tOIEE|= %0l PennyLane HHICI= A|ZEOIE] ALEE AlEfotedH OGN tES S HESAMR.

[e][]

Amazon Braket A|Z8|O|EH{E A&t PennyLanel| £ J2t0| 0]

Amazon Braket& PennylLane Zc{1Q/12 A5t 2Z M Ef HIE] A|E20|E == SV10{| A3E
I 2t X3 2 S AFS 5104 a2to|o|ME Hiker = U&LICE.

Ao A xHEs HE AFESEdHIE gnode Ot diff_method="'device' 0AE X[ 3HoF &L
Ctdiff_method='adjoint'. C}S € & X3AMIL.

device_arn = "arn:aws:braket:::device/quantum-simulator/amazon/sv1"
dev = gml.device("braket.aws.qubit", wires=wires, shots=0, device_arn=device_azrn)
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@qml.qgnode(dev, diff_method="device")
def cost_function(params):
circuit(params)
return gml.expval(cost_h)

gradient = gml.grad(circuit)
initial_gradient = gradient(paramsQ)

(® Note
&XH PennyLane= QAOA SHEE L|oto{of CHEt T &3t QIHAE H|4tstD O|E AHE 3104 Si
LEL|0t0{E ofq o & gt = EEFLICH oM QACAE Al™E I sv1o| 2 AHH3Et 7|5
2 AME5le{H o5 Zo| 288 QA E X[745104 Hamiltonian HI& S R{FAPennyLane
SOk B LIC} cost_h, mixer_h = gml.qaoa.max_clique(g, constrained=False)

cost_h = gml.Hamiltonian(cost_h.coeffs, cost_h.ops)

Al
=

T
0%

sto|=22|= =2 & PennyLaneS AFHE 35104 QAOA €112

x
s
2
x
rir
1%

>

LIS A& 35tod mi2tolE Aot Ut 87 PennyLane2 AH& 3104 AIA| 510

] &1 2|& AR EE AFE3H04 Quantum Approximate Optimization

Algorithm(QAOA) EM|E sHHZELICH Z2 332 24 Max Cut /X3t X0l siZst= HIE & =+
F

E Mdstm, ut2tolEgtE SR Z| 28 X™5t, ZHEHSE AL 5t WS AFE 504 mh2tO/HE A
3t5tod HIE &8 E|ASELICEH O] tiAoMH= EHeEtE fls ¢ 2lE A3 EEN 22X JeH=E
Mt x|BH Eot AP AL AlEle| B2 U= TIo|H 7-Eo| M& M'd2 Sl X MY E M3
St 730| 71E E&LICH Zei12| parametrize_differentiable 7|22t TrueO|2 2 X|HE]
= QPUs.

import os

import json
import time

from braket.jobs import save_job_result
from braket.jobs.metrics import log_metric

import networkx as nx

import pennylane as qgml

from pennylane import numpy as np
from matplotlib import pyplot as plt
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def init_pl_device(device_arn, num_nodes, shots, max_parallel):

return gml.device(
"braket.aws.qubit",
device_arn=device_arn,
wires=num_nodes,
shots=shots,
# Set s3_destination_folder=None to output task results to a default folder
s3_destination_folder=None,
parallel=True,
max_parallel=max_parallel,
parametrize_differentiable=True, # This flag is True by default.

def start_here():
input_dir = os.environ["AMZN_BRAKET_INPUT_DIR"]
output_dir = os.environ["AMZN_BRAKET_JOB_RESULTS_DIR"]
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
checkpoint_dir = os.environ["AMZN_BRAKET_CHECKPOINT_DIR"]
hp_file = os.environ["AMZN_BRAKET_HP_FILE"]
device_arn = os.environ["AMZN_BRAKET_DEVICE_ARN"]

# Read the hyperparameters
with open(hp_file, "r") as f:
hyperparams = json.load(f)

p = int(hyperparams["p"])

seed = int(hyperparams["seed"])

max_parallel = int(hyperparams["max_parallel"])
num_iterations = int(hyperparams["num_iterations"])
stepsize = float(hyperparams["stepsize"])

shots = int(hyperparams["shots"])

# Generate random graph

num_nodes = 6

num_edges = 8

graph_seed = 1967

g = nx.gnm_random_graph(num_nodes, num_edges, seed=graph_seed)

# Output figure to file

positions = nx.spring_layout(g, seed=seed)

nx.draw(g, with_labels=True, pos=positions, node_size=600)
plt.savefig(f"{output_dir}/graph.png")

# Set up the QAOA problem
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cost_h, mixer_h = gml.gaoa.maxcut(g)

def qaoa_layer(gamma, alpha):
gml.gaoa.cost_layer(gamma, cost_h)
gml.qaoa.mixer_layer(alpha, mixer_h)

def circuit(params, **kwargs):

for i in range(num_nodes):

gml.Hadamard(wires=1i)
gml.layer(qaoa_layer, p, params[Q], params[1l])

dev = init_pl_device(device_arn, num_nodes, shots, max_parallel)

np.random.seed(seed)
cost_function = gml.ExpvalCost(circuit, cost_h, dev, optimize=True)
params = 0.01 * np.random.uniform(size=[2, p])

optimizer = gml.GradientDescentOptimizer(stepsize=stepsize)
print("Optimization start")

for iteration in range(num_iterations):
t0 = time.time()

# Evaluates the cost, then does a gradient step to new params
params, cost_before = optimizer.step_and_cost(cost_function, params)
# Convert cost_before to a float so it's easier to handle
cost_before = float(cost_before)

tl = time.time()

if iteration ==
print("Initial cost:", cost_before)
else:
print(f"Cost at step {iteration}:", cost_before)

# Log the current loss as a metric
log_metric(
metric_name="Cost",
value=cost_before,
iteration_number=iteration,

print(f"Completed iteration {iteration + 1}")
print(f"Time to complete iteration: {tl - t@} seconds")
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final_cost = float(cost_function(params))
log_metric(
metric_name="Cost",
value=final_cost,
iteration_number=num_iterations,

# We're done with the hybrid job, so save the result.
# This will be returned in job.result()
save_job_result({"params": params.numpy().tolist(), "cost": final_cost})

(® Note
Zt0lEe Hude WA gl z2 332 Aelstmel ZE H0|E 7|8 QPUsRIgetti
Computingl A X| ¢4 &l LICH.

PennyLane &HIC|= A|ZZIO|E{E AFE 35104 5I0|HEIE YT 2E A

Amazon Braket Hybrid Jobs0{| A PennyLanel| HIC|= A|ZTO|E{& At&5t04 5t0|EE|=
a2 E A8sE WHE AHEZ&LICH Pennylane2| GPU 7|8t AHIC|= AIED0|E{Q]
lightning.gpue Nvidia cuQuantum 2tO|22{E|E AFE35t0{ 3|2 A|ZB|o|ME 7H&sHELIcH &
HICIE GPU AZB0IEHE MEXI7t ZA| AL E £ U= 2 E Braket 2 ZIE|O[L40f| O|2| 74|04
A&LICH o] HO|X|oMEE AFE35l0d 310|EEIE KT ZE=29| lightning.gpu ST & 0= &Y
2 EoiELCt

QAOA &3 ZE1ightning.gpudi AFS

0| . E 5 9] Quantum Approximate Optimization Algorithm(QAOA) MIXIE 1245 EM L. KHIC]
E AZEOIE{E MENFtE{T F 40| BXIYUZE device 218 X|HELICH" 1ocal: <provider>/
<simulator_name>". & S040f CH3l "local:pennylane/lightning.gpu" & &L
CtHlightning.gpu. AlEf Al 5t0|EE|E 2 dof XMS5t= CIHIO|A BAIUS Yo 2 #E HE =2
M EL|CH AMZN_BRAKET_DEVICE_ARN".

device_string = os.environ["AMZN_BRAKET_DEVICE_ARN"]
prefix, device_name = device_string.split("/")
device = gml.device(simulator_name, wires=n_wires)
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Ol HO|X|o M= 5 7He| HIC|= PennyLane & Eff HIE] A|Z2l0|E{1ightning.qubit(CPU 7|
o} llghtnlng gpu (GPU Z7|EHE H|wsl EZd&LICt CteFst Jeto|o|ME H|4tste{s AlEEl|o[H
of Y8 AEXR X|I™H HO|E =235HE NSt ok Lt

O|A| 5t0|EEI=E &Y A|ZF AT RIEE &H|E FH|7F EIRAELICEH m5.2x1arge 20| & 7} X| QIAHE
A RFEE ME50{ QAOA 21 2|EFS A™HELICHp3. 2x1arge. m5.2x1arge QIARA RE2 EF
R = EED H|<ELICH = HZ 2|7 16GBQ! EH NVIDIA Volta GPU7ZL /e 7t HFE! A

EiAp3.2xlargelL|CH.

mo

T E Sto0|EE|E HUhyperparametersl|e= SYELICH CHE QAR AR A|IZHOEE AISSH £

7| #lsfl CtExt Zol & E2F HEs ™ EL|CH

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.qubit"

# Run on a CPU based instance with about as much power as a laptop
instance_config = InstanceConfig(instanceType='ml.m5.2xlarge"')

CC
L

HF

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.gpu"

# Run on an inexpensive GPU based instance

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')

(® Note

E GPU 7|8t QIARHAE A85tE instance_config A2 X|H35HX|BHE HIC|E CPU
718k AlZ2Bl0lEd(1ightning.qubit)device 2 MEHEIH GPU7} AR E|X| ot &LICH GPU
E 4o =2 x|H3ted™ AHIC|=E GPU 7|8t A|ZE0|E{E A& 3Hof §FLCt

0
—

el
>

15 712l sto|EE|E HYS 485t 1870 HHEIATE Ql= T2 Z0M QAOAZ Max-CutE df
2g =+ A&LICH OlE HIX M 51 - ES &= m5.2x1arge QAAHAM HEH A™E + e

= T
18HIE Z|ZZ 0|0o{&!LLC}.

N

num_nodes = 18
num_edges = 24
seed = 1967

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)
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# And similarly for the p3 job

m5_job = AwsQuantumJob.create(
device=device,
source_module="qgaoa_source",
job_name="qaoa-m5-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlarge QIAEAO| W HH= A[ZH2 2F 25% 0|1 p3.2xlarge QIAEA S| AL oF 12

ZLICt O] 18H|IE A EZ 9| B GPU QIAHAE 280 £ & &4 2 NI FELICH Amazon
Braket Hybrid Jobs 22 HO|X|E E®M m5.2x1large QIAEAO| B H|&0| 0.00768 USDQ! HtH
p3.2xlarge QIAEIAO| AL 0.06375 USDRIE & + AU&L 7IMet 20| & 53 gt E AY

Ct. 04
st2dT 7t CPU QIAEIAZE AI26IE Z<L 0.016 USD, GPU QIAEAE A5t A2 0.06375 USD

O| H|I8&0| €M = Ct &5l MHELICH

O|N| BXIE O 0{FH PHE T 24H|EZ2 HEE|E 24-BHEIA T2 Z 0 M Max-Cut XIS &8 £
&LICH S8 F QIAEHAONM 3H0|EHE|E &S CHA| ™St HISS H|w&L|Ct

g

® Note

CPU 2IAEIAO|MO| 3t0|EE|= e Mst= o of 5A|ZHo] ZAE &~ [U&LCH

num_nodes 24
num_edges

seed = 1967

1
W
[e)]

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job
m5_big_job = AwsQuantumJob.create(
device=device,
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source_module="qgaoa_source",
job_name="qaoa-m5-big-" + str(int(time.time())),
image_uri=image_uri,

# Relative to the source_module
entry_point="qgaoa_source.qgaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,

# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlarge QIAEAO| W U= AlZh2 oF 1A|ZH0|1 p3.2x1large QIATAOC| FHR &S 2F
LIt o] & EXo| B2 GPU QIABATL EW M ELICH O] £ T4 & 85tE{H
O AEE 2Z A|ZH0IEE LAstod 5 &9 IEE WE6H7|E 5t KIS LICH
& 53| gt 2 A™>SE{™ CPU QIABAE ALE5tH 9F 2.27072 USD, GPU QUAEIAE AL 5HH of
0.775625 USD2| H|&O0| ELICt. CPU ArS &2 O B2 H|&0| & #EF ofL |2t M™st= Ol B2
Alzto| ZAZILICE NVIDIA CuQuantumO0i| Al X|23t= PennyLane2| UH|C|= A[ZE]|O|E{E AWSAE
500l M At 7158t GPU QIAEIAZO| KT EZE 714556tH 7t HH|IE £(20~30)2 YT ER
E A™sto & HIE S MEstn AlZH2 HEE = JU&LICH &, L ESO|Lt HIxE 37|9| QIARA
ol M EH A™st7|ol HF 2 EAMo HiME XA ARE S A"HE = J&LIcH

YXt 71A sr& K OlolE EE M|

T2 REO|HIOIE| MIEE 7 =3
ME3510d JAREE =2 71458 £+ U&LICE
|.

o DS SeiAl ABEYS ZHY $5 AT EEHEK 042 45 SLICH HOE MEZ 2YS &
% 1) YOl TEHDIEI7H UCIOIEEl0] &4 348 HASSLICH £4 345 Ytsoz BY G
OlEf ZOI=0f Chah HolEind M GlOIE| MEH Chet B2 £ 40| & £ 42 HolgtLITh QMLoIA
SAe YutoR JatEolM HAAS 913 & MR BEstety| Mol MWR AELID o Hats

—
5| =4 7Ho| Ci|o|E| ZRIET QlE B2 A

Am Tk

n
o
A2
o
[N
]
C
in|

5t Olo|E ZQlE o 2 A2 CHE CIOJE ZOIE OESX| $on2 A48 WHE Bty £ UaL
ch. M2 CHE ClolE] ZoIE o BadEl &4 & J3lElolMg S Al BHE 4 U&LICH oS oo/E]
24 %{2|2tD FLICH SageMaker2 E 4 G| OJE] 3 2l0|2E{2IE AL8 S A

Jobs® A1 512! ClOIE] 81 HZIE o £ T B0l 2EE ASSHE & YOLICH

& 2 2{ZFl UCl 2|ZX|E2|Q| Sonar C|0|E{ M E O|0|E{ MIEE HIO|LH2| 72| | £ Ar&35t= dIOo|H
HE X212 RSH CHS QML KIZ2EE 248 LICt Sonar OB MEM|= 22 607H2] 7|S0] /U=
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2087H2| Ci[O|E| ZQIETI I2M,0| 7|52 AR E HIRASHE AL AlZ oM =& ELICt 2 HlolH
ZQEo|= Ao AR "M" == HIRQ| AL "R" Bilo|E20] X|EELICH QML 222 = AS, 574
TAHESSEM LAt 32 U £33 HESE FHELICH =3 L £33 HE2 PyTorchol 2= Z2H4
MBZLICH X 3|2 = PennyLanel| gml.gnn 2 &2 AF& 3104 PyTorch &AY 0 SEHEILICH £
FZ2=of cHEt AT LIS 2 olld tES 2 HEFAML. 212 QAOA oA|2t OtEH7EX|IZ2 PennyLane
olot Zt2 UHIC|= GPU 7|8 A|IZBI0|E{1ightning.gpug& AFE 304 YHIC|= CPU 7|8 A|IE 80|
EHECH 852 7iM5t0{ GPUS| M52 &8E &= U&LICh

sto|EE|E e MASlE{ME S &AwsQuantumlob.createstD 7|QE QI4-E E6 L1 2|F
AFJEE ClHO|A & J|EF 2+ E XIHE = U&LCH

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')

hyperparameters={"nwires": "10",
"ndata": "32",

job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
source_module="qgml_source",
entry_point="gml_source.train_single",
hyperparameters=hyperparameters,
instance_config=instance_config,

)
ClOIE B2 %218 ABstE{H 222 SH2 | HHs5t7| 9IsH SageMaker 24t 2H0|=E{2|9)
ATEE ATZEM B FO| TEE SHHok BLICH B YIZEE 042 GPUst 043 214

B0 E4HSHE O B2 =20]| /& smdistributed IH7|X|E 7FX{SLIC} O] I{F|X|E= Braket

PyTorch & TensorFlow Z1E|O[|LA{0i| O|Z2| 7 E[0{ U&LICH dist 2E2 Y1 2|E A3 EE &
£ 2|8t & GPUs =(world_size)2t GPU Z04{local_rank®| rank L& Y2{ELICt. rankeE 2E
AEAO0M GPUL| HLH QIHAO0|T local_rankE QAEA LY GPUL| QIHAQILICEH o & E0f
210d ZrZF 8GPUs7t & El 471o| QIAEATL Ql= B B2l= 0rank~310|11 1local_rank B

=2 O -
0~7IL]|C}.

rr foe ro

import smdistributed.dataparallel.torch.distributed as dist

dp_info = {
"world_size": dist.get_world_size(),
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"rank": dist.get_rank(),
"local_rank": dist.get_local_rank(),
}
batch_size //= dp_info["world_size"] // 8
batch_size = max(batch_size, 1)

OH CHS world_size 20f| DistributedSampler [MEHE Ho|8t CIS O|O|E] rank 20| ME
gLiCh o]l ME2{= GPUs ClO|H ME S| 3Ust ZZtof| HMASH=E JAE B X|ELCY.

train_sampler = torch.utils.data.distributed.DistributedSamplexr(
train_dataset,
num_replicas=dp_info["world_size"],
rank=dp_info["rank"]

)

train_loader = torch.utils.data.DatalLoader(
train_dataset,
batch_size=batch_size,
shuffle=False,
num_workers=0,
pin_memory=True,
sampler=train_sampler,

CHZ2 OS2 DistributedDataParallel E2iAE AL83t04 ClO|E HH X{2|E & &stetLict.

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP

model DressedQNN(gc_dev).to(device)

model DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])

?|o| L2 C|o|E EE *{2|E& MEste ol ERe HE8 ArZLIc QULoAM=E ZntE ME st

= T g2 AMstE 327 HELICH Z4 GPUTZH MY A el BHEE A™lstH =201 g E|
£ 27t 7t5 X1 Z2nt7t M2 Ho{&LICh 0| ¥ X[stEd™ rank 00| = GPUMIAEH K& &t
AUME & J&LICH

if dp_info["rank"]==0:
print('elapsed time: ', elapsed)
torch.save(model.state_dict(), f"{output_dir}/test_local.pt")

Amazon Braketo| M PennyLane At& 215



Amazon Braket TR 7H0|E

save_job_result({"last loss": loss_before})

Amazon Braket Hybrid Jobs= SageMaker = &t C|O|E & 2} 0|EE{2/2| ml1.p3.16x1large 21AEH
A FEE X|HELICH 510|E2|E Q{9 InstanceConfig 2148 S5l QAEHA RES FHEL
Ct. SageMaker 24t Ci|O|E HE 2to|=E 2|7t C|O|H HE ®EI7t B GStER =X ERl5iZ{HE 2
"sagemaker_distributed_dataparallel_enabled" M3 T E Al T QAEHA R3oZ
"true" "sagemaker_instance_type" MM3st= 5 72| sto|Hut2tO|E{E F 7ok & LICH. Of
= otO|HIt2t0/E{= smdistributed 7 |X[0 M AL EILICH ST E|& AT EEE BAHOE A
L7t & LICE Amazon Braket SDKHME= HE|S 7|9 E 21+E MBS & LICtdistribution.
= 2] Mdddistribution="data_parallel"0{|AE A& 35tH Amazon Braket SDK7}
7He| sto|mHutztO|E{E AMQlEtLIC Amazon Braket APIE AL 3HE B2 0| F 5to|m{m}
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RIAEA S MOl HE Me[7t S E HEHol| M OfX| stOo|EZIE &2 MEE = A&LICH.
ml.p3.16xlarge QIAE A= 8GPUs7t JU&LICH instanceCount=18 HHE35I™ £
AEAO| 8GPUsH| BAHEILICEH & 1E2CH instanceCount 3 H AM5tH {IAZEJ ZE QIAEH
ol M At8 7S B GPUsO| 2AHEILICEH 048] QIABAE AL835tE B AFE Alztof k2t ZF QIAH
of LZ0| RFatELICH o|E S04 QAATHA4INE A

S B2 YIZCE SA| Aysts QIAH
A7H47H QOB E AT IHs AT QAEIAT MY AlZ

kol 4HHILICE.

instance_config = InstanceConfig(instanceType='ml.p3.16xlarge’,
instanceCount=1,

)

hyperparameters={"nwires": "10",
"ndata": "32",

}

job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
source_module="qgml_source",
entry_point="qgml_source.train_dp",
hyperparameters=hyperparameters,
instance_config=instance_config,
distribution="data_parallel",
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® Note
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https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://gallery.ecr.aws/
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L274
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L139
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FROM

ARG
ARG
ARG

ARG
ARG
ARG

ARG
ARG

ARG

sHoF g L|ct,

2 GPU 714 & QIAEAON|M JuliaE AFHEE += Dockerfile {U =2 of| &IL|C}.

nvidia/cuda:12.2.0-devel-ubuntu22.04

DEBIAN_FRONTEND=noninteractive
JULIA_RELEASE=1.8
JULIA_VERSION=1.8.3

PYTHON=python3.11
PYTHON_PIP=python3-pip
PIP=pip

JULTIA_URL =
TAR_NAME =

https://julialang-s3.julialang.org/bin/linux/x64/${JULIA_RELEASE}/
julia-${IJULIA_VERSION}-linux-x86_64.tar.gz

PYTHON_PKGS = # list your Python packages and versions here

RUN curl -s -L ${JULIA_URL}/${TAR_NAME} | tar -C /usr/local -x -z --strip-components=1

-f

RUN

apt-get update \
&& apt-get install -y --no-install-recommends \
build-essential \
tzdata \
openssh-client \
openssh-server \

ca-certificates \

XFA A0 AFZ(BYOC)
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curl \

git \
libtemplate-perl \
libssl1.1 \
openssl \

unzip \

wget \

zliblg-dev \
${PYTHON_PIP} \

${PYTHON}-dev \

RUN ${PIP} install --no-cache --upgrade ${PYTHON_PKGS}

RUN ${PIP} install --no-cache --upgrade sagemaker-training==4.1.3

# Add EFA and SMDDP to LD library path

ENV LD_LIBRARY_PATH="/opt/conda/lib/python${PYTHON_SHORT_VERSION}/site-packages/
smdistributed/dataparallel/lib:$LD_LIBRARY_PATH"

ENV LD_LIBRARY_PATH=/opt/amazon/efa/lib/:$LD_LIBRARY_PATH

# Julia specific installation instructions
COPY Project.toml /usr/local/share/julia/environments/v${JULIA_RELEASE}/
RUN JULIA_DEPOT_PATH=/usr/local/share/julia \

julia -e 'using Pkg; Pkg.instantiate(); Pkg.API.precompile()'
# generate the device runtime library for all known and supported devices
RUN JULIA_DEPOT_PATH=/usr/local/share/julia \

AF#l ZIEO]LT AT&(BYOC) 5
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julia -e 'using CUDA; CUDA.precompile_runtime()'
# Open source compliance scripts
RUN HOME_DIR=/root \

&& curl -o ${HOME_DIR}/oss_compliance.zip https://aws-dlinfra-
utilities.s3.amazonaws.com/oss_compliance.zip \

&& unzip ${HOME_DIR}/oss_compliance.zip -d ${HOME_DIR}/ \

&& cp ${HOME_DIR}/oss_compliance/test/test0SSCompliance /usr/local/bin/
test0SSCompliance \

&& chmod +x /usr/local/bin/test0SSCompliance \

&& chmod +x ${HOME_DIR}/oss_compliance/generate_oss_compliance.sh \

&& ${HOME_DIR}/oss_compliance/generate_oss_compliance.sh ${HOME_DIR} ${PYTHON} \
&& rm -rf ${HOME_DIR}/oss_compliance*

# Copying the container entry point script

COPY braket_container.py /opt/ml/code/braket_container.py
ENV SAGEMAKER_PROGRAM braket_container.py
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https://www.fastruby.io/blog/docker/docker-ssh-keys.html
https://docs.aws.amazon.com/AmazonECR/latest/userguide/repository-create.html
https://docs.aws.amazon.com/AmazonECR/latest/userguide/repository-create.html
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aws ecr get-login-password --region ${your_region} | docker login --username AWS --
password-stdin ${aws_account_id}.dkr.ecr.${your_region}.amazonaws.com
docker build -t braket-julia .

docker tag braket-julia:latest ${aws_account_id}.dkr.ecr.${your_region}.amazonaws.com/
braket-julia:latest

docker push ${aws_account_id}.dkr.ecr.${your_region}.amazonaws.com/braket-julia:latest
X448t Amazon ECR H&H &
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job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
image_uri="111122223333.dkr.ecr.us-west-2.amazonaws.com/my-byoc-container:latest",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3),
device="local:braket/braket.local.qubit",
#...)
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Container)& CUDA-Q Sali7t X[#stE 2] ZIE|0|L{E HEELICH CUDA-Q ZIE|0|LHE EEst T
Amazon ECR E|ZX|E2|0f HAIE £ Qe &A8H IAM HEHO| Ql=X| &elgfL|ct.
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CHZ ZE ZZF2 Amazon Braket Hybrid Jobs2 CUDA-Q Z2 I A#35I= hello-world oA
2JL|ch.
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/nvidia_cuda_q/0_hello_cudaq_jobs.ipynb
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image_uri = "<ecr-image-uri>"

ehybrid_job(device='local:nvidia/qpp-cpu’', image_uri=image_uri)
def hello_quantum():
import cudaq

# define the backend
device=get_job_device_arn()
cudaq.set_target(device.split('/')[-1]1)

# define the Bell circuit
kernel = cudaq.make_kernel()
qubits kernel.qalloc(2)
kernel.h(qubits[@])
kernel.cx(qubits[@], qubits[1])

# sample the Bell circuit
result = cudaqg.sample(kernel, shots_count=1000)
measurement_probabilities = dict(result.items())

return measurement_probabilities

| oMol A= CPU AIZEHOIE{0l| A Bell 2|2 & AIZE|0|MELICE O] M= ES = Braket
Jupyter cES0|M ZHZ MMEILICH local=True ™ M{E0f0| AT R EE A5 ZE 0|
7t 24 30| M AlEElo HAE U C|HZE ?2t CUDA-Q ZE20 S A-YELICH HAEE &
28 F local=True E2i3E M5t ZHUS AlE = U&LICH AWS. AHAM|EH LHE 2 Amazon
Braket Hybrid Jobs A|& 351 7|& HESHAIR.

T ZEO| FH|E 7} BAHL} 3|2 £7
|X-I=|.o;| |_—_.| 7I-E=IE>|- CPU 9—|-U-E EI_|_/I\_
H|O|E{0l| A instance_ conf X
AHME L8 2 AT EIE

—E
S22 Amazon EC2 QIAEA &

AL Bhs 70 B2 E2 instance_config HHE
e CHE 2= ZZ2 hybrid_job HIZ

LQ 0
z
be!

Rzl QIABA R0 CiEt
AQd QIAEIA TAS AXFML. QAHA 3

@hybrid_job(
device="local:nvidia/qpp-cpu",
image_uri=image_uri,
instance_config=InstanceConfig(instanceType="ml.c5.2xlarge"),

)
def my_job_script():
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-build-jobs.html
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-configure-job-instance-for-script.html
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@hybrid_job(

device="local:nvidia/nvidia",
image_uri=image_uri,

instance_config=InstanceConfig(instanceType="ml.p3.2xlarge"),

)
def my_job_script():

Amazon Braket Hybrid Jobs
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cudaqg.set_target("nvidia", option="mgpu")
cudag.mpi.initialize()
result = cudaqg.observe(

kernel, hamiltonian, shots_count=n_shots, execution=cudaq.parallel.mpi

)

cudaq.mpi.finalize()

hybrid_job ClZ&I0|E{0l|M CtS ZE =Zt0}

Zto| 0421 GPUSE 3 AESt= QIAERHA
groict.

=0
od
o
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@hybrid_job(
device="local:nvidia/nvidia-mqpu",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=1),
image_uri=image_uri,

)

def parallel_observables_gpu_job(sagemaker_mpi_enabled=True):
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Amazon Braket oA Github2| ¥5Z A|Z2i0|M = ES 2 GPU #end-to-end A= 0N E XS ELICE.

ARt HREIM YRR A

AZBO|E HHIAEE 228t & QPUs. CHA 2 |, IonQEE £ Rigetti C|HFO|A2F ZH2 Amazon Braket
QPUE AEt5t7|8F IQMstHE ElLCH Clg 2 E 222 CH4'2 IQM Garnet C|HIO|A 2 A SHE g
£ Ho{ELIC A8 7158 QPUs S22 Amazon Braket 248 X ZX5HMI2.

device_arn = "arn:aws:braket:eu-north-1::device/qpu/igm/Garnet"
cudaqg.set_target("braket", machine=device_azrn)

Amazon Braket Hybrid Jobs0f| CHEt XtM|EH L& 2 THEERF @FLHA 2| Amazon Braket Hybrid Jobs & 4

= A Z5tM2. CUDA-QOI CHEt XEMIEH LHE 2 CUDA-QEBEAME F=5HMIR.

E AFg8tod 302 B BT KT 4% 5 AP

E AF&3+01 Amazon Braket Hybrid JobsOl| 213 HM|A ST 45 2EF £ JUSLICIAPL. 2ELIE
P
=

API HY MEE e 722 & Ho| dHE MEE + &

(® Note

Amazon Braket Python SDKE A8 50 Amazon Braket Hybrid Jobs@t & & & 3t=
&LICt Sto|EE[E 2ol d3xoz Adk|s ol =80| &l Helst 7|24 E5E A

%E*L—IEL

Ol FHMoIME A2 7|2 At S CHELICIAPL APIE A85t7|E MEfE Aol M2 HA2 o 5
He o sto|EE= 2 e A™AE + ULS ofe] #Hof BH=oi cHb|sH ok & LICt.

APIE AI23524™ Aol AmazonBraketFullAccess Z 2|3 Z2H0| Qe «d&to] Qlo{of &L|Ct.

® Note

AmazonBraketFullAccess ZH2|E8 HAMo 2 A& S 7K = WHoi CHst RHM|IEH LIE =2
Amazon Braket & 433} HO|X|E &

B
g'l_l
x
FO

B A% o380 TRELICH Of A& MulA0| HIELICH Amazon Braket 248 A8 304 918
S MAE 4 QBLICH MEh U A HOIXIQ) A 43 TS AHRSHod 3t0|LEIS Ao CHt 7|
ofgrg MAIBHLICH

oH-d

E ABatol OIS EE Aan 5 45 &8 AP 228


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/nvidia_cuda_q/2_parallel_simulations.ipynb
https://us-west-1.console.aws.amazon.com/braket/home?region=us-west-1#/dashboard
https://docs.aws.amazon.com/braket/latest/developerguide/braket-test-jobs.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-test-jobs.html
https://nvidia.github.io/cuda-quantum/latest/index.html
https://github.com/aws/amazon-braket-sdk-python
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oAM= StO|EE|E Aol 2 eFt 2 E ot2t0/EE X|Z&CreatelobAPIdt OF & LICt Python2 AHE St
B ¢ E|E ATRIE otelS . T ClS A3 REE ASE
LICt 3tO0|E2|E 20| A2t E|l= E2, It 2 g X|H5te AYE HE gl FI™yt AX[GHESE
ZHEI O S (<>) LHe| 2 E B E 2 AOo|EgLCt

from braket.aws import AwsDevice, AwsSession
import boto3
from datetime import datetime

s3_client = boto3.client("s3")
client = boto3.client("braket")

project_name = "job-test"
job_name = project_name + "-" + datetime.strftime(datetime.now(), "%Y%m%d%H%M%S")
bucket = "amazon-braket-<your_bucket>"

s3_prefix = job_name

job_script = "input.tar.gz"
job_object = f"{s3_prefix}/script/{job_script}"
s3_client.upload_file(job_script, bucket, job_object)

input_data = "inputdata.csv"
input_object = f"{s3_prefix}/input/{input_data}"
s3_client.upload_file(input_data, bucket, input_object)

job = client.create_job(
jobName=job_name,
roleArn="arn:aws:iam: :<your_account>:role/service-role/
AmazonBraketJobsExecutionRole", # https://docs.aws.amazon.com/braket/latest/
developerguide/braket-manage-access.html#about-amazonbraketjobsexecution
algorithmSpecification={
"scriptModeConfig": {
"entryPoint": "<your_execution_module>:<your_execution_method>",
"containerImage": {"uri": "292282985366.dkr.ecr.us-west-1.amazonaws.com/
amazon-braket-base-jobs:1.0-cpu-py37-ubuntul8.04"}, # Change to the specific region

you are using
"s3Uri": f"s3://{bucket}/{job_object}",

"compressionType": "GZIP"
}
b
inputDataConfig=[
{
"channelName": "hellothere",
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= A8 510 Sl0[= I aodu A 85 &8 API 229



Amazon Braket TR 7H0|E

"compressionType": "NONE",
"dataSource": {
"s3DataSource": {
"s3Uri": f"s3://{bucket}/{s3_prefix}/input",
"s3DataType": "S3_PREFIX"

iF
outputDataConfig={
"s3Path": f"s3://{bucket}/{s3_prefix}/output"

.

instanceConfig={
"instanceType": "ml.m5.large",
"instanceCount": 1,
"volumeSizeInGb": 1

},

checkpointConfig={
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints",
"localPath": "/opt/omega/checkpoints”
},
deviceConfig={
"priorityAccess": {
"devices": [
"arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3"

iy

hyperParameters={
"hyperparameter key you wish to pass": "<hyperparameter value you wish to
pass>",
.
stoppingCondition={
"maxRuntimeInSeconds": 1200,
"maximumTaskLimit": 10

},
)
StO|EE|E &g MEt F0l= GetJob API EE= 2£2 S5l t0IEE|= 2] MR HEof HAM|A
& = U&LICH O™ of M2t Z 0| createJob ZEE MR E Python MlA0{A 3t0|EEIE ZF M M2

=
HEE 71X 224 CtZ Python BEE AFSELICH.
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getJob = client.get_job(jobArn=job["jobArn"])

stolE2|E XS F|A 24T Ed()Amazon Resource Name2|Z Cancellob API AFE3I01E &
gruichJobArn',

cancelJob = client.cancel_job(jobArn=job["jobArn"])

o>

checkpointConfig I}ZtO|E{E createJob APl AF&310{ XA XZQIEEQ| URZ X|HE = QU
LICt

checkpointConfig = {
"localPath" : "/opt/omega/checkpoints",
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"

}I

® Note

9| localPath= /opt/ml, /opt/braket, /tmpEE = 0|2 HZZ A|EE
checkpointConfig == @1&LICt/usr/local/nvidia.

ofl o A

oS Sl MEHSH XA} CIHFO|A M SHEMHO R HAHAE 4= U&LICH THEIS AlzZtof oSS & =
UeO= QIRE7L LS ANt B=5=E AVIE B3| & = UGLICE o2 1A1ZH EHRI=
NM3EIH =7t HIE 10[ Z|CH 48A[ZH MOl FAE &= U&LICH IHE o 22 @5 LA & 2 510
HE|E Edg 0|2 ch7|¥of| FIH6HHALE 02 Soll QI3 ZEE XMESITESE MENE £+ A&LICH

ME C|Hho|A HAM|A HIE2 Quantum Processing Unit(QPU)0I M A&iste R 2Hed 4l 5Ho|EE|=

Y of 2rAglol odef 7|k 7IE2 = FLICH
ool AL8E =+ U= A AFEHE oS0 &Lt

lonQ2| Aria &! Forte
Rigetti2| Ankaa-3
QM2 7+
QuEra2| Aquila
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-error-mitigation.html

Amazon Braket
5 320 Cisl LdEF7[o M XS ALEStod e T2 =0 Ciet MF HEE NS L.

of: 45t 0l Zo|, B M T Ei Mots U,

1. Amazon Braket 2& & iL|C}.

=
212 Aof M C|HHO|A S MENSt T 0425t C|HO|AE MEHSHL |},

2. 2= 3
3. 2% MMojAM C|HFO|A of 2k S MEdELICE.
4. O|™ Mx%}o| 4~6CHH E ME LCE.

AlE MESHH Braket B2 FE oS dEst= Chxs BAH7E 2 E olHIYUS & A ELICH oilef
T o|HYES Sall o 2f ARNE &7

® Note

oflof ARNE e Foflgt oflefo] SelElLic

ofeke %|4 1Az EHRIZ MSEIH S ClHtolAollE F7} ook Zio| Mgk (x| L A|CH of <
7|z 80| 12 4 UALICH Braket B2 ofoF2 &Qlsty| Mofl 221 HEE ZQELICH

of of ZH| M|lMofl &2 EAIEH Z< Braket Bl0| OlHI LS Sl 2425104 Braket T2 7t 308 Al
= ol ELC

mjo
0z
0%
nek
1
30
I
r
_|T|_
S
Al
rol

o 2f MAJOAM R 58t 0f2F ARNS U2 = of 2 Sof Alsie x| =
Fed2 0| 2F0| A|ZHE! 77} K| QUEUED &FE

A

(® Note
ofefe AWS A™ 2 C|Hio|AME CHELICH of|2f 2 A8 AWS H|ITHEH of|of ARNS AL &

= A& LI

233


https://docs.aws.amazon.com/braket/latest/developerguide/braket-reservations.html#braket-create-a-reservation
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® Note
oflot Sof Arda AME|D R oo ARNI} 27 MEE Al 2 Aol ChE Ch7I 7H A0l
HI\I:II’|E|-

Python SDKs Braket, Qiskit, PennyLane ™= £ boto3(Boto3 £ ¢d)1} 217 ZH2E AFE3504 2R}
MAE = QIELICEH o 2F2 AF& 324 Amazon Braket Python SDKE{Z v1.79.0 0|4 0] {104
Cl. Ch& ZEE AF835l0d %Al Braket SDK, Qiskit @2 At & PennyLane E4{1212 2 40| 0]
A& LICE.

0

Im 2 |
met ok |1
4> I [mjo

pip install --upgrade amazon-braket-sdk amazon-braket-pennylane-plugin qiskit-braket-
provider

of| 2FEl of F LYo M Efd2 Aldliste HE HE2 DirectReservation ZHEIAE ZE|KIE AI25HE
et HEAE 2E[Xts T4 ClHEo|& 2 of|2F ARNE K| 6104 Python with & LHOIAM 4 El
D E Ztdo| ClHio|Ao] CHEl S HMA Hetoz ME| T & §L|Ct,

MK EA 2|29 CHIO|AE HolgfLIch O/ Chs ol|of HEAES AISstn XS A-AELICH

from braket.aws import AwsDevice, DirectReservation
from braket.circuits import Circuit
from braket.devices import Devices

bell = Circuit().h(@).cnot(@, 1)
device = AwsDevice(Devices.IonQ.Arial)

# run the circuit in a reservation
with DirectReservation(device, reservation_arn="<my_reservation_arn>"):
task = device.run(bell, shots=100)

LAt 242 HdSt= SO DirectReservation ZARIAE 7| &4 & EHQ! B PennyLane & Qiskit
E{3212 AE35tod ol 2R ZHUS MY = U&LICE o & £01 Qiskit-Braket 32 XHE At
E5tH CHEot 20| 2yS AdE = A&Lch

from braket.devices import Devices
from braket.aws import DirectReservation
from qiskit import QuantumCircuit

T
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-references.html
https://github.com/qiskit-community/qiskit-braket-provider
https://github.com/amazon-braket/amazon-braket-pennylane-plugin-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-using-boto3.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-using-boto3.html
https://github.com/amazon-braket/amazon-braket-sdk-python
https://github.com/amazon-braket/amazon-braket-sdk-python/releases/tag/v1.79.0
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from giskit_braket_provider import BraketProvider

gc = QuantumCircuit(2)
gc.h(0)
gc.cx(0, 1)

aria = BraketProvider().get_backend("Aria 1")

# run the circuit in a reservation
with DirectReservation(Devices.IonQ.Arial, reservation_arn="<my_reservation_arn>"):
aria_task = aria.run(gc, shots=10)

OFEH7E X2 CH 2 E &= Braket-PennylLane £Z2{1212 AF&35104 o &F Sof 2|2 & A™ELICH

from braket.devices import Devices
from braket.aws import DirectReservation
import pennylane as gml

dev = gml.device("braket.aws.qubit", device_arn=Devices.IonQ.Arial.value, wires=2,
shots=10)

@qml.qgnode(dev)

def bell_state():
gml.Hadamard(wires=0)
gml.CNOT(wires=[0, 1])
return gml.probs(wires=[0, 1])

# run the circuit in a reservation
with DirectReservation(Devices.IonQ.Arial, reservation_arn="<my_reservation_arn>"):
probs = bell_state()

# set reservation context
reservation = DirectReservation(device, reservation_arn="<my_reservation_arn>").start()

# run circuit during reservation
task = device.run(bell, shots=100)
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reservation.stop() # unset reservation context

(® Note
ofl2Fol AlZf & B & Alzto] of|efx|o] /&L o oF 24 & X). reservation.start() %
reservation.stop() HAMEE 022 Al&StHLE SR SHX] %AL,“:} 0i|2F =of Alstist
DE =& SR AUE st S ULICH o2t HE2 of of &l of of Alztol F&E DOIR|

x| ef& Lt

xtoi2 MASEH ) 0f|2F ARNS HA|Zo g XME

olof Foi AU M E CHE WHSE S5 ) o ARNS BAIMOR MEsHs R

Cldevice.run().

task = device.run(bell, shots=100, reservation_arn="<my_reservation_arn>")

1

Ol HIME= ¥AF 2] oF ARNZ} |7 044504 0o
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x| 2o HEELCt

boto3E& XM AIE3stE B2 HUS dEE mf of2F ARNE HZ = TEFLICH

import boto3

braket_client boto3.client("braket")

T
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kwargs["associations"] = [

{

arn": "<my_reservation_arn>",
"type": "RESERVATION_TIME_WINDOW_ARN",

response = braket_client.create_quantum_task(**kwargs)

olet & 5ol s Ko Al

sto|EHElE R 2 A™-E Python &7t U 2™ reservation_arn 7|9 E Q=& MY 5o of oF

oM slo|EE|E 2ty E Ade = U&LICH SI0|EE|= 2] LHo| ZE 22 o 2F ARNS AFSEfL
|2 El Z0llreservation_arnft7} ZEE Sto|EEI=E 0| A AF
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2g 7tSEithe ALl

(® Note
oflef o d™E[= stolEEl= ’S.*°*2 of ol ClHto[A0l M SR} ARt E3 Moz AAH
LIt CHE 2C|ME Braket CIHHO|AE ASstEd st 77 A7 LICH SYUE 5tol=L

= = Lo A 2C|jMHE A|Ea1|o|549+ of|efEl ClHtolA RS0 2 S A™ASHof st B2
DirectReservation CHAIE AFZEFLICE

CHS ZE= o ol stolEE|= e Addste Y-S EoiELC

0jo

from braket.aws import AwsDevice
from braket.devices import Devices
from braket.jobs import get_job_device_arn, hybrid_job

ehybrid_job(device=Devices.IonQ.Arial, reservation_arn="<my_reservation_arn>")
def example_hybrid_job():

# declare AwsDevice within the hybrid job

device = AwsDevice(get_job_device_arn())

bell Circuit().h(@).cnot(0, 1)

task device.run(bell, shots=10)
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Python 23 REE AI25tE 5t0|EE|E &Ho| B

A2 (LR HLHAM S| & Bmf StOo[EE[= 27 A4
MM At x) B8 MAE I reservation_arn 7|QE Q&8 TE 0] of of Liof M AHE & &
L|Ct.
from braket.aws import AwsQuantumJob
from braket.devices import Devices
job = AwsQuantumJob.create(
Devices.IonQ.Arial,
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
reservation_arn="<my_reservation_arn>"
)
of 2k T=E Al drlist= U
oefo| ZREl F0il= O 0|4 ClHIO|AO| CHEt & HAMA HEHO| Qi LICt O oi <Fut &7 CHZ| &
Ol LIHX| /I3 2EE KIS 2 FAFLICH
® Note
o|efo| ZZE i RUNNING SENRE 2 E 20| FLELICH HERE AlZhol| M2 ZRIEE
A8 3tod & dE M St CHA| A& 5= Aol E&LICEH
ZHof e S2 AdAE ME ClHto|A HMAE LIEHHEE of 2 Al & Ao S Mot 22 21y
S0l o2 A% e = gisLICH & '=01 = 7H2| back-to-back 0i|2f2 HE ol of o= ZHFE|H A
Hm of ol 27 S 2ZE &2 X |2l = ] of 2Foll M= M7 EIXK| i & LCt
® Note

ofl2F2 AWS HIAo| T C|HIO|A HAMAE LIEHALICH ClHFO|A T SF AEIE S K|ZIC 2
CCOE D2 CHIO|AE AHEE == Ql&LICH [MElM AFE AlzZHoll ZHA|810] of|2F Alztoi| CH
gt 20| fatELCH.

r

=
of oF A|ZF AlZH Z|A 48A|ZH o] of|2f 2 FAE = UESLICH FASHEAH FA &0 &4 22 of of
2ol oMol SEELICH
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Z MetELch B71H2o 2 0|& aliZdst7| ol A7 2 = 0l= At Altre| HE T
YHE Aot QELICH SA 2F 2h3tetn st=ol M2 YAole e 7leS

EY olo|[HoM x| o 215 & FEst= o] Z&ELICH

X} Z
2

HiF 0X
ro oo

.I
P

e sl
rx
ol

P
]

g7
A

S

o Ho

M ok

7l
L3

o

ol

Ml
=

o
K
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® Note

e M| 7HE AF85tedH £ A 2,500%]2] 4F0| e BL|Ct.

S Z =& AFE5t0d lonQ ClHO| A0 M HE MHE AL sto] A 21 S A™AE & UA&LICH

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.error_mitigation import Debias

# choose an IonQ device
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/ionqg/Aria-1")
circuit = Circuit().h(@).cnot(0, 1)

task = device.run(circuit, shots=2500, device_parameters={"errorMitigation": Debias()})
result = task.result()

print(result.measurement_counts)
>>> {"QQ": 1245, "@1": 5, "10": 10 "11": 1240} # result from debiasing

QR AHei0l BB EIH YA Ao £ HBI WDt KBS & 4 BLIC BE WHo 53 HED
S5 0Y BEE AU o4 2T Zol B0l X|WE 2E AT REe TH 58 £8 g4
of A&HELICY

MES

B MESIEHE CHE ALE AE| MR AME B BB AMAY £ UYSLICH HYsHE 2
Ho| AME HlIstm YBE|X| L2 42 HYIstod HE FEtolM 1 7Hs 0| £2 5 WIHE
SEICH APMIE LIS 2 CHAISHE S8t Uxt ZIFE 45 SIS SAsMS

EQ8h e Mysts #80| £2 AEivt 72| ¢in 2E0| 02l AEkvt BHopM B2 B Eo| Hefy}
5|utstChn JhEEICHS Z4lLich 0] 7HE0| K& 8| fo P 28 HE U HTE 4 s

Braket Python SDK2|0i| /= additional_metadat
ZGateModelTaskResultOllA EE0i HAMAE = A&
CHAICHA| M3t El &8 EZ E HHEtsHLICH Ol 3 E ZZ2 AFZE Z Uiz of| HM|ASHE S

HoiE LIt

-
e
[N
lo

m >
|H
oC
rn
==

print(result.additional_metadata.iongMetadata.sharpenedProbabilities)

lonQ ClHIO|A 0] 2 F 2+3} 7| 240


https://arxiv.org/abs/2301.07233

Amazon Braket TR 7H0|E

>>> {"@0": 0.51, "11": 0.549} # sharpened probabilities
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Amazon Braket 2| &

N

ol MMo| 22X sl ME 2 &£&F M2 A2 5104 Amazon Braket 281 2X|2 sHZAg 4 A&t

» AccessDeniedException

« CreateQuantumTask 242 =& & I 2 F(ValidationException)7} & & LIC},

- SDK 7|S0| &rSstX| §f&

» ServiceQuotaExceededException

- TES QIARHANM FE 24 XS X

« OpenQASM &4 54

AccessDeniedException

BraketE & A3I5t7HLE AFSE L
.I

_|
grol gie 2T

I AccessDeniedExceptionS
A BraketE& & 43t 7HLE AFSSte{n &

Olgdet B LIF AWS HE|Xtol|H E2ldto ChE & o =740| M =l=X| olaidof g LICt.
o B0l CHEF HMAE AEHSHE HE MEto| /s B=.

. AI235t2{E 20| Braket2 AF2E £ Qe AR,

BraketE ALEE M A& 0| X|HE 2ol HMAE = s B2 siY S ClHIO|AE AHE
H&LCH

ok

A
o

CreateQuantumTask 242 S £ [l 27 (ValidationException)7t
SF MR & LI

CI2I FASE @F77F Y MetE R 7I& s3_folderE & X35t U=X| An error occurred
(ValidationException) when calling the CreateQuantumTask operation: Caller

doesn’t have access to amazon-braket-.. EQIgIL|C}. Braket2 A Amazon S3 H{Z!1t T
FAME XSS 2 MMEIHK| et&LICH

AccessDeniedException 242



Amazon Braket TR 7H0|E

ofl API &'E B AT ChET RASH 277 £=41El= B2 Amazon S3 HZA BE2s3://0f7t &
Tlo{ UX| 2| Failed to create quantum task: Caller doesn’t have access to
s3 ://MY_BUCKET EQlghLct.

SDK 7|s0| &&35HX| &S

Python {72 3.9 0|45 0|0{0F & LIC}. Amazon Braket 5t0|E 2|= 49| 2 Python 3.102 AH& 5t
£ Wo| E&Lch

SDK & AF|0k7t up-to-date @1 x| & QIEFLICt = ES = python TE 7|0 SDKE 4Cl|0|E 52
H

pip install amazon-braket-schemas --upgrade

XA E20|1E 0l A Amazon Braketol| M A= <2 AWS 2|710] Amazon Braketol A X[ 435t
2o 2 M™EE|o] UeK| &lghL|Ct

ServiceQuotaExceededException

CHArQ! AIZEI0IE] ClbtolA 0] SA| %Xt Al 81 & %1513 Amazon Braket AIZ20|E{0l Cha &
A 5HQlS MBSHE SH0= IS 10| MAEIX| 02 4 A LITH AHIA KBtoll ChEt REAIEH LIS 2
LY FHE FEHML.

AB0l 042 5H0I= IS S0l M AIBEIOIE] ClsHO|A0f TS S Al Helg ABsts F20| 277t
4 % laLic

S A Z2I0|E ClHtO| A0 CHE SA| FAL & 5=
quantum-tasksZ AFSELICH.

HE{H Ch2 3 E of|A|QF APIZ 0| search-

DEVICE_ARN=arn:aws:braket:::device/quantum-simulator/amazon/svl
task_list=""
for status_value in "CREATED" "QUEUED"™ "RUNNING" "CANCELLING"; do
tasks=$(aws braket search-quantum-tasks --filters
name=status, operator=EQUAL,values=${status_value}

SDK 7|50l &t S5tx| &t & 243
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name=deviceArn,operator=EQUAL,values=$DEVICE_ARN --max-results 100 --query
"quantumTasks[*].quantumTaskArn' --output text)
task_list="$task_list $tasks"
done;
echo "$task_list" | tr -s ' \t' '[\n*]' | sort | uniq

jo

Amazon CloudWatch X|E: Braket > By DeviceE At&35t04 C|HIO|A0]| CHEH M El FA}L ZdS =

= A&LIch

-

C =
X

=

[o][]
2

ol

Ol QR 7+ Wakstx| ©

1. AIZciO|E{ C|uto|A o] SA| FA Zrd +~0 CHEr MH|A S ™ BI7HE QEELICH 0l= SV1 Clbf

O|A0i2F M ELICH.

2. AE 9| ServiceQuotaExceeded 0i2|& X2I5tD CHA| A|Z & LICE.

OpenQASM 2A| s &

O MM M= OpenQASM 3.02 AtE35t0{ LF 7 LHE I F8 = U= EM 2 ZQIHE M3
stL|CH
= .

CES UAHANM Y 24 HE SX| 244



Amazon Braket TR 7H0|E

. BE4A Wqubit S BT XD 27
o &Xb ool Fo{x ZaEian

« HOIEIE HOIE F& 2F 2| F0iX &%t
.l

to
=1
N
EHl
z (>
m
A
el
mjo

« E2/H qubits 2LF 7 FEE F0o{M 4K

|
o £04X = zj20}tod "braket" L 77t QA& LICt.
C

_,_
o

2 QI &g &= qubits 815 2F

« T qubit H|0|Equbits2| E2[X7t ALLIX| IZ 2F

Z AMEB0lH X|H 81

Hu

ok

: —
mF X

FH

Braketof = $4%H OpenQASM Z 2 12of T8 EZ H0|E 2to|=222| TtUo| gi&LICh olE Sof
3t

CI2 A ME 8 EM7| F 71 2rM

OPENQASM 3;
include "standardlib.inc";

O| ZAEE= 2F HAIXIE MMELICE No terminal matches '"' in the current parser
context, at line 2 col 17.

H|Q4<& qubits 2F

CIHFO|A 7S qubitslA 2 requiresContiguousQubitIndices M E C|HFO|Atruedl A H|P
£E AE5IH 7 7 L AHELICH,

AZ80|H WM LAt 2Hedg A™E [ lonQCtE Z2O30| 2LFE E2|HFLICH
OPENQASM 3;
qubit[4] q;
h ql0];

cnot q[@], q[2];
cnot ql[e], q[3];

Ol ZEE 2F HAIXIE MMELICI Device requires contiguous qubits. Qubit
register q has unused qubits q[1], q[4].

Q= mst 245
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E 21X 2 Rqubits2}t 7H4 qubits 27 =&

qubits &
m =

OPENQASM 3;

qubit[2] q;
cnot q[0], $1;

Ol ZEE= 2F HAIXIE MMELICt [1ine 4] mixes physical qubits and qubits

registers.

S T2 QRqubitsol A 20 9E U 5H o

SUSt T2 O-0M BAMoZ SHE A1t 8 L qubitsE SYSHH @771 LMELICH CHE =2
EE QFE MMELICH

OPENQASM 3;

qubit[2] q;

h ql@e];

cnot q[@], q[1];

measure q;

#pragma braket result expectation x(q[0@]) @ z(q[1])

O| ZAEE= 2F HAIXKIE HMELICH Qubits should not be explicitly measured when

result types are requested.
ZoiA LY qubit SE Bt T 27
Zei A SllX|IAE sttt qubit B XIAE SHLEEF SIS ELICH CHg ZEE 27 E AL

OPENQASM 3;

qubit[2] q0;
qubit[2] qi1;

2|M @ Fqubits@t 7t qubits 2F & 246
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O| ZEE= 2F HAIXRIE MMEELICH [1ine 4] cannot declare a qubit register. Only
1 qubit register is supported.

X o FoiM =Zeliaor /I EAEX]

uw

DE Yxole FoiX Zetantzh ool ebok FLICH OHE ZEE 2FE ddFLICH

box{
rx(0.5) $0;
}

—

O| ZAEE= 2F HAIXIE MMELICH In verbatim boxes, native gates are required. x
is not a device native gate.

So{x} 4xfoll= LlolE| Ho|=9t E2I%7t 2lofo} B LICkqubits. CH ZEE WO[E|E HolE o8
g AN

#pragma braket verbatim
box{

x $0;

}

O| ZEE= 2F HIAIXIE MMELICE. In verbatim boxes, native gates are required. x
is not a device native gate.

E 2| qubits LF7F FEHE F0o4% AR

—_—

)]

01%] & xtoll= S 2|X 7} Qlo{ok B LICtqubits. CHE Z =& FE & EE2/X qubits 2F & H-GeLICH

qubit[2] q;
#pragma braket verbatim

box{
rx(0.1) ql[o];

O| AEE= 2F HAIXIE T LICH Physical qubits are required in verbatim box.

YR ol Foix Zejaot 77 EAEX] oE S 247
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=04% Z2a0tof "praket" 2 F 7t Q& LICt

o4& Zefaotol “EeiZ"E Z oo g LICH Chg ZEE L7 E ddEgLCh

#pragma braket verbatim // Correct

#pragma verbatim // wrong

Ol AEE @F HIAIXIE MMELICE You must include “braket” in the verbatim
pragma

T QIE &g = qubits 818 2

crel

rlo

QIE AlE £ qubits QXS LICH CHE ZE= @F S MAIsHLCH
OPENQASM 3;

qubit q;
h ql@];

Ol ZEE= QFE MMELICt [1ine 4] single qubit cannot be indexed.
2Lt B qubit BHE2 CS 1t 20| QI Mg = /l&LCH.
OPENQASM 3;

qubit[1] q;
h q[0]; // This is valid

i

o8

= qubit HI0|Equbits2| S2|X47} H4AE|X| 2

0|l

XM E AME35IE{H qubitsTH X ClHIO|ATF EEIME ALEst=qubits K| # It
device.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubits
CC=E S

CH2 device.properties.paradigm.connectivity.connectivityGraph EE=& &0QI5}04
o4 Jeiz= & & QlgLICtdevice. properties.paradigm.connectivity.fullyConnected.

OPENQASM 3;
cnot $0, $14;
O| ZEE= 2F HAIXIE MMELICt [1ine 3] has disconnected qubits @ and 14

=01 Z2f20foll "braket” @ = 7F QS LICH, 248
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2Z AZdole X[ d1

= QPUs EE= 2C|HE A|ZHOIE{M AL E £+ Q1= OpenQASMe| 12 7|sE
LocalSimulator X|&rL|Ct CF2 N2 LocalSimulatorZtOol Z21340f of|pt M x|= 9104
70| £&E B Z1n7t EAIFLICH

gasm_string = """
qubit[2] g;

h ql[e];
ctrl @ x q[0], q[1];

gasm_program = Program(source=gasm_string)

O| ZEE= '0| ZE2 I LocalSimulatort| A2t X| ¥ E|= OpenQASM 2104 7|SE AFSELICH Ol2d
gt 7|5 & Y8 = QPUs EE= 2C|HE AIZH|O[EHIM X[HE[X]| &2 = JU&LIch

X2 E|= OpenQASM 7|50 CHEF REMIEH LIRS 2Z AIE8|0|E{0f M OpenQASMO]| CHEH T2 7|5
X|¢d HO|X|E & ESIML.
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Clole EZE 2lsH At 8BS 255t AWS A% AWS IAM Identity Center == AWS Identity and
Access Management (IAM)E Ar&35t0{ 7HE ALEALE HHESt= K0l Z&LICH O[F Al 6HH 71 A
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. HHE O 1 I 14 = APIE AWS S3ofl AM|AE 1 FIPS 140-3 25 o535 RE0| YR
AR FIPSUEEQIEE AISFELICH AF8 7ts 8t FIPS AEXQIE 0] CHEF RHA|IEH LHE 2 Federal
Information Processmg Standard(FIPS) 140-32 & Z3IMIL.
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= o1 Sod oI T
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A RS2 Amazon Braket2 415l 50F & LICH Braket2 &/33t5tedH (1) 2 2IXF HEHO| 47
mazonBraketFullAccess 20| &2 |1 Amazon Simple Storage Service(Amazon S3) H{Z!
g Jddg HEto| JUe AER £ Jg = 2lsHof gFLCH.

r
N
>

« Amazon Braket 2|A&A

 LES oy

« AmazonBraketFullAccess H& HE

« AmazonBraketJobsExecutionPolicy 243 &
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- AWS 22| H#&oi CHEt Amazon Braket &JHI0|E
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Amazon Braket 2[A~2A

Braket2 quantum-task E|AAEHE 8 7HX| RO EIAAE MELICE Ol AWS ElAA 8ol Ela

A O|§(ARN)2 CtSot Z&LCt.
« B|AA O|&: AWS::Service::Braket
« ARN ™7t Al: arn:${Partition}:braket:${Region}:${Account}.quantum-task/${Randomld}

1| O4St
== 12

TE

I
O

BraketOl| A noteboook ElAA FHEE A E &= UELICH =ES2 BraketO| 3{E = AUe
SageMaker Al 2IAAQILICH Braketol M —ES S AL25IE4H 0|S0| 2 A|EHsHE IAM & 2 x|H
afloF & LICtAmazonBraketServiceSageMakerNotebook.

_|'||I ‘|>

L ESE ddstci™ #E|Xt HEro| QAL ChE 1t 22 Qlekel HAo| AZE HH S AEsHok &L
Ct.

JSON
{
"Version": "2012-10-17",
"Statement": [
{
"Effect": "Allow",
"Action": "iam:CreateRole",
"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
},
{

"Effect": "Allow",
"Action": "iam:CreatePolicy",
"Resource": [
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookAccess*",
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"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
]
}I

{
"Effect": "Allow",

"Action": "iam:AttachRolePolicy",
"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*",
"Condition": {
"StringLike": {
"iam:PolicyARN": [
"arn:aws:iam::aws:policy/AmazonBraketFullAccess",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookRole*"

1

o5t MAMEIE{MTH L ES MA I o|X|of MZE SHAHE 2L
StMI 2. AmazonBraketFullAccess & 0| @dAL|o{ Q=X| & QIEL|Ct.

dgrg Wt F LIS AEetE ZE ESO| siiE QS MASE + J&LICH

AmazonBraketFullAccess X2 &
AmazonBraketFullAccess HA 2 CIS 2o CHEF M-S E & 5101 Amazon Braket ZH@4oi| CHEt # &

£ Fo4gLct.

« Amazon Elastic Container Registry0i| A Z4E{|O[L{ C}2 2 = - Amazon Braket Hybrid Jobs 7|50
A8E|l= ZIH|0|L4 O|0|X|E ¢4 CHREEFLICH ZHE|O|Ld= "arn:aws:ecr:::repository/amazon-
braket" @48 &==5H0F &L|C}.

« AWS CloudTrail 21 |X|- 2| A& & K|, X|E ZEH HAE, 21 O|HE ZHZA 2o 2 E
AME 71K 7| 2 Ll EHedol| 24 ElL|C AWS CloudTrail 21 I o= H oM ehMlistE RE
Amazon Braket API &S0 CHE |2 =71 =& E/L|ct.

Hr
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g2 M504 E[AAE MO{ - A™OIM ME|A o8 A& S HMELICH MH|A o8 A
AEXHE CHAISH0 AWS ElAA HMAE £~ U&LICH Amazon Braket AHH|AO|AMEH AFS

2= Ql&L|Ct =8 IAM 2982 Amazon Braketoll Z{E CreateJobAPISHT AH&e S MM T
AmazonBraketFullAccess B ®/2| M S od&toi| 4 ZAE L}

Ao A2 20 0 |67 s 20 28, 2O o/HE U A2 20 28 MA - HXo|M
Amazon Braket At&0i| Ciet 22 HEE AN, M& U FLct. stolEe(E &y 21 JFoi CiEt
X EE Z|2|gL|ct X%t Braket Z2E 5 356t1 21 O|0|E] Y2d2 ${ 8Lt CloudWatch
of X|E Clo|E{& E&Lct.

Amazon S3 HZ!0 GO M L XME, 2E HA LIYE - S3 2l 2 Mdstei™ AHHel S3 HZlg
L5t amazon-braket-Z A|ZH5t= O|F 2| HZlol| A& 21 HHS | HZIH A A E 7HK S L
Ct. O[243t &t BraketO| M2[E A 20| Autrt ZatEl I g HAH| 21 HAIMM 71K
= o 2%t

met rjo 12

IAM 38 MEF - JAM &2 CreateJob0f HEELICIAPI.

Amazon SageMaker Al .= E 5 - "arn:aws:sagemaker:::notebook-instance/amazon-braket-"0{| A 2|
AAZ HR7} X|IHEl SageMaker —ES QAEAE M50 2H2|ELICH.

- SageMaker Al =ES 2! Amazon Braket Hybrid 242 M435ledHH 2lAA

2 3
o gFF S =t & elaLch
o

AZEE MEs7| Tol| EA t=Qo{ HIE S AESH T AH=gfLICH

SR
JSON
{

"Version": "2012-10-17",
"Statement": [
{
"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket",
"s3:CreateBucket",
"s3:PutBucketPublicAccessBlock",
"s3:PutBucketPolicy"
]I

"Resource": "arn:aws:s3:::amazon-braket-*",
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"Condition": {
"StringEquals": {

"aws :ResourceAccount": "${aws:PrincipalAccount}"

"Effect": "Allow",

"Action": [
"s3:ListAllMyBuckets",
"servicequotas:GetSexrviceQuota”,
"cloudwatch:GetMetricData",
"pricing:GetProducts"

1,

"Resource": "*"

"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForLayer",
"ecr:BatchGetImage",
"ecr:BatchCheckLayerAvailability"

1,

"Resource": "arn:aws:ecxr:*:*:repository/amazon-braket*"

"Effect": "Allow",
"Action": [
"ecr:GetAuthorizationToken"

1,

"Resource": "*"

"Effect": "Allow",

"Action": [
"logs:Describe*",
"logs:Get*",
"logs:List*",
"logs:StartQuery",
"logs:StopQuery",
"logs:TestMetricFilter",
"logs:FilterLogEvents"

1,

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"

AmazonBraketFullAccess
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},
{

"Effect": "Allow",

"Action": [

"iam:ListRoles",
"jam:ListRolePolicies",
"iam:GetRole",
"iam:GetRolePolicy",
"iam:ListAttachedRolePolicies"

]I

"Resource": "*"

}I
{

"Effect": "Allow",

"Action": [
"sagemaker:ListNotebookInstances"

1,

"Resource": "*"

},
{

"Effect": "Allow",

"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl",
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:ListTags",
"sagemaker:AddTags",
"sagemaker:DeleteTags"

1,

"Resource": "arn:aws:sagemaker:*:*:notebook-instance/amazon-braket-*"

},
{

"Effect": "Allow",

"Action": [
"sagemaker:DescribeNotebookInstancelLifecycleConfig",
"sagemaker:CreateNotebookInstanceLifecycleConfig",
"sagemaker:DeleteNotebookInstanceLifecycleConfig",
"sagemaker:ListNotebookInstanceLifecycleConfigs",
"sagemaker:UpdateNotebookInstanceLifecycleConfig"

1,
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"Resource": "arn:aws:sagemaker:*:*:notebook-instance-lifecycle-
config/amazon-braket-*"
},
{
"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
}I
{
"Effect": "Allow",
"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-sexrvice-role/

braket.amazonaws.com/AWSSexrviceRoleForAmazonBraket*",
"Condition": {
"StringEquals": {

"iam:AWSServiceName": "braket.amazonaws.com"
}
}
},
{
"Effect": "Allow",
"Action": [
"iam:PassRole"
]I

"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*",
"Condition": {
"StringlLike": {
"jam:PassedToService": [
"sagemaker.amazonaws.com"

"Effect": "Allow",
"Action": [

"iam:PassRole"
1,
"Resource": "arn:aws:iam::*:role/sexrvice-role/

AmazonBraketJobsExecutionRole*",

"Condition": {

"StringLike": {

"iam:PassedToSexvice": [

AmazonBraketFullAccess X3t HE
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"braket.amazonaws.com"

]
}
}
},
{
"Effect": "Allow",
"Action": [
"logs:GetQueryResults"
]I
"Resource": [
"arn:aws:logs:*:*:log-group:*"
]
}I
{
"Effect": "Allow",
"Action": [
"logs:PutLogEvents",
"logs:CreateLogStream",
"logs:CreatelLogGroup"
1,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
},
{
"Effect": "Allow",
"Action": "cloudwatch:PutMetxricData",
"Resource": "*",
"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"
}
}
}

AmazonBraketJobsExecutionPolicy 2 HE
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 Amazon Elastic Container Registry0|A{ Z4E{|0|L{ C}2 £ E - Amazon Braket Hybrid Jobs
7|50l AHE E|l= ZdE|0|Ld O|0IX|E i CIRE ?
"arn:aws:ecr:*:*:.repository/amazon-braket*" & 0

« AHO AR 2O 0IUS X572 28 U 2O 0HE U AZ| 20 28 MM - AHH
9| Amazon Braket AF20]| CHEt 2 MM K L EQlstLCH stolEBlE &t 20 0
E0i CHEt X|EE FH2lELCt 2ZdE Braket Z2E &2 3t5t0 21 C|0|H =S S ELCt.
CloudWatchoi| X|Z Cl|O|EHE &

« Amazon S3 HHZ!of| Cl|O|E{ K% - AH 2| S3 HZ!E LI¥st D, XM E0o| 21, 0|0l amazon-
braket-2 2 A|ZtstE H Ao ZE HII|M A E 7FK{SLICt. o|z{8t HEH BraketO| #2|&E &
At atdo| Anyr e E ot mZlo E 1o HEM 7t e o] 2 Ehuct

o IAM g ME - |AM 4" 2 CreateJob0l| EELICIAPI. &2 arn:aws:iam::*:role/service-role/
AmazonBraketJobsExecutionRole* &Al2 F435H{oF & L|Ct.
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x
>.
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"Version": "2012-10-17",
"Statement": [
{
"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket",
"s3:CreateBucket",
"s3:PutBucketPublicAccessBlock",
"s3:PutBucketPolicy"
1,
"Resource": "arn:aws:s3:::amazon-braket-*"
.
{
"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForlLayer",
"ecr:BatchGetImage",
"ecr:BatchChecklLayerAvailability"

1,

"Resource": "arn:aws:ecr:*:*:repository/amazon-braket*"
},
{

"Effect": "Allow",

"Action": [

"ecr:GetAuthorizationToken"
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1,

"Resource": "*"
},
{

"Effect": "Allow",
"Action": [

"braket:CancelJob",
"braket:CancelQuantumTask",
"braket:CreateJob",
"braket:CreateQuantumTask",
"braket:GetDevice",
"braket:GetJob",
"braket:GetQuantumTask",
"braket:SearchDevices",
"braket:SearchJobs",
"braket:SearchQuantumTasks",
"braket:ListTagsForResource",
"braket:TagResource",
"braket:UntagResource"

1,

"Resource": "*"

I

{
"Effect": "Allow",

"Action": [
"iam:PassRole"

]I

"Resource": "arn:aws:iam::*:role/service-role/AmazonBraketJobsExecutionRole*",

"Condition": {

"StringlLike": {
"iam:PassedToService": [
"braket.amazonaws.com"

]

}
iy

{
"Effect": "Allow",

"Action": [

"iam:ListRoles"

1,

"Resource": "arn:aws:iam::*:role/*"
},
{

AmazonBraketJobsExecutionPolicy 22 HE
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"Effect": "Allow",

"Action": [

"logs:GetQueryResults"

1,

"Resource": [

"arn:aws:logs:*:*:log-group:*"

]
I

{
"Effect": "Allow",

"Action": [
"logs:PutLogEvents",
"logs:CreatelLogStream",
"logs:CreatelLogGroup",
"logs:GetLogEvents",
"logs:DescribelogStreams",
"logs:StartQuery",
"logs:StopQuery"

1,

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
},
{

"Effect": "Allow",

"Action": "cloudwatch:PutMetricData",

"Resource": "*",

"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"
}
}
}
]
}
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JSON

{
"Version": "2012-10-17",
"Statement": [
{

"Effect": "Deny",

"Action": [
"braket:CreateQuantumTask"
"braket:Createlob",

"braket:GetDevice"

1,
"Resource": [
"arn:aws:braket:*:*:device/qpu/*"

]I
: {
: {
"123456789012"

"Condition"
"StringEquals"
"aws:PrincipalAccount"
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 arn:aws:braket:<region>:*:device/qpu/<provider>/<device_id>

* arn:aws:braket:<region>:*:device/quantum-simulator/<provider>/<device_id>

ct

0jo
rlo
1

et Rl ClHtolA& KMo CHEF of & LICH.

2 E 2™ 2E QPUs MEI524™H: arn:aws:braket:*:*:device/qpu/*

* us-west-2 2|0 Bt 2E QPUsE MEHSIE{M™: arn:aws:braket:us-west-2:*:device/
qpu/*

o OFE7HK|2 us-west-2 2|9 2 E QPUsPH MEHSEZ{H(CIHO|AE 12 BlAA T of i MH|A 2]
AAO|EE) arn:aws:braket:us-west-2:*:device/qpu/*

- D E 2C|HE AIZd0|H ClHto|Aof CHEF AMAE X|THstEdH:
arn:aws:braket:*:*:device/quantum-simulator/*

- 5§ SZXQ| CIHIO|A(M: Rigetti QPU C|HFO|A)0] CHEH HMAE A EH5E{H:
arn:aws:braket:*:*:device/qpu/rigetti/*

« TN1 C|HtO|AO]| CHEE HMAE AMEH5HE{T: arn:aws:braket: *:*:device/quantum-

simulator/amazon/tnl

« B E Create o] CHEF HMAE AN BH5IE{H: braket:Create*
AWS Zt2|3 HAof CHEF Amazon Braket 4GOI E

CHE EOIS 0] MHIATE O[3 4473 AFEE F%45t7| AISt3t O1% Braket2l AWS BHalE B4 ¥no]
Sof Ciet Ml M7} Lot ALt

HE ALE ME =
AmazonBraketFullAccess - BraketOll Cf  "pricing:GetProducts" 40| & 20254 4% 14
Bt A MM A =AY 7HE|RA& LICE.

AmazonBraketFullAccess - Braketod CH ~ S3 21404l "aws:ResourceAccou 20254 38 3L
Bt X HMA nt": "${aws:PrincipalAccount}" =
HAHQE F o3& LCt.

—- ATIE T AA EH

AmazonBraketFullAccess - BraketOll CH ~ AmazonBraketFullAccess 23%H 2023 38 24
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AmazonBraketJobsExecutionPolicy - Braket2 service-role/ & 20214 11 29
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BraketOl| Al B473 ALE F &1 A|=H BraketO| AWS ZHE|& H&of Cf 20214 11& 29
5t #HE AIE FHE AlEaLU
Ct.

ok

M ALKt HMHAE 7 Braket —ES QUAEBHAE XNEHsioiH §H
=
=

CtE oMol e HE B E ALE5H0 AMA FHEHO| EREH ALSAto] M2 AWS H I
1234567890120|50| X|HEle| EH L ES QAEAE A%, X L HHAE = = HEE2 28
Mo 2 M EHELICHA: Ar& X7t Bl ES QIAEAN HMAE Alice = A Samazon-braket-
Alice).

"Version": "2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
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"sagemaker:UpdateNotebookInstance",
"sagemaker:CreateNotebookInstancelLifecycleConfig",
"sagemaker:DeleteNotebookInstancelLifecycleConfig",
"sagemaker:UpdateNotebookInstancelLifecycleConfig"
1,
"Resource": "*"
1,

{
"Effect": "Deny",

"Action": [
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",

1,

"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:usernamel}"
]
},

{
"Effect": "Deny",

"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl"

1,

"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:username}*"

]
3
]
3
£7d 83 HHZlol CHet AERE HAMIA K[EH
S AFSRIOl HHAS S Amazon S3 HZI R MBtsted S AF, ALSX T 280 HE
YMg %718 4 ek

CtZ oMM = A E HM5H0d & S3 HHZ!(arn:aws:s3:: :amazon-braket-us-
east-1-123456789012-Alice)ol HiX|& = QU= HEt 2 AetstD s 2ol S ST AEHEL
Ct.

£7d 83 HZofl CHEF ALSAE A& HEH 266



Amazon Braket TR 7H0|E

JSON
{
"Version": "2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [
"s3:ListBucket"
1,
"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice"
]
},
{
"Effect": "Deny",
"Action": [
"s3:GetObject"
]I
"NotResouxce": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
]
}
]
}
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C2 MA e AwWSServiceRoleForAmazonBraket A{H|A 9473 «dgtof dZ=E L|C}.

JSON

{"Version": "2012-10-17",
"Statement": [
{"Effect": "Allow",

"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket"

1,
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"Resource":

3,

"arn:aws:s3:::amazon-braket*"

{"Effect": "Allow",

"Action":
"logs:
"logs:
"logs:
"logs:
"logs:
"logs:
"logs:

[

Describe*",

Get*",

List*",
StartQuery",
StopQuery",
TestMetricFilter",
FilterLogEvents"

1,

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket/*"
},
{"Effect": "Allow",

"Action": "braket:*",

myn

"Resource":
}I
{"Effect": "Allow",
"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-service-role/
braket.amazonaws.com/AWSSexrviceRoleForAmazonBraket*",
"Condition": {"StringEquals": {"iam:AWSSexviceName":
"braket.amazonaws.com"

}
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AME Al E & M2 olHe| JIH L, 3o 77d &4 S X 2 HED -0l et AWS
MHla ZHELChE 778 £+8 X|Hs7] fl8l O 2lAA 8 AWS ST LICH

- 2o 7 £ 2 AHEA - Ol2E £F M 7 JI0|=0|ME of F[EIM 1Ed A E dYst L 2
ot fd Es Vs tiZsts HAE MSELICH

« HIPAA M7 MH|A X - HIPAA M3 MH|AT7F LEEE|o] /&LICH 2ETHIPAAO| &8 AWS
L

Ml B Z o[sHE LICt O] 7to|=0l=

ofg] ZR|de2(0l= 2%.'4&% |E AT A(NIST), ZHIZIE Ae] ot ZE 2|243|(PCI), SNEE
3t 7|7(1S0)) 2| £ o+ Ao{0f = = Atz 74 2 eF ko] §!
&Lct

- AWS Config 7R} QFHLEM S| FEIZ ALE
O| LHE Il_I-oH AHA XIEA L e o

|
-
ro
A
o

7t -0l AWS Config MH|AE BlAA 7

« AWS Security Hub - 0|2 AWS MH|A S35l L
Security Hube 290t ZHEEE AF&35l0{ AWS E|AAE
gt ™ & E EolFLUD X3 MElA 2 Ao F

« Amazon GuardDuty - | MA 2 24 o|XQl 50| JU=X| BE2 ZLIEZSI0] AFEXE AWS A
I3 2=, 7460l L clo|E{of CHEt & AHA f{&IS AWS AMH|A BFR[ELIC. GuardDuty._ Ex 7
MZEr ZhUMINM 2F5te &Y BX| 2F AredE §F5t0{ PCIDSSeH €2 CHYet 7™ &
T T MESEMEEO S & + JYaLlch

A

« AWS Audit Manager - O|& AWS AMH|A S5 AWS A E 2 XSO ZE ZTAISHo 778 L A =
Zo| Y U Y £ E oelste WHE tAasE = &Lt

Amazon Braket2| QI1Z 2} E ot

e

t2|& MH|A QI Amazon Braket2 AWS 228 HEQ3 Eoto 2 HS ELICH AWS EoF MH|A &

(=) =<
7t QIZELE AWS EE 5= Wdoll CHEt REMISH LIE 2 AWS EEI2E 202 B XML, 2l=Zet 2
OF I EH ALEH[E A& 3504 AWS Bt B2 A7 5HE{T Security Pillar AWS Well-Architected Framework 2]
Pzl ES E AZTSAM L.

AWS HA|EI APl Z&EE A835t0{ HEXTE =5 Amazon Braketof] HAM|ASHLICH TZHS CISS
K| 43t oF ErLiCt,

ro
|H
o
HT
0

270


https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
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https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/using-eni.html
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#prerequisites-interface-endpoints
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#prerequisites-interface-endpoints
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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aws braket search-quantum-tasks --endpoint-url
VPC_Endpoint_ID.braket.substituteYourRegionHere.vpce.amazonaws.com
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https://braket.substituteYourRegionHere.amazonaws.com
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https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#create-interface-endpoint-aws
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#create-interface-endpoint-aws
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https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
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{
"Principal":"*",
"Effect":"Allow",
"Action":[
“braket:action-1",
“braket:action-2",
“braket:action-3"

15
"Resource":"*"
}
]
}
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https://docs.aws.amazon.com/step-functions/latest/dg/vpc-endpoints.html#vpc-iam
https://docs.aws.amazon.com/step-functions/latest/dg/concept-create-iam-advanced.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html
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# create a circuit, specify the device and run the circuit

circ = Circuit().rx(Q, 0.15).ry(1, 0.2).cnot(0,2)

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
task = device.run(circ, s3_location, shots=1000)

# get ID and status of submitted task
task_id = task.id
status = task.state()
print('ID of task:', task_id)
print('Status of task:', status)
# wait for job to complete
while status != 'COMPLETED':
status = task.state()
print('Status:', status)

ID of task:
arn:aws:braket:us-west-2:123412341234:quantum-task/b68ae94b-1547-4d1d-aa92-1500b82c300d
Status of task: QUEUED
Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: RUNNING
Status: RUNNING
Status: COMPLETED
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# cancel quantum task
task.cancel()

status = task.state()
print('Status of task:', status)

Status of task: CANCELLING

HIEtCilOEf & 2l

CHS ofxet 2ol 2tz & At 2ol HEH|OIHE &g & JU&LICh

# get the metadata of the quantum task

metadata = task.metadata()

# example of metadata

shots = metadatal['shots']

date = metadata['ResponseMetadata']['HTTPHeaders']['date']
# print example metadata

print("{} shots taken on {}.".format(shots, date))

# print name of the s3 bucket where the result is saved
results_bucket = metadatal'outputS3Bucket']

print('Bucket where results are stored:', results_bucket)
# print the s3 object key (folder name)
results_object_key = metadatal'outputS3Directory']
print('S3 object key:', results_object_key)

# the entire look-up string of the saved result data
look_up = 's3://'+results_bucket+'/'+results_object_key
print('S3 URI:', look_up)

1000 shots taken on Wed, 05 Aug 2020 14:44:22 GMT.
Bucket where results are stored: amazon-braket-123412341234
S3 object key: simulation-output/b68ae94b-1547-4d1d-aa92-1500b82c300d

S3 URI: s3://amazon-braket-123412341234/simulation-output/b68ae94b-1547-4d1d-

aa92-1500b82c300d
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from braket.aws import AwsSession, AwsQuantumTask
# restore task with unique arn

task_load = AwsQuantumTask(arn=task_id)

# retrieve the result of the task

result = task_load.result()
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Amazon Braket » Quantum Tasks
(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [7
Quantum Tasks (10+) | (& | | Actions ¥
| Q, search 1 > &
Quantum Task ID Status Device ARN Created at
d87730f0-414f-4a60-9de2-7fd18c20f7f2 (¥) COMPLETED armaws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)

62a5b6f9-2334-4bad-af4f-aSaeebbe6032

(¥) COMPLETED arm:aws:braket::device/quantum-simulator/amazon/sv1

85f05¢c12-c4d0-42bf-8782-b825775f057a (¥) COMPLETED arm:aws:braket::device/quantum-simulator/amazon,/dm1
1fal48a2-aaaa-4948-b7df-808513145a20 ® COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1
aee8d2ad-a396-4¢11-9f13-9aa62db680b9 ® COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1
dfee97af-3aae-4e57-bd64-29d6f9521937 ® COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1

Aug 31, 2023 19:11 (UTC)

Aug 31, 2023 19:11 (UTC)

Aug 31, 2023 19:11 (UTC)

Aug 31, 2023 19:11 (UTC)

Aug 31, 2023 19:11 (UTC)
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Amazon Braket » Quantum Tasks

(D QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [7

Quantum Tasks (10+) | @] | | Actions ¥
|Q Search 1 > &
Properties
Status Device ARN Created at
Status
Device ARN 7f2 (&) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
Quantum task ARN
D32 (2) COMPLETED arm:aws:braket:::device/quantum-simulator/amazon/sv1 Aug 31,2023 19:11 (UTC)
Created at
(@] 85f05c12-c4d0-42bf-8782-b825775f057a (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
k=1 =_= 5= o2 A O|= o St OF Nk =2 H OF Atoie 7HAH=|L = =
I:-|'|=| Olnlxll_ = = °|'O:| == T AT -_’L'IT°|_I' oxl' AEIDS 7||_|'9§ oxl' HEE=E T —|°|'|_ 01|E
x .
HoiELICttask. id.

Amazon Braket » Quantum Tasks

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

Quantum Tasks (1) ‘ & H Actions ¥ ‘

|Q Search | (1) matches

‘ Quantum task ARN = arn:aws:braket:us-west-2:260818742045:quantum-task/4cd1a31e-61c0-469c-a9cf-a2fbe7b4e358 ‘ X ‘ ‘ Clear filters

1 &
Quantum Task ID Status Device ARN Created at
~ 4cd1a31e-61c0-469c-a9¢f- (%) COMPLETE arn:aws:braket::device/quantum- Aug 31,2023 19:10
) azfbe7bde358 D simulator/amazon/sv1 Q)
st ot ORI 2 = UX 0| FXF 2ol MEj= QUEUED & EHO] /e S ZLIEHZE £ U&L
Ch. At 2 IDE 22l6tH MlF HE H0|X|7t EAIELICH O] HO[X|ofl= AMEl’ C|Hto|AQ 2

B LR EYo M 7Y !IRI7F EAIELICH

Amazon Braket > QuantumTasks > 3d11c509-454d-4fe2-b3b!

3d11c509-454d-4fe2-b3b9-fad6d8eab83b

Quantum task details

Actions ¥
Quantum task ARN Status Queue position Info
1:98463111 K/3d11c509-454d-4fe2-b3bs @ QUEUED 3 (Normal)
Device ARN Created Ended
)

Sep 08, 2023 19:22 (UTC)

Shots Results Status reason
100 —
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E{ 2= AFS A7 Y8 HLEIE AWS 2|0 AWS 23 5tE AHEXE XIH £ BoIEILICH Bla=
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2t 2 gatiM 71-gf o2k gfLIcH AEX7F EY st B0l CHal 7|9F S HolghLIct.

Amazon Braket 2E&0|M EA X s T ESEOCR 0|55l HEE Bl SEE 8 = USLICH Ef
FI7H6H7ALE, Ef2E M7HSHHLE, Ef2E =™HE &= UELICH M Al A EY t= - ESO0] EY

:LE XYt e 2 AWS CLIEEE Soll ZE Bl E 2E[E & USLICIAPIL
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HETIAMS Bl BT HET[E FUULIE HZML.

- B2 X1 mMiBtoll CHEF REAMIE LIS 2 AWS ElAA Ef X L ER T THET| AHE HABEMO| Ef1 O]

EXEME X 2T MAEE HEsHML.

- 2R At BT X|™ MEF2 AWS 2|44 BT X|H 2 AR E B ESAMIR.

ot

« Ef AF2E X|EHE MH|A SE 2 Resource Groups Tagging APl £ 2 & X 5HAI2.

-

CHS MMM = Amazon Braket2| Ef 20| CHEF AHAM|IE HE E XS ELICEH
O AlM:
o« Bl A2

» Amazon BraketOi| M Ei T X|'H0]| X|§El= 2lAA

« Amazon Braket APIZ Ei1 X|%
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Zt Ef0llE CFE & 7tX| R 20| /&L

« Ei1 7|(0dl: CostCenter, &4 E&= EE’“'E). Ef1 9|E CHAEXRHE FEELICH
e @ EH XA

- EHZT Zh(0dl: 11112222333 x4
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EiTE chan 22 s s#dste ol =80 EUtt

+ AWS 2|A&AE Mot TR LT B2 7t BT X|HE AWS AHIA X522 MZ CHE AMH
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« quantum-task 2l4&A
o B|AA O|&: AWS: :Service: :Braket

« ARN ™Al arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}
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aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

- ElaA0MEITE MHSE{HE S EFLICIUntagResourceAPI.

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN

- EY EaA0 HAE EE BIOE LHPste{HE S EFLICIListTagsForResourceAPI.

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] "
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
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- CIAAE MYE 2 242 MEF0{ YKt AU E= LES E[AAE 0|S5HHLE AWS API0AM
TagResource &2 SEFLICH

ElAAE A O 24200 EAIE FTF5EAH XIHE RO 2lAAE HME £ olE HIE TR
gruict
Ej1 27|

Z2ES2 MESt{ MY EE ES 2|AAR O[S HLE ListTagsForResource APl 2142 S &5t
04 Amazon Braket2| Ef1 X|& 758t E|AANM Ef2E £ 4 A &LICHAWS .

CIS AWS APl HEE AI25l04 E|AAQE 18 2 & USLICH

+ AWS API: ListTagsForResource

Ef1 TE

F42 M50 YA} T E= LEE F|AAR 0|S5104 Ef2 2 TEISHHL OIS WS AFR5H04
Bl XA 7Hs 8t 2lAA0 AZE B0 gte £8E £ Q/&LICt o|0| EXHste B 7|12 XI5t
o Sl 7|0 ghe So{&Lct

+ AWS API: TagResouzrce
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=
UntagResource 22 S £ [Mf 2[AA0M BT E XMHEYE = U&LICH

 AWS API: UntagResource
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FSV1R *E| FRl(QPU) X4 E T2t 0|E dHE A& 5H0d Rigetti AF AlZE 2| O[E{0 M =
He| T UA&LICH oMl BE Lol M e = CHE 2 E E4 mtet0|E Chaof B Zof X8 zlo{of
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aws braket create-quantum-task --action /
"{\"braketSchemaHeader\": {\"name\": \"braket.ir.jaqcd.program\", /
\"version\": \"1\"}, /
\"instructions\": [{\"angle\": 0.15, \"target\": 0, \"type\": \"rz\"}1, /
\"results\": null, /
\"basis_rotation_instructions\": null}" /
--device-arn "arn:aws:braket:::device/quantum-simulator/amazon/sv1l" /
--output-s3-bucket "my-example-braket-bucket-name" /
--output-s3-key-prefix "my-example-username" /
--shots 100 /
--device-parameters /
"{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.rigetti.rigetti_device_parameters\", /
\"version\": \"1\"}, \"paradigmParameters\": /
{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.gate_model_parameters\", /
\"version\": \"1\"}, /
\"qubitCount\": 2}}" /
--tags {\"state\":\”Washington\"}
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Z[X|gk &= Mof| &K &
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O MM:
- EventBridgeE Ar&5t04 A &4 o Ef ZL|E{E
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EventBridgeE A8 35t™ Amazon BraketO| Braket Al {0t 2tZdEl A Ef B8 222 HH [ =3
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1. EventBridge 2! Amazon Braket2 AIE & H&H0| = HEHE AWS AL Stodof| 218t L}

2. EventBridge &2 ¥L|C}.

3. CHS 7t 2 AH87510q EventBridge #&I2 M 8HL|Ct.
- A (Rule type)ollA OHIE THEIO| Q= T =El(Rule with an event pattern)2 24438 L|C}.

7Y N

« O|HIE AA(Event source)lAl 7|EFHOther)E ME4SHLICE
E
=

T

A
M40 M AFS R K| THEI(JSON BR7|)8 M=45t CFS O|HIE HEIS HAE &

. OJHIE THE
odof 2o daLich
{

"source": [
"aws.braket"
1,
"detail-type": [
"Braket Task State Change"
]
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https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-events.html
https://console.aws.amazon.com/events/
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}

Amazon Braketo| A 2 & O|HIEE ZHA{5tE{H CIS ZEQ 20| detail-type MM E | lgf
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"source": [
"aws.braket"
]
}

« CHA R0 AWS MH|IAE MEHSE T CHA MEHO| A Amazon SNS FA]| & E AWS Lambda &
£ ZH2 CHAr 2 MENEFL|CE Amazon BraketOll A 2FXF ZHQ] AlE| B4Z3 O|HIEE £ AlSHH CHA

|E& E0{, O|HE &M Al Amazon Simple Notification Service (SNS) &M & A& 3t04{ O||

| E= IARIE 2 &= & LCt O|ZEH| 5tEd™ X Amazon SNS 2£2 A& 3104
Amazon SNS FHNE M LICH XtAIE LI 2 AFEXE L 20 Amazon SNS A& S & Z LA
o

& Mdof it XEMEH L8 2 O|HIE | CHS3t= Amazon EventBridge 712! 42 X 3HMIL.
Amazon Braket EventBridge O|HIE 0| K]
Amazon Braket Quantum 24 &'l $43 O|HIE | H=of CHE XFMIBH L& 2 Amazon EventBridge

O o|HEE HZstML.

P

JSON "M|F HE" HEof CH& £-0| LIEHLICH

« quantumTaskArn (str):0| O|HE 7} MM FEl X} &AL |Ct.
« status (M AFE[str]): LAF E 0| HEHE! AEHQ
« deviceArn (str):0| ZXt 20| MEl AFE X7}

- shots (int): AFE X7} shots 2 88t = IL|Ct.

« createdAt (str): 1ISO-8601 -—XP°='E Mo | URF R MM AlZELICEH

+ endedAt (M= At(str]): &AF 20| EOIE & Efol| =& 8F AlZHRILICH Ol HEE A 5ol H
O &efz TeHE Z0i2F EAIELICH
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https://docs.aws.amazon.com/sns/latest/dg/sns-user-notifications.html
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CH2 JSON @ E = Amazon Braket Quantum 224 AE} B473 O|HIE O] 0 € EoiEFLCt.

"version":"Q",

"id":"6101452d-8caf-062b-6dbc-ceb5421334c5",

"detail-type":"Braket Task State Change",

"source":"aws.braket",

"account":"012345678901",

"time":"2021-10-28T0Q1:17:452",

"region":"us-east-1",

"resources":[
"arn:aws:braket:us-east-1:012345678901:quantum-task/834b2led-77a7-4b36-a90c-

c776afc9a71e"

1,

"detail":{
"quantumTaskArn":"arn:aws:braket:us-east-1:012345678901:quantum-

task/834b2led-77a7-4b36-a90c-c776afc9a7le",

"status":"COMPLETED",
"deviceArn":"arn:aws:braket:::device/quantum-simulator/amazon/sv1",
"shots":"100",
"outputS3Bucket":"amazon-braket-0260a8bc871e",
"outputS3Directory":"sns-testing/834b2led-77a7-4b36-a90c-c776afc9a7le",
"createdAt":"2021-10-28TQ1:17:42.898Z2",
"eventName":"MODIFY",
"endedAt":"2021-10-28T0Q1:17:44.735Z2"
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"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",
"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",
"sessionContext": {
"sessionIssuer": {
"type": "Role",
"principalId": "foobar",

arn": "foobar",
"accountId": "foobar",
"userName": "foobar"

.

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",

"creationDate": "2020-08-07T00:56:57Z"

}

},

"eventTime": "2020-08-07T01:00:08Z",

"eventSource": "braket.amazonaws.com",

"eventName": "GetQuantumTask",

"awsRegion": "us-east-1",

"sourceIPAddress": "foobar",

"userAgent": "aws-cli/1.18.110 Python/3.6.10
Linux/4.9.184-0.1.ac.235.83.329.metall.x86_64 botocore/1.17.33",

"requestParameters": {
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"quantumTaskArn": "foobar"
I
"responseElements": null,
"requestID": "20e8000c-29b8-4137-9cbc-af77d1dd12f7",
"eventID": "4a2fdb22-a73d-414a-b30f-c0797c088f7c",
"readOnly": true,
"eventType": "AwsApiCall",
"recipientAccountId": "foobar"

CtS2 Cluto|A O|HIES| MF HEE gFEsl= GetDevice 2ol gt 2 &= EoiELICH

"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",
"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",
"sessionContext": {
"sessionIssuer": {
"type": "Role",
"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"userName": "foobar"
.
"webIdFederationData": {3},
"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:46:29Z"

}

Iy
"eventTime": "2020-08-07T00:46:327",

"eventSource": "braket.amazonaws.com",
"eventName": "GetDevice",

"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "Boto3/1.14.33 Python/3.7.6 Linux/4.14.158-129.185

env/AWS_ECS_FARGATE Botocore/1.17.33",
"errorCode": "404",

.amzn2.x86_64 exec-

Amazon Braket 21 1} &= 0|3l
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"requestParameters": {
"deviceArn": "foobar"
iy
"responseElements": null,
"requestID": "c614858b-4dcf-43bd-83c9-bcfo9f17f522e",
"eventID": "9642512a-478b-4e7b-9f34-75ba5a3408eb",
"readOnly": true,
"eventType": "AwsApiCall",
"recipientAccountId": "foobar"
}
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# import the module
import logging
from datetime import datetime

# set filename for logs

log_file = 'device_logs-'+datetime.strftime(datetime.now(), '%Y%m%d%H%M%S')+'.

print('Task info will be logged in:', log_file)

# create new logger object
logger = logging.getlLogger('"newLogger")

# configure to log to file device_logs.txt in the appending mode
logger.addHandler(logging.FileHandler(filename=log_file, mode='a'))

# add to file all log messages with level DEBUG or above
logger.setlLevel(logging.DEBUG)

txt'
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Task info will be logged in: device_logs-20200803203309.txt

OlMl 2|2 & ddst, e ClHto|Aoi XMZEst1,0f o<t 2o o{EH| =[=X]| g = A&

ot |

# define circuit
circ_log = Circuit().rx(@, ©0.15).ry(1, 0.2).rz(2, @.25).h(3).cnot(control=0,
target=2).zz(1, 3, 0.15).x(4)
print(circ_log)
# define backend
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
# define what info to log
logger.info(
device.run(circ_log, s3_location,
poll_timeout_seconds=1200, poll_interval_seconds=0.25, logger=logger,
shots=1000)
.result().measurement_counts
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# print logs
! cat {log_file}

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: start polling for completion
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status CREATED
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status CREATED
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status QUEUED
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status RUNNING
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status RUNNING
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status COMPLETED

(n=) 22 204
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Counter({'00001': 493, '©0011': 493, '010@1': 5, '1@111': 4, '01011': 3, '10101': 2})

22 1}2oi A ARN 7I M2 7|

OIF oiiF|g} Z0| BHeHEl 211 T} H0j A ARN HEE 22 4 UALICH ARN IDE AF83E 22
I R} 5elo] ZNHE HAME & Us

# parse log file for arn
with open(log_file) as openfile:
for line in openfile:
for part in line.split():
if "arn:" in part:
arn = part
break
# remove final semicolon in logs
arn = arn[:-1]

# with this arn you can restore again task from unique arn
task_load = AwsQuantumTask(arn=arn, aws_session=AwsSession())

# get results of task
result = task_load.result()
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