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QA= LAt B 2(5H B LUshots = &) L 7|EF 2% HIEIH|O|E{7F =& ELICH. Amazon
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Amazon Simple Storage Service(Amazon S3)= H{Z/0ofl Z4X|Z HI0|E{E M E £ AWS AMH|A
AU AULICE Amazon S3 HZ!I2 FA|gt AEE|X| S22 MSELICE Amazon S3 H{Z! 2| %|CH 24
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« D& AL S3 EHHZlo] CHE HMAE AMofsle HEtE dHEE & USLICH XEAEH LI =2
Amazon S3 MEAMO| HZ! HAg F XM L.
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https://docs.aws.amazon.com/AmazonS3/latest/userguide/bucket-policies.html
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https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
https://aws.amazon.com/braket/pricing/
braket-submit-tasks
braket-submit-tasks-simulators
braket-get-started-create-notebook
braket-get-started-create-notebook
braket-jobs
braket-reservations
https://aws.amazon.com/aws-cost-management/aws-budgets/
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CHZ AWS CLI B3-S A8 stH S AWS 2| & 57 Braket C|HIO|A Q| X|& St & MG T

Ltde o+~ A&LICH

aws --region {device_region} braket search-spending-limits --filters
name=deviceArn, operator=EQUAL,values={device_arn}

AH A4
o
CHE AWS CLI BB A8 81 53 20l XIVE YR Clufolaol CiE! A XIS B8 Y
& 4 UALICH ClubolAo] CHEF x| #1271 0/0| 2l B2 28o| HRELI

aws --region {device_region} braket create-spending-limit --device-arn {device_arn}
--spending-limit {max_spend}

Aol
CHS AWS CLI BE 2 AL83st0od 7|E X|E BH= & M 2|0 X|E 2[e = YO|O|EE & A&LICH &
M xIED Ci7] B x|E2| &AH7F olo] 2FE M 2|0 XIEECH 2™ 20| HFELIC

aws --region {device_region} braket update-spending-limit --spending-limit-arn
{spending_limit_arn} --spending-limit {new_max_spend}
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CHS AWS CLI B3-S AL8st0{ 7|1E XIE BFE & AXE + A&t

aws --region {device_region} braket delete-spending-limit --spending-limit-arn
{spending_limit_arn}
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MES ARO[ X|BH &4t 2|1 mtZt0|EE 2 A2 XI™FELICH ClutolA ol 2|ut CHE 2T A
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https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/braket_features/Spending_Limits_Introduction.ipynb
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Braket SDK= €Al IZ 220 ZAAZH HIE FHE FIHE + e &4 MIELICH Z oA =
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X| &t 2 M Amazon Elastic Compute Cloud(Amazon EC2)2+ Z+2 CHE MH|A Q| AF&of| e}
F7t QF0| drdlig = U&LICH.

svioi it HIE £

HI & B4+8 A8sHE YHe HoiF7| ol W 4Ef 3|28 T45t3 Sv1 A2 olE{olA A
57|2 &Lt HX{ Braket SDK 2E2 71X 1 Wl AEfE KOl O}, Tracker() E+E 3|20
FItgrLct.

#import any required modules

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

#create 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()

#Your results
print(task.measurement_counts)

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

TESS A Y AE) AISE0IMO| Chel CHRIH 22 B242 JIHE 4 UALICH F57| B4
S HSE A 4, SRE YA AY, A% 7|7 HTE A 7|7 U 2/0) HI80| USD BH9IZ EAIEL
C. A% AlZt2 AlZ3olMntct CHE 4 laLict

import datetime

tracker.quantum_tasks_statistics()
{'arn:aws:braket:::device/quantum-simulator/amazon/svl':
{'shots': 1000,
'tasks': {'COMPLETED': 1},
'execution_duration': datetime.timedelta(microseconds=4000),
'billed_execution_duration': datetime.timedelta(seconds=3)}}

tracker.simulator_tasks_cost()
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Decimal('0.0037500000')

£
0
1

57|18 AFR5tod 2I0H HIZ M7

HI& £M7|§ AL&5tod T2 ol CiEt 2|CH HIE S HHE = UA&LICH §H =2 3ol X|E35H2d
ZHol CHEt 2| AZLS MHE &= JU&Lct o|FEH 5t H|& FET|E AH835to] 4™ 3 =0f
ISZ Moi =2|& HEE £ JU&LICH CFg oMol M= Rigetti QPUOHH S 3|2 E M85
£ 1 USDZ xilEP%H,IEP FACEHM 32E 8t H B S MSE O E= HISS 0.30 USDRILIC.
HIQOI 1 USDE =& it x| B3t s =28 d™M&Lct LEPEHH A= T2 O =0
1 USDE Z=1}& LLH77+7<| M A-ELICH QEtMo 2 T2 a2 §5teE Z|CH HISo| ZEE 7K
A& ghEELICH o] BARoME 38| BH=E iUt

A
HI&

H

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")

{'arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3': {'shots': 600, 'tasks':
{'COMPLETED': 3}}}
1.4400000000 USD

(® Note
HIE F#X7[= Auiet TN1 & 2ol 7|7hE FXtX| h&LICE TN1 AlZ2l o] Soi 2[5
Ho| AR E[RX|T =5 EA7F HulistH 2ls1d 220 HIE FH7|of ZAZ|X| ef&LICt

HIE Mz 2 At

Amazon Braket At& 0l CiEF CHE 2 At2l|E TEdstMl2. AlZhe Hofstn HIS S Z|A3tstnd Yt

MRl @ 7 & YX|gfLch

AZE0|EHZ =2

« QPUOIIM A&st7| Tof| A|IZBI0IEHE AtEstod 2= & #QlstE QPU ALE0i| CHEr HIS S XIS st
Xl eftnke 328 OlM =88 + U&LCH

HIE Hd 2 ARz 15
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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/
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Amazon Braket0] CH8F API & X 4l Z|Z X|E 2|

|835t0o] XA AFEERIQ| 7|XE Lot=LICH AWS! Amazon Braket Digital Learning PlanOi|
= WILE &t= 8 ¥ LIPHo| C|X|H HHXIE ESSHMIR.

Amazon Braket2 ES QIAHAE MM Al 225t DEHE F3 L HIZSt= Ol AISE = U=
API|, SDK %! H23= 0|

« 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

Amazon Braket Tutorials GitHub 2| Z X|E2|0|M ZE HANE 7IMHE £ l&L|Ct.

» Braket A& A{ GitHub

04 2|EZXR|E2|

CHS 2 Braketoll At8 == 7| Z|X[7F LB El 304 E|ZX|EE| 52 EAIFLICHL

+ Braket Python SDK - Braket Python SDKE A& 3504 Python ZZ2 22 21012 Jupyter = E S0
AL E MYEELICH Jupyter cES S M ¥, Braket C|HtO|A L AIZHO[EHM ZEE AE



https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
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
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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:eu-north-1::device/qpu/aqt/Ibex-Ql')

# AQT IBEX-Ql

# 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/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

AEEESETREIRTPS
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# device = AwsDevice('arn:aws:braket:eu-north-1::device/qpu/igm/Emerald’)

# IQM Emerald

# device = AwsDevice('arn:aws:braket:us-east-1::device/gpu/quera/Aquila’)

# QuEra Aquila
# device = AwsDevice('arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3"')
# Rigetti Ankaa-3

# Get device properties
device.properties

Amazon Braketl| 2| L AEEZQIE
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A Z M2 CloudFormation A& Xt 7H0| = 9| AWS::SageMaker::NotebooklInstanceLifecycleConfigE

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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ExecutionRole:
Type: "AWS::IAM::Role"
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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 30
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3CHAH|: 25 Al amazon-braket-0O| €2 SageMaker Al —ES QIAEHA
A
o

1EHA 2 2B A0l M AT IAM A& S A8 5104 SageMaker Al
E MMELICH L ES QAEAE Braketoll 2 A2 A X|H £/ Amazon Braket 2

&2 ArE35to{ HMAE = &Lt O] CloudFormation 2lAA Sl T4 Z 4401 CHEF RHA|IBH LIS 2

CloudFormation AF& A} 70| = 9| AWS::SageMaker::NotebooklnstanceE & X 5HA| 2.

SageMaker Al =& F7| AJEIEQ}
TES QIARA

BraketNotebook:
Type: AWS::SageMaker::NotebookInstance
Properties:
InstanceType: ml.t3.medium
NotebookInstanceName: !Sub amazon-braket-notebook-${AWS: :StackName}
RoleArn: !GetAtt ExecutionRole.Azrn
VolumeSizeInGB: 30
LifecycleConfigName: !GetAtt
BraketNotebookInstanceLifecycleConfig.NotebookInstanceLifecycleConfigName

3EtAH: MF At amazon-braket-0| 22 SageMaker Al cES QIAEA M 31
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Amazon Braket2 At& 350 &AL 2f¢] L=

Braket2 ZHEHSHH| A|ZEFE o= Q= RETIEEI™ Jupyter Notebook Bt A2 XS & LICH Braket —ES0f

= Amazon Braket SDKE H|Z 8t MZ 2 12|&, 2lAA L JHE R E77F AP ARIE|lo] U&LICEH

Amazon Braket SDKE At&s5tH LAt 1 E|E 2 UESH CHE B 8t £Eo| I =R #4350 CHfet &
At HFEH L AIZTO|E{0M 0| EHAES T ™ = A&LICH

Al
o 1k

« Amazon Braket2| ™A |0

- ot =0 SHHEE L[S AlZo]M

« AWS Boto3 &fed

A Hpl |2 elE
= = H o = i = 2
LES QIAEATL ARE|D LHH, &2 MMt tESS MEISto] EE Jupyter QIE{H|O|AZ QIAFE
=
AE Lt
Notebooks (1) ‘ c ‘ ‘ Actions ¥ ‘ Create notebook instance
‘ Q  Search 1 matches
NamelJamazozraket ‘ 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

Amazon Braket = E & QIAEIA0|E Amazon Braket SDK & 2 & S& 40| A M x|Eloq I&LIC}.
X conda_braket A AIE350{ M T ES S MMELICEH
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[Z Launcher +

|E| Notebook

i A® o p

Start on Braket Qiskit and Braket Pennylane and Quantum conda_braket
Braket algorithms

| oo

Console

conda_braket
Other
M
T e =

Terminal Text File Markdown File Python File Show Contextual
Help

M X{ Amazon Braket SDK Z &2 7}X{ 211 simpleBRAKETIong; SDK ZE2 HolstCI2 7|2 H &
Ei 2|2 & 2|50 AlZ'E 7FR{QFM A|ZFEFLICH

import boto3

from braket.aws import AwsDevice

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

# Create the circuit
bell = Circuit().h(@).cnot(0Q, 1)

S BEE AM8stod 228 AlZste + U&LICH

print(bell)

T :# 0 # 1 #
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HHHHH
q0 : ## H ########
HHHHH #
HH#HHH
ql : #######E X ##
HH#HHH

T :# 0 # 1 #

2 MEdo|EolM 2[2 Y

Alslist Xl CIHIO|AE MEYBILICH Amazon Braket SDKE Al = 2 EELO|E
2Z AlZaolE{et & M3 E LICh %|CH 25qubits(2Z stESo1o]| 2t CHE) 7t K|
g|2ol= 24 AZ20|EE M85t W0l E&LCH

OEoR, 22
EHAE%%

XH=lE o &

FW ok i

ol

24 A Zclo|HE A EAZ stE{H CHS 0t 20| B TS

# Instantiate the local simulator
local_sim = LocalSimulator()

# Run the circuit

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

print(counts)

CtSot 22 ZA0t7F EAlZ|o{of & L|Ct.
Counter({'11': 503, 'Q0Q': 497})

ZH[et £ d HEf= o4 CHE j00# L 1142 SS& SHOIH &Y AU =M 00 L 112 2= 71 A
o| S 5(=ICH shot = O|=)&FLIC}.

2LCIUHE AZCoIEH0AM 2|2 A

EE 8t Amazon Braket2 CHTHE 3|2 AldE @8t TM8S AZE0|E sv1oi CHEt HMHAE
IZErLICt SV12 &|CH 34qubits| YA = £ 5i8otE 2CIUE e HE A= 0|
E{ILICt Sv1of CHEt RbMIEH LI& 2 X[ El= ClHIO| EL Z&0|M 2elg = A&LIct
SVI(X TN1 = QPU)0ll M E7t 2 S e mf At 5fde éﬂrf 182l 83 HZloll XMFELIct.
HZI 2 XI-HS K| et 2 Braket SDK7t 7|& H t-{region}-{accountID}E M

a
AMgtuch XEMIE LH2 2 Amazon Braketod| CHeF M A 22|12 2 ESHMIR.
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® Note

Ct2 o A7} amazon-braket-s3-demo-bucket2 HZ! 0|22 EA|5tE AA| 7|E H
Z! O0|&2 =g LICt. Amazon Braket2| HHZ! O|&2 &4 amazon-braket-2 2 A|%f S}

H 2 Flofl &7t+8F CHE AlYd EX7F SLICH S3 HEIS AHE s WEdol| Ciet AHAISE L& 2
Amazon S3 A|&5H7|E & ZSHAIR.

# 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)

SV10AM 3|2 E AS5tE{Td O|Fof MEHSH S3 HHZ!2| 2I%|E .run() ™ = &E0M x| /=2 A
S3loF gFLCt.

Amazon Braket 2£&2 &XF 2dof CHg F7F H
4

# 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)
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https://docs.aws.amazon.com/AmazonS3/latest/userguide/GetStartedWithS3.html
https://docs.aws.amazon.com/braket/latest/developerguide/security.html#braket-data-retention
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QPUOI| A A3

sto S 2/ FA AFE{0A 0| X}t 22 of|A|

Amazon Braketg A&t B 8t £Z20| I =D HEF
8t Quantum & 2| & %|(QPU) C|HtO|A 0] CHEF M| A

g A3lE £+ Q& LICH. Amazon Braket2 P%

£ MSgLct XA == ClHO|A MM AWS 2& 9| CIHFO|A BH0iAM CHFEt ClHFO|A & 7184
Z|Ztol CHst HEE &g £ USLICH CHS 01II1|01IA‘IE IQM C|HIO|AE QIAEIASISHE B Hod
ELICt

= .

# Choose the IQM hardware to run your circuit
device = AwsDevice("arn:aws:braket:eu-north-1::device/qpu/igm/Garnet")

CC
i -

rr

Ol ZE7F A= lonQ ClHFO[AE MEAFHLICE

# Choose the Ionq device to run your circuit
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")

ClHtO|AE MEiE £ Q2 =8 M™sy| Mo, Ot ZE2 C|utola thr|Yd Z0|& R2lsto] &
A EY EE StolEE|E & 8 &0lg £+ Ql&LICH £ 1 ZH2 Amazon Braket Management
Console?| C|HtO|A H|O|X|o M C|HFO|AE CH7|Y ZI0IE & + JUA&LICH

# 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
# '2'

5¢l). Ch= of|xi|et Zol,

Hdg ’é‘%‘ﬂ”" Amazon Braket SDK7t 21t =Y =
nds It2t0/E{E 7435104 0| 7|22t HAE £ ALt
A

.run() BHOMM poll_timeout_secon

£

utef 3 %
ET A ZDIHHF HSHQPUE MEE =+ ln 24 AlZh =0t @ 77t EHEtE|l= E 2ol &
2 AlZF LHofl A3t BEHE|X| ot &= QUCHE ME |2IStMIL. task.result() F+E AYMo=R
ZEoto EYE CHA| AIEE = &L

# 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)

»
rﬂ:
E
ol
tu
nx
n

36



Amazon Braket TR 7H0|E

Bh AR & e = 0|2 E|E Y MESH & queue_position() B+ E HHYMoZE &350
7| b

print(task.queue_position().queue_position)
# Return the number of quantum tasks queued ahead of you
# 12!

Hl=

Aem A LdoE|E HE

A

Amazon Braket & 11 2|& 2tO|E {2l Python2 2 R M E AP HEFE X 12|
L|ct olzd8t dnE|ES OCHE A-SIHU o SHE d1aES =

& = A&LCt Braket Z2&0IM 1 2|E 2Ho|EE2[0f HAMA T = U&LICH REMIEH LHE 2 Braket
Github ¥ 1 2[& EI0|EEE[E HZstMIL.

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
Algorithms (11) Open notebook ¥

Filter algorithms
Algorithm library Q g

Announcements °

Berstein Vazirani algorithm ©) sitHub [2 Deutsch-Jozsa algorithm ©) sitHub [
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 problem that cannot

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

RePRl Textbook REPEl Textbook

Grover's algorithm ©) citub 2 Quantum Approximate Optimization Algorithm ) GitHub [2
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 algerithms (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 quadratic 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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HASI = XAt S, O0|&7} Qe AMEDO0IEE A&st0{ O|&7t e 3|2E YESt= &
of| CHet X[&T Z e klo] A&LICh

Est EXM QPUE AHE510q CHY 8 HO|E0] CHEH Braketol M HA &0 2 X8t £ QI&LICH &}
Mgt LI 2 Amazon Braket2| A X|0{E & X5IM L.

- HOIE 4l 3|2

s ZZOZ ME
_E_ X

%X HO|E L 2|2 &= Amazon Braket Python SDKQ| braket.circuits ZeiA0i Ho|EL|Ct.
SDKOAM Circuit()E HYMo 2 EE50{ M 2|2 AME AAEAZE = &LICH

of: 3|2 Ho

o oilXl= E&E, &Y FH|E otctol2 HO|E I 27 H|E CNOT H0|EE FAE! 4qubits(q0, q1, g2
3 q322 B0l XIH)o| ME 3|28 Holsts R R AISFELIC CHE RIS 20l print 348
A|xsioz 2&5t0{ 0| 3|12 E AlZstE 4 s

# 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##HHHHHBHSHEH
HH#HHH #
H#HHEH #

ql : ## H ######4##H#HHEH
H#HHEH # #
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https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/circuits/circuit.py
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HHHES HHHHH #
q2 : ## H ### X #######H#
HHHES HHHHH #

HH#HHH HH#HHH
q3 : ## H #u#######4 X #4#

HH#HHH HH#HHH
T # 0 # 1 #

of: 2t 0lEEE 2= Hol
Ol dlMolM= A7 mhetOlE ol et EEtXlE HOIET} /e EIE% S
2t 2 XIdstod M 2|2 E dHst7LE, S|2ZE MEE W 57 ClHtol20 A &

A& LIC

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)

Sk 20l EFY float(2E AR WEtOIE 7} FotE &f) EE= 2 mtet0lE el ghe x| Hete 71fE
Q£ 3|z 0i XMSstod mtetOlEstE 3|20 otet0lEEHEX] of2 M 228 dde + AU&LIC

my_fixed_circuit = my_circuit(1.2)
my_fixed_circuit = my_circuit(alpha=1.2)
print(my_fixed_circuit)
my_circuit® THE|X| Ao 2 0| AI&5t0od D™ E mi2tO|E g2 B2 M E|2 & AR
steh = U&Lch

of: 3|22 HOIE £&™
BEAHE AR SHE HIOIE7H Qi 5|28 HolstLict of2f

CHE Aol M= Ao & T3 SHHALE
£ A83tod M|o{E Ry HO|ESI Z2 M HOIEE HEE + AU&LICH

from braket.circuits import Circuit

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

39
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# 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)

print(my_circuit)

AO|E EExt= 24 AlE i olE{oi| MBF X|2ELICH
of: AH8 7t5EF 2E HOIE 27|

CHS oMol A= 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 A EQo| &40

FII’

2 E HOIETJ LtFELICH

['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']

0|28t HIO|EE sHE & ol 3|20 CHEt HMEE EXMroZ 55510 3|20l FIHE £ &Lt
0ol€ E0qcirc. h(@)% AHMoZ 5 &80 A MM qubitoll ofCtol= H|O|EE FIbEFLICEH
® Note

AOIEZL MAtE|ofl FIHEIH, CHS KoM= O iAol LIAE ZE HO|EE ST &=
off &=7HehLc.

circ = Circuit()

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

# cnot gate

circ.cnot(@, 1)

SDKOIIM 3|2 74 40
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# controlled-phase gate that phases the |11> state, cphaseshift(phi) =
diag((1,1,1,exp(lj*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(@, 1, 0.15)

# 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.cphaseshiftl0(@, 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(Q, 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

SDKO{M 3|2 F#4
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circ.z([1, 2])

# S gate applied to q@, ql, g2

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

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

circ.si([@, 11)

# T gate applied to q@, ql

circ.t([0Q, 1])

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

circ.ti([0, 11)

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

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

# conjugate transpose of square root of not gate applied to q@, ql, g2
circ.vi([o, 1, 2])

# 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 0.15 applied to q@
circ.gpi2(@, 0.15)

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

M HolEl HOoIE ME Lo, Ataf| Ho|El B2 HOIEE 2z M8 =+
targets TtEFO|E{0f 2|3l HL|El qubitsol M E|l= B FHIE HO|E(CHS
£ [t FHIE HOIEY = JU&LICH

import numpy as np
# Apply a general unitary

my_unitary = np.array([[0, 1],[1, @]1])
circ.unitary(matrix=my_unitary, targets=[0])

of: 7|=E 3|2 &t&t
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# 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)

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

new_instr

of: Zt ClHfO[|A 7L X| et HOIE 27

AIE280|E{= Braket SDK2| ZE H|O|EE K|St K|2H QPU CIHIO|AE O 2f2 B E Zgt2 x|agt
LICH C|HFO|A & /doi|A ClHto|A o] X|El= HO|EE &g + /U&LICH CHE2 lonQ C|HHO|A 2]

Of| M| L 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']

SDKOIIM 3|2 74 43



Amazon Braket TR 7H0|E

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

Quantum Gates supported by Aria 1:
[lxl’ lyl’
'SWap', 1

'z', 'h', 's', 'si', 't', 'ti', 'v', ‘'vi', 'rx', 'ry', 'rz', 'cnot',

XX , Iyyl’ 'ZZ']

X|HE= HO|IEE X} StEQ0{0i M ASE|7| Fof WIO|E|E HO|ER ZHulYdlof & £ &LICt.
3|28 K&t Amazon BraketO| O| AulYUS XIS o 2 £&sHL|Ct.

Braket 229 CIH0|A HOIXofA AL MEE 2 4 et T2aae YAloz SYs HE
of HMAsHE Zo| 20| Ele AL E QaLch g IEE QPUL| £ 7 =

*AIE% Zésgl.'— I:II-I:HO |=|O:|=< ||:|_

=
S=T T

# 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}")

IZ2O ME

Z2 I MNEE BY Ext 2ol oft] Ext 3 2ZE E28X 2 MAELICH ST Zrdo M= ZICH
1007H2| At 3|2 E= Z|CH 100702] M2 CHE miet0|E ME7 Qe BHY IEtHER 3|28 ME

g = UELICE Ol M2 T4 3|2 A Ao|o] AlZHE %455t D ERE 2 2| LEEIEE E04
ELICh #x =233 ME £ Amazon Braket Local Simulator 2 | Rigetti C|H}O|A 04| A

INFat=18]u )

o 12

ProgramSet & 9|

Ctg & M 2= oXo M= otetolE{stE! S|2 2t ot2t0|E{7t el 2128 25 AH& 5104
ProgramSetE& HES= Y E HoiEgLICt
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JHeER 7Hol=

bra
bra
bra
bra

from
from
from
from

# Initia
device

# Define
circl

circ2

circ3
paramete

ket.aws import AwsDevice
ket.circuits import Circuit,
ket.program_sets.circuit_binding import CircuitBinding
ket.program_sets import ProgramSet

FreeParameter

lize the quantum device
AwsDevice("arn:aws:braket:eu-north-1::device/qpu/igm/Garnet")

circuits
Circuit().h(@).cnot(0, 1)
Circuit().rx(@, 0.785).ry(1, 0.393).cnot(1, 0)
Circuit().t(0).t(1).cz(@, 1).s(0).cz(1, 2).s(1).s(2)
Circuit().rx(@, FreeParameter("alpha")).cnot(@, 1).ry(1,

rize_circuit

FreeParameter("beta"))

# Create circuit bindings with different parameters
circuit_binding = CircuitBinding(
circuit=parameterize_circuit,
input_sets={
'alpha': (0.10, 0.11, 0.22, ©0.34, 0.45),
'beta': (1.01, 1.01, 1.03, 1.04, 1.04),
1))
# Creating the program set
program_set_1 = ProgramSet([
circl,
circ2,
circ3,
circuit_binding,
D
Ol Z2 I3 MEO|E circl, circ2, circ3, circuit_binding®| Ul 7}X| I8t Z2a0| £ &
E|o4 J&LICH circuit_binding T2 32 5710 MZ CHE mi2t0|E HIQIE S 2 AEE|o] 571
o Al WU MAELICH OHE 37H0| metD|E| Qs TR 22 siol AH TS MR
ch. 2245 Chg olO|XIet ZHol & 872l A% nhlo] MAIEILICH
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program set ProgramSet (
e I ; [cl,
cq Co C3 Cq c2,
? i c3,
.E HHH CircuitBinding(c4, [il, i2, i3, i4, i5])]
i )
8 executions
CtS & #Hm 2= KMo ME product() HIMEES AI26tod Z2 13 ME Q| ZF A3 miof 5
ot 2E Vs €= MEE ¢ddsie i E EoisLich
from braket.circuits.observables import I, X, Y, Z
observables = [Z(0) @ Z(1), X(0) @ X(1), Z(0) @ X(1), X(0) @ Z(1)]
program_set_2 = ProgramSet.product(
circuits=[circl, circ2, circuit_binding],
observables=observables
)
IetOle gie ZEOo| 42 2 2 7ts &322 4 3[2of chal SEEUC oetHE=Z 2233
o| Z< Ct= o|O|X|of et 2ol ZF & 7ts =52 ZF = MEo| cis S E L Ct.
ProgramSet .product (
circuits=[cl, c2, CircuitBinding(c3, [il, i2, i3, i4, i5])],
observables=[0l, 02, 03, o04]
)
program set
N
[ | T | | | T 1 I‘%““[‘““]“““] -------- |“““|"""|"""-; ------- — J"-“--l-"""J““-*unl- ------ — — |-"“--l--"";"““;-nl
28 executions
CHS Ml i Z= oMM E zip() HMEE AFE5tod 7HE & 7H5 &= 2 ProgramSet2| §4
oteto|Ee MEe Ho{Ests WS EoiE LY.
program_set_3 = ProgramSet.zip(

circuits=circuit_binding,

observables=observables + [Y(0) @ Y(1)]

SDKO{M 3|2 F#4
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)

program set ProgramSet.zip (

¥ T : circuits=CicruitBinding(

i : circuit=c,

: input_sets=[il, i2, i3, i4, i5]

)!
observables=[ol, 02, o3, o4, o5]

5 executions

2
o
e
ot
1

CircuitBinding() CHalL 2HE 71s 5ol S82 3|2 U 3 HME SEI & &Y

A& LICH

program_set_4 = ProgramSet.zip(
circuits=[circl, circ2, circ3],
input_sets=[{}, {3}, {}],

observables=observables[:3]

program set ProgramSet.zip (
circuits=[cl, c2, c3, c4, c5, c6, c7],
input sets=[(il, i2, i3, i4, i5, ie, i7],

ci||co||ca||ca||cs||cel] e
obser;ables:[ol, 02, o3, o4, o5, 06, 07]
)
o (22 52 [z o] ] [
oy | |0y | 03| |04|| 05| | 0g||O7

7 executions

=2 72 MEof CHet XEM|I8H LI} of Xl = amazon-braket-examples Github2| ZZ 13 ME ZHE
SESC VIS

C|HFO|AO|M Z2 130 MIE ZAA ! AlSH

ZzOH MES A it = D e otet0lE HRlE 3|2 £ Z&LICH OFS ZE XM E AE

+
stof 32 A% e U 40| & +8 AL ELC

4>

# Number of shots per executable

shots = 10
num_executables = program_set_1.total_executables
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# Calculate total number of shots across all executables
total_num_shots = shots*num_executables

25tH ZZ I8 MEQ| BE 3|20M & A 22 J|ZEo 2 Bl Ehoqct
A =

ZZOH MEE AMESIe{H CHE ZE o|KME AFEEHLCt.

# Run the program set
task = device.run(
program_set_1, shots=total_num_shots,

Rigetti C|HIO|AE A5t AR 20| FEMORE HEE|T EE2MOE Ci7|Y¥o| = St Z21
ZH ME7F RUNNING #EHE RX|E = JUaLch 208 ¢ e dog{H T2 I3 MEE 5lo|EE|

C fYez MEste JE nedstMlR.

A1 24
CtE I =& A™5t0{ ProgramSetoi| A A& mtlo| ZutE EA45t 1 FHEELICH

# Get the results from a program set
result = task.result()

# Get the first executbable
first_program = result[0]
first_executable = first_program[0]

# Inspect the results of the first executable
measurements_from_first_executable = first_executable.measurements
print(measurements_from_first_executable)

I
HI
Al
02

x|
=

g
]

TE FHIEE SHSHE Al 28 552 A8stof 7i¥ FHlE £= FulEo| &

Ct.

mo o2
Jl)|| —>|.|—

0 o
¥ jo
|0

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

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

# Define an example bell circuit and measure qubit @
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:

, Tresult.measured_qubits)

TS qubit

Rigettio| Xt HFE{MIM LAt 2 2ZE AYE M MEAXOZE =& qubit Y2 AH835tod g2
O{HH qubits& AIS & K| AM0o{& &= U&LICt Amazon Braket 22t Amazon Braket SDKE AM& 5tH
MEASH QPU ClHIO[A S| (4 27 HIO|EE AME = A2 2, Mo 7tE HE st qubitsE MEHE

+ gLt

ol ]]|_)|
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# 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)

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

AEMIEE LHE 2 GitHub2l Amazon Braket 04|Al|, =& £3| O] = ES: QPU C|HIO|AOM RHIE Y S
HZESAML.

(== JaiYe]

2k SR AFE{0ll M LAE 2| £ *'3”%* i Huot A7 =7 giol Hol&E CHz J&atH &=

o =
XEE iz S&stA 2E&

T I
g e
|K o
HU dm o
Hn oX H1
I
F|II

‘_QI.I
Q'I_I
~
> >
- o>
R
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>
2
9'|_l
1
;
|0
|0
fu

ZZA|

i
i
oy
—rTi

22 AQT, IQM, L Rigetti C|HFO|A 0| A X[ E|H IonQUIO|E|E HO|EE A3l OF EHL
Aot dS AP%oH: A2 ClHto|Aao| EEEX|E &Ql5t0 HO|E 7t 1A E qubitsol| A &
=1 3|27t StEH {0 X|#E|l= HIOIE|E HO|EE AH835t=X| & Qlst= ZWol E&L
|0 M= CIHFO|AOA K|25t= HOIE|E HO|E S20| T2 a2 BHAIO 2 HA|A S
o0& LCt,

Ay
2
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HL

device.properties.paradigm.nativeGateSet

Rigettie| A2, 504 Hutdt &7H A& = UL disableQubitRewiring=TrueE
AM7504 qubit A{HHA12 7HOF B LICH ATt FoiX AXE AFSE
disableQubitRewiring=False7} M E A< &Xt 3|2= AB0ol Aluolistm AME|X| k& L|Ct.

01X HutUo| 2|20 Chsl E--g=txlof {1 0]

2 S £ x|getx| efE QPUMM delizlE B2, x| EIX]
= drez Qlaf Zrdo| AmRHE S LIEtLIE 2F 7t

YEELICH o B2 It st=H 047 7B
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Amazon Braket

o= HuUe 348 XIEol W2t 0 7152 Ol2fE Cluto|AS ZHFITS T oiHLIC 5
ofx] I U XIHSHE Clutol Aol ChHe T=2 HEIE M KIHEIE Moz ZatELr

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

F0{M Huld At} 2HAE F=71 H| 2 & LICH Amazon Braket 2 2 HO|X|of X|HE A 22
£ 7|£2Z Braket QPU C|HIO|A, L ES QIARA Gl 2C|HE AIEEﬂOlE-IOﬂA‘I AMHE|= X} &

AR =35 S
of cHel e A& 2= 0| RFRHELICH RtAMEH LIE2 Fo1M ALY oM cESE XML,

(® Note
OpenQASME AL&35t0{ AQT ! lonQ C|HIO|A0| CHEt 3[2E AT 32 E EE(X FHH[EO
M ol EstEdE B OpenQASMOIM disableQubitRewiring ZEi21E& F Al#pragma
braket verbatimst=2ZE At&3afof EHL|Ct.

L 0|X AlE28|o|M

24 L 0|= AZB0|EE QUALHAS}ISIEAM ChZ 1 Z 0| WA E HEE + U&LICH

# Import the device module
from braket.aws import AwsDevice

device = LocalSimulator(backend="braket_dm")

CE oMo MHE 2= £O|=7t /e 712 3|22t ALER X|™ Kraus MEE ME5tE M2 YAl

Ho{E LI

import scipy.stats
import numpy as np
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# 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([@, 2], K)

from braket.circuits import Noise

# 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(0, 2).x(1).z(2)

circ_noise = circ.copy()

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

CtE = olxloiAet Zol 3|2 A2 ol SUEH AAS AL S E LT

of Al 1.

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

CC
4

rr

o Al 2.

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

Z7} oM = Braket 2128 T O|= A[EH[O/E] KM E & Z M.

1

2|2 HAb

Amazon Braket2| ¥ Xl 3|20 = Moments2t stE 2lAF AlZH 70| Q& LICH Zt qubite
Moment@ EtY HO|EE AHEE 4+ YUALICH Moments2| SXM2 2|22 HOIEE O £lH XMElstzn
Azt FERE MBote At
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JHeER 7Hol=

DHEE= X oz QPUMIA AHO|EZ Akl A AlZtar UXISHK| f&LICH

3|29|

circuit.depthg& &

from

=
™
=
o
-
NL

Zolz oflE 3zl &
(@)

braket.circuits import Circuit

# Define a circuit with parametrized gates
= Circuit().rx(@, 0.15).ry(1, 0.2).cnot(@, 2).zz(1, 3, 0.15).x(0)

circ
print
print

qo :

ql

g2 :

q3 :

T

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

L # 0 # 1 # 2 #
HEHHHHAH RS HH HHH#H
## Rx(0Q.15) #######4H#####HTHA#SH#SE X #H
HEHHHHAH RS HH # HHH#H

HAHBHHAHHRHH # HAHBHHAHHRHH

: ## Ry(0.20) #u####### 77(0.15) ######44

HAHBHHAHHRHH # HAHBHHAHHRHH

HHH#H #
HAHBHHBHHAHERHE X HEHHAHERHAH R HEHHAHEH
HHH#H #
HAHBHHAHHRHH
H# R 72(0.15) #####EEE
HAHBHHAHHRHH
H 0 # 1 # 2 #

Total circuit depth: 3

2 220 & 3|2 ZIo|E 3YULICHEHE 0,1 2 22 EAIE). Z RHE | #|0|E 24

A&EL

Ct.

Moments= 7|-gt 40| EIMUE| &S &LCt

7=

Zt2 Instructions() {82 gEEL|C

OfAF AlZtt qubit HE 71 Z & El MomentsKey () LICEH

moments = circ.moments

3|2 AAt
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for key, value in moments.items():
print(key)
print(value, "\n")

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

Instruction('operator': Rx('angle': 0.15, 'qubit_count': 1), 'target':
QubitSet([Qubit(®@)]), 'control': QubitSet([]), 'control_state': (), 'power': 1)

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

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)

MomentsE E3 3|20l HO|EE F7I& ¢

H1
30
>
=
[ul

from braket.circuits import Instruction, Gate

new_circ = Circuit()

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

new_circ.moments.add(instructions)
print(new_circ)
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T :# 0 # 1 # 2 #
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* Reduced density matrixe= qubitsQ| A|ARIIM X E CHA qubits2| 52| A|ARof CHEF &
T A grEtEhLict o]l Aot 8ol 37|18 AIBHst7| 28t Braket2 CHA qubitse| =& ZICH 87H
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CHS of|Xl|eF 20| CIHIO|A &4 & HESIo X|HElE At K8 =elg &= U&LICt.

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)
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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

Eottd™ CFS ofA|ek 2ol 2= ol FI7HEf L

ok

ResultType2 Mo Z

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

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

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

(® Note

ChFet XL CIHIO|AE CHESH Ao 2 AU E XS LICH o & &04 Rigetti CIHIO|AE &
Yt gHErstE B lonQ ClHEO|A = # &2 KMS & LICH Amazon Braket SDKE ZE Znt
of Chet 5 £ 2 MBI ELIch JeqLt &S EHEtste= ClutolA ol B2, XE FH™HUE Al
EE = oSz o|tfet FHAUR2 ALF HLE[H 2 ES V| = FLICH ZADIt AbE: At

ZRA=X| EolsiedH Zat ZX|of A measurements_copied_from_deviceZ &QIgL|CE
0| @142 Amazon Braket SDK GitHub Z|XZ X|E 2|9| gate_model_quantum_task_result.py I}
Lo RKtMIS| MEE|0] A& LICE.

B ts ge

Amazon Braket2| Observable EciAE AIE5tH EY 23 715 &5 SHE = U&LICH

Zt qubitoll stLte| TR B HIS YUY 2HE 7hs S HEE & U&LICH SYUE qubitol F 7 0l 2
MZ CHE HISYE 2E 7ts 52 X|dsts 89 LR 7 GAELICH Ol flo BIM Zof Zt 2k}
= ME 2E 7ts =522 ZhFEL|CH ChAl &al, i qubitdl] 2 &5t IXI7H St R XIElE
gt, et qubitoll CHaH ofe] BHIM =2 7HE == /&Lt

M
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https://github.com/aws/amazon-braket-sdk-python/blob/ca5b08dada4839ca31c012ff50aa20b656fd1879/src/braket/tasks/gate_model_quantum_task_result.py#L70-L72
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A Jts ¥2O| FRE IYSHIL OE B JHs ¥2S 718 4 USLICHRR £ ool A
gig). J224® AdjointGradient AT R0l AHSE 4 2l Sumo| MaELIC

Observable 2ci40|E ChSIt 22 #& 7ts 50| ZFELICHL

import numpy as np

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@, 1], [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:
[[ 1.4+0.7 0.+0.7]
[ 0.+0.] -1.+0.3]]
The matrix form of the tensor product:
[[ 0.+0.] ©0.+0.j ©0.-1.j 0.+0.j]
[ 0.+0.] -0.+0.j 0.+0.j 0.+1.7]
[0.+1.] ©.+0.j ©0.+0.j 0.+0.j]

ZEEE R
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[ 0.+0.] ©0.-1.j 0.+0.j -0.+0.3j]]
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)))

20|

32 AR L 0/EIE ZHE 4 YLICh 023 AR TEIOIEIE B HB TA5HH ofe] & Al
& £ QoM 7|87I8 ANt ol A8 E £ Q&L

0%

Zt &t mEt0IEE ChEol AFE ElE EXtY 212 E 0|2 AFSELICH

- UtEt0lE 2 4-
- ASE metolE A8

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)

=8t 7|2 7]

SV1 ClHo|A = Che SHEEL =t 7|271& AlLtEfLICt ket
O/E{E O|E3tedH O|F(EXRIE B4A)E KIEetHL HY HZ =2 XIEELcH

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

device = AwsDevice(Devices.Amazon.SV1)

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

YE o2tole g2t mhetolEEtE 220 =2 Y stH e uPEPDIEWWIHE'LIEP NSl
EI|E-|7|- o O|& EXH5X| ke 22 0| 3|28 AdjointGradientZ AYSH @77+ MMHELICH C}
2 ZE fNoME SHE AFSHI X E AEHE BEo{ELICH

o= -

ZEEE R

59



Amazon Braket TR 7H0|E

# 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': 0.23})

METE = g7
Braket 22| 240 &Y <X} ZHFE MBI AESHM a2 =0 CHst F71 X|E S 2rol 2 A
(@)

Braket Direct® Sall ME7} 29 SMHE 30l 22{H Braket 2£2 Y1 215 0| A{ Braket DirectZ
MEISHOHE MBI 2 MMoZ O|SEILICH CISTH 22 MBI EH SMHE AIR2E £ U&LCh

ol ®IFEL|CH o|2 7I=8F 2k A

« Braket &'E A|Zt: Braket &5 A|ZE2 1:1 MM =2 MEL 2 T = St A
= A2 2+ 2 308 0| R R ILICH Braket ME7H2tS

&0
ool of
AT E 1 22|50 %|Z13 El Braket 22 SME2 T M

4

s 2
| 42 &3l use-case-to-device MEH S
lH Amazon Braket Hybrid Jobs, Braket

)
Braket 7|S &2 AtEstE ol CHEF HE A

Pulse E= Ot 2 SHHEL[SH AlECiOlM 22 &
&2 Aof oto|Clo] FEFE A™AMKIe nEE O = T-HE + J&LICH
* Braket &H AlZtol SHteiH S5 MEstn A HE, 2 2E HF & & AHsts =29

FHE =gk

+ 24 OHS JHS B AIZHCHO! CHEF % TV} OlHYUE el

@ Note
128 X == e X sHZE B2 Z? AWS Supportol E2l5t= %ol E&LICEH ZI
=5X| of2 HE | B AWS re:Post Z&H &= Quantum Computing Stack Exchange&
AtE35t0d O|FHof HHE HES o2 M EE2 & =& JU&Lch
« ¥t StE0] B2 X MEZ: IonQ, QuEra 2! Rigetti= ZfZF AWS MarketplaceE S3ll ME A{H|A

« Amazon Quantum Solutions Lab(QSL): QSL2
MHIA B2, X HAFE S ™Mo 2 BF5tD 0| 7|2 A M52 BIts
£ A&Lct,

« QSLOi| 2d=fstE{H AS MEYSt T HAE A HE AE ALE MF HEE U™ LICH
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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
https://docs.aws.amazon.com/marketplace/latest/buyerguide/buyer-proserv-products.html
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« QSL B0l ChE ErAlof ik 2HHE olHIYZ ELHERILICE

OpenQASM 3.02 2 3|2 A

Amazon Braket2 O|X| H|O|E 7|+ %X} C|HIO|A 2! A|[Z23|0|E{0of CHEH OpenQASM 3.02 K|t
LICt. O] AH& At 740| == Braketol M X|#45t= OpenQASM 3.00| £ & & gol Cist HEE NS &L
Ct. Braket 1242 O|X| SDKE At&3l04 Braket 2|2& A& 38t7{L} Amazon Braket APl 2! Amazon
Braket Python SDKE& At&35t0{ 2 & H|O|E 7|8t C|HIO|A 0| OpenQASM 3.0 2XtEE 2 A&

= A&LICH

ol 7tolz o] FMoME ChE LAF HYS 2= sts Yol CHEr CFEr oM E FLHELICH

- CHY B Braket C|HFO|A O A OpenQASM At 24 M4 3l ME

« XHEE Ay 3 An o AL

OpenQASM2 Z = 0|X AlEd|0|M
OpenQASML 2 F0{% HI U AL
OpenQASM £ Xl 3l &

L8t O] 7H0| =0l A= Braket2| OpenQASM 3.022 FHE + = §H st=doiE 7|51 F7t &l
2400 CHEF &I & ATHELICH

O MMo| LHE:

« OpenQASM 3.00|2F FeIL|7I?

+ OpenQASM 3.02 ALE3HOF 3t= AlZ]

+ OpenQASM 3.0 215 g4l

S EXe

+ Braket2 01 OpenQASM 7|52 XI§5tLIR?
« O Al OpenQASM 3.0 A =fed M S K&

 Ct2F8 Braket C|HFO| A0 A 2] OpenQASMOY| CHEH K|
« OpenQASM 3.02Z T 0|X A|Ed|0|M

+ OpenQASM 3.02 AHE & Qubit RHHH 4

+ OpenQASM 3.02 A8 8t So{x Hutd

» Braket 2&

(=) OpenQASM 3.02 2 3|2 A 61


https://openqasm.com/
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-troubleshooting-openqasm.html
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- FItElAA
« OpenQASM 3.02 At
« OpenQASM 3.02 At

gt 7127 Aldt

B S3 FHIE 5

ol [olo

OpenQASM 3.00|2F £edelL|7t?

Open Quantum Assembly Language(OpenQASM)= XAt HEES /et 57t &
2 E &A I3 0| HO|E 7|8t C|HtO|A Q| Rt T2 TZH ALRFO] i
OpenQASME Sall AFEXtE AL HMto| M4 QAR FMSIE

ol =% c|>_=|A,_+2 Z=27¢4
UE = A&LICt OpenQASML| O|™ H{F1(2.0)2 o ¥At T2 T2 2tolEE

2o 7IE Z23

= T AA
e MESHE= O AFS EI}&LICH
M BHZ12] OpenQASM(3.0)2 O|™ 2 =& 5104 %[F AL AL QIE{H| 0| ALt StER| 0] A 104 7t
O| AXIE HASH7| RISH HA =& Ao, HO|E Eto|Y, MM M| 8 Z2 H E2 7Is2 Z&
ghoich $4xH EHZ 3.001 CHEE MIE XE 2 AFZF2 GitHub OpenQASM 3.x Live Specification0f| A QI
g £ &L OpenQASM2| &% 7HE 2 OpenQASM 3.0 7|£ 2 2|#3(0il M 22I5tH,0] 2|
3| AWS £ IBM, Microsoft & University of Innsbruck} & 74 2|4 IL|C}.

OpenQASM 3.02 AFE3&l ok 5t Al7|

OpenQASM2 Ot7|[ElMof FOHEX| ol = M+&E Mo 7SS Sol FAt Z=
ZHHNIE MSst2=, oic] HO|E 7|8 C|HtOo|A 0 AR

ofl CHEH Braket XI®I2 HIOIE 7|8t ¥R YTEIE LS I3t YBE T YA o| HHS H7/sH
of AL RH7} o] ZUSIT 0l M BHO|=BIZIS Stastn RXIE WRMS FoiFELIC

OpenQASM 3.00 7|Z T2 33 2lo|E2|7I /= ZAL o248t 3|2 E & ™5| CHA| A= CHAl
Brakettl M At 83t =& ZHE = U&LICH £ A7t JHe K= OpenQASM Z|8EH 22| & 7He
2 X|§st= EtAL 2HO|EHEIE MY H HOo| #8F = UM &= o|dE =8 = U&Lch

OpenQASM 3.0 5f& 44

Braket2| OpenQASM 3.0 X|H2 #x S 3t 7|5 W2EIE MBELICH &, Braket APIE A
5o St=of ClHto|A & 2C|HHE A[ZE|O[HM B =™E = A= 2 E &S Braket2 &3H
OpenQASML 2 &g & 9A.=. LICt XK Braket2| C|HIO|A O] 3|27t MBS El= EAlD KA B A
OS2 ZE Ho|E 7|gt C|HFO|A0] OpenQASM EAFEE EIT A Z 35104 OpenQASM 3.0 & =
Alglis 4 Q& LIC}H Braket AF2AHE OpenQASM 3.02 X|SHE EtAL ZIOIEHEHE|IE SEE =2
&LICt. o] 7to|E9| LIHX| H 20{ M= Braketod M AFEE OpenQASM E 32 7HEtot= WES KA
S| AEgELc.

OpenQASM 3.00|2F FeIIL[7}+? 62


https://en.wikipedia.org/wiki/Intermediate_representation
https://github.com/openqasm/openqasm
https://aws.amazon.com/blogs/quantum-computing/aws-joins-the-openqasm-3-0-technical-steering-committee/
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M Z=A

—

Amazon Braket0| A OpenQASM 3.02 A+ 35248 Amazon Braket Python Schema H{74 v1.8.01}
Amazon Braket Python SDK B{%1 v1.17.0 0|40 2{0o{oF &L},

Amazon Braket2 %2 A2 5= 3 Amazon Braket2 & 433}sloF & LICt. X|&2 Amazon Braket
sl 2 AR EAS.

Braket2 0{i OpenQASM 7|52 K|HEILIS?

Ctg AMol= Braketol M X|#45t= OpenQASM 3.0 HIO|E f&, & L pragma BHO| LIGE|o] Rl&
LICH
Of Mlpdo| LY E:
« X|E|E OpenQASM H|O|E| |&
K| El= OpenQASM &
Braket OpenQASM pragma
24 AZz0olE{0 2] OpenQASMA| CHEL 12 7|S XIH

OpenPulsed|M X|#HE|= 4t 2 E 8-

X| ¢ El= OpenQASM HIO|E| §8
Amazon Braket2 CI21} Z2 OpenQASM Cl|O|E| &8 & x|EhL|Ct.
. (7HY L E28|M) RHIE QH A= 20| ot H4Tt AR EILICEH

+ cnot q[@], q[1];

* h $0;

- HOo|E &M Aol &5

i
"
_>'-|_
i
rr
0z
1
1]
Paal
0l
ot
1
30
>
L
[ul

« rx(-0.314) $0;
- rx(pi/4) $0;

(® Note
pic OpenQASMe| 7|2 XS &+0[0H Li2t0|E O|F 22 ALSE + &Lt

A = 63


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
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- 244 HIG(ESE0l CHE OpenQASM im E7(8 AFE)2 LEtx{ol o 20|E 2t Jls 8§52 o
ol|st7| @It Aot & pragma2t Bl pragmadll M & ELICH.

* #pragma braket unitary [[0, -1im], [1im, 0]] q[@]
« #pragma braket result expectation hermitian([[@, -1im], [1im, @]]) q[@]
X| & El= OpenQASM &

Amazon Braket2 Ct=21} Zt

rlo
@)
©

D

=)

O
>
wn
=z
Eli
mo
Ral
rio
o
rC
o

* Header: OPENQASM 3;
- o4 BHIE M
- bit bl;(8S35tH, creg bl;)
« bit[10] b2;(8535tA, creg b2[10];)
- FHIE Med:
« qubit b1;(8S35t7, qreg bi;)
« qubit[10] b2; (8837, qreg b2[10];)
« HHE W QI=A: q[0]
« 212: input float alpha;
« 22I™ qubits2| AFY: $0
« C|HFO|AOIM X[RHEl= HO|E & 44t
- h $0;
- iswap q[@], ql[1];

(@ Note

C|HFO|A Q| X[ El= HO|ES OpenQASM EH40f| CHEF CIHFO|A 2440 A 2Ol
Ct. ol24§t HIO|EE Ar85tE Ol HO|E Hol7t 2 5tK| f& Lt

e
1
30
I
T

« 01X MR 2. #HA, AR 717 E7[HS X|HEX| k&L FoiX dXtol= HOIE|E HO|EQ
E2|%X qubits7t EgrLcH.

#pragma braket verbatim

Braket2 O{F# OpenQASM 7|s& X|H5LIR? 64
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box{
rx(0.314) $0;

« qubits == ™A qubit B X|AEO| CHEt S 2 S e ILICt
« measure $0;
* measure q;
* measure q[0Q];

b

measure (q,

* measure q # b;

T
TN

22 3 ZAOM HOIE WY U H5EHE WXIGod 22 HIIY W MBS BAMOZ X
& UBLICH E3 MY Fol Y23 Azt £ ME KB 3to] 4 50| AlSHE]7| Mo B E &
2

£l 5 ghuch.

R 2 o
¢ ]

o
fu
I

i

| 2
* barrier;

 barrier q[@], q[1];
« barrier $3, $6;

Braket OpenQASM pragma

i

Amazon Braket2 CS 1} Z2 OpenQASM pragma &S X|&ghLiCt.

« L O|X pragma
* #pragma braket noise bit_flip(0.2) q[0]
« #pragma braket noise phase_flip(0.1) q[@]
* #pragma braket noise pauli_channel
« 504X pragma
* #pragma braket verbatim
- 23t R pragma
- 7| 2 Z0 R

0

FEH BIE]: #pragma braket result state_vector

e O

T @3 #pragma braket result density_matrix

=
« 7|27| A&t pragma:
Braket2 O{F# OpenQASM 7|s& X|H5LIR? 65
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« 28t 7|27|: #pragma braket result adjoint_gradient expectation(2.2 *
x[0] e x[1]) all

- Z7|1M A 7
« &IZ: #pragma braket result amplitude "01"
- B E:#pragma braket result probability q[@], q[1]
« 714 3™ At 78
« 7|CHgt: #pragma braket result expectation x(q[0]) e y([qll)

- 24 #pragma braket result variance hermitian([[0, -1im], [1im, ©]])

$0
- MEZ: #pragma braket result sample h($1)

(® Note

OpenQASM 3.02 OpenQASM 2.0t (S EE|TZ 2,02 ALE5t0{ & E EE:LE.:'.*E Braket
ol Alde = U&LICE 2 2{Lt Braketol| A X|#dSt= OpenQASM 3.08| 7|S2 qreg vs
creg @ qubit vs bit®} Zto| ofztol 2 0|7} QaLich 5 2oL xo|7t lesz
ZHE TR 2 SidtE|z|o{ok gfL|Ct

ZZ AZd0olE{o|H 2] OpenQASMO]| CHEH 12 7|5 K|

LocalSimulator= Braket?| QPU EE= 2C|ME A|ZH[0[Ee| YR 2 MSEX| et= 12
OpenQASM 7|5& X|ELICH CHS 718 S5 2 LocalSimulator O AHEr X|HELICH

« OpenQASM 7|2 X|Z H0|E

66
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2t 12 71sel od= o ME T ESE FASHAMR. A OpenQASM AHF2 OpenQASM & ALO|
EE HZSAMIR.

OpenPulse0l| A X|HE|l= 44t 2 Fi
X|HEZ|= OpenPulse HO|E £&
Cal = 5:

cal {

Defcal E&:

// 1 qubit
defcal x $0 {

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

// 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 {

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

Tty

0%

// prebuilt

Braket2 O{F# OpenQASM 7|s& X|H5LIR? 67


https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Advanced_OpenQASM_Programs_with_the_Local_Simulator.ipynb
https://openqasm.com/language/index.html
https://openqasm.com/language/index.html
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JHeER 7Hol=

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

//arbitrary
waveform my_waveform_ 2

AM-EX XI™E HoIE 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(q@0_ql_cz_frame, wfl);
delay[300ns] q@_xrf_frame
shift_phase(q@_xrf_frame, 4.366186381749424);
delay[300ns] q@_xf_frame;
shift_phase(q@_xrf_frame.phase, 5.916747563126659);
barrier q@_ql_cz_frame, q@_xf_frame;
shift_phase(q0_ql_cz_frame, 2.183093190874712);

bit[2] ro;

my_x $0;

my_cz $1,%0;

c[@0] = measure $0;

20| HA ofA:

bit[2] ro;
cal {

waveform wfl = {0.1 + 0.1im, 0.1 + 0.1im, 0.1, 0.1};

barrier q@_drive, q0@0_qgl_cross_resonance;
play(gq@_ql_cross_resonance, wfl);
delay[300ns] q@_drive;
shift_phase(q@_drive, 4.366186381749424);
delay[300dt] q@_drive;

barrier q@_drive, g@_gl_cross_resonance;
play(q@_ql_cross_resonance, wfl);

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

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

ro[0]
ro[1]

capture_v@(r@_measure);
capture_v0@(rl_measure);

E=E M
OpenQASM 3.0 At 242 MEE = A&LICH
O MMo| LHE:
« OpenQASM 3.0 = Z 124 ofX]|
 Python SDKE At&35t0{ OpenQASM 3.0 Xt Zre] M+
« Boto32 AF&35104 OpenQASM 3.0 X} XHd A A
« AWS CLI E AI-87310{ OpenQASM 3.0 2121

OpenQASM 3.0 ZZ 13 of A

O

OpenQASM 3.0 2 HM5tE{™, Ot S oAt 20| GHZ & Ef & EH|St= 7I& OpenQASM 3.0
AlEHE LIct.

233 (ghz.qasm)2 2

M)

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

qubit[3] q;
bit[3] c;

h qlo];
cnot q[0], q[1];
cnot q[1], q[2];

C = measure q,

Python SDKE AF235104 OpenQASM 3.0 Al Zhed A

Amazon Braket Python SDKE Al2%6t0{ C}2 ZEZ 0| Z2 122 Amazon Braket C|HIO|A 0] XM&

B A OlA

& o~ Ql&LC} Oo|Al Amazon S3 BHZ! ] %| “amzn-s3-demo-bucket’& A}&| Amazon S3 HHZ! 0|2

2 HpoF BfLCH.

s

ol Xl OpenQASM 3.0 ¥At 2Fd M4 A K|
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https://en.wikipedia.org/wiki/Greenberger%E2%80%93Horne%E2%80%93Zeilinger_state
https://github.com/aws/amazon-braket-sdk-python
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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_qgasm_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,

Boto32 AFE 3104 OpenQASM 3.0 ¥AF &4 MM

CHS ofl et Z-0] AWS Python SDK for Braket(Boto3)2 AF& 3504 OpenQASM 3.0 EXILE 0| &5l
LA 2 MEE s JUELICH O 8 ZE =242 o2t 20| GHZ 4 Ei & FHI|5t= ghz.gasm
=2 =gt

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

Ju]

M
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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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device_parameters = {}
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_arn,
shots=shots,
outputS3Bucket=my_bucket,
outputS3KeyPrefix=s3_prefix,

AWS CLI & A83+04 OpenQASM 3.0 &4 MM

ok

ClS of|XMQF Z-0] AWS Command Line Interface (CLI)E AF&3t0{ OpenQASM 3.0 T2 1S A&
= JUaLch

aws braket create-quantum-task \
--region "us-west-1" \
--device-arn "arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3" \
--shots 100 \
--output-s3-bucket "amzn-s3-demo-bucket" \
--output-s3-key-prefix "opengasm-tasks" \
--action '{
"braketSchemaHeader": {
"name": "braket.ir.opengasm.program",
"version": "1"
},

"source": $(cat ghz.gasm)

C}2F 2t Braket C|HFO[A 0| A2 OpenQASMO]| CHEH X[ &

OpenQASM 3.02 X|3t= CIHIO|A S| B action EEE Rigetti 2! lonQ C|HFO|AO]| CHEF CHS o
M2t 20| GetDevice SEHE S5l M 22 X|ELICH

-
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JHeER 7Hol=

//0penQASM as available with the Rigetti device capabilities
{

"braketSchemaHeader": {

"name": "braket.device_schema.rigetti.rigetti_device_capabilities",

"version": "1"
1,
"service": {...},
"action": {
"braket.ir.jaqcd.program": {...3},
"braket.ir.openqasm.program": {
"actionType": "braket.ir.opengasm.program",
"version": [
nyn
1,

//0penQASM as available with the IonQ device capabilities
{
"braketSchemaHeader": {
"name": "braket.device_schema.ionq.ionq_device_capabilities",
"version": "1"
.
"service": {...},
"action": {
"braket.ir.jaqcd.program": {...},
"braket.ir.openqasm.program": {
"actionType": "braket.ir.openqasm.program",
"version": [
nqn
1,

A Mo{E X[st= ClHIO|A S| B pulse EETt GetDevice SEO| EAIELICE CHE of| Aol M

£ Rigetti C|HFO|A0] CHEt O pulse HEE EoiELILCEH

// Rigetti
{

Chk 8t Braket C|HFO|A 0| M 2| OpenQASMO]| CHEH X|¢
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"pulse": {
"braketSchemaHeader": {
"name": "braket.device_schema.pulse.pulse_device_action_properties",
"version": "1"
},

"supportedQhpTemplateWaveforms": {
"constant": {

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

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

I
{
"name": "iq",
"type": "complex",
"optional": false
}
]
},
},
"ports": {
"qo_ff": {
"portId": "qgo_ff",
"direction": "tx",
"portType": "ff",
"dt": 1le-9,
"centerFrequencies": [
375000000
]
},
},

"supportedFunctions": {
"shift_phase": {

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

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

iy
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JHeER 7Hol=

"name

Iltypell :

"opti

]
+

},
"frames": {
"q0_qgl_cpha

"frameId":

"portId":
"frequenc

II: Ilphasell’
"float",
onal": false

se_frame": {
"q@_qgl_cphase_frame",
"q@_ff" ,

y'": 462475694.24460185,

"centerFrequency": 375000000,

"phase":
"associat

0,
edGate": "cphase",

"qubitMappings": [

o,
1
]
Iy

iy

"supportsLoca
"supportsDyna

1PulseElements": false,
micFrames": false,

"supportsNonNativeGatesWithPulses": false,

"validationPa

"MAX_SCALE":

rameters": {
4,

"MAX_AMPLITUDE": 1,

"PERMITTED_

QPUO MAE A HZf 2 F

__I.LXO-” |__|.O=|E| E':
Moi=l| o} ZEO| =

FREQUENCY_DIFFERENCE": 400000000

ZE = A&XH7F &8 OpenQASM 3

7t £42 ohEn Z&LUh

(extern) C|HIO|A ZEQ X|HE ZE 9|
3.0 X

CtF8t Braket C|HFO|A 01 A{2]

OpenQASMO]| CHEH X|¢
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« X E |D(portld)
« OpenQASM 3.00{| A AHEXI 2 MAFEl ZE O|F YLICt
. & (direction)
« ZEO|EEQILICI EBIO|E ZE = "A(direction “tx") & M&ste PHH, SH XE

(direction “rx”)& = AIELICH.

rr
K
[>

- ZE fY(portType)

- O| ZEJI HYSE 2o & (0d: =2t0|2, X EE = ff - fast-flux) JLICH
. DY(dt)

- XHE ZEO|M B ME AlZH EBAE LIEILE = Bl Alzhduct.
- T H|IE OiZE(qubitMappings)

- XHE ZEQI HAE FHIEQJLICH
« &4 F1t4(centerFrequencies)

o ZEO|AM A MAE|HLE A8 HolEl ZE Z ol CHEr 47t Z 4 Fatso| SFLICH At

Mgt L8 ZedE st L.

- QHP &7 % (ghpSpecificProperties)

« QHP M8 ZEof tiet 7|E S8 E AtMlS| dBSt= MEIA mHefL|ct.
sl ol
QPUOAM MOAE!I AF M|Zf o =Zof| 1t Y ool CHeF 2Hed S48 MBEELICH o] =of Lt
UWEI ZE ZHU2 AZX7L MES OpenQASM 3.0 ZZ 2 Lo S8 AlEXIZ AP MRIE
LICH ZRo| FIt S8 ctan &Lt

- Z2{|! ID(frameld)

« OpenQASM 3.00{| M AlEEXt2 MO4El Z 2| o|F LICt
« ZE ID(portld)

o ol HAAE St=o] ZEQILICH
- F It (frequency)

- Zojgfel 7|E =7| FutsLCh.

- &4 FIl4(centerFrequency)

. Zlol Fu4 CldZ FAQLICH Yoz Talele B4l R4 Fuo| BH oz
oF AEY 4 aLich et Foi4 2 B4 Fui4o| xIHE Wet He) Lol 0l oixiof
FLICH CHE Zte W3 metnlefolA sHeig & AlaLich
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- 2| (phase)

Zdel 7|8 =7| laluch.
- 01Z2El 70| E(associatedGate)

—
HE T3 YDt 947 Hol= Lot

m o
=2
0]

(qubitMappings)

I’HE =i AZE FHIEJL|CY.

« QHP §7 £ /d(ghpSpecificProperties)
=3

ZEoll CHEH 71E S438 AL AWats MR BQlLC

SupportsDynamicFrames:

T

cal £ defcal 50| MUY £+ U=X| {7 E A

OpenPulse newframe &+2 S35 2 =
o x| LhEE et =232 LHoll M AP ' &= J&LICt

=
HEHLICH falseQ! B =&
SupportedFunctions:

7Y 2oz Clutol|Ao CH3H X|HEI=
OpenPuIse & HEELICH OpenPulse & 2| AHE O|M|E £ 242 OpenPulse At S ZZ5tA|

Ral
0
r
9r
).

I 2
jul
§|='
%
Y
r
o
>
o
4>
=l
(1
=}
e
r_‘&"

shift_phase
- Zojglo| f|aE XIHE gfEtE olSELIch
» set_phase

- LAl Y2 XIHE A2 HYE LI
* swap_phases

o F oy ztoll &S hELICH
« shift_frequency

- LYo Fot~E XIHE
» set_frequency

. ZPQo| =OtLE X|NME Zto 2 AXIBHL|C.
* play
- IEE of et

 capture_v0
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- X Zo|Yel 22 HIE BllX|AEZ BrEreflch

SupportedQhpTemplateWaveforms:

CIHIO|AMM AFEE =+ e AP dEE ItHE o eL ICt Z7I2He=z
Braket PulseE & C|HIO[A0|AM Ot Z2 AP HEE otE FEIS Iil-?'si.* |Ct.

o

9'|_|
A4
to
el
i
o

o >
o

30
o
fjo
mi
o

C

Constant(t, T,iq) = iq

def constant(length, iq)

7t Al
Gaussian(t,7,0,A=1,ZaF =0) =

iz o0 (3 (5)) - zeE e (-3 (5)7)]

T I1Ee| Z0[0|1, o= 7R AISFe| L{H|O|H AE TIZQILICH ZaEE TrueZ HHsIH 7R AlSH2
mEo| AlEt ZoiAM 00| E|=5F 2=z 4 A MZY M Z[CHZf 0l A Aol =Ef&fLICH

def gaussian(length, sigma, amplitude=1, zero_at_edges=False)

DRAG 7+ Algt
DRAG Gausslanit 7 0.0 A | ZqF )

ey (- 95 [exp (_% (t—jf) ~ ZaB x exp (-1 (@2)]

= IH8ol 40|, o= 7t AlSte| LHH|, B= At TEtO|E|, A= ZIZQLICH ZaEE TrueE MY StH
DRAG(Derivative Removal by Adiabatic Gate) 7} A[F2 TE 9| A|Ztdt BoA{ 00| B2 2= A
U ANEHEH A5 = 2|CHZLM Aol =& LICH DRAG Zh&odl| CHEt RhAIEH LIS 2 8 oF 5t H]

M3 FHIEO|M £5 MHE QIFt Ce TAE TSNS,

def drag_gaussian(length, sigma, beta, amplitude=1, zero_at_edges=False)
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https://doi.org/10.1103/PhysRevLett.103.110501

Amazon Braket TR 7H0|E

Erf X2

Erf_Square(t,L,W,0,A=1,ZaFE = 0) =

erf((t — t1)/o) + erf(—(t — t2)/0)
2 x erf(W /20))

A x

047|M L2 Z0[0| T we WO L{H|O|n ok K|l 44 U 5L TS HOISHT ty=(L-W)/2
9 t,2=(L+W)/2, AS FEQULICH ZaEE True2 MEsH 7t Aok Tisdo| Al=kT} ZojA{ 00| &
T8 QI U AHAEHEID 2ICHZEolM Aol TEELICH O $EAIR Tl MZHE HALICH

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

0{7|M a=erf(W/20) X b=erf(-ty/0)/2+exrf(t ,/0)/2 LICt

def erf_square(length, width, sigma, amplitude=1, zero_at_edges=False)

SupportsLocalPulseElements:

i
X
02
gt
r

2 A QAE defcal ES0IM 2HZE Hog = U=X| 047
A8 cal E50|M Bolstior &Lt

Q'I_l
=
Pl
0f
ot
1
30
rr
b}
(@)

{FE dIELICH ol E S0 A8 E
oM Z=2Oo[H HO|E2 Z2 H|H0|EIE

|2 H|O|E nativeGateSet 7| SE& &9l

H|[O|E|E HO|EE T 5
HIEo0i Ci3H defcale E35H HO|EE E‘dﬂ EQI%R
HOIEE A2 £ Qi&LIC

4 e

ValidationParameters:

- N2 HAZ S Hz BEHRIZ EA|
o X EFR|o| XA HA ZO|/K|E AlZH
« X EHR|o| X|CH A ZOo|/R|& AlZH
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JHeER 7Hol=

OpenQASMS E X|HE|= 44k, A 2 At /Y
Z+ C|HtO| A0 M X ¥5t= OpenQASM 3.0 7|52 & l5t2{™ ClHIO|A 7|5 &39
M braket.ir.opengasm.program 7| & X sMR. 0I|E S0{ C}S 2 Braket 4
E{ SV10| A8E = U= XI§kls ot & At sFALIc
"action": {
"braket.ir.jaqcd.program": {
},
"braket.ir.openqasm.program": {
"version": [
Il1.®II
1,
"actionType": "braket.ir.opengasm.program",
"supportedOperations": [
"ccnot",
"Cnot",

"cphaseshift",
"cphaseshiftoo",
"cphaseshiftol",
"cphaseshiftio",
"cswap",

cy,

cz",
Ilhll’

i,

"iSWap",
Ilpswapll ,
"phaseshift",

rx",

ry-,

rz",

S,

"si'",
"swap",
nen
"ti,

IIVII ,
n s n

vi",

X,

xx",

9Ol action =0
FER HIE] A|lZ 20|

Chk 8t Braket C|HFO|A 0| M 2| OpenQASMO]| CHEH X|¢
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IIXyII ,

Y,

Yy,

1,

"supportedPragmas": [
"braket_unitary_matrix"

1,

"forbiddenPragmas": [],

"maximumQubitArrays": 1,

"maximumClassicalArrays": 1,

"forbiddenArrayOperations": [
"concatenation",
"negativeIndex",

zZ

"range",
"rangeWithStep",
"slicing",
"selection"
1,
"requiresAllQubitsMeasurement": true,
"supportsPhysicalQubits": false,
"requiresContiguousQubitIndices": true,
"disabledQubitRewiringSupported": false,
"supportedResultTypes": [
{
"name": "Sample",
"observables": [

X,

Yy,
"Z",
Ilhll’
Ilill’
"hermitian"

1,
"minShots": 1,
"maxShots": 100000

I

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

X,

Yy,

z,

Chk 8t Braket C|HFO|A 0| M 2| OpenQASMO]| CHEH X|¢
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iy

Ilhll’

Ilill’

"hermitian"
1,

"minShots": 0,
"maxShots": 100000

"name": "Variance",
"observables": [

X,

Y,

z,
Ilhll
7’
Ilill’
"hermitian"
1,

"minShots": 0,
"maxShots": 100000

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

"name": "Amplitude",
"minShots": 0,
"maxShots": 0

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

Chk 8t Braket C|HFO|A 0| M 2| OpenQASMO]| CHEH X|¢
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OpenQASM 3.02Z L 0|= A|Zd|0|4Ad

OpenQASM32 Z - 0|X & A|Ed|0|M5t2d pragma B
o€ S04 O|™M0| MBE GHZ =2 139| L 0| = Q= BT
ZOME MEE & &Lct

A&3t0o{ = O|= AR E FIHEFLICEH
AlZoilo|MstE{H CHE OpenQASM =

2 A
=
12 A
=

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

qubit[3] q;
bit[3] c;

h ql0];

#pragma braket noise depolarizing(@.75) q[@] cnot q[@], q[l];
#pragma braket noise depolarizing(@.75) q[0@]

#pragma braket noise depolarizing(@.75) q[l] cnot q[1], ql[2];
#pragma braket noise depolarizing(@.75) q[0@]

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

C = measure (q,
X|#HEl= 2 E pragma T O| = Qi4tRtol| CHEF AFE 2 CHE S50 LEeE A& LICH

#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>

#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 [0,1]> <float in [0,1]>)
<qubit>

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

#pragma braket noise kraus([[<complex m@_00>, 1, ...], [[<complex ml1_00>, 1, ...1, ...)
<qubit>[, <qubit>] // maximum of 2 qubits and maximum of 4 matrices for 1 qubit,
16 for 2

Kraus Q34FX}
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Kraus QILALE ALSE e CHE AFE Ol R2lotA 2.

* qubitse| == 28 ZTate £ gi&LICH & 7|0te| X Hel= o] MehE dAeLct

. Ol SE0| ZI0|E 89| His~00F BfLICE &, 2x2 W= Bt A T|o{0F BfLICH,
. & 20| 2¥numaublls shado X Thatx| b&LICH &, 1qubite] S $2ZI0] 47H0| 1 2qubitse| B
sH2d0| 1670 QILIC}

- MSE ZE e 2™ &4 EfolA B E(Completely Positive Trace Preserving, CPTP) &1L}

* Kraus Q4rxket O ™X| Aefle| &2 B¢l o gitlojor Zuict

OpenQASM 3.02 AL 8 Qubit AiHHA

Amazon Braket2 Rigetti C|HFO|A 2] OpenQASM LHO| M E 21X qubit £ 7| K| &FLICHAFAIS
LI o] HO|x| & =X). L}O|= RHHHM T=Fnt 374 221 qubitsE AFESte B2 qubits7h MEIEH C|
HhO|A 0] @1ZAE|0] U=K| & QIEFLICH EE & qubit BIXIAEE CHA AL 5HE A< Rigetti C|HFO|A0]|
M PARTIAL RiH{M M2F0| 7|2 Mo 2 & MEHELICEH

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

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

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

@)
©
(0]
o
)
>
w
=2
Cﬂ
CD
[0
z_
r°I-
Ay
<2
1A
oy
_|'I_'_|
ne

Rigetti & lonQ2t Z 2 S=At7t MSst= SR AREGM LAt 2|2E Ae mf Ao U7t =8 o
Ol Hol&l Oz HE st H 3|2E& M-S XA = JU&LICH 0| 7|52 Fo{X Hut Lozt gfL
Ch Rigetti C|HIO|AE AIE st A 2l2 = §Y FED HEELlE 52 ot xIEE = UéE
LICH 2lzo| EH FED E&Estc{H EZEE 2| Lo M L|OIE[E HO|EE AtEsH ok B LICH 23XY,
lonQ= A 220 CHsH o2 Hut LR X|HSIEE 3|20 BRE WHE F0%] &xtof Z e Al7Hok

gLk
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https://github.com/aws/amazon-braket-sdk-python/blob/0d28a8fa89263daf5d88bc706e79200d8dc091a8/src/braket/circuits/noises.py#L811-L814)
https://github.com/aws/amazon-braket-sdk-python/blob/0d28a8fa89263daf5d88bc706e79200d8dc091a8/src/braket/circuits/quantum_operator_helpers.py#L94-L108
https://github.com/openqasm/openqasm/blob/main/source/language/types.rst
https://pyquil-docs.rigetti.com/en/v2.28.1/compiler.html#naive

Amazon Braket TR 7H0|E

OpenQASME ALE35tH ZE At F2/0] F0{X pragma& BAIHMSZE X|HE &= Ql&LICH 22{™
AE MXhsE ER{ XMeE Aot FElol ola HALIX| 21 F| X5 E[K| =
Ct. CHS 2= MM = #pragma braket verbatim X|A|012 AF235t0{ 0|8 HMsts YHE E
04& LC}.

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;

Ol & 2 AleiE E &S0 04X Hul Y T Z M A0 CHSH XEA|EH L& 2 amazon-braket-
examples github 2| Z X|EZ|0M MEElE S0{x Hule ME tESE XXM Q.

Braket 2&

OpenQASM 3.0 2242 Amazon Braket &0 AFE 5t BEIE 5+ UEL
OpenQASM 3.02 2 Xt 22 AMEst=s &2 7|&E X f

2
2
mjo
pal
M
Lok
e
LQ .
r
0H1 I
Ea
r
inl

=7t Elar
OpenQASM 2 E Amazon Braket 2|0 AL & 4= Ql&LICH

Amazon Braket0| Al OpenQASM2 A|Zt5t7| 2|8t oi|X| = ES 2 Braket At& M GitHub& & Z3HMI2.

OpenQASM 3.02 AFEEt 7|2 7] A&t

Amazon Braket2 shots=0 (82 ZE0|AM A>E [ 2C|HE ASHO|EQ 24 A|ZB0IE 2F
oM ZI127| AlttE X[HELICH ol H D2 S Ar&3sto] 2 HELICt Aitsted= 712718 XI™
5t2{H Ch2 oMo T =of dHEE CHE MAFt pragmaE MBS E = U&LICH

OPENQASM 3.0;
input float alpha;
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Verbatim_Compilation.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Getting_Started_with_OpenQASM_on_Braket.ipynb
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bit[2] b;
qubit[2] q;

h qlo];

h q[1]1;

rx(alpha) ql[@];
rx(alpha) q[1];

b[@] = measure q[0];
b[1] measure q[l];

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

2 E Y met0|EHE BAIMeZ LHdst= CHA, pragma LH0IA all 7|HEE X[EY = U&L
Ct. O|&H| st LIFE 2 E input TtetO|Eol| CHEr 7|2 7(7F AldtE|=2 2, Zi2t0|E 7t o< 2
Helst 40| 2 & A&LICH 0| B2 pragmas CFHE 0ilA| 2| =2t FAFRFLICH

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

Amazon Braket°| OpenQASM 3.0 ?%401IA'|= i dArR} BIM &, G| 20|E B3 7t 85, S
4 s 8= S 2E &E 7ts S |RYO| X|HELICH ZI27|8 ALt [ AFSE 7 Q4K
expectatlon() g Lol EH‘*'E|0'|0|= Stod, 2H& 7ts 5ol 4 0| 2 &5t= FHIE

2 K| z|o{of &Lct.

OpenQASM 3.02 At3et & FHIE &7

Amazon Braketol M MSet= 224 &Ef HIE AIZ80|H & 224 Y AH AEL0IEHE 2|2 FHI
= =H -
— T =

Eo| HE Flgfg MHMMOoZ HHY 4 9l OpenQASM Z213 K& S XIHHLICH 25 22 5

BolBt T st 0] 7152 A 85He 2ot EXsE|T &850l ¥R HO| JHSHLICH oS SoiChe

Fc ZZo|ME 2FHIE SR E MY T X A FHED SHHTS MUY £ om, T HR 7
|ES SHHK| e MEi2 4 s

partial_measure_gasm = """
OPENQASM 3.0;

bit[1] b;

qubit[2] q;

h q[0];

cnot q[@], q[1];

b[@] = measure q[0];
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O| IMl M= q[e]2 g[1]0l2t= 274e| RHIEJ} /e R 3|27t UK A Hrf FH|E Q| & EH
o £45t= Ol grAlo| /I&LICE ol= FHIE[0]e 4EHE FHstn O Z1tE 1™ HIE p[0]2 2
XMESHE 22l b[0] = measure q[0]o oa EHELICE Of =y

Amazon BraketH| M XMSst= 24 A Ef HIE| A|ET0|E0|M CtE ZEE A™”E = U&LC.

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)
4 £ 40 |M requiresAllQubitsMeasurement ZEE ZAISH0{ C|HIO|AYI B2 SHE K|
SHEX| QIS 4 QUALICH False?l B £ 80| KL

from braket.devices import Devices

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

on
rir

X
rlo

0{7|M requiresAllQubitsMeasurement FalseO|H, Ol 2 E FHIEE S5}k
Ot=l2 LIEFHLICE.
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5 [If experimental_capabilities ItZIOIE{E R|HE
LICt. o] Zi2tO|EHE 2 A™"ALL"5I04 Y 2ol AHE 7tsEt ZE Y 7Is2 gdsterL(ct Cf
£ Oxol = ClHIO|ANM B[2E MY I Y 7|58 &8sst &S 2o{ELICt

from braket.aws import AwsDevice

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

task = device.run(
circuit,
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shots=1000,
experimental_capabilities="ALL"
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« QuEra Aquila®ilA 2Z C|5 Zof AMA

« QuEra Aquila®iM =2 7|5t&5 4ol HAA
« QuEra Aquila®iM &2 7|5t&E ol HAA

« IQM C|HIO|A Q| SH 5|2

0%

QuEra AquiladlAd 24 C|F o] HMA

27 C|SY(Local Detuning, LD)2 AFE A X|H 758 27F THEO| U= MZ2 AlZH 5% Ao
ZULICH LDE 2 AFS AL XY 7hse 37 TEof W2l RH[Eo| & D|X|H, 2 Let +5& 1t
Rydberg-Rydberg & & 20| e = U= W 0|42 ME CIE FH|IEH CHS MEC
L|etS FAELICE.

MeF =74:

EACIFIEo Z7t I{EHS ZF AHS 2 2 of| CHal| AL AF XIS 4= UX|EH =2 30| ZI-ME|E
St dHELICH 2H CIFRIE L AAHLE2 00 AlZfstT ZLiok 5tH 2E 242 0 C 2 7Lt Zot
Of &fLIct gt 2 CIRE& | mtZt0|E = +=XI1M Mo 2ol 2|5 MEtE|H, ol £ C|HtolA
& MM -aquila_device.properties.paradigm.rydberg.rydberglLocal®| Braket SDK
EESE AO0IA

= ooH = T AA|=|L—||:|'-

Xst ALE:

EHCRYES ASse YA RIS MY HEHUE LM 2717t 44 022 MYE B
OIE) ClHhO AL Aquila £410] 45 MM0f LIIE T2 AlZHECH Cf WHE ZojRehg st 2
LR HS AHS Z2 10| HUE LISt 22 CIR LTS Merste 2ol 4Lt
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Analog Hamiltonian simulation

Spin terminology

qubits spins
global driving field —«r amplitude —»
(time dependent) transverse
- (HXII, IIYII) field
phase — v v i il v v v
(time dependent) B}
detuning —»
(time-dependent)
local d ) L longitudinal
omesenonny (‘2") field
Od| A
1. AE AARM HIZ Y SEE RH7|E 2| 21+ A[E8| 0|4
TSSOl TIED a2 AFof Ciet EEE AHT|E o sUs Z0tE FH|IEo D|X|X[EH F&F 2
CIRE0 2H C|REol &2 AFlof CHet L A& ot SUst Z0HE FHIEof &AIZLICH
EHCIRIEE SUHSE Mo{stH O |&Et AE AARE AlZdo|Mde = A&LCt
2. HIE&E 7| 4E| £H]
oMl .. E= Rydberg #XHE 0|E 8t ZAt H|O[X| O|& A[EEl0|M2 9Rt MY HiEo| ! Al
7t 22 HH 4o 2 AAEE o{HZE M of7|El= RE HXSts W-HE EoiELICH EH| BHA =

e ZEHACIRYXO| HdASF D AHS T 2032 0| EXM H|H
HSIE H<& AlZ|o|MHEFLCH.
3. 7} & x| 7|8t %|&sF 22X siZA

o|AMl = E S Maximum weight independent set(MWIS)E AquiladllA MWIS EX|E Z3st=
HoiELIC EZ CIREE2 Bl Cla3 TJef=Z ol o Cigt 7tEX[IE Helst= ol Al
A= Rybderg M E0t2 FHELICH Y HE dE0M AlEtsto] 2ZH CIRIE S HEIH

(@)
2 BIHAI7IH A[AEO| MWIS SHEEL|HS| HIE B2 TEHE|o EXof CHEF SHEXME HE &
A& LICH
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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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QuEra Aquila®iA =2 7|5t 4 of HAMA

2

E2 7Ict8Y 7IsE Ar8dtH £0(7t BUHE T|stEd 2 x|HE & U&LICE 0l 7ISE A8 stH
AHS Z = 24o| X} HiEO| Aquilal| Y 7ISE Holy Yoz F71 Zo|E T E + J&LICH

=2 7|st8 49| =|ci =0I& 0.000128m(128um) ] LICt.

Mzt AL

O] A& 7[s 0] A %ol CHaH % §PE|E'._=| C|HIO|A &4 10| X|Q} GetDevice 2 S &0 EAIZE
7|52 A& =olof CHeh Uit 5tetS et gL|c AHS Z2 30| Yt 7|58 Ho{Me= At i
U2 M85t B MR P &7t Jo = of & ELICt 2] 210t 9| pre_sequence £ E0{A]
ofl & x| Z8 02| =7} "ﬂo%: Ho2 2HsHA kM, ol Ao = S £ 7|5 E Higes o
2 Jtsd2 FELICH o]l 23t= BXR7t B2 ol M 7HE ZEglct
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HAAtE L ACIE[E g2 O =2 A HS 2 = 8e = gL yot HE2E 71 ¢Es x[™
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o|Ml = E S Parallel quantum tasks on Aquila= stLto| BRt HiGol| sHE 7|5t
A2 2 Hi R[S0 AL 7hS 8 YU 2[CHE E 85t LS EoiELICH AFE 758 P90
o

T2 O g2 AHES HiRIE MﬁL—IEP

QuEra Aquila®iA &2 7|5t & 0f HAMA

I o E2 Iék%'é*% g = A&t
(=]
°.

HEE HEFLICL CHEXMR o2= 4™ 2 KUP %J%L—IEL

Mg AL

O] &Y 7|50| Aol CHaH A3t E|™ C|Hto|A &4 HO|X|2 GetDevice & ZE0| EAE=
7|2 A& =0olof CHEh LBt 5t8H2 BFIELICH AHS Z 20| Yt 7SS Ho{Me= A i
UE MEste R MRV LR/I &7 JAe=2 o & ELict T2 5] A1t 2| pre_sequence F
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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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« measure_ff: I|=EXZ = A|o4oi CHEH
AN E MEELICH

)]

Mg THs0| RHIEE HHSD L= 7|8 ASstod

« cc_prx: X|QE =4 7|of HAAE ATt |14 HEIE FYst= S ME &l 1 Kol =
ME FdgfLoh

Amazon Braket2 OpenQASM, Amazon Braket SDK %! Amazon Braket Qiskit ProviderE S3lf 5%
3|2 & X|AFLCH.

MNeF =A-

- L=

1. measure_ff BYEO| u|=8 7|= D R5HOk & LICtH
2. cc_prxE S Ut T|=8 7|2 measure_ff O|F0]

=]
3. Ctel 3|20 FHIEQ IlEZQEE Rf&|XHoz =
CIE 3| 20MHe ME CHE Ko &2 7HE 4= l&LCt.

HsioF Bf LICH.
c ]

IE RHIEZE Mofg = U&LICH M2

a. 0§ S0{ FHIE 10| FH|E 22 Mo{El= ¢ S 2|20 FHIE 322 XMo{E + gl&L
Ct. FHIE 11t FH|E 2 AtO|o] Mo{7} M E|l= H=0ll= MFo| gi&LICH FRHIE 20 &
Z7|3HE ™35I x| o= &, FHIE 2= RHIE 3(E= FHIE 1)2 2 Mo{g &= &LCH.

4. Moz 8L 38 LHe| RHIEN P ME& &= J&LICH IQM Garnet & Emerald C|HFO|A 9| FH|

E J&2 3 o|O|X|of /&L,
5. 0|lg{8t 7|s50| e Z2a3e Eo{M =2 3o 2 XN|EsHof gLict So{x == 240 CHt Kt
xF
=

Mgt L& 2 OpenQASM 3.02 2 F0{X HI LS

Mgt ALgt:

MCM2 Z=2 20| M Z|=EZ L= KMo{ogh AEE + U&LICH MCM ZZH0 E= 1) 5 Zxtol

U5 2 grghe| K| eh& Lo
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-openqasm-verbatim-compilation.html
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[t2tM 2|2 Z/0| @F AE 0| E0{E1 Xt ClHIO|A ElAA AFSEO| T ELICE.
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St 225 Glo/E FHIE U B ¢EN 27 532 S5 YR AAHO zo|XE B
C. O] M2 WAl S FHIEE ALS504 CIOJE X B 248 LEHLICH O|X A &7
of MBEl= HOIE W EHS S MAE 4 UaLich

XM 3|2 AF20] CHEt XFAIEE LI 2 Amazon Braket —EE E|Z X|E2|Q] FII XE & Z5IM L.

Amazon Braket2| ™A X0

AL X} ZHEE|Q| FHIEE Most= ot 2 415 IL|Ct Amazon Brakete| £ C|HIO|AE
A3t HA Ko 7|S0f| HAM|ASHo] HAE ALEHH Z2E NMEE &= UELICH OpenQASM 3.02
At &304 Braket SDKE &3l == Braket APIE S35l 21 HA Ko{of HMAE = U&L|ct HE
Braket2| "A Ao{oi| CHEt &2 7tX| =2 7S A4 LT
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« Hello Pulse &%

« HAE AI235104 O|E|E HO|Eo| HAMA

ZRH2 LA Z2 T LHoIM AlA| A} 21y g e 2F ssts LAZEQ| o] T3

= o o
A AlZt2 2t A0 Fotez HolE &l MY 72l dMzof et B7HELICH A5 & RHIEZ
HE&E M o2 FHIEL| 7|0 Fut, ¢ 2z Sl ntH itz 7 A EE|E AZHE 2HE
LIC}. Braket Pulse0ilA Z2f| 7442 ClHIO|A, Fab S @f&bofl ek B2t &Lt ClHfolAof ek
M Holgl e MEStHLE ZEE MSstod M ZBE QARASE + U&LICH

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

(=) Amazon Braket2| A X|04 94


https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/experimental_capabilities/dynamic_circuits
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readout_frame = Frame(frame_id="10_measure", port=Port("channel_0", dt=1e-9),
frequency=5e9, phase=0)

ZE

ZEES FHEE Hojsts 2E UEH s=flol 74 RAE LIEHHE AZEof S48t

01 B34 $i=flo] B2l AHSX7H FHISE ZA3D DU S| 91 43 A + 2l Ol
HolAE MZE 4 USLICH ZEE 7HHES| OIS LIEHIE BY 2AHYZ S4stEiLC £3t o
Exiie g Ui MYE Holg + YIS RIE KITEE 24 AR BEE EAlZ LI

from braket.pulse import Port

Port® = Port("channel_0", dt=1e-9)

from braket.pulse import ArbitraryWaveform, ConstantWaveform
import numpy as np

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

Braket Pulse= &= 1}, 7} Al m}3, DRAG(Derivative Removal by Adiabatic Gate) Zt& & Z &
gt ZF Uty 2to|EEEIE MBELICE CHE oMt 20| sample & +E S5 mte C|lO|EHHE AMSt
of Mol =g O3 + JU&Lct

from braket.pulse import GaussianWaveform
import numpy as np
import matplotlib.pyplot as plt

zero_at_edgel = GaussianWaveform(le-7, 25e-9, 0.1, True)
# or zero_at_edgel = GaussianWaveform(le-7, 25e-9, 0.1)
zero_at_edge2 = GaussianWaveform(le-7, 25e-9, 0.1, False)

times_1 = np.arange(@, zero_at_edgel.length, drive_frame.port.dt)
times_2 = np.arange(@, zero_at_edge2.length, drive_frame.port.dt)
ZE 95
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plt.plot(times_1, zero_at_edgel.sample(drive_frame.port.dt))
plt.plot(times_2, zero_at_edge2.sample(drive_frame.port.dt))

0.12
—— ZaEk = True
0.10 A ZaE = False
5 0.08 A
S
o 0.06
©
2
5 0.04 -
-
<
0.02 -
0.00 A
0.0 0.2 0.4 0.6 0.8 1.0
Time (s) le—7
?/e| o|O|X|= GaussianWaveformOA & E 7 Al Tt&E EoiELICH HA ZO|
100ns, L14H| 25ns, &% 0.1(H el EH2))2 MEARSLICH otE2 HA & S0l 2|x[&Lct.
GaussianWaveform2 £ & Q% zero_at_edges(He2| ZaE)E S ELICI TrueZ MH3IH 0]
Rl t=0 Y t=1ength2| 70| 00| E|= 5 7t AlQt ItHE QE MG T X|CHZL0| amplitude 2l

of St = TIEo| 37|18 MEHELICH

Hello Pulse ZH2]

O] MAM0f MHE Rigetti CIHFO|A MM HAE AFE35l04 2% B R HIE HO|EE EM356tn 7 MHSIE
gt S ool LICH FHIEO HRZIEE 715HH Rabi 215 0| 224504 FHIETF0 AEHQ 1 AEH Al
O|& MetgrLct HAo| HYEl 2ot (42 AH85H Rabi £150| Bt FH|E HOIEE HLE =
AUELICH 047|Me 2t S WA A|HAE YEste Ol A E[= 7|2 250l pi2 WA E &Y
7| {lgt (Mol WA Z0o|§ A™ELICH

HAX] LA A|BHAE YES2{™H PulseSequence 24 S 7HK{SLICH

from braket.aws import AwsDevice

Hello Pulse %4 96



Amazon Braket TR 7H0|E

from braket.circuits import FreeParameter
from braket.devices import Devices
from braket.pulse import PulseSequence, GaussianWaveform

import numpy as np

CHZ QPU2| Amazon Resource Name(ARN)2 AM&3+0{ M Braket C|HIO|AE QIAEASIFIL
EI-_ I:}% Ic % £ 2 Rigetti Ankaa-32 AF&ErLICH

device = AwsDevice(Devices.Rigetti.Ankaa3)

CHe TA AlBAOlE THE KD FHIE HHOleHs F 7he| T4 247 ZHEILICH BA AlfAE
Uitsioz Tl M8 4 aLIcH Y W KD 22 7| o9l Melstm, FHIE0 X

8% 4 UBLICH BA NHAE 7| ol A 7HSE ZalYle ZMsHof BLIC Eatole =

B2l Rabi DS 0] CHEF HAE M8ste Ol ASEID, BS Za|gle FHIE HEHE SEsHs o A

SELIH of oMol ME FHIE 250 Za|g ALSELICH

drive_frame = device.frames["Transmon_25_charge_tx"]
readout_frame = device.frames["Transmon_25_readout_rx"]

O|AM EctolE = UolM AAME nteEe MEELICH ST st WA Zolof CHEt RHIEC| S&
£ EMEtste ZdL|Ct o Zo|7} CHE nfaE g RAMELIC

BraketO| M X5t A A|RA L FreeParameter
ABAE 8t MAMEHCIS, CFE Q24 ZIo 2 SAUSH WA A[RAE A3s £ &L},

r*°

waveform = GaussianWaveform(FreeParameter("length"), FreeParameter("length") * 0.25,
0.2, False)

OHRISto @, BA AlHAZ ZEELIC BA AlBA0M plays E2tol2 Za|lolM XIHE T

MAMSHT capture_vo2 TS Z oM AENE SHgLICH

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

)
Chefet WA Zo|§ A7Het0od QPUOI MERLICH QPUMIM HA A[ZAE ASH7| ™o At mtetO|
E{o| 2t S HIFELIC
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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

1
FHIE 5Ho| SHE 0 4ElS 1 4EH AfolollA TS stE FHIEL ZIS 3tg 2oiFLch 58 o
O|E{0ll M Rabi Tn+¢§ $—’§%+1 A ZI0|Z2 O|M| =X5t0{ EX 17 H|E HO|EE 23E £ UL
LIC} o & S0 ot 2= Q| CllO|E{o|M F 7|42 2F 154nsLICt. [EkAM pir2 3| Ho|EE ZO|
=38.5ns2! WA A|RA | SHE & LICE
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OpenPulseE A& Hello Pulse

OpenPulse= Y At C|HIO|A S| HA =& X[0{& X|H5t= 21010/ OpenQASM 3.0 AFFo| &
ElL|Ct Amazon Braket2 OpenQASM 3.0 E312 AFE5t0{ HAE MM T 2| E = UL S
OpenPulseE X|§4gfLICH

Braket2 U|O|E|E HHE|M HAE 57| I8 7|82 7t EF2SE OpenPulseE ALE#FLICEH
OpenPulse= defcal(“define calibration”2| £ dY) M HeEl =2 TYH B FIHE K| LICH ol
5 Mo12 AFRSHH K& ZE Mof 28 Lol M H0|E Haio| 78S XY £ QAL

CHS ¥ S A2 5104 Braket PulseSequence®| OpenPulse ZZ2 1S £ £+ AU&LICH

print(pulse_sequence.to_ir())

OpenPulse T2 12 & Fd

ok

=T U&LICt.

from braket.ir.opengasm import Program

openpulse_script = """
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 EER Program A& HMELICH O3 CF

il
|E
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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)
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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.")

® Note

3PE%|01 S2XE &5 otFoll FH old QPUE F7I1Me = EHELICH Braket SDKE At
E5tH =4 Ho|E EHE ¥E =+ J&LICH

device.refresh_gate_calibrations()

RX EE= XY HO|Egt Z2 X|HE HIOIE|E HOo|EE HM
EhaoF B LICt ol & S04 qubit 00 & El RX(1/2)2| A 732 AALE

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

pulse_sequence_rx_pi_2_q0@® = calibrations.pulse_sequences[rx_pi_2_q@]

=& E= QubitSet 5
S8 ™MEELICH o8 I == RX(m/2) & qubit 00| CHEt & EHE Z&ste F MEE Mot

rx_calibrations = calibrations.filter(gates=[Rx(math.pi/2)])

HAE AHE5t04 HO|E|E HO|E0i| HAlA 100



Amazon Braket TR 7H0|E

g@_calibrations = calibrations.filter(qubits=QubitSet([0]))
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bell_circuit = (
Circuit()
.rx(@, math.pi/2)
.rx(1, math.pi/2)
.iswap(0@, 1)
.rx(1, -math.pi/2)

PulseSequence Z4&{|2] ElIML{Z|E gate_definitions 7| = Qlof ME S04 qubit 02 rx
HO|Eof Cigt AHERL X|I'H HO|E EHo R AE £ QU&LICH GateCalibrations Z4X|Q| &4
pulse_sequencesOA EHMLZIE 7Y = JU&LICE XIHEX| 42 ZE HO|E= LR SHES
0 SFAte| HA EHoZ CHA|ELICH

nb_shots = 50

custom_calibration = GateCalibrations({rx_pi_2_q@: pulse_sequence_xrx_pi_2_q0})

task = device.run(bell_circuit, gate_definitions=custom_calibration.pulse_sequences,
shots=nb_shots)

Ot = sHHELIRH A= E|0|M

ob 2 HUE LIS AIZOIM(AHS)R 7IE YR 212 Y= S4KI3| CHE YR HREO
© machRILICt 2t 227t B Holl T JHel FHIE0IMEH SHSsts HOlE AIBAE CHAIE
AHS Z2I3e ST HUE LISl A7t B4 W B7H 54 TatalE2 HolELch ALl SUE

LIOF2 oL X| 2|2t 2|F &lo| & AT SIH, o|l= AEfS| AlZh Hd5tE &7 Mo{&LICH N-F7
HIE AAEIO| AR SHUE LIPS 2 A0 2NxoN xut sHzdz m3dg & olaLct

z
I
rt
l?ﬂ
i
EI
i
Q'I_l
N
ry
>
19_
9'|_|
Hu
° nu
E
>.
11
L
g
Y
Nl
n|o
—LI
0H1
0§
lo
rA
1K

4

E
25 9 YA 0/E CIR S o2 B 4 QAL AHS nHE %.
2 R AR HE U SH &

2ol 4= s8sHe AR IS Y < =2
C}. QuEra®| Aquila CIHH 0|48 20| B4 IRl &%} %2 Qﬂ(QPU)E AHSQI HES AT |
Zo|Cix|e Yt AR E H2 AIS Hof S WAoR 2HE HUSHT S HLEIASLIC

(T2) ol 2 sHUE AlEE oM 101


https://en.wikipedia.org/wiki/Hamiltonian_simulation
https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics)
https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics)
https://aws.amazon.com/braket/quantum-computers/quera/

Amazon Braket TR 7H0|E

o Hello AHS: & Bimf oS 23 SHEE LI A|EE|o|M A&

* QuEra AquilaE AtE35to{ otdE2T T2 X E

Hello AHS: & Biml| o2 1 SHREL|CH A|ZH|0|M AR

O Mol M & Himlj ot 23 SHHEL[SH AlZTloldE Aste Yol ciet HEE MS gL

ol Mdof Lhg:

. 43 58 AT FHC
. B

- M5 EE

- 75%

« AHS ZT= 73
« 24 AS0|E{0i| A A

- AMEQ|0|E &2 A

« QuEraQ| Aquila QPUO{AM AlEH
« QPU ZA1} 4

Ct=S EHA

M3 &8ss YR B AlARO| EE X2, 8740] AEIOZ 0|F0{E DA M HAeL
CHZEZH up’ |1# B “down” | # MEHY 4 218). Ol 2 AIATE HIS x| o|0| Ao YA

=

st Atd 229 E‘—i 7tX| EO0IE2 TYE E0{ELICL O] oMo M= A5l AFIO| BiCH WS
Ht
—

Hello AHS: & #imlj ob 23 SHLELISH A|E 04 M 102



Amazon Braket TR 7H0|E

HH

2t AEIZ LIEHL Y| /sl stLte| & HAHE AFEstH, “‘up” & “down” AE! &El= Zf2f §Xte| 07|
El Rydberg ¢ EN S} H S &Ei= QIZTELICH X 2&t 2 HiE S Y LICH CF
o

o
flof 2 nE|E 2O + U&LICH

oo T
I-.IJ i
In
M
>
oo
g'l_l
iod

Hello AHS: & #imlj ob 23 SHLELISH A|E 04 M 103



Amazon Braket TR 7H0|E

M7 Z74: Braket SDKE pip A %|&H0k ELICH (Braket ZAE L ES
O| SDKe = ES Tt &7 M7 Mx[Elo] MSELICH) ER S RFs5tE
matplotlib& AF&3+04 matplotlibS HWT 2 A %|5H0F B LIt

from braket.ahs.atom_arrangement import AtomArrangement
import numpy as np
import matplotlib.pyplot as plt # Required for plotting

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, - 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)
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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

omega = TimeSeries()
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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

Ct tod TS AALE AASte = U&LICH
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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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ahs_program2 T+-&d&LICtH

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

24 A =ciO|E0l| M A

ol of| M= ZH7| [[H-'-O‘”(ﬁ Z| 4~ 153| O| 2 ) AHS 2 QPUNIAM AlgliStZ7| A0 Braket SDK2F &7 A|
2Ll 2Z AHS A|ET|O|E{of| M AlHE 5= %!%L—IEL Braket SDKE E3 2Z A|EBHOIEE FEE
AEE £ Qoo Z 0|l TV SHIZH AYME £+ U & HEstE 2 Ata|LCt.
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from braket.devices import LocalSimulator

device = LocalSimulator("braket_ahs")

result_simulator = device.run(
ahs_program,

shots=1_000_000
).result() # Takes about 5 seconds

AlZdilolE At B4

Zt AEIo] E("down"E2 "d", "up"2 "u", Bl RIX|= "e"U & JUF)E FE ST Z FH0l & Tl A
LAE HeE Altste ChE E+E ASStod &8 20 E EAY = &Lt

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
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counts_simulator = get_counts(result_simulator) # Takes about 5 seconds

post = shot.post_sequence
state_idx = np.array(pre) * (1 + np.array(post))
state = "".join(map(lambda s_idx: states[s_idx], state_idx))
state_counts.update((state,))
return dict(state_counts)

print(counts_simulator)

*[Output]*
{'dddddddd': 5, 'dddddddu': 12, 'ddddddud': 15, ...}
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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], reverse=True)
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for configurations, name in zip((non_blockaded,

plt.
plt.
plt.
plt.
plt.
plt.
plt.
plt.

blockaded),
('no neighboring "up" states',
'some neighboring "up" states')):

figure(figsize=(14, 3))
bar(range(len(configurations)), [item[1] for item in configurations])
xticks(range(len(configurations)))
gca().set_xticklabels([item[@] for item in configurations], rotation=90)
ylabel('shots')
grid(axis='"y"')
title(f'{name} configurations"')
show()

plot_counts(counts_simulator)

no neighboring "up" states configurations
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from braket.aws import AwsDevice

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

AHS T2 Z QuEra A|ARI0| Z4EHSHAH BHE 2™ Aquila QPUMIM 585t
5 2E S g2 E6of FLCH (olefet F A2 0|&0o “EsiHs"0] U= |
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discretized_ahs_program = ahs_program.discretize(aquila_qgpu)
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task = aquila_qgpu.run(discretized_ahs_program, shots=100)

metadata
task_arn

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

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

*[Output]*

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

status: CREATED

QR Shed A1 AIZHS 7HR 4 BT QPU ALR B0 It 27 TatY 4 YonE, ¥R A ARNE V|
S5 T 2ol ZALICH TH LHS0| Chg 32 £22 S5t el MEHE Holg 4 et

# 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]*
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ARN: arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890abcdef
status: COMPLETED

A'Eil7} COMPLETED(Amazon Braket 2 £ 2| Al 2] H|O|X|0| M & QIE = JUZ)7I E|HCIE S
ArEstod AutE Helg = JsLuct

result_aquila = task.result()
QPU Z1t 24
O|™1t S YT get_counts & & AFE35H04 7+ & AHLHE = &L

counts_aquila = get_counts(result_aquila)
print(counts_aquila)

*[Output]*
{'dddududd': 2, 'dudududu': 18, 'ddududud': 4, ...}

Jd2|1 plot_counts2 ZZ&LICH.
plot_counts(counts_aquila)
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some neighboring "up" states configurations
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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
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« QuEra C|H}O|A &4 A7|O}

SHEIE L|PF

QuEraQ| Aquila A|AEI2 7|BXHo = O (AlZh &%) SHEELIRFE AlZEl|o[MELICH

N N J". 1
H(t} — k=1 Hrive, L( ) + z;ﬁzl Hioeal detuning .k (t) nn ZE el Vedw Kl

(® Note
2 C|F ol ot HMAE 213 7|50l Braket DirectE S3 2%5t0 AL E = &L
Ct.

where

* Harve x()=( 12 Q1)e*VS_ i + 1, 016V S, ) + (~Agiopatn),
- Q) A7t B34 MY 5 TlE(Rabi FotrEt L BN R, EHR{= (rad/s) & LICE.
- o(t)= 2tC|ot EHRI 2 FHE|E A7 BS Y Q&L
« S_, 2t SikE MRk AFE ZE B S HAMKIQLICHTIX AEHOIM |1 #=|g#, | t#=|r#, Ol S
=|g#r], S.=(S-) =Irit#g).
* Dgopal)E AlZE & M C|F I LICH
« ng= A k2| Rydberg &fEHOf| CHEM AFRQS QALK ULICHE, n=|ri#r|).
* Hiocal detuning k(t)=-Aiocal(t) ki
e Npoca(h) = (rad/s) CHR|Z LIEIH 2Z Fab4 0|5 29| Al
- hee %l 34 QIXtE, 0.004 1.0 AtO|o] FRMg4= L[t

N

P S& QAL

* Vyawk,=Ce/(d)°niny,
« Cg2van der Waals A2, H2{E= (rad / s) * (m)"6 I L|C}.
« di 2 BXF keI ALO|S REEIE HEIZ, O|F HZE FEELICH

MEXE Braket AHS T2 13 A7|0IE Sal| CHS Ti2tO|E{E Mo{g £ &LICt.

o 2AtY BXAF BHE(ZF HRE kel x¢ !y FHE, um BR)E, k,1=1,2,.. N2 2 & X HE| dy 2 A oq
stL|C}
= .
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O -
T

(rad)L|Ct.

o(t)
Aglobal(t)E Al

* Npcallt) =

—

o) QIxt2, €

k==
LT

Braket AHS T 212 AZ|0}

braket.ir.ahs.program_v1.Program Z4%]|(04/ )

(® Note
AEol Ois 2Z C[F'E
AtEELCH

Program(
braketSchemaHeader=BraketSchemaHeadex(
name='braket.ir.ahs.program',
version="'1"
),
setup=Setup(
ahs_register=AtomArrangement(
sites=[
[Decimal('@'), Decimal('0Q')],
[Decimal('@'), Decimal('4e-6"')],
[Decimal('4e-6"'), Decimal('Q')]
1,
filling=[1, 1, 1]

)0
hamiltonian=Hamiltonian(
drivingFields=[

RIXtEZ, 0.001M 1.0 Ato|o| FRI &=

| 715 0] EAdstE|x| o2 B

(rad/s)LICt.

= (rad/s)ILIC},

CHR| = (rad/s) ILICEH

LICH.

PN
A

=) 0Lt Rydberg-Rydberg &%

g A=

Ct= o M0 M 1localDetuning=[]=
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DrivingField(
amplitude=PhysicalField(
time_series=TimeSeries(
values=[Decimal('0'), 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,
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')]
),
pattern=Pattern([Decimal('®.8'), Decimal('1.0'), Decimal('©.9')])

JSON(OI )
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JHeER 7Hol=

® Note

A"ol s 24 C|F'E 7Is0| -2 xlX| ¢f2 F<2 Chs A0l "localDetuning":

[1S AMEELICH

{

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

b

"setup": {

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

"hamiltonian": {
"drivingFields": [
{
"amplitude": {
"time_series": {
"values": [0.0, 15700000.0, 15700000.0, 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]
1,
"pattern": "uniform"
1,

"detuning": {
"time_series": {
"values": [-54000000.0, 54000000.0]7,
"times": [QE-9, 0.000003000]
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Amazon Braket

JHeER 7Hol=

"values": [0.0, 25000000.0, 25000000.0, 0.0],

"times": [@QE-9, 0.000001000, 0.000002000, ©.000003000]

},
"pattern": "uniform"
}
}
1,
"localDetuning": [
{
"magnitude": {
"time_series": {
.
"pattern": [0.8, 1.0, 0.9]
}
}
]
}
}
Jle e
Z2O Ee

setup.ahs_register.sites

setup.ahs_register-filling

hamiltonian.drivingFields[].amplitude.time_series.time
S

hamiltonian.drivingFields[].amplitude.time_series.valu
es

hamiltonian.drivingFields[].amplitude.pattern

type

List[List[Decimal]]

List[int]

List[Decimal]

List[Decimal]

str

description

IHE, Omega(t).
'uniform'0|040F &
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ZZ2OH e type description
hamiltonian.drivingFields[].phase.time_series.times List[Decimal] T el AlH,
phi(t)
hamiltonian.drivingFields[].phase.time_series.values List[Decimal] T ol gk,
phi(t)
hamiltonian.drivingFields[].phase.pattern str TS del 3

'uniform'0|0{OF &

hamiltonian.drivingFields[].detuning.time_series.times  List[Decimal] T35 CIFE2l Al
™, Delta_global(t)

hamiltonian.drivingFields[].detuning.time_series.value List[Decimal] Ts CIR'EQl g,
s Delta_global(t)
hamiltonian.drivingFields[].detuning.pattern str TS CIfREel 3

ZH I{&| Delta_glo
bal(t). 'uniform' 0|0

of &
hamiltonian.localDetuning[].magnitude.time_se List{Decimal] EZCIRE 2719
ries.times Azt B4 2IRtQ
Al™, Delta_local(t)
hamiltonian.localDetuning[].magnitude.time_se List{Decimal] EZHCIRE 2719
ries.values Azt B4 RIRtQ
Zk, Delta_local(t)
hamiltonian.localDetuning[].magnitude.pattern List[Decimal] EZHCIRE 37|
o| x| &% QIR

h_k(Zt2 setup.ahs
_register.sites2| 2|
%ol 3HE)
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HEICOlE 2=
ZZ2O EE type description

braketSchemaHeader.name str A 7|0k2| O|&. 'braket.ir.ahs.pro
gram'0|0{0f &

braketSchemaHeader.version str AZ|0F HH

Braket AHS %f¢4 ZH1t A 7|0}

braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuantumTas
Al

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"',
deviceParameters=None,
createdAt='2022-10-25T20:59:10.78872",
endedAt='2022-10-25T21:00:58.218Z",
status="'COMPLETED',
failureReason=None
),
measurements=[
ShotResult(
status=<AnalogHamiltonianSimulationShotStatus.SUCCESS: 'Success'>,

pre_sequence=array([1l, 1, 1, 1]),
post_sequence=array([0, 1, 1, 1])
),

ShotResult(
status=<AnalogHamiltonianSimulationShotStatus.SUCCESS: 'Success'>,

pre_sequence=array([1, 1, @, 1]),
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post_sequence=array([1l, 0, @, 0])

)
]
)
JSON(0dI )
{
"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"

1,
"measurements": [
{
"shotMetadata": {"shotStatus": "Success"},
"shotResult": {
"preSequence": [1, 1, 1, 1],
"postSequence": [0, 1, 1, 1]
}
1,
{
"shotMetadata": {"shotStatus": "Success"},
"shotResult": {
"preSequence": [1, 1, 0, 1],
"postSequence": [1, 0, @, 0]
}
}
1,
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"additionalMetadata": {
"action": {...}
"queraMetadata": {

"braketSchemaHeader": {

"name": "braket.task_result.quera_metadata",
"version": "1"
},
"numSuccessfulShots": 100
}
}
}
72 2=
xtoq 747} =i type description
measurements[].shotResult.preSequence List]int] Z JFof CHEt AP A|BA & H|
E(ZF HAHS fIx|0tCh ShLpA): <
x|7t Hlo{ /= E< 0, *IxI7t &
LT B2 1, LA RIS E A™S
= HA ARA Mo SHEH
measurements[].shotResult.postSequence  List[int] Zt Jkof| CHt AtE A|$4A £ H]
E: X7t Rydberg AEHOA| Q174
Lt @/x|7} Hlo{ /= B2 0, HAt
7t HEE AEHO] = B 1, ERL

58 AYsHE WA AHA S

HEtHO|H E=

xtod 47} o= type description

braketSchemaHeader.name str A7Z|ofe] Of
&. 'braket.t
ask_resul
t.analog_
hamiltoni
an_simula
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xtoq 747} =i type description

tion_task
_result'o{of &t

braketSchemaHeader.version str A7|0F HA

taskMetadata.braketSchemaHeader.name  str A7|0re] of
£ ‘braket.t
ask_resul
t.task_me

tadata'0{0F &

taskMetadata.braketSchemaHeader.vers str AZ|0F HA
ion

02
Pal
2

Q
1o
o

taskMetadata.id str

40 02 [°
A C
12
Q
lo
ox

Z 02
©° >
0o

L

s L1

>
Py

taskMetadata.shots int QEXF =Fdof| CH
(0]

taskMetadata.shots.deviceld str X =0l A

AWS C[HIO|A
O| A< C|HIO|
A ARNQILICH
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A An g type description

taskMetadata.shots.createdAt str Ao Bl AE]
Z Lt Al
£ 1S0O-8601/

RFC3339 &
A g4

YYYY-MM-D
DTHH:mm:s
s.88sZ040F &
LICt 7|22t

‘g 2L},

F

[e]
T
bl

taskMetadata.shots.endedAt str

o
LS 1A

lo

F
Lct &4l
2 1S0-8601/
RFC3339 &
Rrd Al
YYYY-MM-D
DTHH:mm:s
s.85sZ040F &
LICH 7|22t

'S YLICH

ol o
m Hu >
]]rﬂj
1> > 12

~ IH

> IO

taskMetadata.shots.status str LR A o| &f
EH(CREATE
D, QUEUED,
RUNNING,
COMPLETED
, FAILED) /L |
Ct. Z|2at2

'S LICH
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xtoq 747} =i type description

taskMetadata.shots.failureReason str

pal
fa}
2
lo
>

40 1
e
r
o

I o
o
=0

o
C

oo N E o9
or

I

additionalMetadata.action braket.ir.ahs.program_v1.Pr (Braket AHS

ogram program
schema MM
xl-?t)

additionalMetadata.action.braketSche str A 7|0te| Of

maHeader.queraMetadata.name &. 'braket.t
ask_resul
t.quera_m
etadata'0{0F &

additionalMetadata.action.braketSche str A 7|0 HA
maHeader.queraMetadata.version

additionalMetadata.action.numSuccess int
fulShots

ook - > e

.

measurements[].shotMetadata.shotStatus int

AL o>
0x ox o

~—"

28
ook -

QuEra C|HFO|A &4 A 7|0}
braket.device_schema.quera.quera_device_capabilities_v1.QueraDeviceCapabilities(0d| )

QueraDeviceCapabilities(
service=DeviceServiceProperties(
braketSchemaHeader=BraketSchemaHeader(
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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)

),

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

),

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

),

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

),

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

),

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

1,

shotsRange=(1, 1000),

deviceCost=DeviceCost(
price=0.01,
unit="'shot'

),

deviceDocumentation=
DeviceDocumentation(
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imageUrl="https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5¢c5c878/
abcfcb6fca26cflc2elcb.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

),
action={
<DeviceActionType.AHS: 'braket.ir.ahs.program'>: DeviceActionProperties(
version=['1"],
actionType=<DeviceActionType.AHS: 'braket.ir.ahs.program'>
)
1,

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(04|A[)
{

"service": {
"braketSchemaHeader": {

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

"windowStartHour": "01:00:00",
"windowEndHour": "23:59:59"
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},
{
"executionDay": "Tuesday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"
I
{
"executionDay": "Wednesday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"
},
{
"executionDay": "Friday",
"windowStartHour": "00:00:00",
"windowEndHour": "23:59:59"
I
{
"executionDay": "Saturday",
"windowStartHour": "00:00:00",
"windowEndHour": "23:59:59"
},
{
"executionDay": "Sunday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"
}
1,
"shotsRange": [
i,
1000
1,

"deviceCost": {
"price": 0.01,
"unit": "shot"
},
"deviceDocumentation": {
"imageUrl": "https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5¢c5c878/
abcfcb6fcaz26cflc2elc6.png”,

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

.

"devicelLocation": "Boston, USA",

"updatedAt": "2024-01-22T712:00:00+00:00"
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iy
"action": {
"braket.ir.ahs.program": {

"version": [
Illll
1,

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

iy
"deviceParameters": {3},
"braketSchemaHeader": {

"name": "braket.device_schema.quera.quera_device_capabilities",
"version": "1"

I

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

}

MHlA &4 Be

MH|A S8 EHE type description

service.executionWindows[].executionDay ExecutionDay A 7|zte| U . 'O12
Qo

service.executionWindows[].windowStartHour datetime.time A 7|zto| AlEtE[= AlZt
O| UTC 24 A|Zt &4

service.executionWindows[].windowEndHour datetime.time A 7|zto| BRE[= AlZt
O| UTC 24 A|Zt &4

service.qpu_capabilities.service.shotsRange Tuplelint, int] ClHtO|A Q| Z|A 2 Z[CH AF
AN
T
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JHeER 7Hol=

MHIA %4 TE

service.qpu_capabilities.service.deviceCost.p
rice

service.qpu_capabilities.service.deviceCost.unit

HIEIHIO|E] EE=

HEtH[ OB 2=

action[].version

action[].actionType

service.braketSchemaHeader.name

service.braketSchemaHeader.version

service.deviceDocumentation.imageUrl

service.deviceDocumentation.summary

service.deviceDocumentation.externalDocumentationUrl

service.devicelLocation

type

str

ActionType

str

str

str

str

str

str

description

Ol= ®e{ 7|& ClHtola 2
=1

e |

2= T R, o2, Al
Fh 1AR 1EFOA

description

AHS ZZ 724 A7|OF
B

AHS T2 A
7|0+ O|&. 'braket.i
r.ahs.program'0|040F

st
=

A 7012 O|&.
'‘braket.device_sch
ema.device_service
_properties'0{0f &t

A7(0F HH

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

C|HtO[ Ao CHEt ZHEF
=t A4Od
- =2 O

Q8 MHEA URL

ClHFo|Aof X|2[% 2

N
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HIEtC| OB EE= type description

service.updatedAt datetime C|HtO|A £ 40| Ot K|
9fo 2 UC|O|EE Al
Zt

AWS Boto3 &Hed

Boto3= Python& AWS SDKILICE. Python 7H& Xt = Boto3& Al& 504 Amazon Brakettdt Z2&
A AWS MH|A, 74 3 2E|E 5= AUESLICH Boto32 ZA| X|EF APIQH Amazon Braketodl CHEH K=&
HMHAZS KM ZELICH

Boto3 Quickstart 7} 0| = 2| X|&l0] [} 2} Boto32 Mx|st1 7 A5tE wedg ot L|Ct.

Boto32 Amazon Braket Python SDKS} & 74 S 3stHAM LA i A5t T A™MSHE ol =20| &
= Sal 7|52 MSELICH Python 1242 &4 Boto32 A x|5HOF B LICt O|= A 72340[7| HE
Lich £7} € HMEE A8 3524 Amazon Braket SDKE A4 %3l oF g L|C},

o
==

ok ju

£0{ CreateQuantumTaskE ZXXo 2 5 =35} Amazon Braket SDK7} Boto30{ 232 A
FCFS AWS APIE AMdXMo 2 SELICE

T

=)
1z
pnd
o

LHS:

« Amazon Braket Boto3 22} 0|E 7{7|

* Boto3 3! Braket SDKO| CHgl AWS CLI Z =1} F 4

Amazon Braket Boto3 22} 0|21E 747|

Amazon BraketO{| A Boto32 Al 35t2{™ Boto32 72 CIS Amazon Braket API0{| 21435 = O At
235t 2CI0|¢1EE ™olalof &fL|Ct. S ol X0l A Boto3 E2I0|HE Q| O|E 2 braket &lLIC}.

import boto3
import botocore

braket = boto3.client("braket")
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* search_devices(**kwargs)
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# 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']
}1, maxResults=10)

print(f"Found {len(response['devices'])} devices")
for i in range(len(response['devices'])):

device = response['devices'][i]
print(device['deviceArn'])
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# 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')

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": 23}}',

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

print(response['status'])
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* 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']}")
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* cancel_quantum_task(quantumTaskAzrn)

Amazon Braket Boto3 22}0|HE 747| 136



Amazon Braket TR 7H0|E

AEE SR EHY

1o
)

| A BFL|Ct.

# 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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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’)
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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)
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svl
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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

Probability has to be within [0,1]
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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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from braket.aws import AwsDevice

# Choose the on-demand simulator to run the circuit
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', 'braket.ir.jaqcd.program')

('supportedOperations', ['ccnot', 'cnot', 'cphaseshift', 'cphaseshift0Q',
'cphaseshift@l', 'cphaseshiftl@', 'cswap', 'cy', '

cz', 'ecx', 'h', 'i', 'iswap',

IX , 'Iy', 1 1

'pswap', 'phaseshift', rz', 's', 'si', 'swap', 't', 'ti', ‘'unitary', 'v',

vi', 'x', ‘'xx', 'xy', 'y', 'yy', 'z', 'zz'])

('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)])

('disabledQubitRewiringSupported', None)

oAl R 2 ME
2C|ME AlZl|olE{ol|lM e oA FA 2t HdE ME LI

from braket.circuits import Circuit, Observable

# Create a circuit with a result type

circ = Circuit().rx(@, 1).ry(1, 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 = "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)

# 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() B CreateQuantumTask APIS S5l ¥Xl 2ds MAMetLICH 2 X7|5 Al
7b 5 OFX} X012 C|HFO|AOIA A} EHOIS AlSHE & 9l 22k0| AIZ

HE = R ZI 774 K| CHZ ol F=IHEL
Ct. 0| <2 CIHIO|AE SV1RILICH CIHFO|ATL HAtE 2t2 8 & Amazon Braket2 2% & Al X|™
El Amazon S3 @l k|0 A&

Z|1Z8tL|ct /%l @l4 s3_location2 2Z A|ECO|E{E Xet =2
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from braket.circuits import Circuit, FreeParameter, Observable

# Create the free parameters
alpha = FreeParameter('alpha')
beta = FreeParameter('beta')

Amazon Braket2] 2AF 2Fd ofl Al 151



Amazon Braket TR 7H0|E

# Create a circuit with a result type
circ = Circuit().rx(@, alpha).ry(l, alpha).cnot(@, 2).xx(@, 2, beta)
circ.variance(observable=0bservable.Z(), target=0)

# 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=100)
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print('Measurement results:\n', result.measurements)
print('Counts for collapsed states:\n', result.measurement_counts)
print('Probabilities for collapsed states:\n', result.measurement_probabilities)

Measurement results:

[[101]

[0 0 0]

[0 0 0]

[0 0 0]

[0 0 0]

[1 0 1]]
Counts for collapsed states:

Counter({'000': 766, '101': 220, '010': 11, '111': 3})
Probabilities for collapsed states:

{'101': 0.22, '000': @.766, '010': 0.011, '111': 0.003}

ol x| 2ot =t el

ResultTypek X|HF oo 2 HHEHEl ANLE 2 = JUELICH 2o RY2 3|20 FIHE =AMCH2Z &
AlELIc,

print('Result types include:\n', result.result_types)
print('Variance=', result.values[Q])
print('Probability="', result.values[1])

# 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=Variance(observable=['z"'], targets=[0], type=<Type.variance:
'variance'>), value=0.693084), ResultTypeValue(type=Probability(targets=[0, 2],
type=<Type.probability: 'probability'>), value=array([0.777, 0. , 0. , 0.223]))]

Variance= 0.693084

Probability= [0.777 O. 0. 0.223]
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Text(@, 0.5, 'counts')
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# Import the LocalSimulator module
from braket.devices import LocalSimulator

# The following are identical commands
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device = LocalSimulator()

device = LocalSimulator("default")

device = LocalSimulator(backend="default")
device = LocalSimulator(backend="braket_sv")
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my_task = device.run(circ, shots=1000)
24 Ur #E(O0|X) AZE0|EE QUAEHASISE{M 122 CtZ1t 20| Mol= & WA LC.

# Import the LocalSimulator module
from braket.devices import LocalSimulator

device = LocalSimulator(backend="braket_dm")
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off 2

# 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)
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from braket.aws.aws_device import AwsDevice

ankaa3 = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
ankaa3_emulator = ankaa3.emulator()

CH2 od| Mo A= JSON & Al9| Ankaa-3 C|HFO|A &4 EIEtolAM 2Z C|HFO|A O E3|0|E{E M5t
=Yg HoiELich

from braket.aws import AwsDevice
from braket.emulation.local_emulator import LocalEmulator
import json

# Instantiate the device
ankaa3 = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
ankaa3_properties = ankaa3.properties

# Put the Ankaa-3 properties in a file named ankaa3_device_properties.json
with open("ankaa3_device_properties.json", "w") as f:
json.dump(ankaa3_properties.json(), f)

# Load the json into the ankaa3_data_json variable
with open("ankaa3_device_properties.json", "r") as json_file:
ankaa3_data_json = json.load(json_file)

# Create the Ankaa-3 local emulator from the json file you created
ankaa3_emulator = LocalEmulator.from_json(ankaa3_data_json)

CHEE Sofl K& AEXR XIEE + U&LICH

- CHE QPU C[HIO|A 2| £ ALE
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Amazon BraketS =2 X} &Hod AlsH

Braket2 CtYeh 82| &R HFE{of CHEt QHEH 2C|MHE HMAE MBS ELICH AQT,
lonQIQMRigetti, 22| HO|E 7|8t X HFE{2t QuEral| ot =21 LT A[Z i O|E{of HM|AE
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= A&LIcH E3F MAX -0l gleH /I8 SEXAE Sof HMA HetS 2 Ee It gi&Lch

« Amazon Braket EES 2laA X} Aodg MM 2| & BLIER5tE Ol 20| &= ClHiolA

« Amazon Braket Python SDKQ} 242 Sall XAt 22 MEstT AsisiLICH SDKE A LA E
Amazon Braket tES & Sal| HMAE = U&LICH

« Amazon Braket API= Amazon Braket Python SDK 2! tES 2 Sal| HMAE 4 Q&LICH X}
ZAFE2 2Oy WAooz 85l ofZE2|Fo|Me westEs
A
= U&LICH

o] MM o| of| Mol A= AWS Python SDK for Braket(Boto3)Z} & 74 Amazon Braket Python SDKE At
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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. (M8 AL ESE gLt

2. 3|20 €23t SDK Z&& 7tMHSLch

3. QPU EE= AIZEI0IEE X|FELCH.

4. 3|2 E QUAEHASIFL|CE

5. 2|2& A™AELICH

6. 20& +&ELICH

O Mao| oilxl= Zt Et7le] M7 HEE EoiELICH

M 22 o MlE GitHubol A Amazon Braket 0i | 2|Z X|E 2|

i
o

A ESHAIR.

Ol MMo| LI &E:
« QPUO| Xt A KME

[=)
o SR A2 AN AMELIR?

- 2F 25 7Y
QPUOH 27} 5] HIS
HhO|A O CHE HMAS MBS ELICH SR A

AN EX| &R 2 S QPUO| MEE = UK HE 22 Amazon Braket 22| C|HFO|A I O| K|

X

1 H =

of ZAlElE §E 7t8d 7I7F Lol A ELICH ChE Mol AT0E LAt 2] IDE A& stod R &
Mol AutE AMe + U&LICH

« AQT IBEX-Q1 :arn:aws:braket:eu-north-1::device/qpu/aqt/Ibex-Q1
* lonQ Aria-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Aria-1
* 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
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https://github.com/aws/amazon-braket-examples
https://docs.aws.amazon.com/braket/latest/developerguide/braket-batching-tasks.html
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* IQM Emerald : arn:aws:braket:eu-north-1::device/qpu/igm/Emerald
* QuEra Aquila : arn:aws:braket:us-east-1::device/qpu/quera/Aquila

* Rigetti Ankaa-3 : arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3

(® Note
QPU 2! 2C|HHE A|Z2|0|E{2| ZZR CREATED AtE{O| A} Bri2 F|A 8 £ &L
BHE AI220/E{ & QPUS| Z< QUEUED AEHQ| XX} &g x[Mo| wAaloz
LICH #T 2 QPU QUEUED YA 212 QPU 7H8 4 7|12 8o dEB Mo 2 FAE 715 M0|
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O MMO| LH&:

+ AQT

 1onQ

.+ 1aM

+ QuEra

- 0f: QPUO| At 2 NMIE

- HuE B2 HA

AQT

AQTS| IBEX-Q1 QPUE D EIZ Aol Hi x| HAIM M Fap4 EMol|lM Pcatol &8 JHioz
gLICt ClHolA = ALHOAM AR E|0d 27H2] 1991 k| Cl|O|E{ MIE{ =& =of| Y &L|Ct.

£2 SAT HO|EE EO| ¥ Ly ST o AH|E SIMS QIFt Y Fet MES AZ ol 2 sl
SILICh #HIE M2t 4T Foi4 ehA0| I £2 &2 ME Blolxof Qs RSELICH E3t
HIEE 2850l 4e) Zu| U Zst M2 S8t 27| 7l52 MZELICH Allto-all 22 0|2 $H9|
3742l Coulomb 42 S22 S5 FAELICH EHOI2 54 XN U HEL £2 7|0 ¥X UXE
Ab& k04 ol o{ElLICH.

AQT ClHtOlAE TS At HIOIES XIBELICH

'ccnot', 'cnot', 'cphaseshift', 'cphaseshift@@', 'cphaseshift@l', 'cphaseshiftl0’,
'cswap', 'swap', 'iswap', 'pswap', 'ecr', 'cy', 'cz', 'xy', 'xx', 'yy', 'zz', 'h',

’
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Iil’ Iphaseshiftl’ 'IX', 'Iy', 'IZ', 'S', 'Si', Itl’ Itil’ 'V', 'Vi', 'X', Iyl’ 'Z',

lpIXl
S0{M ALtUE ALSstH AQT ClHtO|A= TS Z#2 HO|E|E HO|EE X[HFLICH

lpIXl’ IXXl’ IIZI

@ Note

Ct22 AQTUIO|E|E H O|E 2t Amazon Braket 7+2| S st 7|0|EE MHHEHL|C}

AQT M™Imer-S™rensen(MS EE= RXX) H|O|E= Braket2| 'xx ' H|O|Eof aiF & LICt.
AQT R HIO|E = BraketQ| 'prx' HOIEo| sHE & LICEH

'rz' 7[O|E O|& X|E2 SLFLICH

lonQ
lonQE 0|2 ER 7|&2 7|Ht2 2 Ho|E 7|8 QPUE AMEELICH lIonQ'se| E- 0|2 QPUE T3
M L) O|M 73 E 2 M2 E-o] olsf S7HHo R M$tEl= ERE 171Yb+ O|2 #[QI2 7|HS
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lonQ C|HtO|A = CHE LAt HO|EE R ELICE
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Iyyl’ IZZI’ Iswapl

F0{M Hotd2 Sl lonQ QPUE= CHSo 22 U|O|E|E HO|EE X|RELICEH

‘gpi', 'gpi2’, 'ms’
HIOIEIE MS HO|EE ArSE [ = 7Ho| 9|4 mtatn|E B X|HetH 2t eiElE Mdste MS HIO|E
7 A>ELICH 27 El2 MEste MS HOIE= &4 2 3|1 - LICH OHE 4= 8 RI™st
1 2E el ddste MS HO|EE A-stEdH, Ml Hmi mtEtO0|E{E FIt6tod dle Z4 L E XY
ghLICH REMIBH LI 2 braket.circuits.gate ZES H XM,
Olz{Et HIOIE|E HIO|EE= H0{X ZHutUofBt AEF = JU&LICH Fo{x Hutdof| CHEt REMIEH LHE
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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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QM

IQM ¥A ZEMME =X EYAE FHIEE 7|22 5= HE H0|E 2 & C|HFo|AQIL|CE.
IQM Garnet2 207 H|E C|HIO|AO|H IQM Emerald= 547 H|E C|HFO|AQILICH O] & C|HIO|A =2
S A AR EEZX|RIDE 5t MAIZHE AR EEZX|E AFELIC
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IQM C|HfOo|AE CHE &F

"ccnot", "cnot", "cphaseshift", '"cphaseshift@@", "cphaseshift@l1", "cphaseshiftl0@",

"CSWHp", stapn’ "iSWHp", "pSWHp", "eCI", "Cy", "CZ", nyn’ HXX , "yy", "ZZ", th’
"l", Ilphaseshiftll’ "IX", "Iy", "IZ", Ilsll’ Ilsill’ Iltll’ Iltill’ "V", "Vi", "X", Ilyll’ IIZII

FoiM AU Sall IQM ClHto|AE CHET 22 L|O|E|E HO|EE X|ELICH
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Rigetti C|HtO|A = CHS &R HIO|EE X|EfLICH

'cz', 'xy', 'ccnot', 'cnot', 'cphaseshift', 'cphaseshift@@', 'cphaseshift@l',
'cphaseshiftl@', 'cswap', 'h', 'i', 'iswap', 'phaseshift',6 'pswap', '

z

rx', 'ry', 'rz',

ISI’ lsil’ lswapl’ ltl’ ltil’ X , lyl’

04 HutUE Sall Ankaa-32 CHS1 Z 2 UHIO|E|E HO|EE K| EfLICH
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Rigetti RM T LAt ZZMME Z = 7) +m/2 &

LA #=Z& MNo{= Ankaa-3 A|[AEI0] CHEH CHE &2 AMH HolEl =8| MEE X|5t= Rigetti C|
HFO|A MM ALEE = U&LICEH

"flux_tx', ‘charge_tx', ‘readout_rx , ‘readout_tx’
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QuEra

QuErat ot 21 SHLUEL|CH A|Z 80|44 (Analog Hamiltonian Simulation, AHS) A} i 2 AlgHst
&= AE M A 7|8 CIHIO|AE MBS ELICE o|2{8t S5+ 8 C[HIO|AE SAlol| 435 2 &5t=
04 FHIEQ| A7t 3L LA S9& S SASHH AHEHELICH

FHIE BIxIAE{2| Blojo2 Tt
B ClubolAS Z2aajs 4
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Y| Az & St FEH5HE 124510 AHS2| WIS 2 0|2
A& LICH Amazon Braket2 python SDK, braket.ahs2| AHS 2 &
= FE2EIE M3 ELC

AEMIEH LIE2 ofd 2T SHUE LI AIEEI0|M oM = ES &= QuEra Aquilag AF83104 ot 21
233 MZE HO|X[E FEFAML.

of: QPUO| X} 2 X|ZE

Amazon BraketS AL&3dtE QPU C[HIO|AOA At 22 & A™AE + U&LICH CHE HIXMoME
Rigetti EE= lonQ C|HFO|A0f AL 2 Y S MESHE S EoiELICH

Rigetti Ankaa-3 C|HIO|A & ME4SH OIS HAE 4 Oz & FQlgfLch

# 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'],
'5': ['4', '6', '12'],
'6': ['5', '13'],
'7': ['@', '8', 'l1l4'],
‘' 1Y, 7', '9', '15'],
'9': ['2', '8', '10', 'l16'],
'1': '3, '9', '11', '17'],
'11': ['4', 'l0', '12', '18'],
'12': ['5', '11', '13', '19'],
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https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
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JHeER 7Hol=

'13': ['6', '12', '20'],
'14': ['7', '15', '21'],
'15': ['8', '14', '22'],
'16': ['9', '17', '23'],

'17': ['10', '16',
'18': ['11', '17,
'19': ['12', '18",
'20': ['13', '19",
21 ['14', ‘22,
'22': ['15', ‘21,
'23': ['16', '22',
‘24" ['17', '23,
'25': ['18', '24°,
'26': ['19', '25°,
'27': ['20', '34'],
'28': ['21', '29,
'29': ['22', '28',
'30': ['23', '29',
'31': ['24', '30,
'32': ['25', '31',
'33': ['26', '32',
'34': ['27', '33,
'35': ['28', '36',
'36': ['29', '35,
'37': ['30', '36',
'38': ['31', '37',
'39': ['32', '38",
'40': ['33', '39',
'41': ['34', '40",
'42': ['35', '43",
'43': ['36', '42',
44" ['37', '43",
'45': ['38', ‘44,
'46': ['39', '45',
47" ['40', '46,
48" ['41', '47,
'49': ['42', '56'],
'50': ['43', '51',
'51': ['44', 'S0,
'52': ['45', '51',
'53': ['46', '52',
'54': ['47', '53,
'55': ['48', 'S4,
'56': ['49', '57,

'18°',
'19°',
'20',
'27'],
'28'],
‘23,
‘24",
'25°,
'26"',
'33'],

'35'],
30",
31",
32",
33",
34",
"41'],
"42'],
37",
38",
39",
40",
41",
'48'],
'49'],
44,
45",
46",
47",
48",
'55'],

'57'1,
'52',
'53',
'54'],
'55",
'62'],
'63'1,

'24'7,
'25'1],
'26'],

'29'1,
'30'],
'31'1,
'32'],

'36'1,
'37'1,
'38'],
'39'1,
'40'],

'43'],
'44'1,
'45'],
'46'],
'47'],

'50'],
'51'],
'52'],
'53'],
'54'7,

'58'],
'59'1,

'61'],
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'57': ['50', '56', '58', '64'],
'58': ['51', '57', '59', '65'I,
'59': ['52', '58', '60', '66'],
'60': ['59'],

'61': ['54', '62', '68'],

'62': ['55', '61', '69'I,

'63': ['56', '64', '70'],

'64': ['57', '63', '65', '71'],
'65': ['58', '64', '66', '72'],
'66': ['59', '65', '67'1,

'67': ['66', '68'],

'68': ['61', '67', '69', '75'1,
'69': ['62', '68', '76'],

'70': ['63', '71', '77'1,

'71': ['e4’, '70', '72', '78'],
'72': ['65', '71', '73', '79'1,
'73': ['72', '80'],

'75': ['68', '76', '82'],

'76': ['69', '75', '83'],

'77': ['70', '78'1,

'78': ['71', '77', '79'1,

'79': ['72', '78', '80'],

'80': ['73', '79', '81'I,

'81': ['80', '82'I,

'82': ['75', '81', '83'],

'83': ['76', '82'1}}
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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': {}}
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poll_timeout_seconds(7I&%f =432,000 =52l), poll_interval_seconds(ZI&2t=1) & &
47+ MEE S3 HZ(s3_location)o| {IxIE ZHE £ U&LICH

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= MEE 228 11T HIOIE|E HO|E MER XSS 2 HutstT F4
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task = AwsQuantumTask(arn=task_id, aws_session=session)
# After the task has finished running

task_result = task.result()

compiled_circuit = task_result.get_compiled_circuit()
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® Note
2™ lonQ ClHtO|A0f CHEF HutUEl 3|2 £3 E7|= X[ EIX| &L

OII
0=

odp{ T2 72 AISH

Amazon Braket2 0424 ¥A T2 S TS MO Z ASH7| I8t F 71X HZ2 & Al & T2 34 Al
EQ} X} &ted Uz X2|E MBSt

ZzOMMEE ot Z2O3oz G2 & MHsiE o Makle YHULICH Ol Safl 042 =
23S B Amazon Braket At Ao = If7 | + JU&LICH Z2OM HNE= S5 223
A" =71 1007H0] 747t W ZE2 TS INEHMS 2 MESE XWol s d52 st n HIgS ™

X 1IQM ! Rigetti C|HO|A 7 T2 07 MEE X|HELICH ZE2EO7 MEE QPUM XE5L7| o]
MZX{ Amazon Braket Local Simulator0il A E|AE &= Z&LIC ClHIo|A7 Z2 T3 MEE X|
25t =X| & Q15248 Amazon Braket SDKE AF236104 C|HO|A Q| &8 B 7HLI Amazon Braket &
£0{M ClHIo|A HO|X|E & =+ U&LICH

CHS oM E 2203 MEE ddsts YHE 2oiELICH

from math import pi

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

program_set = ProgramSet([
Circuit().h(@).cnot(0,1),
Circuit().rx(@, pi/4).ry(1, pi/8).cnot(1,0),
Circuit().t(0).t(1).cz(0,1).s(0).cz(1,2).s(1).s(2),
ip)

device = LocalSimulator()
result = device.run(program_set, shots=300).result()
print(result[@][@].counts) # The result of the first program in the program set

Z2 MEES TASHE Cherst (ol T
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https://aws.amazon.com/blogs/quantum-computing/amazon-braket-introduces-program-sets-enabling-customers-to-run-quantum-programs-up-to-24x-faster/
https://docs.aws.amazon.com/braket/latest/developerguide/braket-send-to-local-simulator.html
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/braket_features/Getting_Devices_and_Checking_Device_Properties.ipynb
https://console.aws.amazon.com/braket/
https://console.aws.amazon.com/braket/
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Braket 7H& At QLM S| Z =2 ME MM1t Braket OIA| Github E|ZX|EE[| Z2F ME &
CIE #xstMe.

YAt 2] L& ME[= 2 E Amazon Braket C|HFO[AMM AFEE = QJU&LICH L& XME|l= ofe] FXt
HUE HUE XMEE = U222 2C|HE AZHIOIE(SV1, DM1 EE= TN1)MIM A&st= LAt &
Aol £5| FSELICH L& MEIE ArSstH SAt PSS HHZ AEY £ U&LICH o|§ S04 1074
O YAt 2ol HRstm sy At el == 70| MZ SEIX{0[|0{0F ot= AL E st B
? & U MEE ALE5tE AWo| EELICH T2 MEE X|6HK| b= ClHO|AMM o2 Z2
ORioz IZEE A™ME Ms SR XY L& #EE ASstEAL.

CHS dIMolME SR 2 HIAE A™lst= SHE EoiELICH

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

bell = Circuit().h(@).cnot(@, 1)
circuits = [bell for _ in range(5)]
device = LocalSimulator()

batch = device.run_batch(circuits, shots=100)
print(batch.results()[@].measurement_counts) # The result of the first quantum task in
the batch
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https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/braket_features/program_sets
https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/braket_features/program_sets
https://github.com/amazon-braket/amazon-braket-examples
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CHS oflx|eF Z 0], Amazon Braketoll A PennyLane AF2 Al Amazon Braket C|HFO|A S QIAEIAS}
[ parallel = TrueS Mo U XZIE EEELICH.

import pennylane as gml

# Define the number of wires (qubits) you want to use
wires = 2 # For example, using 2 qubits

# Define your S3 bucket

my_bucket = "amazon-braket-s3-demo-bucket"
my_prefix = "pennylane-batch-output"
s3_folder (my_bucket, my_prefix)

device = gml.device("braket.aws.qubit",

device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

wires=wires,
s3_destination_folder=s3_folder,
parallel=True)
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-constructing-circuit.html#braket-program-set
https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#braket-simulator-tn1
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
https://github.com/aws/amazon-braket-examples/blob/main/examples/pennylane/1_Parallelized_optimization_of_quantum_circuits/1_Parallelized_optimization_of_quantum_circuits.ipynb
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from braket.circuits import Circuit, FreeParameter, Observable
from braket.aws import AwsQuantumTaskBatch, AwsDevice

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

# 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(@, 2).zz(@, 2, beta)
circ_b.expectation(observable=0Observable.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)

B oietHEE| 3|z ol CHEr 23 SMUE| 558 EHlstod LAt Y X2 MEY = U&LICH
S50l N7Hel &2 HMLE|7F e B2 tiRlolE N7He| At o] ZEELICH i FR; X2
iHm A SHMUElZ ddEls E[Zol siE LI

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}]
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tasks = device.run_batch(circ, inputs=inputs_list, shots=100)
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2. M&2| & cH7|Y¥ 2 0l= Amazon Braket Hybrid Jobs2
x £ A2 LIEPHL|CE 0|33t Rtoje =2 Alstsd &

NS g el Al A ECH HA A—ELICH

3. 5t0|EE|= 2] CH7|d Zl0l= A ClHtO|A M| CHZ| ¢l 5t0|HE|E &o| & =& LIEtHLCH
stolEE|E 2tdo| 22 2 ME El Quantum tasksH|l M =271 20 Priority Task QueuedlA &
A gt

Braket SDKE S3all Ci7|¥ ZI0|& EXXt ot= DAUR CHE = XS Y510 FRF &Y E= &t

OlEZ|= 2ol Th7|F 2IXIE 7tXME &= U&Lch

device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/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)
131

LA A EE= H0|EHEIE 22 QPUN| MESHH KT 2 =71 QUEUED & ERZE E &= U&LICEH
Amazon Braket2 T ZH0i|H| ¥AF 2 2l 5tolE2|E 2 Ch7 | {x|of CHEH 7FA|EE MSELICE
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# choose the device to run your circuit
device = AwsDevice("arn:aws:braket:eu-north-1::device/qpu/igm/Garnet")

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

# retrieve the queue position information
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print(task.queue_position().queue_position)

# Returns the number of Quantum Tasks queued ahead of you
l2l

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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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
https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples/tree/main/examples/braket_features
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https://aws.amazon.com/braket/pricing/
https://aws.amazon.com/braket/pricing/
https://us-east-1.console.aws.amazon.com/braket/home?region=us-east-1#/devices
https://docs.aws.amazon.com/braket/latest/developerguide/braket-error-mitigation.html

Amazon Braket TR 7H0|E

ofefE st YWY

olek2 MAd5tE{m CF2 EHA|of 2} Braket B0 22|5tMI2.

Ct.

fjo

AL

-

1. Amazon Braket 2&

2. 21% &0l M Braket DirectES A1EH

3. ofefste{= C|HtO|AE MENEILICEH

4. O|§ L o|HlYS = &8t =™
3ot oF gfLCh.

5 FIECo Oiet HE MBS0 oS AHE5to] Ade I 20 Ciet MR HEE MSELICH

ol & E04, Hote ol 7|7h & N 2 E= #ote €™ S0| Y&t

_L

r°l'

 CHE oo MMl M ClHHOlA oflefg d=hgtLit

-

HEE MIELICH d7Hez #olste R&EE o|lHY FAE K|

o1

o

2418 FB 0! Braket EORE| TS €M7} TRE OV 2H ELICh ofotol RIS ol
Ug S5 ook ARNS 271 EILICH ofle ARNE AL 301 offet BHeig AAdsiaimiol TRfLIC) of
of ARN 810| A AIEl Afele it 2C|ME Chy|Yol MEEIH oo Sofl M#EIX| hasLich

® Note
of2F ARNS 22 Fof| B o 2Fo| - ELICEH
o2 E|A 1AIZHEHQIZ JHs 6t &4 ClHtolaolE 71 oflek 7|7h MeF =7 (E|IA 2 =|CH of o
712t & 0| MEE == U&LICE Braket B2 oS &H5t7| ©oi| 23 HEE SO

Braket 0| O|H S S3al 2125104 Braket 1= 72t 302 MlMS of| fghL|Ct,

oo 717t SOt YAt B A

ofof dEolM R EEF of|of ARNS U2 F 0l|9f 7|7F Sof Ale SRt 2 S e = A&LICH of
oF ARNI} &7 MEE LAF 2] U 5to|EE|= 22 ClHtolA CHY|Holl R A|Z|X| ef&LICE of<F
AlEF AlZE ool Mg 2 2hd2 ofeFol Al%E 7t x| QUEUED & EfZ F X|ELICH

(® Note
ofofe AWS A% 2 ClukOlAKE CHELICH oilofS A4I8t AWS HIBIEH ollof ARNS AHSE
= AGLICH
oot Sof of et Stedil et 52l B WA AL WEE Braket X H210) ol
1 AZAE|o] ]

rr ]
>
Jlob
©
9'|_-
i
e
w
o
Py
o
rf
>
lo
0Q
zl_
8
=2
o -
A0
290
Rl
=
1
>
)
Z=
[IE
N 1
1]
I
2

olers ddsts Ed 175


https://docs.aws.amazon.com/braket/latest/developerguide/braket-reservations.html#braket-create-a-reservation
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Python SDKs Braket, , CUDA-Q, PennyLane Qiskit®= = boto3(Boto3 Xt4)1} 21 ZI2E ALE835t0{ &
A a2 M = & LCt 0|22 A& 5tE{T BT v1.79.0 0|4 2| Amazon Braket Python SDK7t

Jo{of EfLICH CHE ZEE AF25t0{ Z| Al Braket SDK, Qiskit 32 At 2! PennylLane E2{1QI2 2
Clo|EE = JU&LCt

pip install --upgrade amazon-braket-sdk amazon-braket-pennylane-plugin qiskit-braket-
provider

DirectReservation Z1EIAE Z2|XIE AF25H04 Q] AlSY

>
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from braket.aws import AwsDevice, DirectReservation
from braket.circuits import Circuit
from braket.devices import Devices

bell = Circuit().h(@).cnot(0Q, 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)

Xt EHATIE MMSlE SO DirectReservation ZAEIAE 7} &M AE|Q! 8t CUDA-Q
PennyLane% Qiskit 2211212 A& 3510 of| ol M LA EHAT E e = U &LICH 0| & S0
Qiskit-Braket 22 A& AF2SIH CI2 0 20| 2dg AE &~ U&LICH

from braket.devices import Devices
from braket.aws import DirectReservation
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-references.html
https://github.com/NVIDIA/cuda-quantum
https://github.com/amazon-braket/amazon-braket-pennylane-plugin-python
https://github.com/qiskit-community/qiskit-braket-provider
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/releases/tag/v1.79.0
https://github.com/amazon-braket/amazon-braket-sdk-python
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from giskit import QuantumCircuit
from qiskit_braket_provider import BraketProvider

gc = QuantumCircuit(2)
qc.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)
OFRH7ERIZ, CFS Z =& of|2F 7|Z2F S9F Braket-PennyLane Z2{10I2 AFE3l04 S|2 5 AT

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_context = DirectReservation(device,
reservation_arn="<my_reservation_arn>").start()

# run circuit during reservation
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task = device.run(bell, shots=100)

Ol HHAES 5 wim ol MUY £ AT ZE $4 2ol of oM AYEIE Jupyter
Notebook Ol 248} &fL|Ct.
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E RrjMe 2==2 I:MI HEg Lo

reservation_context.stop() # unset reservation context
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task = device.run(bell, shots=100, reservation_arn="<my_reservation_arn>")
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import boto3

braket_client = boto3.client("braket")

kwargs["associations"] = [

{

arn": "<my_reservation_arn>",

"type": "RESERVATION_TIME_WINDOW_ARN"

response = braket_client.create_quantum_task(**kwargs)
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from braket.aws import AwsDevice
from braket.devices import Devices
from braket.jobs import get_job_device_arn, hybrid_job

@hybrid_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(0Q, 1)
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task = device.run(bell, shots=10)

Python A3 ZBEE AtE5t= SHO|EE|IE EH Yol B (WL Rt 2HLHAL| Creating your first Hybrid Job
MM EZE) &YE HMHE [ reservation_arn 7| E Q8 TESH0] o2 LHOIM A™AE = U&

=202 A

LICH.

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>"
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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/Forte-Enterprise-1")

circuit = Circuit().h(@).cnot(@, 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
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https://arxiv.org/abs/2301.07233
https://arxiv.org/abs/2301.07233
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print(result.additional_metadata.iongMetadata.sharpenedProbabilities)
>>> {"@0": 0.51, "11": 0.549} # sharpened probabilities
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/QAOA/QAOA_braket.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/QAOA/QAOA_braket.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/VQE_Chemistry/VQE_chemistry_braket.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
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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://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_SCRIPT_S3_URI - CreateJob 29| ScriptModeConfigd X|I'HE AI&XF &
A 2IE 9| Amazon S3 9|

« AMZN_BRAKET_TASK_RESULTS_S3_URI - SDK7} 7|2xic 2 =rdof CHet LAt =] AN E &
5t= Amazon S3 9|

« AMZN_BRAKET_JOB_RESULTS_S3_PATH - CreateJob 29| OutputDataConfigoil X|&E! Cf
2 2 27 HEE Amazon S3 2/ x|

AMZN_BRAKET_JOB_TOKEN - 2fd4 Z1E|0|L{0d| M A El 2K} 240l CH3H CreateQuantumTaske|
jobToken ZtZtO|E{ ol T E|o{of ot= E AL

oo

= A

A &=

Amazon Braket Z1E|O|L4 /23 2! £t 0| &5 22 7tASI6lE o] 8 <+ & M3 ELICH
Ol Ay &+£ stolEEIE &g Al E

=
3 EELICH Ot oMol ME ol{st &%

from braket.jobs import get_checkpoint_dir, get_hyperparameters, get_input_data_dir,
get_job_device_arn, get_job_name, get_results_dir, save_job_result,
save_job_checkpoint, load_job_checkpoint

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(result_data='data') # Save hybrid job results
save_job_checkpoint(checkpoint_data={'key': 'value'}) # Save a checkpoint
load_job_checkpoint() # Load a previously saved checkpoint

INTS
A B SH0lIEIC el Almaty| Tol, 0] XS FHE 4 A BEE Heto| x| Helsor
'g=||.L—||:|_ gHI_E :,L_|°|.0| Q) 5 |:|' Amazon

K| £ Ql5t2{H Braket 2& 21% 2| HiFolM HEtS M=EL
Braketof| CHEF #et 2| HO|X|= 7|1&E A & stLtol sto|EE|E RYE AT SEE HEO

e
H
it
4>

190



Amazon Braket TR 7H0|E

L— = =| - oo X = S L— o = o =SH =] —

UEX| EelotE Ol =FE F7LE, aliT Q& ol ot %] gi= B ot0|2E|= XS A™st= Ol AAS
sk A | — = o =
g UAe 72 HE dd ot-EE ohLlELIct

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

Permissions and settings

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 AmazonBraketlobsExecutionPolicy [ 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.

SHOIZEIE Big AHE 4+ s SEE HEHS 7T AHO| USK| HOISHH 7|E AF Hol WE
S MEBrLICE O 8% A& HUCHE HAIXIZH EAIEILICH 242t o| OIS A& ARNS E2iH
o138t EA| HES MEABtLICH
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Amazon Braket

Dashboard
Devices

Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

A

X 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 [4. 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 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
Role name Role ARN
l AmazonBraketJobsExecutionRole [4 arn:aws:iam:260818742045:role/service-role/AmazonBraketJobsExecutionRole l
12 AlSHSEF A Ol= =H § S | O|= 0435t | o= 7o =HL‘_I- odst2 A2 A OF |.b
HE B2 o= T AR 3T'_‘|_I' ill_l-o UT VEO| RE ST ol B = = T Bbcs
=] | |. =-3 S | Ol o4&t OF ;|E| |E 045+ AHAA .|§2A EHSt | |.
= ET'_‘l_I' ﬁl_l'o M == 2oL |_=| & [ 33 HHE= |_-i—||=||-—|:
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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 [£. 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 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.]

ods - 2 5 =l = I A=
20| d3He 2 HYE|H 0| =elst= HAIXKIZE EAIFELICEH
Amazon Braket X Amazon Braket » Permi 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 "
‘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| 29|& &g HEto| e B2 AMATE HFELICH o] B2 LHF AWS Zr 2[R0 H £ 2lstA 2.
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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

sto|EE|E Q] AlA
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bell=Circuit(}.h{@).cnot(d, 1)
task=device.run(bell, shots=188

job = AwsQuantumlob.create(
device=device_arn,
source_module=...

Quantum Task

Algorithm
Script
Entry point and
other code

Create job
Track status
Analyze results

gl

User

Quantum device

Braket notebook / Console,
or local IDE

El& A3 BIEQICHE 7|8 WNME &

X 571l W HEHE dMstD siY £ A0E st ¢ =1=
HEAM L.
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
AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

device =

bell = Circuit().h(@).cnot(Q, 1)

for count in range(5):
task = device.run(bell, shots=100)

print(task.result().measurement_counts)
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print("Test job completed!")

O| I} U Braket =ES &= 2 #Z9| #&H 2] C|E{2|0d| algorithm_script.py2tE OB 22 X
ZgrLICt algorithm_script.py TH2 start_here()E AZEE TIQU™Mo 2 AFSELICEH

% CHg algorithm_script.py Tt ot 528 C|ZE 2|01 Python It Y = Python =E=E gL
Ct. Ol AT BEE= 3t0|EHE|E Y2 AZSI D AEfLt 24 CHe 2 20t 30 22 2E HIST|
*ElE ST LICH %A% 0| AT RIELE 5l0|EEIE 5 ATREQ 7|E C|HIO|AE X

L|CF.

® Note
L EST S YU CIAE S| Braket cESE W48t 7L algorithm_script.py T+t ZH2 i
US YR ESH= Lol et RtMIEF L& 2 Amazon Braket Python SDKE A& 3t04 3 B
3z AdE AxstMe

o] 7|§’%4 O| &1 BHm AlEf|e] B AIZTIOIEHE CHE S 2 §LICH CHah X} ClHEO|A |8, AlZdI0]
Bl E= AKX QPUO]| 2AH|Iglo| Cl2 AT ZE0|M deviceZ X|H5tE C|HIO|AE 510|EHEIE &S
0f| 2! o|'t O AMEEH d12|F AT ENA 873 B4 AMZN_BRAKET_DEVICE_ARNS Z A& =
OIAL||_‘_|.
AAEH .

@ Note

SHO|EEIE = AWS 2T Q|0 AHEE &= U= CIHIO|A DR AFEE £~ & LICH Amazon
Braket SDK= O| AWS Z2|™E RIS 22 MEHEFLICT. 0| & &0 us-east- 19| 5t0|EE|E =
2 lonQ, SV1, DM1 2/ TN1 C|HIO|AE AL E &+ U X|PF Rigetti CIHFO|A = AL E = &L
Ct.

AIZEO|E CHAl SR HFEIE MEYSIH, Braket2 SHO|EEIE 2 S ofofsto 2ZE AL A YS 2
Moz Alst= 5 gLch

from braket.aws import AwsQuantum]ob
from braket.devices import Devices

job = AwsQuantumJob.create(
Devices.Amazon.SV1,
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
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wait_until_complete=True

)
It 2t0|/E{ wait_until_complete=Truec 20| A ¢l A 2ol £33 QM= F XtA|Et
HE BEA| REE HAHELICH TS oAt SAFSH E330| EA[ELICH
Initializing Braket Job: arn:aws:braket:us-west-2:111122223333:jo0b/braket-job-
default-123456789012
Job queue position: 1
Job queue position: 1
Job queue position: 1
Beginning Setup
Checking for Additional Requirements
Additional Requirements Check Finished
Running Code As Process
Test job started!
Counter({'00': 58, '11': 42})
Counter({'@@': 55, '1l1l': 45})
Counter({'11': 51, 'Q0': 49})
Counter({'00': 56, '11': 44})
Counter({'11': 56, '00': 44})
Test job completed!
Code Run Finished
2025-09-24 23:13:40,962 sagemaker-training-toolkit INFO Reporting training SUCCESS
(® Note
X2 CIME{2| £ THUo| B2, EE targz 10| S3 URNE M504
AwsQuantumdJob.create HMES}t B7H ALEAL X|H RES MEE =& /J&LCH
&Hed 0d| A= Amazon Braket Od|Al| Github 2|Z X|E2|Q| 5t0|E2|E & ZHod A
Parallelize_training for QML.ipynb I} L& & ZE5HAM2.
Zn 2LE{R
IE =, Amazon CloudWatch2| 21 £240]| HM|AE 4= Ql&LICt O|F A sted™ =] M X
H mo|x|e] &% HFo e 21 18 o2 0|55t04 21 I & aws/braket/jobsE
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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
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JHEER} 70| =

MEdStCOHE, &Y Ol 0| ZEEI 2O AE

default-1631915042705/algo-1-1631915190%!

=1 EHSH
=

o
EAI_-l_l

LICH

LICt. ¢ oMol A= braket-job-

CloudWatch X ‘ CloudWatch Log groups /aws/braket/jobs JobTest-autograd-1636588595/algo-1-1636588740 |
Favorites > L
Dashboards V:chaer:’uesreltt:e filter bar below to search for and match terms, phrases, or values in your log events. Learn more about filter patterns [ VTS
> Alarms Ao Do ©o Q Clear 1m  30m 1h  12h  Custom &
¥ Logs
> Timestamp Message
Logs Insights There are older events to load. Load more.
> 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_gates.py
¥ Metrics > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_instruction.py
All metrics 4 2021-11-10717:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_moments.py
14 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_noise.py
Explorer > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_noise_helpers.py
Streams > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733F34779f a6/ test /unit_tests/braket/circuits/test_noises.py
» X-Ray traces > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_observable.py
> 2021-11-10T17:01:01.993-07:00 brak dk-pyth ging-3885a942c09911b104eee05332873334779fab/test/unit_tests/braket/circuits/test_observables.py
» Events » 2021-11-10T17: .993-07:00 brak dk-pyth ging-3885a942c09911b104eee05332873334779fa6/test/unit_tests/braket/circuits/test_quantum_operator.py
o o > 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eeed53328733f34779fa6/test/unit_tests/braket/circuits/test_quantum_operator_helpers.py
» Application monitoring > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733f34779fa6/test/unit_tests/braket/circuits/test_qubit.py
» Insights > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_qubit_set.py
Settings > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket -sdk-python-staging-3f885a942c09911b104eee053328733F34779f a6/ test /unit_tests/braket/circuits/test_result_type.py
4 2021-11-10717:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_result_types.py
Getting Started > 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eeed53328733F34779fa6/ test /unit_tests/braket/devices/
14 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/devices/test_local_simulator.py
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/jobs/
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket -sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/jobs/local/
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket -sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/jobs/local/test_local_job.py
Ao M| 0| K| E MEHSH O 2 MY S MEHSI0] 2£0A] 5H0|EE|E ROl MEE E £ %
=1 = = - 1 | 2o=2 = "1 = —bHl= A ==l © = = T L

Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Hybrid Jobs » braket-job-default-1693508892180

braket-job-default-1693508892180

Summary

Status Runtime Hybrid job logs

@ COMPLETED 00:01:21 View in Cloudwatch [2
Settings Events Manitor Quantum Tasks Tags

Details Event times
Hybrid job name Hybrid job ARN Created at

braket-job-default-1693508892180

Device

arn:aws:braket:

Status reason

evice/quantum-simulator/amazon/sv1

arn:aws:braket:us-west-
2:260818742045:job/braket-job-default-
1693508892180

Execution role
arn:aws:iam::260818742045:role/service-

role/AmazonBraketJobsExecutionRole

Aug 31, 2023 19:08 (UTC)

Started at
Aug 31, 2023 19:09 (UTC)

Ended at
Aug 31, 2023 19:10 (UTC)

Source code and instance configuration

Entry point

job_test_script:start_here

Instance type
ml.m5.large

Stopping conditions

Max runtime (seconds)
432000

21 ZLEHY
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SHO|EZ|E &2 AM™E|l= S92 Amazon S30{|A LE OfE|HEE &
ZIo|g= amazon-braket-<reglon>-<account1d>0|
<timestamp> C|HE 2|0 /& LICt Braket Python SDKE AtE35t0{ 5

£ code_locationg X|%5l04 O|2{t OtE|HE T ME El= S3 fIX|E T+HE + U&LICH

rHJJ
m |

® Note
0| S3 HHZ!2 & AT EE AWS 2| oF S sto] Qlo{oF &rL|ct.

jobs/<jobname>/<timestamp> C|ZHE{2|0{= model.tar.gz Tt EZI T AT RIEO| &
20| U= h E7F & E[0] UELICH EFF source.tar.gz I LT E|E AT BIE OtE[T
EJt T3 E scriptetX st= CIEEE| U&LICH A A 2o ZIt= jobs/<jobname>/
tasks2hl= CIEEE[o| AU&LICt

2ot ME

(model.tar.gz2H= 0|8
WE XHYE = A&l

o
i

£242 JavaScript Object Notation(JSON) &4lE At&35toq mt ol X{&sHjoF ELiCt Huto| Hide| &
SAHOOIE7 HAER 27 2ZSHE = Qi F9, IEYE ClolE FAlg A&stod XlEstst=
2
=

Mg HEE £ U&LICt RHMIE LI 2 braket.jobs.data_persistence ZE2 & Z5HM2.

§to|2 2= &io| ZHutE X{&ste{m #ADDE FA0| &2l Ch2 £ 2 algorithm_script.py IFof|

import os

from braket.aws import AwsDevice

from braket.circuits import Circuit

from braket.jobs import save_job_result # ADD
def start_here():

print("Test job started!")

device = AwsDevice(os.environ['AMZN_BRAKET_DEVICE_ARN'])
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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
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results = [] # ADD

bell = Circuit().h(@).cnot(0Q, 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

print("Test job completed!")

O CHS #ADDZE FM0| E 2l & print(job.result())E F7t5l04 2 A3 ZEO| & AL}
E EANE = JsLch
import time
from braket.aws import AwsQuantumJob
job = AwsQuantumJob.create(
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
)
print(job.azrn)
while job.state() not in AwsQuantumJob.TERMINAL_STATES:
print(job.state())
time.sleep(10)
print(job.state())
print(job.result()) # ADD
Ol oMol e RMIE HE £242 AX|5H7| {8l wait_until_complete=TrueE AM|7HZH&LICH.
CIHZIS 913 CHAl F7H8E 4 l&LICH 0] 3HO|EEIE &S A#stE AEAte job-arnS S
Ct= 5t0|E2|=E =40| COMPLETED A EN7F & H7FX| 10Z=0OtCt 5t0|EE|E Zdo| AEHE E=4%t &
of &l 3|20 A7} 2oiELICt CHZ oA E F=5tML.
arn:aws:braket:us-west-2:111122223333:job/braket-job-default-123456789012
INITIALIZED
RUNNING
RUNNING
RUNNING
200
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RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING

COMPLETED
{'measurement_counts': [{'11': 53, '00': 47},..., {'00': 51, '11': 49}]1}

MIAEZQIE Al

HMAZQIEE AR stod HOlLE| SHefol Bt
32E oFolM MAZQE IHUS WA #ADDR FA0| ZEI C+S F2 F7hstw Hich

from braket.aws import AwsDevice

from braket.circuits import Circuit

from braket.jobs import save_job_checkpoint # ADD
import os

def start_here():
print("Test job starts!")
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(@, 1)
for count in range(5):
task = device.run(bell, shots=100)

print(task.result().measurement_counts)

print("Test hybrid job completed!")

MIEZQIE AS 201



Amazon Braket TR 7H0|E

StolEZ|E 2tdg A 7|2 /opt/jobs/checkpoints ZZ9| M3 ZQIE C|AEZ| L} 5}0]
H2|= 2e] otE[T Eof <jobname>-checkpoint-1.json It 0| M LICH O] 7|2 BEE HEX|
ol gt atolEElE &Y A5 REE HARIX| ef&LCt

O|™ 5tOo|HE|E o MMHE MAEZRIENM 5t0|E2E 2Y2 RES = 4R ¢18l& 23
2lEL= f

H—1—

rom braket.jobs import load_job_checkpointE& AIE&LICH d1E&E ATRE
2le ChSt Z2&Lct

fu
I
%
FH

from braket.jobs import load_job_checkpoint

checkpoint_1 = load_job_checkpoint(
"previous_job_name",
checkpoint_file_suffix="checkpoint-1",

)
O| A ZQEE ZE3t & checkpoint-10] ZEE 2HXE 7|Ho 2 =2|E A& TIHE £ Q&
L|C}.

(@ Note

checkpoint_file_suffixe M3 ZQIE 4 Al O|Fof X[Het HO|Art Lx[3Hok & LICtH

LHAAEDO|M ATRIEE= #ADDE FMO| 22l £E2 0| st0|EEI= 29| job-arne X|H5HOF
gt
=]

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1",
copy_checkpoints_from_job="<previous-job-ARN>", #ADD

Amazon Braket Hybrid Jobs= Amazon EC2 A&l 2|44 2F Amazon Braket Quantum Processing
Unit(QPU) HMAE ZAFsto] stolEE|E FR-TM (& ol 2MEElE LAAER 0|ME M3
LCt Sto|EE[E Z oM MYEl AL 22 JHE SxF HUECH 7| MHELRIE 7HK(2

BEZ ICE 5l0|EHE|E AYo = Al

OOl
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2, A HY 7G| HEcz Qs dnE|&E0| SEHEIX| ef&LICH ZF QPUE H 9| 5t0|EEI=
A h7|¥E | XIstod B Hof stLto| sto|EE|= 2ot Mz S Ea#Lct,

O] MMo| LY8:

+ 2% Python ZE0|M 310|EE|E 2 HY

« F7} Python H7|X| & A4 FE MR

- §to|E2|E Ared QIAE AN HO|H ME 2 2E

- 5t0|E 2= 2 | ol 2 Akl

2 Z Python ZE0{M 5l0|EHE|=E =] 4

ﬂ
m

2% Python 2 E& Amazon Braket Hybrid Jobs2 A13& &~ QI&LICH CHS 2= oiA e 20|
@hybrid_job CIZHO|E{Z Z =0l £MZ Hot O 2 US sE = USLICH AASA X[H &F 9
A< Amazon Elastic Container Registry(ECR)2| AtE Xt X[ ZH|O|L{E M EtEE MEE = &
L|CF.

(® Note
Python 3.128t 7|2Xo 2 X[ ELCt

ehybrid_job HIZHOIEIE ALE35t0d &40l FAS T 4 AUALICH Braket2 OIZ | O[E] LIS 2
C

C E Braket 5to|E2|E & 2t 12|& A3 ZER H4&tstL|Ct, O/ Ol §lo|E2|E 221 Amazon
EC2 QIAEIA O O A Y O|E| LHoOM &8 ZHHTHo 2 SEFLICE job.state() == Braket 2
£2 S35 =H] XIS A o |E{2IE & oA LCH OF e

A E of|A|= State Vector Simulator (SV1)

>

deviceOll M CHAI 7HO| A Ef A|RHAE A

[
0
ol
rir
«
T
o
T
hrd

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
@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
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# Create a parametric circuit

circ = Circuit()

circ.rx(@, FreeParameter("theta"))

circ.cnot(@, 1)
circ.expectation(observable=0bservable.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}

Uubx{ol Python 349F OHEITIRIZ B48 ZHHMoR 3 &5tod sto|2E|= &elg MaELIn 1
2Lt CIZBI0IE] 845 340 A7t ol 0|2 E|= Shed S S HEELICH 8 § HDHE HM

- B9
5t24™ job.result()E ASELICH

job = run_hybrid_job(num_tasks=1)
result = job.result()

g4 L

£ C|HFO|A ARNO| | Z2i[o|E{ofl X|'HE 0t UxX|st=X| & QlsoF &L|Ct THolE s ¥ &+
get_job_device_arn()& Ar&3t0{ @hybrid_joboi MQ1E C|HIO|A A

Ct.

| 2 0il AIZF AlZHO

A2 I ECo AR

wy N

sto|m 2Ol E
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run_hybrid_job() &£ 24 num_tasksE AIE&5t0{ M E 2R 2 =& AN o{ELIC 50|
HE|E &2 0|& 5t0|HIIEtO|EE RIS 2 X ELICEH

(® Note
5tO|Hmt 2t O|E{= Braket Z&£ 0| EXAIEE EA|L|H, EXHE2 2,500AH2 M BHELICH

x|E Y 22

run_hybrid_job() &= LHolM Bt= ST 2|E 2| X|E= log_metricsE Ar&5tod 7|FELICE K|
E= stolEE|=E 2 B ot2 2| Braket 2& H|O|X|o| AtiS 22 EXELICH Braket B|& FX{7|§ At

801 Sf0/=2IS ol N8 B0l AIEE A B0l 7ol WAZOR YK N HISE RN S ol

LICH | Mo M= 22t o A Hmf HES 7|5 ot= XIE 0|F “probability”E AFSE LICH

Y
Acl]
oy
1=

SHO|EZ|E 20| 2t2E|™ job.result()E AFE5t04 5t0|EEIE 2] ZHE A erL|Ct ghet
Z9o| 2 E A= Braketd] olal| AAS 22 HX{ELICH oM EHEStE A= 24 2471 2-Es 7t
S8t FE0|o{oF ELICt o & S04, CtF T E= &St oMt Mufst= HXE Eo{ELICH

import numpy as np

# Working example
@hybrid_job(device=Devices.Amazon.SV1l)
def passing():
np_array = np.random.rand(5)
return np_array # Serializable

# # Failing example
# @hybrid_job(device=Devices.Amazon.SV1l)
# def failing():

# return MyObject() # Not serializable
SERIE
7|2Mo 2 0| sto|EE|E Y| O|F2 &= O|FoM FEELICH Z[cH 50XI7HK| A& R X[ O|F
g X|HE = QU&LICH & S04, CI2 Z =0 2] 0|E 2 "my-job-name"L|C}.

@hybrid_job(device=Devices.Amazon.SV1l, job_name="my-job-name")
def function():
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pass
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@hybrid_job(device=Devices.Amazon.SV1l, local=True)
def run_hybrid_job(num_tasks=1):
return ...

CtE 2& Sto|EE|E &Y SMT X[HELICH M S5 2 braket.jobs.quantum_job_creation 2= &
ZSAMLR.
Z7} Python {7 |X| & AA FE MX|
Hot= Python THF|X|E M ESHE S HEY 82 AMEX X|HE = U&LICH requirements. txt

I, I7|X| O|§ ST S ArSst7LE Xt ZAE|O[LHE MEE
requirements.txt Ttol= Mx|g CtE I 7|X|7F =& E

4:
& LICHBYOC). o & £04

giskit
pennylane >= 0.31
mitiq == 0.29

requirements.txt IUE ALE5t0{ HEIY B E 2 ALEXRE X|HSt2{H CFE ZE MK E FEstAl
(@)

@hybrid_job(device=Devices.Amazon.SV1l, dependencies="requirements.txt")
def run_hybrid_job(num_tasks=1):
return ...

= Ch3a Z o] mi7|X| O|§ 2 Python S22 XS & =+ U&LICH

@hybrid_job(device=Devices.Amazon.SV1l, dependencies=["qiskit", "pennylane>=0.31",
"mitiq==0.29"])
def run_hybrid_job(num_tasks=1):
return ...
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@hybrid_job(device=Devices.Amazon.SV1l, include_modules=["my_modulel"”, "my_module2"])
def run_hybrid_job(num_tasks=1):
return ...

A0 HOHXME H 2E

stolE 2| 2tdg MAdE | Amazon Simple Storage Service(Amazon S3) HHZ!2 X|& 50 ¢l
IT-'Ei ‘E‘E:‘ E”OlE'lk”EE S EF ‘JF AAI=1 |—||-_-|' Ea" 75'%% Klg%l' ‘I‘_IIZ_ QAIQEH, 1E+D|_:1 Braket0| XI’%

S & O|0|E{E s3 ://<default_bucket_name>/jobs/<job_name>/<timestamp>/data/
<channel_name>2| Amazon S30|| YZ=gfLICH 24 B2 E X|Hsts A2 "ML 0|E2 7|1E™M2
2 “input’2 2 MHEEILICH O == 24 B2 data/file.npyl| Huto| tg EoiELICH

=oH

import numpy as np

@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() 8 &+E AtS5loF &LICt
import numpy as np
from braket.jobs import get_input_data_dir

s3_path = "s3://amazon-braket-us-east-1-123456789012/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")
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import numpy as np
from braket.jobs import get_input_data_dir

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():
np.load(get_input_data_dir("input") + "/file.npy")
np.load(get_input_data_dir("input_2") + "/data.json")

@ Note

1= O[O|E{7F 3H(>1GB) 4o MM Z|Z7[7HX| CHZ| A|ZHO| Zo{ZlL|Ct. ol B2Z& ¢! I:'||
O|E{7} S3 HHZ!0ol| XS YZEE £ S3 A2V} 5 2ol £7IE|7| HELICE oFx[ete
zHod @ 0| Braket AMH|A 0| AESE/L|C}.

o 0

S3oi ZAut M

clZefo|ME &of gHeEr Eofl ZFE|X| &2 ANE XM siedH ZE o 7| 2ol SHHE CI=
EI2|E F7tstiok & LI TS ofA|ofMHE Hto| Hi &2 matplotlib 2 &S MY steE HHE EZoiEL
CH.

import matplotlib.pyplot as plt
import numpy as np

@hybrid_job(device=Devices.Amazon.SV1l)
def run_hybrid_job(num_tasks=1):
result = np.random.rand(5)

# Save a numpy array
np.save("result.npy", result)
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# Save a matplotlib figure
plt.plot(result)
plt.savefig("fig.png")
return ...

2 E Z3t= model. tar.gzE2le HUE L FELICH Python & job.result()E AFE5H7HL
Braket # 2| 2£2| 5t0|=E|E %] H|O[X[of M Zxt EL{= 0|S5to] ZRHE CIREEE = US|
Ct.

MIZRIEAM XE L XY

7| A Sto|EE|E &YYol A dnEl&Ee 57t 4EHE FIIMeE MHES= X

Ol £Z&LICH 7|8 M3 save_job_checkpoint() & &+E AFE5HHLF IS
AMZN_BRAKET_JOB_RESULTS_DIR BZ20| HEE = U&LICt. Ao d2 EH &
get_job_results_dir()x &7 AISE &= J&LICt

Ct=22 5lo|E22|E & OZB0|EIE AI25t0d A EQIEE KEstD EESHE Z|A & of| AL

Ct.

from braket.jobs import save_job_checkpoint, load_job_checkpoint, hybrid_job

ehybrid_job(device=None, wait_until_complete=True)
def function():
save_job_checkpoint({"a": 13})

job = function()
job_name = job.name
job_arn = job.azrn

@hybrid_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()

il 3to|E2|E XA ME save_job_checkpoint()7F K& ted= Clo|E{7} =&
S22t 874 Yo 2 S EELICH 7|BEMoZ B E 2 HAER 23| 7S5l
OF EHLict. Huto| Hf¥n} &2 o S &8 Python M E MIAEQIESIE{M data_format =

r >£
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PersistedJobDataFormat.PICKLED_V4E& M™EE = &LICt O] ZE & "checkpoints"2l= 3t
¢ £ ot2hel 5to|EE|E & OlE[HE|M 7|& O|F <jobname>.json2Z MIAEQIE IS

A5t Ho{ggLCt.

MIEZCIEMM AL T @l MER St0|EZ|I=E &S Mdsti{H
copy_checkpoints_from_job=job_arng MYaliof & L|C}t. 097|A job_arne O|T 29| 5t
olE2|= e ARNLICH 323 CFS load_job_checkpoint(job_name)& AI&38t0{ A3 ZQIE
o|ME REE=gLCt.
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IE2IHEER] 32 AFS

32 et ES Hutdg AH835tod 58 QPUMIM RH&

APIE A+&73t0{ Amazon Braket Hybrid JobsOi| 2% HM| AT &5 2&F = QU&LICH I2{Lt API

oH
EXNHASE M 7B X HO| HMEE AT + el&LICH

(® Note
Amazon Braket Python SDKZ A& 304 Amazon Braket Hybrid Jobs®t 4% Xt &&= Z10|
Z&LICt O| SDKESHO|EEIE &Y 2 3o s MAste Ol =20| Bl Ho| 7|27tat B

% 7|lsE M3gfLch

FHOIMES API AFB 2| 718 AlgHS CHELICH APIE AIS317|2 MEist 29 o Ha wAle ol =
¥ 4 /o 0|2 EIE Ao| MYEIT S 57| 9I5h 0424 Hol ¥r=of CHHISHOF B Aol FAl

o i ©

APIE Al235E4™ Aol AmazonBraketFullAccess 22|18 Z2H0| M2 El 3gto| Qlo{of &L|Ct.

(® Note
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https://github.com/amazon-braket/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python
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SrLIC} 3102 2|E &do| AIRtElS A2, 1Y U HAMEE xIMste AR HE U FYUHD Ux|st
T2 4| C§Z 5 (<>) 0] A= RES Aol F LT

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_datal}"
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"
}
},
inputDataConfig=[
{
"channelName": "hellothere",
"compressionType": "NONE",

"dataSource": {
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"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"

.
hyperParameters={
"hyperparameter key you wish to pass": "<hyperparameter value you wish to

pass>",
.
stoppingCondition={
"maxRuntimeInSeconds": 1200,
"maximumTaskLimit": 10

StO|EE|E 22 MAMEH 0= GetJob API EEE 242 S3ll 510|EE|E 2] ME HEof| A A
st = QI&LICH O|™ of M2t 20| createJob ZEE A& St Python MMM SHO|EEIE & MF
HMEE 7} 224H CIS Python HWH S AFS&LICH

getJob = client.get_job(jobArn=job["jobArn"])
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Slo|EZ|E XS F|A 24T E4('JobArn') 2] Amazon Resource NameS AFE 304 Cancellob
APIE EH™Mo 2 S &L

cancelJob = client.cancel_job(jobArn=job["jobArn"])

checkpointConfig I}ZIO|E{E AI&310{ XM IAEQIEE createlob APIQ| UEZ X|HE = QU
L|Ct.

o>

checkpointConfig = {

"localPath" : "/opt/omega/checkpoints",

"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"
iy

(® Note

checkpointConfigQ| localPath= C}Z 2| 0ofFEl B2 /opt/ml, /opt/braket, /tmp &
E /usr/local/nvidia & 0= ZWo 2 & A|ZHe £ QigL|Ct
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LocalQuantumJob& AwsQuantumJob2
olEZ|E & ?:1 MHO| ME A™dstoiH ChE1t 20| Z =0 A

from braket.jobs.local import LocalQuantumJob

job = LocalQuantumlob.create(
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

N
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source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",

(@ Note

0| 7|52 At235t2{™ Amazon Braket —E£0] o|0| AFA A x|E|0q Q)
o Mx|sHoF € LIC}. Docker x| X|&l2 Get Docker | O| X|0f|A{ & QI
E mZl0E7t 24 2o X|gHElE Zd2 obeLct

DockerE 27 &7
Ql&L|Ct EESH B
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220l 30l 2| Hig FA 52 st0|=RIS T Ho|XlolM $2E StolHElE U M
B CHS T SEOH HiRolA 301221 el 48 Mg

Amazon Braket X Amazon Braket » Hybrid Jobs

Dashboard Hybrid Jobs (4) C Actions a Create hybrid job

Devices N N
View hybrid job
Q. Search ‘ 1
Notabaoks Cancel hybrid job
Hybrid Jobs
Y Hybrid job name Status Device Manage tags at

Quantum Tasks

braket-job-default-169360387 1840 (®) CANCELLED arn:aws:braket:us-east-1:device/qpu/ionq/fAria-2 Sep 01, 2023 21:31 (UTC)
Algorithm library [+] braket-job-default-1693600353661 (@) QUEVED arn:aws:braket:us-east-1:device/qpu/iong/Aria-2 Sep 01, 2023 20:32 (UTC)

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)
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https://docs.docker.com/get-started/get-docker/
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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 At&35t04 5t0|EE|E 22 F|A5tE{H job_arna AFE35H0q 6t0|E
2= &2 A CHE, O ZEMet 20| cancel BHEE AYMo 2 SEFLICH

job = AwsQuantumJob(arn=job_arn)
job.cancel()

AL

Ol cancel BE2 117 50| E|= %] ZAE[O|HE HA| S=5H ot X HISZ JEHRI ZE 2 &

R A #l45t7| I8 stele MBI

_|_

Amazon Braket2 5t0|EHE2|E E] A& HdrAlS AI2X} X|H5t0d EH T A §,+o1| ot BHae =

& = e 043 7HX| W E MBS FLICH ol MMolMHE dnE|E ATRE &3
ol APQ(BYOC)O'" O|27|77IX| 5t0|EE|E &S A2} XS SME Al
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JHeER 7Hol=

. sto|lEE|E e
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Amazon Braket2 &

CUDA-Q7} =& &l 745|0]|Ld

« Tensorflow %! PennyLaneO| Z & &

CHS Z o= ZE|o|L{ 2t ZdEfofLol| =

Amazon Braket Z1E{0|L

Type 71
O|0|X| URI 292282985
366.dkr.ecr.us-

west-2.amazo
naws.com/
amazon-braket-
base-jobs:latest

g&E 2tolE8

o
o
I
>
if
1L
m
1o
ri

3

1

PyTorch, PennyLane & CUDA-Q7} X

[-\u
m
S
L
=
X
>|
.I_
1o
rol

7|2 Z4el|o|Ld(image_uri7Zt XI™EIX| gt B9 7|24

| Z1&f| oL

Z&HEl ZHE| 0] L

ZtEl eto|ER 2o Chet MF EE

CUDA-Q

292282985
366.dkr.ecr.us-
west-2.amazo
naws.com/
amazon-braket-
cudag-jobs:latest

e amazon-br
aket-default-
simulator

* amazon-br
aket-penn
ylane-plugin

* amazon-br
aket-schemas

e amazon-br
aket-sdk

TensorFlow

292282985
366.dkr.ecr.us-
east-1.amazo
naws.com/
amazon-braket-
tensorflow-jo
bs:latest

» awscli
* numpy

* pandas

* sCipy

Bt Ltet

AU&LICH.

PyTorch

292282985
366.dkr.ecr.us-
west-2.amazo
naws.com/
amazon-braket-
pytorch-jobs:
latest

» awscli
* numpy

* pandas

* sCipy
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Type

CUDA-Q

TensorFlow

awscli
botocore
boto3

dask
matplotlib
numpy
pandas
PennyLane
PennyLane-
Lightning
qgiskit-braket-
provider
requests
sagemaker-
training
scikit-learn

scipy

PyTorch
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JHeER 7Hol=

Type

ZF7t etolEBHz]

aws/amazon-braket-containerstl A 2L E AA Z4E|0|L] Ho|E

amazon-br
aket-default-
simulator

amazon-br
aket-penn
ylane-plugin
amazon-br
aket-schemas

amazon-br
aket-sdk

awscli
boto3
ipykernel
matplotlib
networkx
numpy
openbabel
pandas
PennyLane
protobuf
psi4

rsa

scipy

off 7t& gt ZAH|O[L{E MEIEILICE Braketol A AFE 7158
MEE = UX|EF AE| 0] 22 FtolEEl= ’S.
%E [[H o|-O||=|E'_|': xl-o-l Aa_EIEO' create(..)

west-2, eu-north-1, eu-west-2) =
of BfLIC}. stO|EEIE &g dY

CUDA-Q

+ cudaq
+ cudag-gec

+ cudag-solvers

TensorFlow

* amazon-br
aket-default-
simulator

e amazon-br
aket-penn
ylane-plugin

e amazon-br
aket-schemas

* amazon-br
aket-sdk

* ipykernel

*+ keras

+ matplotlib
* networkx
* openbabel
* PennyLane
* protobuf

* psi4

> rsa

* PennyLane-
Lightning-gpu

e cuQuantum

FAWS 2™ (us

AMAE =
-ea

st-1,
pafel

PyTorch

e amazon-br
aket-default-
simulator

e amazon-br
aket-penn
ylane-plugin

* amazon-br
aket-schemas

e amazon-br
aket-sdk

* ipykernel

*+ keras

* matplotlib

* networkx

* openbabel

* PennyLane

* protobuf

* psi4

* rsa

* PennyLane-
Lightning-gpu

+ cuQuantum

+ cudaq

* cudag-gec

+ cudag-solvers

UELICEH ALE AtE|

us-west-1, us-
2|0 L x|5H

M EzE0 O3
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https://github.com/aws/amazon-braket-containers

Amazon Braket

JHE R 7H0
Ml @14 5 sHLHE %7h5tof Zi80]Ld 0|DIXIE XIZIEHLICH Amazon Braket ZIEI0|LAE= QIE{L @47
Ol 7H5 3t 22 THEHUY(AISE = BIEFY Al HIS Wl T&HS MAE 4

S 2E)
QI LICH CHE OIS us-west-2 2|10l CHEH 2L

jobs:latest"

Al ME4SE ZE|O|Lol| F7H F
E

Z|& o|0|X|: image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-

« CUDA-Q 0|0|X|: image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-

cudag-jobs:latest”

« Tensorflow O|0|X|: image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-

tensorflow-jobs:latest"

« PyTorch O|0O|X|: image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-

pytorch-jobs:latest"

Amazon Braket SDK2| retrieve_image() &+ E AF25104 image-urisE

CHS oMl = us-west-20| A AMSHE e Ho{=EL|C AWS 2| .

from braket.jobs.image_uris import retrieve_image, Framework

image_uri_base = retrieve_image(Framework.BASE, "us-west-2")

image_uri_cudaq = retrieve_image(Framework.CUDAQ, "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")

Kk&| ZAEf O[] AF& (Bring Your Own Container, BYOC)

Amazon Braket Hybrid Jobs= Ct& et Bt 80| I EE A7 2I5H
E M3 FLIct olz{8t ZE|ol & tLt7t A ALEIE

ATEE ATEED MBsHe ELICH AAAE £ ESHE pipS ALBS

£ requirements.txt IFUIM FI7IE 5= U&LICE.

Olz{8t ZiE|0[L4 & At
Hybrid Jobs= At AFE X} X| Docker Z4E{|0|L] O|O|X|2 &t0|EE|=
O|{E ME(BYOC)E & U X|HELICH ALS Atzlol M & et 7|5l

MEE VIS
O| Mldo| LiE:

« RiA| ZAEO[L] At
« RiA| ZAE{| O[] At
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Wt R} 7holE

o X}&| Z1E{|O|L{0{| A Braket 5t0|EHE|E Ee] Al

==

AlSl
[=)

x40
o

KH&l| ZAE{0|Lf At 0| 2HIE 7

2l AlZ7]E X7t R27

Braket Hybrid JobsO|A XF&l| ZIE|O|L4E AFE(BYOC)3H™ A& AZEQ0{E mF|X| BZof MxI5
0 FQItH AL E = A&LIct &§E 27 ALg ol el T BYOC Docker 2= - Amazon ECR
EC - ASX X8 O|0IX| URI F7I& HRIX| AT E SUEt RALEE EHE = A= dHO|UE =+
A& LICH

(® Note

IO R AFSE 4 Rl £40| T} Python T7|XI(UEHHS 2 107} DIEhE F7tsteie
72 BYOCTt X{&h5tX| ot 2 & UBLICH o8 S0 PyPIE AL 3HE Z2LITh

0| 22 M L=El Braket O|0|X| & stLHE ALE 8 CHE, 21 ME Al 224 CIHEZ|0]
requirements.txt TtYS L& = U&LICH U2 XSS 2 215|0H pipe XIHEE HFO| 7
2 I7|XE Mo 2 MR[gfLIC B2 o 7|XIE MX|st= < siiY &Y e| HEIJYO| IAH &
7He = JU&LICH AF835tede AFM YEE Z1E|0|L{ 2] Python HHE I CUDA HE (G Sl B<2R)2
golstod AZ EQ|o{7t &t SSt=X| EHIAEELICEH

ztod A3 ZE o H|Python @104(0l: C++ EE= Rust)E AFE5l74LE Braket AHH = ZE|O|LHE S35

MZBE|X| ot = Python HEE AI835l2iE 22 BYOC7F 2R ELICH ol CHS 0t 2 Ao £

MEHQN |C},

« CIO|MA 7|9t EH AZEQO{E AME F0|H AZEQ0{E ASHE{H 2O|MA Mu{ol| CHEH S
o 7|2 21535l ok g LICt BYOCE AF23HH Docker O|0O|X|0of 2tO|MA 7|2 UHIEStD O|E QB
St ZEE ZEE + UEsLICH

« SMHSZ AIEE = Qe AT ER|0{E AIE35t1 U&LICH o|E E01, AZEQ|0{7} E% SSH 7|
7F 2lo{of HMAE £ Qe H|Z 7] GitLab EE= GitHub 2|Z X|E2|0] EARE|E AL L|Ct.

 Braket M2 ZE{|o|L{of HF|RE|X| &t 72 AZEQ0| MEZE Adx|sHoF &fLICH. BYOCE
AME5tH AT EQo MX[2 25l so|EE|E ] ZIE|o|LH L] A|ZF A|ZH0o| Zo{X|= EXNIE siZE
g = J&Lch

LSt BYOCE AFE35IH AZ EQ0{Z Docker ZIE|O|L{E E=35l04 ALK H MBE 22 TZH0|

AEX X SDK £= LN EIES AESEF & + UELICH Amazon ECROIAM M e HEte ™
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® Note

sigste ZE AZEQo] 2tO|MAE FE3loF B LICH

KtA| ZAE[O|L] AHE ™

0| MMoi| A& Braket Hybrid Jobso| bring your own container (BYOC)E XM&3%tE= O 28t AHE, &
A3 EE, el 9l 0|8 ZAF 30 AF8A K| Docker O|O|X|E AlZF5tT AlESHE B0l CHEH EHA|

= 7t0|=E & MBS ELICH F 7hX| et Q1 Atedlof| CHEH B

1. Docker O|O|X|0f| F7} AZ EQ|0{E MX|5tD T 20l Python 1 E[& AR ER AHSE L
2. 3102 2|= Q] == x86 0]2|2] CPU OF7|E%{9} &H7A| HIPython Q1012 XA E & T12|E AT E
|CH.

ZE 0| &= A3 2 E Hole F ¢ Aol o S &HELICE

Braket2 3t0|EE|E 22 AHE I LHEE =2 K8 2| Amazon EC2 QIAEAE A%}
O/X] URI 1232 2 x| El Docker O|0|X|& A&5t0o] Y QIARHANM =ed2 T

7|2 A8 E e 17| HMA MEHo| = HIS7H Amazon ECR E|Z X|EE[0| ZAEE 0|0O|X]
URIE X|HQgrLICt. Braket Hybrid Jobs= SHE AF& AL K| O|O|X|E A& 30 242 AT LICH

bl L HEHE

0

stolEE|= =dn} & A2 E £ /= Docker O|0|X|E BlEStE O| ZR s EXMH M 2AQ]L|CH
Dockerfiles ZH4d Gl Bl=off &5 X| o2 732 Dockerfile A A & Amazon ECR CLI AEME
xI-X°|.A-||O

2T ME:
« Dockerfile2| 7|2 o|0O|X|

. (ME A 2 BE 20| FIUH AT RIE

« Dockerfile2 Al25t0{ ZFt AZEQ|o{ Al Z4H|0|L]{ AT R E M x|

Dockerfile2| 7| o|O| K|

Python2 A& F0|1 Braket M3 ZE|O[L{0| MISE W o= FIIE AZEQ0{E HX|stEi= 8
2, 7|€ olO|x|oi CHEF S M2 GitHub 2% X| £ 2|2} Amazon ECRO{| & A&l El Braket Z1E{0|L4 0|0O]
x| & stLtLICt o|O|X|E 7tX{Qt O|E 7|dte 2 Y E5E{H Amazon ECROI| @15 sHok gtLCt. of 2
£04 BYOC Docker It ol & ¥im| EZ2 CtZ1t €2 = U&LICH FROM [IMAGE_URI_HERE]
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https://docs.aws.amazon.com/AmazonECR/latest/userguide/Repositories.html
https://docs.docker.com/reference/dockerfile/
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html
https://github.com/amazon-braket/amazon-braket-containers
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry

Amazon Braket TR 7H0|E

CFH2 2 2, Dockerfilel| LIHX| 222 A Z1E| 0|0l FIt5ted= AZER0{E MHX|stD AHEE L
1 MAORIEJ} L8 E|0] e 0|2

Ct. A 2l= =l Braket O|0|X|0= o|0O| &8t 746 0|1 QY™
Zetete ol chs A8e 227t st

C++, Rust EE= Julia®t Z2 H|Python 210{& At&St7{LE ARMIF Z2 HIx86 CPU Ot 7|Elx{& o|O|X]
E dcsitie 4% 712 371 O|0IX|E 7|Ete 2 HEslof & = A &LICH 0248t 0|0|X|= Amazon
Elastic Container Registry Public Galleryo| A & = 4 &LICt. CPU ot 7= &0 Z4E &t o 7[E X2t

ZIQ Al Ar&3ted= GPUE MEHSHoF §hLct.

(M= A ) £ 8E ZElolL FYH AT RE

At 2= El Braket O|0|X[oi| F£7F AZ EQJo{BF F7t5tE B¢ o] Mg AL{E & A&LICH

5tO|EE|E o] UF 2 HIPython ZEE &™stzdH ZiE|0|4 TIYHEE Halst= Python A3 &
EE sHgLc o | python A3 EIE 2|

%%E braket_container.py Amazon Braket Github2]
AN gl st o|0|X|7F ST E|E ATBEE Alsstn XEsH 83174 HHAE MX 5}
& ol A8 3He AaEEelLc ZelolLd 7".=!’” AZEE RS PythonS 2 XA E|0fof 5 X|EH, H
Python AQRIEE Alslst £~ 0 = = o K|0f A £ 4= /=0, Python F_EE% A3z
E & Python 35t “E dA E= %7‘*0| AHE Z2MAE MA™AELICH o] =2|E
ZIE 7} HIPython Y125 ATJZEE MM TE & 4 QJ&LICH o|E Sod,

L= 2 T AAHE

=
A =01, I
EP Rust ZE2MAE '%‘ﬂE% thekick_off_customer_script() g+8 =Hg & U&LICH

25| ME2 braket_container.pyE M & MEIE = QU&LICH = O|O|H, &4 oF5t
olE gl 7|E} E 5t IS Amazon S3HA ZIEIO|LHZE SAIstD MAE 28 H4-E Holsok & L
Ct.

Dockerfiles At83to 8t AZ E Qo L ZHE|O|{ AT EE MK
(@ Note
At 2= El Braket O|0|X|& Docker 7|2 O|O|X[2 A& 3= A< ZE|o|L{ 23 2 E 7t 0|0
A& LICH

g n2Ed AJEEQ| 27 X o 223


https://gallery.ecr.aws/
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#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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O EtAH0I M == ZHEI0|] AR EE 48t < ZE|o|L{ol O|§ SAtetn &3 H
SAGEMAKER_PROGRAME braket_container.py& Xo|st7Lt A ZiE{0|L] ZIX A3 RIEof K|
st 0|52 =2 HoldloF gLict.

i

CHS2 GPU 7t ] QAR A0 JuliaE M8 &= U ot= Dockerfilel| Oi| K| IL|CH.

FROM nvidia/cuda:12.2.0-devel-ubuntu22.04

ARG DEBIAN_FRONTEND=noninteractive
ARG JULIA_RELEASE=1.8
ARG JULIA_VERSION=1.8.3

ARG PYTHON=python3.11
ARG PYTHON_PIP=python3-pip
ARG PIP=pip

ARG JULIA_URL = https://julialang-s3.julialang.org/bin/linux/x64/${JULIA_RELEASE}/
ARG TAR_NAME = julia-${JULIA_VERSION}-linux-x86_64.tar.qgz

ARG 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 \
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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 \
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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

O HMIMEAM MBstE ATREE CIRESSHT M AWS 5t ZE #E 2E 44 Elo|dA
g £tk HUFLICH W& % 1, MIT license0ll 2|3l Z#El=l= ZE MRIE ZEE MHUSHH &4
stefLct.

HIZ7H 2 =(0d: HIS 7 GitHub S = GitLab EIZX|EE|0| ZAEE ZE)E L &slok stE B2, o
g 3ol HMASHT| 5 SSH 712 Docker O|0|X|0f| YHI=E5HX| OFMI L. CHAl BI=8 [T Docker
ComposeE At&3t04 Docker7t LUEE SAE A|ABIO|A SSHO| HMAE = 9)5_3 8 LlEF XP
Mt Lhge HIZ7H GitHub 2lZ X|E 2|0 HAM A S| /81 Dockeroll M SSH 7|E 9+

itél 7}0|EE & ZXFIMS.

Docker O|O|X| 2l L = E

MM EH|7F EIA&LICHOME i ZA<). ZE|o|L] o|0|Xx|& YHEStD EfaE X|H5t0 EIZX|EC
of st £5 aLC

DockerfileO| 2HIEH HO|EI{e 22, O|A| ChS EHA| 2t HIS 7H Amazon ECR E|ZX|EE|E
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https://www.fastruby.io/blog/docker/docker-ssh-keys.html
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 M8t &

Braket Hybrid Jobs Docker O|0|X|= H|Z 71 Amazon ECR E|ZX|EE[0]| 24 .
o 2 H|Z7H Amazon ECR Z|Z X|E 2| Braket Hybrid Jobs IAM role EF £ 25 75?°.=."X L & S

s OI0IXIE AtEStE = CHE MEXRHoIA 27| AMA HEHS MBS etx| k& Lch MHE HEteS
£ 045} 24H EIiXIEEI gME Mol ghLict detMo 2, o|0|X|of HM|AStE E & ALE RISt
IAM & o gt HEtg 2045t 1, image URIE 7HE! At2E =Lt O|0IX|E 7HM= Ag s&5tX| Ot

M.
RtA| Z4E|O|L{0f| A Braket 5t O|E2|= 2 A

A& ZAE|O[L42 sto|EEE A s MM5ied™ X[HE 214 image_uriZ
AwsQuantumJob.create()E AHMoZ SEELICE QPU, 2L|ME A|EDO|E{E AFHE 5L
Braket Hybrid JobsOl M AF28 4= Qle 17 T2 MMM ZHE I EE Ase £ QaLC AX|
QPUOIAM A& St7| Tol SV1, DM1 EE= TN1ZF 22 A|Z2|0|EH|MH ZEE EHAESH=E X[Oo| E&L

Ct.

MEZZHMM ZEE A™SE{H InstanceConfigE
x| &3

o-l%

OlO|E3t0 AF& 3= instanceType
instanceCount& LICt. instance_count > 12 X|Hsl= 82 ZE7} 04 SAE0AM

=
A2+ A= K| Estok LT MEfE = Qe QUARA o] #eF2 5QLICH oA

> %@ K
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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.g4dn.xlarge", instanceCount=3),
device="local:braket/braket.local.qubit",
#...)
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https://docs.docker.com/reference/cli/docker/buildx/build/
https://docs.aws.amazon.com/AmazonECR/latest/userguide/set-repository-policy.html
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® Note
C|HFO|A ARNE At&36t0{ 6t0|EE[= 2] HEICIO|E{ZE At 8 AIEEI|O|E{E FXFLICH
8 El= 42 @A device = "local:<provider>/<simulator_name>"2 [I}2t0OF &
L|Ct. <provider> & <simulator_name>2 EXt, A, _, -, .20 FE|0{0F & L|C.
= AtE 2 2562 A EHE LCt.
BYOCE AIEE H&0|1 Braket SDKE At&3t04 YAt 2 U S H5HK| e B &8 M
AMZN_BRAKET_JOB_TOKENS| Z}2 CreateQuantumTask 232 |jobToken ot 2to|e{of] &

Safof BLICH TR| OB YA A0 PHELITH HodElX| oM U SB MBS

LS — L—

A sfio 2 HRELIC

2 SI&E E = BHA[ 37| 2ol gdnE|Eol 2eFt stolmuztalEHE ™
Ct. sto|mut2tO|Ef 22 YitMo 2 gdnel&Fo| Chdst HE Mofst= ol ASEIH
| =

o TBIE Sl A A5ishet7| st ZHEIS W27} BALICH Braket 5tOISEIE S elolAf 30T}
2HOIEIS AL 31243 OIS 2t2 SIMUEIZ AN R RIBsHOF BLICH 2/510l 2t BBre AMY
0 BlAE 8 5ol HutEtOlE] 2k KIABLICH stolmmtatnIElE AFSst7| QI8 & il Bl 3o
M2t 0IE|E SIMLIEIR ARSHT Mol ZOIH, ol CHe E0iA BHolgr 4 gLt

from braket.devices import Devices
device_arn = Devices.Amazon.SV1

hyperparameters = {"shots": 1_000}

JHCHE flol MSE ZE =Ztof| Mol sto|HutetO|E{E MY Sto] Hot= L& AHSEL

Ch Ct2 2 E N E AASE{H™ Sto|Hut2tO|E A S UsH Z20d| “src’ete IE*'E-|E|§ Mgt
LIC}. "src" CIZUE{2| LHol 0_Getting_started_papermill.ipynb, notebook_runner.py 2! requirements.txt
AL g FIterLICH

import time
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_arn,
source_module="src",
entry_point="src.notebook_runner:run_notebook",
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/0_Getting_started_papermill.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/notebook_runner.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/requirements.txt
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input_data="src/0_Getting_started_papermill.ipynb",
hyperparameters=hyperparameters,
job_name=f"papermill-job-demo-{int(time.time())3}",

# Print job to record the ARN
print(job)

stolEZ|E & AT BIE LHoi| M 3to|mut2tOlE{ol| HAM|ASHE{™ notebook_runner.py python I+
9| load_jobs_hyperparams() &+& HZ3SIMR. 3t0|EE|E & AFEIE Q|2 0iM 5t0|m{mt
ctO|E{of HMASHE{HE OIS I EE AT LIC

_I

from braket.aws import AwsQuantumJob

# Get the job using the ARN
job_arn = "arn:aws:braket:us-east-1:111122223333:job/5eabb790-d3ff-47cc-98ed-

b4025e9e296f" # Replace with your job ARN
job = AwsQuantumJob(arn=job_arn)

# Access the hyperparameters

job_metadata = job.metadata()

hyperparameters = job_metadata.get("hyperParameters", {})
print(hyperparameters)

Sto|mutetOlE] AFS Yo CHE XEAISH LH& 2 Amazon Braket Hybrid Jobs2t PennylLaneS & & &t
QAOA 3! Amazon Braket Hybrid Jobs0l|A2| Xt 7| &t & A& ME & ZHMIR.

gnz|Eol met @+ AL 0| CHE = U&ELICH 72X 22 Amazon Braket2 ml.m5.large IAH
A0M LD2|E AIREE AMELICH 22U CHE 7HXR7| 2 7+ I+ E AF835tod slolEE|=
g HMHE M Ol AARA RS AISK X|HE = U&LICH

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge"), # Use NVIDIA T4
instance with 4 GPUs.
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/notebook_runner.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

Amazon Braket

UHICIE AlEdolME A 0|1 ClHio|A oM 2 ClHtO|AE XIEE E2,

instanceCount& X|H3t1 & O|& 22 M504 InstanceConfigOiA & O|& Q| QIARHAE F
7H2 QFEE & gLt 432 52]LICt o & 01 CHS 1t 20| QIARA 37HE MElE = Q&LICH.

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge", instanceCount=3), #
Use 3 NVIDIA T4 instances

)I

0f2f QIAEIAE ALR SHE B2 CIOIE B 7158 AL 5t0d 30|12 | 5l HZsts X0l B4
it OIQM £ Sl3t Hus 221 XIS HOIshs WOl CHE RtMIS LIS 8 oixl eSS &

M.

S Ml 7Hel 2ol &, 145 & GPU 7t QUARHAN AEE + e QAEHA RS AHZO| LE

oF A& LICH.

SHO|EZ|=E Zrdof CHer 7|18 1™ HFE QUAEA 2SS HE{84 Amazon Braket & & &

PN
Ho|X|E ’E.EF_%WIO

E = QARA vCPU H 2 2|(GiB)
ml.m5.large(7|£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
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
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JHeER 7Hol=

g5 QAUARA

olr

al
ml.c5.xlarge
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ml.c5n.xlarge
ml.c5n.2xlarge
ml.cbn.4xlarge
ml.c5n.9xlarge

ml.cbn.18xlarge

GPU 7t @A
Fls

ml.p4d.24xlarge
ml.g4dn.xlarge
ml.g4dn.2xlarge
ml.g4dn.4xlarge
ml.g4dn.8xlarge
ml.g4dn.12xlarge

ml.g4dn.16xlarge

GPU

—

vCPU

16

36

72

16

36

72

vCPU

96

16

32

48

64

H 2 2/(GiB)

8

16
32
72
144
10.5
21
32
72

192

H 2 2/(GiB)

1152
16
32
64
128
192

256

GPU HIZZ|
(GiB)

320
16
16
16
16
64

16
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Z+ QIAEA = 30GB2| 7|2 OI0|Ef AE2|X[(SSD) T+’ d2 AFSFLICH a2{Lt instanceType2 +
Mote Qo SYEt YAoR AERXIE ZHE = U&UCH CFg dXoM=E & AEEIXIE 50GB

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(
instance_config=InstanceConfig(
instanceType="ml.g4dn.xlarge",
volumeSizeInGb=50,
),

)I

L

AwsSessionOiM 7|2 HZ! F+/

K| AwsSession QIAEIA S & &5M 7|2 Amazon S3 H{Z!2| AFE Xl X|H x| X|&H5t
=5 SME QAHAME F2 £ QlaLICH 7|EXO 2 AwsSession0ll= "amazon-braket-

{id}-{region}" Q| At 74El Amazon S3 HZ! {x|7} U&LICH JB{Lt AwsSessionS
ME M 7|2 Amazon S3 HA! {Ix|E MEolg = U= SM0| UA&LICH O 2= o K| 0d| A
E £ 9l=0|, A8 A= aws_session IHEHO|E|E X250 MEHM O 2 AwsSession ZHX|E
AwsQuantumJob.create() HMER MEE 5= U&LICH.

aws_session = AwsSession(default_bucket="amazon-braket-s3-demo-bucket")

# Then you can use that AwsSession when creating a hybrid job
job = AwsQuantumJob.create(

aws_session=aws_session

I2tHEZ! HutUS AFE5104 5t0olE2|E 2] 75

J

1ol

Amazon Braket £7% QPUOIAM It2tHIER! Hutlg X|HEtL|ct et stolEele g2l e =2
Ht=of CHal |2 E ?_ HEH At 5o A4 HIEO| B 0| E= At EhAet #EE QHEEE
’E°°E' T ‘BAAL—IEP ZHEHAM B2 8 ChA| Aot e eIt loo 2 dto|EE|E &edo| HELRI0| 3
A ctO|ESHE 3|2 & Braket Hybrid Job2 2 X|#E|= QPU & 5tLtol| ME 57|28 5t
™ EL|Ct 7c‘>*7| A3l 5lo|2 2= 10| HR, Braket2 3|2 E Hul s mff st={lof 2= Aol
O|EEl EH HIO|E{E AtS 22 AH85to] x| FEO| ANt E & e

m
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IEtHER 328 Mdste{H HY guel& A3 E0 oi2tO/eHE L=o 2 MIsHoF & LICE O]
X0l M= %2 met0lE 2|28 AF8 st Z gh5 Alo|e| RE 1M MEIE FAIELICH LAl
IZEQ FR 0] 2|28 LMoz MEStT Z ghF0A mtet0|HE YO|o|Este Sl 1T

SRSk - =

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.")

CHS 5t 23 -EE AL8510{ 10| EIE Moz A™E S 12|E 23R EE MET + U&L
Ch EtHER At S X|Hsh= QPUOA SHOIEEIE HYs MAE m 2[2= X Hm &> Alo]
oh HutELIch g d¥olMe Bt dE E2Tt MAISEIZR 71 FE F gi0] 3t0|EE[E By
o| HEtY ds0| EEut

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_arn,
source_module="algorithm_script.py",
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® Note
It ER Hutede A Bd == 322 X|2|$t Rigetti Computingl| 2 =L HO[E
7|8k QPUO M x| E LICE.

Amazon Braket0l| A PennyLane At&

stolHEE dNE|E2 0 BPEN It BH2 2F ZEste reFYLct 1M HE2 1™ 5
CQo{(EC2 QIARIA FE ME I PN

LICt. Sto|EEIE &Y 7|52 A

2 Amazon Braket JobsE A& 8l 0F 5t= A E FHESHMIR.

Amazon Braket2 A& 3P Amazon Braket PennyLane Z2{1219| X[ EE= Amazon Braket Python
SDK X oilx| —E= 2[EZX|EE|E S5l 5t0|EEIE LAt dnE|ES dYstn Alde = U&LICh
SDKE 7|8t2 2 5l= Amazon Braket 0 Al —ES S A& 3 PennyLane £2{1Q! ¢10| £ 510|
HI|lC & 12|ES MMt T AldE 4 olaL|ch a8 PennyLane2 O 288 Z3g MZs2 2
PennyLane2 AtE5t= Z0| E&LICH

Sto|HEIE YA SN EE HE

stolHE|E A LdTEER2 LY MUAH SLELICH HCH X HFE ClHIO|AE YitMo =2
L O|XE MAslD 0|2 Qs =7} wriisty| [[H'='°'LIE|- Hskof| ZXF HO|EE FUHeE mfoich = Of
27t F7HE 71580l AXIH, et &7 A8 d1E[E2 wo|=of| Y lo] ZZE HehE ZTelg
T A& Lt

Shor's(2 A QA =73 oK) E= Grover s(Grover Oi|&)QF ZH2 =4 YAt LT EFoE £H, -0t
3|o| d4to| R FLICE 0|28t O|R 2, YUMo 2 L O|=7F B2 S7F 72 &AL (NISQ) CIHFO|AE}

1 st 7|1E LR ClHolA M= %'%"—*lolxl ofg = UGLICH

stolEE|E &R 1 2[E0M QPUE I CPUL| 28 T2 MME E&35}04,
M S A ST E =LICH 3|2 MY A|ZH0| 34X5| EHE |0 2 =Y CIH
& QA Bl

O MMO| LH8:

 PennyLane2 X|#3t= Amazon Braket

« Amazon Braket 0Kl T EE£9| 5t0|E2|E ST E|F

* PennylLane AIEC)|0|E{7} AHICIEE slO[EHE|E YT 2|F

(&) Amazon Braket, PennyLane x| 234


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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« Amazon Braket A|Z|0|E{E AF& 8t PennyLanel| =t 7|2 7|

- §lo|EE|E EY] 2l PennyLaneS AFE3510{ QAOA Y1 2|& A
« PennyLane HHIC|E A|EE|OIEIE A28t slolEE|E /3 2E A

PennyLane2 X|#5t= Amazon Braket

Amazon Braket2 XA O/2 T2 71HE 7|2 HIEE @ E AA AT EQ|o{ ZB3 2l

PennyLaneOl| CHEF X| 2 MSELICE O ZR| Y E ALSotH LA &3, & 71A &, £H3t
Eoro| A& X0l CHEr s E 27| 2lsll MEYE ETAFIE Wt S G2 IR ZZE &
AL =+ A&LCH

PennylLane 2t0|E2{2|= PyTorch & TensorFlowE H|Z & £lI=58H 7| && = 7oi ciEt QIE{m O]
AE NM3Boto] Xt Z2E EFHS WED FHMO R - = UA ct

« PennyLane 2}0|2 22| -- PennyLane2 Amazon Braket .- ES 01| At A X|E[0{ QU &LICH.
PennyLane0| A Amazon Braket C|HFO|AO]| HA|ASE{H LESS P O BHEE AHE 5104

PennyLane 2I0|E 2 EIE 7tX{SLICH

import pennylane as qml

ANEMESES AFE5HH 2 A ARE = U&LICH EE= H5t=E IDEO|A Amazon Braket2|
PennyLane2 AtE & + U&LICH

« Amazon Braket PennyLane Z2{1 2! — X+xl| IDEE A& 35t24T Amazon Braket PennylLane Z2{1
Clg =822 MX|E + &LIC £E2{22l2 PennyLane2 Amazon Braket Python SDK2} @124
S 2 Amazon Braket C|HFO|A S| PennyLane0i|Al 3|2 & M E = U&LICH PennyLane Z2{1

Rl Mdx[etedH Ot S BHE ALSELICH

pip install amazon-braket-pennylane-plugin

CHZ ol X0l A= PennyLane0i|A{ Amazon Braket C|HFO|AOf| CHEF BHIAE M= W
LICt

jo

0

I

# 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)
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https://pennylane.ai
https://github.com/aws/amazon-braket-sdk-python
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# to run a circuit:
@qml.qgnode(svl)
def circuit(x):
gml.RZ(x, wires=0)
gml.CNOT(wires=[0,1])
gml.RY(x, wires=1)
return gml.expval(gml.PauliZ(1))

result = circuit(@.543)

#To use the local sim:
local = gml.device("braket.local.qubit", wires=2)

PennyLane0i| CHEF Rk& A oA REAMIEH LI 2 Amazon Braket 0i|A| 2| ZX|EE|E HESMR.

Amazon Braket PennyLane £2{1Q12 AF23tH B & £9| Z = Z PennyLane0l| Al Amazon Braket
QPUSt AHIC|=E A[ZBI0|E ClHtO|A Zhol| BtE o= U&LICH PennyLanedt &7H ALEE = U= 2
7H2| Amazon Braket &A} C|HIO|AE MBS ELICEH

o)
—_

« QPU 2! A|Z8|0|E{E Z &8t Amazon Braket MH|A Q| X} CIHIO|AR A™SHT| ¢
braket.aws.qubit

 Amazon Braket SDK2| 2Z A|ZT|0|EHZE A&5t7| /8t braket.local.qubit

Amazon Braket PennyLane £2{1212 @& AAQILICH PennylLane Plugin GitHub 2|3 x| E 2|01l A

HRIE = AU&LCH

PennyLaneOll CHEH XtAIEH LIE 2 PennylLane B AIO|E S| MBEME R =AML,

Amazon Braket 0{A| —ES Q| 5to|EE2|E 1 2|&E

Amazon Braket2 §l0|EZ|E LT Z|E ASME /50 PennyLane E22{2Ql0f| |&E &+ X| ot = CHSH of
M c-ESS M3FLICH ¥R 2AF 223t &1 2[&(Quantum Approximate Optimization Algorithm,
QAOQA) EE = #HE X I R38lAd7|(Variational Quantum Eigensolver, VQE)2t 22 HE¥M S AHAHS}
= Amazon Braket 5t0|E2|= 0K L ES & StLIE A&5t0{ A|ZHE = /&Lt

Amazon Braket 0| .=E 52 Amazon Braket Python SDK% AHEEtLICH SDKE Amazon Braket2
Sl It HAFE StEQof ClHIO|AQt 4% 286t ZB YT E MSELICE stolEHE|E I3 &
2Ol X HES X|HFTE MHE 2LE A4 Blo|EE{2|LCH.
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https://github.com/aws/amazon-braket-examples/tree/main/examples/pennylane
https://github.com/aws/amazon-braket-pennylane-plugin-python
https://pennylane.ai
https://github.com/aws/amazon-braket-examples/tree/main/examples/hybrid_quantum_algorithms
https://github.com/aws/amazon-braket-sdk-python
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of X = E = S5 Amazon Braket Cf XHAlI5| A Ti 4 QleLich,
PennyLane A|Z2l|0|E{7t HHIC|=E 50|EE|E ¥E|&

Amazon Braket Hybrid Jobs= O|X| PennyLane®| 1185 CPU & GPU 7|8t UHIC|= AIZEH|O0|E{2t
2 MSELICH o] YHICI=E AZ30|E MEZ2 s5t0|EEI= 2] ZE| 0| LHofl 2 HIC|=E

£ Ao ihE A ME| 1ightning.qubit A[ZEl0|E{, NVIDIAL| cuQuantum EtO|EE{E[E AME
5t0d 7k 38HEl 1ightning.gpu AIZEI0|E| S8 Z&#LCt olz{st UHICI= AIEElolEE £t O]

EEN 2 1= 9HS 8 + Ue IRt 7I74| st& 22 HE duelEo| Mgt skt o
&2 CPU EE& GPU 2IAFH A M o|2{et HHICI= AZE0IEHE e = JU&LIC

E xdg S8l OlMl 1™ S5 Z2 MMt QPUE Z&HSH7HLE SVt 22 Amazon Braket
e AIZEI0|EIE A8 35t7HLE PennyLanell (HICIE AZE|0IE{E R A& 3tod g2 &g

oM ro gk
nm O

LHIC|= AIZT0|E{= 3t0|E 2= 2] Z4E| 0|10 o|O| MS k|0 U/ =2 E @hybrid_job Gl Z 2|
O|E{2 7|2 Python & +& Cl|Z&o|M3loF & LICt. PennyLane 1ightning.gpu AIZZI0|EHE A8
St2d™ Chs 2= =20t 20| InstanceConfigOiM GPU QIAEIA T K|35l oF B LIC.

import pennylane as gml
from braket.jobs import hybrid_job
from braket.jobs.config import InstanceConfig

@hybrid_job(device="1local:pennylane/lightning.gpu",
instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge"))
def function(wires):
dev = gml.device("lightning.gpu", wires=wires)

ol

tO|EZ|= 240l M PennyLane UHIC|= A|ZEOIE AFEE AlEfStE{H oA tESE XML,
Amazon Braket A|ZC|O|E{& A& 8t PennyLanel| =t 7|27

Amazon Braket& PennyLane Z2{1Q/12 AI85tH 2Z & Elf HIE] A|EZ2{|0IE] E= SV10{| A AT
[f ~gF O|E&HE AMEst0{ 7|78 HIME &+ A&LICH

. ~H 0|22 AE36t2{™ diff_method="adjoint' 7} Ot=l gnodeo]
diff_method="device'E X|™™H35lof B LICt. CtZ HXME & EFHAML.

device_arn = "arn:aws:braket:::device/quantum-simulator/amazon/sv1"
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https://github.com/aws/amazon-braket-examples
https://github.com/PennyLaneAI/pennylane-lightning
https://developer.nvidia.com/cuquantum-sdk
https://docs.pennylane.ai/en/stable/introduction/interfaces.html#simulation-based-differentiation
https://docs.pennylane.ai/en/stable/introduction/interfaces.html#simulation-based-differentiation
https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb
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dev = gml.device("braket.aws.qubit", wires=wires, shots=0, device_arn=device_arn)

@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 PennyLane2 QAOA SHLEL|Ptol| CHE 2§35t QIRIAE HASHT O|F AHE5to{ S
EL|oHE o] 7|CHZI S 2 B ELICH PennyLane0llA QAOAE AlI&E i Sv12| =8t O]
2 7|2 MEste{H i1 20| AES QHAE M7Hst0] H|S SHHUELIRHS R4 5H
OF rLICt cost_h, mixer_h = gml.qaoa.max_clique(g, constrained=False)
cost_h = gml.Hamiltonian(cost_h.coeffs, cost_h.ops)

Sto|EHE2|= %] &l PennyLane2 AFE310{ QAOA L T 2|& A&t

O] MMoi M= & &dt LIES HIE S 2R mietH ER Hot 1 PennyLane2 & 7H AH&5to{ AlA| 5t
OlHE|E T2 O R H5tAH EucH g1n2l& ATEEE AFHE5H0{ QAOA EXME AT LICH
Ol Z2 32 1™ Max Cut /X3t ZA|0l sHE5t= HIS & -E M5t oetolEEE EAH &
2 E XI’HstH BAt tZHS ArS5H Teto|Ee & 2235604 HIE &7t 2|4 EE & &L C 0]
oMo HE Bt E 6] & E M/gstX|oH 2ot L0l AL A

12& 23 2EN X iz E
gHoMe L CIOoIE Fgol M8 MAd2 Sl X ArZ2 MSste [0l 7t & E&LICH Eeia
parametrize_differentiable2 7|EXOZ TrueZ MHEI|EZ X|HE|E QPUNM TiEtH EE]
AUt s Sl FoE HELY H59| O|HE XS 2 Ug = JU&LIch

o m

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 gml
from pennylane import numpy as np
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from matplotlib import pyplot as plt

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")
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# Set up the QAOA problem
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,
)
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print(f"Completed iteration {iteration + 1}")
print(f"Time to complete iteration: {tl1l - t0@} seconds")

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
I2tHER Hutede A B == 322 K| 2|$t Rigetti Computingl| 25 =L HO[E
7|8 QPUAIM X[ ElLCt.

PennyLane &HIC|= A|EO|E{1E AL 8t 510|HE|E I3 ZE AR

Amazon Braket Hybrid Jobs™| Al PennyLane2| HIC|E A|ZT[O|E{E AtE 35104 5t0|EEIE
Iz E AdseE W A EZ&LICH Pennylanel| GPU 7|8t AHIC|= AIED0|E{Q]
lightning.gpue Nvidia cuQuantum ZtO|22{E[E AFE3t0{ Z|2 A|ZBo|ME 7I&sHErLIcH &
HICI= GPU A|Z2BI0|E{= AH8XI7F HA| A E £ U= 2 E Braket 214 Z1E|0[L0f O|2| 744 £/0
U&Lict o] Ho|X|oAE 1ightning.gpuE AF25l0{ 510|EHE|E QI ZC O £TE S0/ WY

£ EoiELIcH

QAOA /3 2E1ightning.gpudl AIE

Of AR ZAF Z|Xst &k 11 2|F(Quantum Approximate Optimization Algorithm, QAOA) 0f

AUHIC|= AIEDIOIE{E MEISE{™H device QI+ E CIST 22 A9 EXIY
LICt. "local:<provider>/<simulator_name>" 0 & £04 lightning.gpu0il CH3H
"local:pennylane/lightning.gpu"& MAMELICH. AlE Al 5tolEE|E & Mol M3 35t= ClHtO|
A BRIYE2 873 B4 "AMZN_BRAKET_DEVICE_ARN"S Z s{E Afedof MEELICH.

device_string = os.environ["AMZN_BRAKET_DEVICE_ARN"]
prefix, device_name = device_string.split("/")
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https://developer.nvidia.com/cuquantum-sdk
https://github.com/amazon-braket/amazon-braket-containers
https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs
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device = gml.device(simulator_name, wires=n_wires)

O| H|O| X0l M 27H2| FHIC|= PennyLane &fEf HIE{ A|Z2l|0|E{ 1ightning.qubit(CPU 7|ghHet
lightning.gpu(GPU 7|8h& H|wgfL|ct. AIZE[0|E{of AF& Xt X|H H0|E E3HE MS5to] CHF
gt 712718 AHlttehuct

°I")|u

O|X| stO|EE|E 2t A2 A3 RE |8 =~ Ql&LIch m1.m5.2x1arge
ml.g4dn.xlarge®| 5 7} x| QIAE 2 AH835104 QAOA 1 E|ES A&FLICEH
ml.m5.2xlarge QIAEA RIS EF LR =1 HIx LD = HZEI7 16GBR! EH
NVIDIA T4 GPUZ} = 7t4 HFE QIAEHAML . g4dn. xlargedLICt.

GPUE Adsted™ HX =&tk o|0|X|et SHIE UAHA(Z|E2E2 ml.m5.2x1arge IAHAE

)
x|l oF gfLICt.

from braket.aws import AwsSession
from braket.jobs.image_uris import Framework, retrieve_image

image_uri = retrieve_image(Framework.PL_PYTORCH, AwsSession().region)
instance_config = InstanceConfig(instanceType="ml.g4dn.xlarge")

O ChE AlAE A 5t0|EE|= 5 QI 250l ol|o|EE! C|Hto|A mtEtO[E et A 5tol = E|
= zrod o2 0|E{oil 0|2 fl245HoF &L},

@hybrid_job(
device="local:pennylane/lightning.gpu",
input_data=input_file_path,
image_uri=image_uri,
instance_config=instance_config)

def run_gaoa_hybrid_job_gpu(p=1, steps=10):

params = np.random.rand(2, p)

braket_task_tracker = Tracker()

graph = nx.read_adjlist(input_file_path, nodetype=int)
wires = list(graph.nodes)
cost_h, _mixer_h = gaoa.maxcut(graph)

device_string = os.environ["AMZN_BRAKET_DEVICE_ARN"]
prefix, device_name = device_string.split("/")
dev= gml.device(simulator_name, wires=len(wires))
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® Note
£ GPU 7|t QIAEHAE AME3HE instance_config W2 2 X|H3EIX|EHE AHIC|= CPU
7|9t AlZ28I0|E{(1ightning.qubit)deviceZ MEASIEH GPU7I AFE E|X| &t & LICH GPU
E 42 x|H3t24™ AHICI=E GPU 7|8 A|ZHI0|E{E AFS35HoF &L|CH

m5.2xlarge QIAEIAO| TWH HHE A|ZF2 2F 735 0|1 ml.g4dn.xlarge QIAEIA Ol AL 2 0.6
ZQLICE O| 21H|E {IEZR 9| B2 GPU QIAHAE 100HHS| £ = 42 MBS ELICE Amazon
Braket Hybrid Jobs 2 & HO|X|E 2% m5.2x1large QAR A0l 2 H|&0] 0.00768 USDR! H+HH
ml.g4dn.xlarge QIAEAOl AL 0.01227 USDI2 & == U&LICH O RIARHAM|ME GPU 1A
EAAO|M AJSHE Zd0| O = 1 K{ZdEhLict.

Uxt 7|H & 2 ololE EE &L

IZ2E RYO|CIOIEHMEE 7

|
¥ 0 2Yol metOlEls A4 348 FASS TS UH0[EELC &4 #4E Yoz B
Olef ZoI=oil T3 HOIEIH & 42 T ClOIEMEo Thet T & Alojl thaH olELich QML
X

|
oM £42 ditHoz 7|87| At et & £ 42 BEstetr| ™ol -2 AMELICH o] MRt
[m]

PlEO o
Ct. M2 CtE Cl|O|E{ ZRIEQt BrHEl &4 U 7|27|8 SAlol B7HE = J&LCt 0|& o|o|E HE
AM2l2tn gL|Ch SageMaker2| 24t C|0|E] H& 2tO|EE{2|E S3l, Amazon Braket Hybrid Jobs=

Clo|E EE XE|E M85t EEE HS A 7H&&E & UA&LICH

8 Clo|E| ZQIE 0| £#M2 CHE Clo|E| ZIE0| o|Estx| gfonz £ 4g
o

Hio|L{2| /2| o2 & 224ZI UCI 2|ZX|E 2|29 Sonar Cl|O|E{M|E O|O|E{MIEE A5t O O]

E 232 %22 QIS CI2 QML I3 2EE 124al EML2. Sonar DIO|EHME & Z+2 607H2] EZ
2 7t%1208712| HlO|E{ ZQIE7} IS, O|= E &M BHALE|= Sonar A E 2R E =& EL|C.

Zt H|0|E{ ZQIE = minesl| "M", rocksQ| "R"2 EA|E/ILIC QML RE2 34 HS, 2 HSo=z
MR E2 U EHASSE L SELICH ¢ U £33 HE 2 PyTorcho|l M 73 E 17 413
Lct ZAtH 3|2 &= PennyLanel| gml.gnn &2 AM& 3104 PyTorch A1 A% SEELICH 132
=of cHEt REMEE LI 2 x| tESE FZtMIR. (2] QAOA KX|Qt OtEH7H X2, PennyLanel|
lightning.gpult Z2 YUHIC|=E GPU 7|8t A|IZE[0IEE AFE5tH GPUL| M52 & 835to{ /HIC|
E CPU 7|8t A|IZTOIEECt 852 HME = A&LCt

PennyLane 2HIC|= AZCO|HE AIEE st0|EHE|E T EE MA 243


https://aws.amazon.com/braket/pricing/
https://archive.ics.uci.edu/dataset/151/connectionist+bench+sonar+mines+vs+rocks
https://github.com/aws/amazon-braket-examples
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Slo|E 2= 2rd g MAd5led™ AwsQuantum]ob.createE XMoo Z &5 1 7| EQIFE &
f dIE|E AFRE, CIHO|A B 7B 48 X|IHE = JU&LCh.

instance_config = InstanceConfig(instanceType='ml.g4dn.xlarge')

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,

N

=3 M, SageMaker 24t Elo|EE{E|e] 4T E|E AT RENAM H Eo I
Ht2 7| S&= *{2|aH ot °H—|E+ MX{, 047 GPUS} 0421 QIAEIAO| R Q32
st Eo| &g &= smdistributed TI{Z|X|E 7}X{SLIC}. O] T{Z|
7<|" Braket PyTorch 2 TensorFlow Z1E[ 0|40 O|2| 7 E|0f U&LICH dist 2E2 dDEIE &

3B Eo| EB(world_size)E ?IEH GPUL QP GPU 2019| rank & local_rankE 24&L]
Ct. rankeE 2E QIAEHAONM GPUL| MCH QIHEA 0|, local_rankeE QIAEA L GPUS| QIEHIA
QIL|C} o E So{ &30l Z+ZH 87HO| GPU7I EEE QIAEIATL 471 Q= AL rank Hel= 0~310|

1 local_rank Hel= 0~7ILILCE.

OH-

import smdistributed.dataparallel.torch.distributed as dist

dp_info = {
"world_size": dist.get_world_size(),
"rank": dist.get_rank(),
"local_rank": dist.get_local_rank(),
}
batch_size //= dp_info["world_size"] // 8
batch_size = max(batch_size, 1)

CIH22 2, world_size® rankOil 2} DistributedSamplerE Mo|8t £ OB ZCof ME &L

g ¥o
Ct. ol ME2{= GPU7t HIOIEME S| SUet =Zfof HMAstE WS YXRIELICH
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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,

CI29 2, DistributedDataParallel ZEiAE AR50 C|0|E| ¥ X 2|E &4dstetL]ct.

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP

model DressedQNN(qc_dev).to(device)

model = DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])

9lol I8 2 CIOIE] B #E|8 A8 ste ol R HZ A AULICH QULUIME ZDHE K& s T
£ Y M4FE st D A2 T B UALICH 2 GPUTH ME U QI TS MHsH 21
of ¥re s B IHAALED 217t M2 HoiMIEILIC 018 WXIsH7| 213 rank 00] A= GPUO
MEE 5T S2E £ AsLIH

if dp_info["rank"]==0:
print('elapsed time: ', elapsed)
torch.save(model.state_dict(), f"{output_dir}/test_local.pt")
save_job_result({"last loss": loss_before})

Amazon Braket Hybrid JobsE SageMaker £4F H|O|E{ & 2lo|22{2|E <t
ml.g4dn.12xlarge °|éE'|/\ RS X[EFLICH St0|EHEI= 29| InstanceConfig 2!
T8 S5l QIABHA R3S FMELICH SageMaker 24+ CI|O|E{ &2 2lo|=2 22|17} Cilo|E]
HE X7t EHEEE S QIAE £ U7 stEd™, 2742e] F 7t sto|Hu2t0|E{ & ’_‘7F3H0|t

o=

_|

grLICH "sagemaker_distributed_dataparallel_enabled"Z "true"Z AH™H35t1
"sagemaker_instance_type"2 AIE S0l QARA RF¥oz MESLICE 0| F OPolﬂiﬂPEPﬂlE'l
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smdistributed I{Z|X[|AM AFEEILICH ST 2|E AT EEONAM 0|8 BAHME AISE HRE
&LICt. Amazon Braket SDKO| M= T2t 7|HE 2l distributionE M3 FLICH 3t0|EHE|E
] Mo distribution="data_parallel"& A& 35t™ Amazon Braket SDK7} AtS2 £ 2

sto|m{mt2tO0|E{E 4 §HLICt. Amazon Braket APIE AF236lE B 0| & §to|mutztOE|E £
OF gfLCt.

°

<]

D¢ 5Pt E

—_

RQUIAEA S OOl HE %27} FHEIRSEE O|X| St0|EHEIE 2UE MEE = JU&LICH

ml.g4dn.12xlarge QIAEAOM|= 47§Q| GPUs. instanceCount=12 MHE5IH KT 2 =7} QA
E1A 0| 87 GPUOI| E4AHEILICH instanceCount& 1ECH 3 H MHSIH /I ZET B E QIAEA
ol AFE 7St GPUO] E4AHEILICE 048] QIARIAE AtE5t= B A AlZhol 2t Zf QIARA
off 2Z0| R2atELICE 0o & E04, 47H2| QIATHAE A S5t B2 HIAEREE Aol ddst= QA

147474022 AT THS 3 AIZHS QIABIAT ME AlZo| 4tHLICt

instance_config = InstanceConfig(instanceType='ml.g4dn.12xlarge’,
instanceCount=1,

)

hyperparameters={"nwires": "10",
"ndata": "32",

}

job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
source_module="qgml_source",
entry_point="qml_source.train_dp",
hyperparameters=hyperparameters,
instance_config=instance_config,
distribution="data_parallel",

)

(® Note
?lel stolEE|E 2 MMM train_dp.py= ClOIE ¥H2E XMEIE AtE35t7| {Et +=EE
et 2|& AR EQILICH O|E & MEl= ¢ Mo el d1n2|& 232 EE HE
ot 227 ZSELICH CIOlE] B *2| 40| gut2 +HE L12E AIRE 90|
23l E B2, 5102 E|= KollA 27 7 2t 7LE 2 GPUTH SUB ClOlE| =72 Bt
Moz 2|5t Elof HlZz8XY 4+ laLict.
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SHE A AL B3R 0f2] QIATIAE AFSSHE AIZHT HIBO| 2| ZAE & ABLICH AME 8L
ofF ESS HEFHAL.

Amazon Braket0 A CUDA-Q AFE

NVIDIA's CUDA-Q= CPU, GPU & QPUE Z& st stolEe|l= SRt d2ES =2 a2 Y57 | |8t

MAHE 2ZEQ|o{ 2tolE2e{2iLICt o] 2to|lEEEls S Z=2aei REE MBS stod 7RIt

Tt Z =203 LHol M 17 ¥ X BHE 2 F E.‘?j%* T U E=2M A EZE 2HAEE L
.E_Eho:.'% P

Ct. CUDA-QE 7|2 XMZE CPU & GPU AIEHIO|E]
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O| MMo| LY
NBI0{| A 2| CUDA-Q
5t0|E2|E =0l M2 CUDA-Q

NBIo| A 2| CUDA-Q

CUDA-QE 7|E™ 2 2 Braket NBI 30| Ax|ELICt Jupyter A|Zf B 2|A} HO|X|2 0|S 5t
CUDA-Q %! Braket Et S MEHSt0{ CUDA-Q MMl cESE & & U&LICH J2{H 7|2 FolM oilA|
L E= 0_hello_cudaq_jobs.ipynbO| @ZIL|C}. RtA[E CUDA-Q 0 Al= nvidia_cuda_q/ CI
EZlel 1% idE & ZtML.

NBIof| AX|E CUDA-Q EE= CHE EfAF IH7|X|o] HEE &Y £ UELICE 6§ S0 ES =
MojAM CHS H¥ S Asistod E--ol Mx|E CUDA-Q, Qiskit, PennyLane ! Braket T{7|X| 2] HHEIS

%pip freeze | grep -i -e cudaq -e qiskit -e pennylane -e braket

5to|E 2| E Ed0d A 2] CUDA-Q

Amazon Braket Hybrid JobsO|A<{ CUDA-QE AtE35tM foidt 2C|MHE HFE & E2 M3 = U
SLICH At QIABAE QI 2 E J(7F Sotolgh Ao 2 ALt PHE P HIE 2 X|Z 6 E L.
Amazon Braket Hybrid Jobs= 8t &% 7ts8t 842 MBI ELICH AHEXe Z2EEO|E L HA
EE @l 22 QIAHAZ AZE OHE, TX A-E i H 2 FIEEE XMEE = U H 2 2la

HAZ HYE + UASLICH
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs.html
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Amazon Braket Hybrid Jobs= CUDA-Q2| &AMz S Clstst= ol E-XQl GPUE X[ ELICH
GPU= CPU 7|8t A|ZTi|O|E{of| H|a LAt Z2 0% AEE0|Me| £ E 371| =lLct §5| #HIE
£=7} IE Ztd Al € 2ZE&LICH Amazon Braket Hybrid Jobs0ll A CUDA-QE AFE2 36t
LICt StO|EEIE Y2 oE] A4t =0l AXM 3|2 MEE ,—J nE Its &
FL |E|- O|=7H &t CUDA-Q KT ZEREQ| HEGIE 3l AISXl= 2 A
= A HZ2E JHghol|  EEE = JU&LICh
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A|ZHSHE4E Amazon Braket 0| Xl GitHub0llA{ CUDA-Q AEHE] 04 K| E & X 5104 Braketoll A A2
CUDA-Q sto|EE|E & ZIE|O|LHE AFESHAI2.

ol
rr

CtZ ZE ZZI2 Amazon Braket Hybrid Jobs& AF835t09 CUDA-Q T2 32 A&5t= hello-
world O M| L|CF.

image_uri = retrieve_image(Framework.CUDAQ, AwsSession().region)

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('/')[-11)

# define the Bell circuit
kernel = cudaqg.make_kernel()
qubits = kernel.galloc(2)
kernel.h(qubits[0])
kernel.cx(qubits[@], qubits[1])

# sample the Bell circuit
result = cudaqg.sample(kernel, shots_count=1000)
measurement_probabilities = dict(result.items())

return measurement_probabilities

¢ Kol M= CPU AIZEIO|E{0|M H 5|2 & AlZSi0|MELICE 0| oi|X= &&E EE= Braket Jupyter
NotebookO| M 2ZHZ AMELICEH local=True 8HO=Z Ql3l| O| A ZEE AHSIH 2L &3
0| M Z4E| 0|47} A|EfE|o HIAE 2 C|HZ S 98t CUDA-Q Z2O3E A

8t % local=True Z2iE M5t AWSOHIM Zrd2 Ade &~ Q&LICt RHA|EH LH%% Amazon
Braket Hybrid Jobs 2942 & X 35HAM2.
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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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€, instance_config ™

IR 9| FHIE 7}t B 8|2 =7t B{L} gh= He
2 .Chg 2E =Z2 hybrid_job HlZ

X|H35tod o 428t CPU ZAHE CIAAE AISE = &Lt
BHIO|E{0|M instance_config AEE #+4st= W¥E E0{ELICE X[HEl= QIAHA Ko EH?_
AEMIEH LIE 2 5t0|EE|E & QIAEA S HAEFMR. CIAEHA R 552 Amazon EC2

AEA RS HEIFML.

@hybrid_job(
device="local:nvidia/qpp-cpu",
image_uri=image_uri,
instance_config=InstanceConfig(instanceType="ml.c5.2xlarge"),
)
def my_job_script():

O 77ICHE 2 3 2E9| AL CUDA-Q GPU AIETOIE{0IM KT 2EE Adlie £~ QI&LICH GPU Al
E00|EE &3 POPEF HHOIlE= O|& nvidiaE AFEEILICE nvidia BH9I= = CUDA-Q GPU A&

CO|E{2 &S &tL|Ct CIS 22, NVIDIA GPUE X|®3tE Amazon EC2 QIAEA R3S MEHEHL|CE
CIS ZE =22 GPUZ 7+ 4E hybrid_job OIZ20IE{E E0o{&LIC}.

@hybrid_job(
device="local:nvidia/nvidia",
image_uri=image_uri,
instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge"),
)
def my_job_script():

Amazon Braket Hybrid Jobs & NBI= CUDA-QE AM& &t %ﬂ% PU AlZdi0|ME X|HELICH o424
HEh 7ts = Ee 03] 32 0| HWIIE HEslsto FIAREES M52 =Y + JU&Lct ofp #H&
Hetsti{H dnEE AFEEE O 7*0| HEEL

fjo ook
OEE J

HA = O mgpu M2 A™ELICEH Ol &E
= GPU ZF E210] MPIE AI83I2 2, MPIE A& H™ol| 7|3t

CH2 S 2, execution=cudaq.parallel .mpi& M50 M Z=EE X|HELCt. Cfg 2 E &Z
2 0|3t #HE At g EoiE L.

cudaqg.set_target("nvidia", option="mqgpu")
cudag.mpi.initialize()
result = cudaqg.observe(

stolEals & ol Aol CUDA-Q 249
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kernel, hamiltonian, shots_count=n_shots, execution=cudaq.parallel.mpi
)
cudaqg.mpi.finalize()
Ct& 2= ZZHof et 20| hybrid_job Gl ZE|O|E{0|AM 0481 GPUE EARGHE QIARA RS
X|Agct.

ehybrid_job(
device="local:nvidia/nvidia-mqpu",

instance_config=InstanceConfig(instanceType="ml.g4dn.12xlarge", instanceCount=1),
image_uri=image_uri,

)
def parallel_observables_gpu_job(sagemaker_mpi_enabled=True):

Amazon Braket 0{A| GitHub2| 8323 A|EH|0|MH E

S22 GPU =0 St Z2 37 A|Z8|0|M
2 AT 2 7l 5 1 3|2 Hix|of CHsh HEd AlEYo|ME s8iste WHE Eo{iFz s SH

ZF oM E MBS ELCH

LR HFEOIM YA M

= O

AZCOIEHE|AEE 2

=

0|

2 F QPUOIM A B2l Aoz TEd :
F = Rigetti C|HFO|A F F2 Amazon Braket QPU HERZ(0F 5tH ELICH O S I = =22 chd
2 IQM Garnet C|HO|AE HHdt= WHE HoiELICH A8 7tSE
2 HZsML.

device_arn = "arn:aws:braket:eu-north-1::device/qpu/igm/Garnet"
cudaq.set_target("braket", machine=device_azrn)

5+o||=| 2|= ZFdof CHEF RFMIBH LI 2 THe R} LA 2] Amazon Braket Hybrid Jobs i &= 6 Al
2. CUDA-QO]| CH8t REAIEH LI 2 NVIDIA CUDA-Q AEME 2 ESHMI2.

3fo[= 2= & ol A2l CUDA-Q
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/nvidia_cuda_q/2_parallel_simulations.ipynb
https://console.aws.amazon.com/braket/home
https://console.aws.amazon.com/braket/home
https://nvidia.github.io/cuda-quantum/latest/index.html

Amazon Braket TR 7H0|E

Amazon Braket 2| sHZ&

o] MMo| 2A| s HE et £F M2 AH23510{ Amazon Braket #& EM|E sHZAELICEH
O MMO| LH8:

» AccessDeniedException

o CreateQuantumTask Qi¢tS R Mo 2 3 £E [ 2F(ValidationException) 7} gt M3t
- SDK 7|50| 2tS5tX| A&
- ServiceQuotaExceededException2 Z QI5l| 5t0|=2 2= 40| AlulEt

. LES QIAHAM T4 247 HES BE

« Python 3.12 ¢agjlol= Exl| sHZA
+ OpenQASM 2 s &

AccessDeniedException

Braket2 &4d3}5t7{LF AF2E [ AccessDeniedException® =416t 2 A|eHEl d&tof HAA H
80| = 2|0l M Braket2 & d3tst7{LE A& StEd A5t U2 7S 80| =&LIC

Olzd3t B9 L AWS ZEIRtollH 22l3t0 CHe 5 ofl 70| HBEI=X| YoHR AL
. EITioll CHEt HMAE FRIsHE A MEH0| 2l BL

. A3 A0 Braket ALBO| I8 E HS

Braket® AL 8 I AIZO| XIHE BIRol AMAEY 4 gi= ZS ST 21Xl ClHOIAE A8 4

H&LICH

CreateQuantumTask QA2 2 Mo 2 SES M 2F
|

(ValidationException)7} & 24 &f

An error occurred (ValidationException) when calling the CreateQuantumTask
operation: Caller doesn't have access to amazon-braket-.. I} RAIet @ F 7} g M

St= 4% 7|E& s3 _foldergE = st1 Ue=X| EHQIELICH Braket2 M| Amazon S3 HZ! ot HFALE At
So = MY5HR| ei&Lot.

AccessDeniedException 251
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APIO| 2 HM|ASHDT Failed to create quantum task: Caller doesn't have access
to s3://MY_BUCKETZ fAtet LR 7 =4El= B Amazon S3 HZ! B201 s3://0] Z&HE[0]
UX| et 2X| EelgtLct,

SDK 7|s0| 253t X| &=

Python EHZ2 3.10 0|4 0|00k & LIC}. Amazon Braket Hybrid Jobs2| 3 Python 3.128 A8 35t
Wdo| E&Lct

| & AFEHQIX| 2 RIErLICH = ES EE= Python HE7|0| A SDKE ACl0|Este{™

pip install amazon-braket-schemas --upgrade

XA E20|1E 0l A Amazon Braket0ol| M| A SH= E<2 AWS 2|710] Amazon Braketol A X[ 5=
2o 2 M™EE|o] UeK| &elghL|Ct

ServiceQuotaExceededException2 £ QI5l 510|=22|E =40 Almj

1}+5+H Amazon Braket A|Z 2| O|E{01| CHEH A}
AU&LICH MH|A X[Etoll CHEr REAISH LIS S &

PN Jof K=2
HHE BEO = H (=)=
2T FHME HZSAR.

B8R0l 277t

rr

|2 042 stO|EE2|= 2ol A|Z20|E ClHtolA0f CHal S Al e Aet
Al

S AZIOIE ClHto|A0l| CHE SA| YAt 2] =8 E2{H Chg = o X2t 20| search-
quantum-tasks APIZ AI & L|C}

DEVICE_ARN=arn:aws:braket:::device/quantum-simulator/amazon/svl
task_list=""

for status_value in "CREATED" "QUEUED"™ "RUNNING" "CANCELLING"; do

SDK 7|50| &5 35lx| b2 252
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tasks=$(aws braket search-quantum-tasks --filters
name=status, operator=EQUAL,values=${status_value}
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

Amazon CloudWatch X|E: Braket > L} C|HIO|AE A& 3504 C|HFO|A O] CHEH MAE LA 24

£ =k UA&LIch

Olzi3t QR 7t WAsHK| LB 5H24E4 CHE T 20| B2,

1. AIZcio|E{ C|uto|A o] S Al R} &
o|Aof gt MEELICH

2. AE9| ServiceQuotaExceeded 0{2|E X 2|5t CHA| A|=&FLILC}.

=0l CHEr MH|A EEE F7HE QY& LICH Ol= SVv1 Cltt

i

= o —
CESQABANM Y 247 ZHSE HE
LESOIUR TE AV HESE HEHLSIE ATSIMR
1. MMSIHL -8t tESE 24 =2to|20i CHRZEFLCH
2. tEE QIAEAE ZX|EHLCH
3. L EE QIAEAE AbX|ELICEH
4. CIE O|ECZ M ES QAHAE MMELIC
5. tEEZ M QARAN H2=gLCt
Python 3.12 &418|0|= 2X| &2
4 & Ql: 2026 19 21
e
20261 12 21 UEE{ Amazon Braket2 ZE - ES QIAEA Ql 2|3 ZIE| 0|4 o|O|X|(7]|&
CUDA-Q, TensorFlow ! PyTorch)oll CH&H Python _Em:!% 3.100AM 3.122 %:LEJIOIEo*LIEL of 7t

O|=0iM= Yietxel & EXof CHet £F 42 MSELICH

CES OAEANN T 247 458 &

I
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https://github.com/amazon-braket/amazon-braket-examples
https://github.com/amazon-braket/amazon-braket-containers/tree/main
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- Ygf 2 F HAIK]

o Braket 22|88 LEE
- 3to|lE2|E & ] of| 3 2 O|E

« 7|& Bring-Your-Own-Container(BYOC)

« Braket —ES QIAEHA H00|=

2k 27 HIAIX|

SDK Python HH EL x| 27

=.
2F:

RuntimeError: Python version must match between local environment and container. Client
is running Python 3.10 locally, but container uses Python 3.12.

Q! Braket SDK7t .= E 50| Python 3.102 A&st 1 AUX|2F 5t0|2 2= %] Z4E|0[L47} Python
HRI>&LICH

|
12% %Ol'-l— AI\I%%

w

N
T

14 ged: - ES S Python 3.122 18|0|= 5t Lt Python 3.10 ZIE| 0|0l &8t}

ol

Cloudpickle 223} 2 7

=
TypeError: code() argument 13 must be str, not int

?421: SDK AE S 2 3I5tH Python 3.122] CodeType MR B4ZE 2 2 QI5H cloudpickle O Python
3.101 3.12 Atole| Z =& A ™3tet x| ZELICH

ol

12 & S ES T A 0|7t S et Python HHE AFESH=X| & QIELICEH
Braket 22|33l - EE

Python 3.100{A{ Braket —ES QAEAE ’é'éc'i%h_ 0F0|E |E AME2 NE
7t OIX| 7|22 2 2 Python 3.128 A&35H7] [ 2 X|

o17|0lE & 7kX| 40| &Lt

Uik 2F HAIX| 254



Amazon Braket

1. [H%] Python 3.128& ALE5t0{ M| ES QIAHA M4 -Braket tES QIARA U O|EE &
ZStHL.
2. Python 3.10 Z1E{|0[L{of % - 5t0|=E 2|

In
2
12
E
el
=
o
n

_)'|_|
b

stolE22|E =] Oz 8| 0|E

@hybrid_job CIZHIOIE{E AF23tE{H &3 2| Python EHT0| Z1E{0|L4Q] Python {1}t x| 3H of
gruct.

£ M 1: Python 3.12 Z4E| 0|4 AFE (T E)

1ok

tEE Python 3.122 O20|EE B2 =M Bl (7|2 S2HE AFSELICH

r

Io

M 2: Python 3.10 ZIE{|O|L] AFS

Python 3.102 |®X|3lioF 5t= B @hybrid_job CIZZO|E{0I M image_uri ZtZIOIE{E HAIHMS
2 X-EELch.

Python 3.10 Z4E{|O|L4 Ef .

o|O|x| o|& EH1

7|82 1.0-cpu-py310-ubuntu22.04

CUDA-Q 0.12.0-cpu-py310-0.12.0

PyTorch 2.2.0-gpu-py310-cu121-ubuntu20.04
TensorFlow 2.14.1-gpu-py310-cu118-ubuntu20.04

CH2 o|All= us-west-2 2|70 CHEF Zd Lt

Zi&| ol0lx| URIs:

Base: 292282985366 .dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-jobs:1.0-
cpu-py310-ubuntu22.04
CUDA-Q: 292282985366 .dkr.ecr.us-west-2.amazonaws.com/amazon-braket-cudaq-

jobs:0.12.0-cpu-py310-0.12.0

stol2 2= =] oz eolE 259
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PyTozrch: 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-pytorch-
jobs:2.2.0-gpu-py310-cul2l-ubuntu20.04

TensorFlow: 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-tensorflow-
jobs:2.14.1-gpu-py310-cull8-ubuntu20.04

of:

from braket.jobs.hybrid_job import hybrid_job
from braket.devices import Devices

device_arn = Devices.Amazon.SV1

@hybrid_job(
device=device_arn,
image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-
jobs:1.0-cpu-py310-ubuntu22.04"

)
def my_job():
pass

® Note

+ Python 3.10 ZIE|O|LHE A& ALSE & JUXIE UO|0|E= K| ef&LICH
=
(=]

. YTIBIF ATBIEO| B

7|& Bring-Your-Own-Container(BYOC)

DockerfileO| Z|&l E{19}F & 74 Braket 213 O|0|X|E AFE35tE B 2026'H 18 21 O|F 0| KI5
5t Python 3.12 X|& o|O|X|7} E&E LIC}.

Python 3.10 x| Braket & 2[¥ O|0|X|& R X|5t24% DockerfileE Ci|O|EgfLICH
O|(¥1B0|= ¥ Python 3.12 &5):

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

FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-cudag-jobs:latest

FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-tensorflow-jobs:latest
FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-pytorch-jobs:latest

7|& Bring-Your-Own-Container(BYOC) 256
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JHeER 7Hol=

0| (Python 3.10 §X|):

FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-jobs:1.0-cpu-
py310-ubuntu22.04
FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-cudaq-jobs:0.12.0-cpu-
py310-0.12.0
FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-pytorch-jobs:2.2.0-gpu-
py310-cul2l-ubuntu20.04
FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-tensorflow-jobs:2.14.1-
gpu-py310-cull8-ubuntu20.04
Braket cES QIAEA 7 |0|=
CHS CHAlofl [k2} Python 3.122 8|0l = 8tLct.
/A Important
CES QIABAE A7 Mol EHEEE RE LEST [US CHRESHEX| 2Ol
Ct. AKX 2oi =0l HIOIHE S7E + el&LIct
1. 4t 7HL =HEt LtESE 24 20|20 Ch2EEF L0
2. LtES QARAE FX[ELICH
3. LES QIAEAE AX|ELIC
4. CIE O|BECEZE M ES QAHAE MMELICH
5 tESZ M QAEHAN HY2=FFL|Ct
= —_
OpenQASM &A| a4
O MM MH= OpenQASM 3.0 A8 & 277t e M /88 = U= A aHZ2 XIEE MSeu
Ct.
Of Mdo| LY E:
- X OF
 H|PIZH qubits 2LF
- =™ qubitsE 7t qubitset =8 2 F
Braket = E £ QIARA 4730l 257
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. Zdot

>
mjo
to

o &At 2Foil S0{% pragma 8

. Soi™ Axfol HOIEIE HOIE 2 28

« £ qubit AIO|E S| = E|X qubits7}

« 24 AME80H X|H 81

e
!
m
Ral
el
mjo
0]
31

ol

UP.'-'

EEIT R

$4xHl Braket0l OpenQASM Z2Z 1 30f| £& & EF H|0|E Elo|E{2| Tt 0| ei&LICH o & E04 Ct
2 Ao ME 228 A7 LF 71 g LCt

OPENQASM 3;
include "standardlib.inc";

O| ZEE LIS 27 HAIX|E MAEILICE No terminal matches '"' in the current
parser context, at line 2 col 17.

H|Q1< qubits 2F

k

C|HFO|A 7|50 M requiresContiguousQubitIndices7t trueZ MHE CIHIO|AO|M HI|QIS
qubitsE Al 35IH QF 7+ ghghLICt

AE30/E| X lonQOlM YAt 5Helg AHE If g Z2 0| 2R & Ea|H8rLict
OPENQASM 3;
qubit[4] q;
h q[@];

cnot qle], q[2];
cnot q[@], q[3];

Mo
™
o
to
40
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Ol ZEE= OIS 27 HIAIXIE MAELICH Device requires contiguous qubits. Qubit
register q has unused qubits q[1], q[4].

= 2 qubitsE 7t qubitset =& 2F

Sst =2 2ol A S2IM qubitsE 7HY qubits®t EESHE H SIS EIX| oM QR WAEL
ohOhg ZEE QR E M

OPENQASM 3;

qubit[2] g;
cnot q[0], $1;

Ol AEE LIS 27 HIAIXIE MAELICH [1ine 4] mixes physical qubits and qubits
registers.
A fE ™ U SUst T2 I qubits SH 27

2 82 sty s T2 a0 M qubits7t BA|MO 2 EHE|H @77 whdgL|CH OIS 2
CE= FE MMELIC

OPENQASM 3;

qubit[2] q;

h qle];

cnot q[0], ql[1];

measure q;

#pragma braket result expectation x(q[@]) @ z(q[l])

O| IE= O3 2F HAIXIE MEFLICH Qubits should not be explicitly measured
when result types are requested.

™M™ Al qubit 2| RIAE MEF =10 2F
DA™ B K| AE] 6tLE qubit BIKIAE] LR S{RELICH Ol ZE= QR E MASHLC.

OPENQASM 3;

E2IX qubitsE 7+ qubitset £ 2 F 259
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qubit[2] qO;
qubit[2] qi1;

Ol ZEE= LI 27 HAIXKIE MEELICH [1ine 4] cannot declare a qubit register.
Only 1 qubit register is supported.

AKX 2ol £0{™M pragma RS LF

DE &%

rn
HO

Fo| 5042 pragma& 2040F &fLICH CI2 ZE= LFE MdLICH

box{
rx(0.5) $0;
}

Ol ZEE S 27 HIAIXIE MHEFLICE In verbatim boxes, native gates are
required. x is not a device native gate.

F0{M &xtof LO|E[E HO|E +5 27

04X & xtof= HIO|EIE HO|ELt 22| qubits7t R{0{0F B LICH CHE Z == HIO|E|E HO|E 2
FE ddgfh

#pragma braket verbatim
box{

x $0;

}

Ol ZEE= OIS 27 HAIXKIE MMELICH In verbatim boxes, native gates are
required. x is not a device native gate.

F0{™ &Xtol E 2™ qubits F2F 2LF

F01M g xtoll= 22| qubits7h Rlo{ofF B LICH S Z =& FE & =21 qubits 2LFE A
Ct.

]

L

qubit[2] q;

#pragma braket verbatim
box{
rx(0.1) qlo];

AR 2ol F04H pragma SIS 2LF 260
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}

Ol ZEE OIS 27 HIAIXIE MAELICH Physical qubits are required in verbatim
box.
01X pragmad| “EEfZl" & 2F

s

Y pragmaoil "% TEsot BHLICH CH IEE 2R E YAELICH

__'_I

#pragma braket verbatim // Correct

#pragma verbatim // wrong
Ol ZEE= OIS 27 HAIXKIE M/ EELICH You must include “braket” in the verbatim
pragma

OPENQASM 3

qubit q;

h q[e];
O| AEE= QLFE MMELICH [1ine 4] single qubit cannot be indexed.
JeqLt B qubit BiE2 CHE 30 20| Q= AE = JU&LICtH

OPENQASM 3;

qubit[1] q;

h q[0o]; // This is valid
£ qubit H|0|E 2| E2|™ qubits7} KAZAE|X| kS 2 F

Z 2™ qubitsE AFESted{™, HK
device.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubits&
£0l15t04 C|HHO| AT} 22 qubits® AFE SHEX| 2RIt Tt
device.properties.paradigm.connectivity.connectivityGraph &t

£ 01X pragma0i “EeHZ!" F3 2F 261
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E #olstod 2 Jei=

device.properties.paradigm.connectivity.fullyConnected=

=
—
g solstLic

OPENQASM 3;

cnot $0, $14;
qubits @ and 14

LocalSimulatore QPU EE= 2C|HHE AIZHO|E{0MH AFE
K|etLct C2 o deF 20| Z23240] LocalSimulator Ol Bt

St
=
of
[

A7 EAIELCH.

qasm_strlng — nun

h qle];
ctrl @ x q[0], q[1];

gasm_program = Program(source=qasm_string)

£ Q1= OpenQASMOe| & 7Is8

—
sigst= 2101 7|s0| Z&E B2

0| 2= "0l T2 O LocalSimulatoroi MBH X| 2 E[= OpenQASM 2101 7|52 AL FLICt. 0]
gt 715 & €2 &= QPU E= 2C|ME A[Z8|0|EHHM XIHER| §f2 &= U&LICt

g2 2Z4 AEd0|E{o| A 2] OpenQASMO CHEt 1 7|

K| El= OpenQASM 7|50l CHEF XA LHS
S X2 Ho|x|& FE5HAML.
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JHeER 7Hol=

Amazon Braket2| E ¢!

O 22t E EoHAWS O] 2|2M =2|lL|ct AWS T ZH2 Eotof 715 RIZEEt ZEo| F MEE B

Eot= 5 FHE Olo|E dE A HESL|Z of7|8x2| o|HE F& + AUGLICH

HOot2 AWS oF A EX} 7He| S8 MLICH 5 M ZE2 o| M E EcHPEL Eot & 229

C | 2oto2 MHFL|CH

- 2ctPE 22 - AWS =0iM AWS MH|AE A™st= el=zetE 258 Meo| A&t Aws E&t
PE.AWS EghE SHEHH ALSE = U= MH|AE MSELULCH EtAF AR E AWS #E &4 £
EI UEOE Eoto| EME YUMo R HAESHT #QIELICH Amazon Braketd] ME L=
Y& ZEI0|| CHEt RHMIEH LIER A E+ ZEOYMAWS MS Hel W MHIAFE & L
233

- ZERE0 ot - MASRto| U2 ALE 5= AWS MH|2A0f et Z-EE LIt E8 7st= Ol ol
O HZE, SA 2F AHY, 2t HE H 78S HIXE 7|B 240 CelAME o] {&LICt.

O] dBME Braket AHE Al S8 M ZEHE MEst= LS Oldlist= ol ==0| ELCh ot =X

oMz ESt A 7#H &5 SEE S5 Braket2 7 8st= YHS 20iFLICH EFF Braket 2|2
£ ZLIESstn E5 5= Ol 20| El= COHE AWS MHIAE AF8ste WS YotELch

O] MM L&

- Z0otof CHEt S & MY

- CIoIE{ &3

- QO EE

Amazon Braket0]| CH8F M| A 22|

od

o474 of

—

o

Amazon Braket AMH|A

_|
=

|_

x4
(=)

N
Ol

=
=

Amazon Braket2| T+

FE 4>

Amazon Braket2| 1= 2}

Amazon Braket st= 90 22 XFo| Eot

Amazon Braket& Amazon VPC QIIEXZQIE
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=i otof Ch3H 25 A4

HOF2 AWS 2t AFEX} ZHo| 23 MUQULICH 25 2l DH2 0|8 ZE2tRE0| Eotn SEIE LY
Hoto 2 MmEstL|Ct.
« 2CIRE EQFH- AWS = AWS MH|A o AR-E|= QlZEE ES & AMlo| U&LICH AWS 22t

. AWS EBHE SFESHH ABE 4 2l MHIAS MBHLICH ME THE| ZARHE HY|Moz
AWS T8 FE4 T2 20| Yoz Hot #THE B4 2
ElE 7 B4 T2 ol et KM LIS AWS 7 4 T2 T8 wel Ul MHIAR HE

=

AE
[

. E'-Erocol Hot OIAWS ClZ oM SARIE| |

= = E HNofg el AL Kol Al d&LICt. o]

T|0{ AWS MH|A U&LCH.

rH
|-|'I1

AWS 35 22l 22 Amazon Braket2| HIO|E 250 MEELICH o] 20| MHE HE AWS = 2
£ ddsts 224 Q= E E5E MY0| USLICH AWS 22 E. ALSAtE 0] Q= o] ZAF
Tl= 2HI=of chet EXI 114 5= %XI%E* Mol A&LICH ASB3t= AWS A{H[A of 2ot 741} 22|
CHEH 2 H AU&L

O

Ct. Ci|O|E{ Z2to[tHAlof] 28t RhMEH LHE 2 OB Z2f0|
E1 E3of CHEh REMIEH LIS 2 AWS 2o 229 AWS S5 A

°
o
n}
o
()
O
U
Py
ﬂIIII
Ll FO
N
>
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Braket2 quantum-task 2|2&AEE B 7HK| & 2| E[AAE MEELICE O] AWS ElAA ROl 2|4
A O|E(ARN)2 CH2 I Z&LICH

0

« B|AA O|&: AWS::Service::Braket
« ARN ™7t Al: arn:${Partition}:braket:${Region}:${Account}:quantum-task/${Randomld}

cE= Yoy
Brakettl M —ES Z|4A RS MEE = UELICH =ES2 BraketO| S|E =+
A= Amazon SageMaker Al 2|2 A {L|CH Braketol M = ESE ALE35t2{H 0[F O]
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AmazonBraketServiceSageMakerNotebook2 Z A|E3EHE IAM &S X5

CESE ddstciH #E|Xt HEro| QAL ChE 1t 22 Qletel HAo| AZE HH S AEsH ok &L

Ct.

JSON
{
"Version":"2012-10-17",
"Statement": [
{
"Sid": "CreateTheRole",
"Effect": "Allow",
"Action": "iam:CreateRole",
"Resource": "arn:aws:iam::*:role/sexrvice-role/
AmazonBraketServiceSageMakerNotebookRole*"
}I
{

"Sid": "CreateThePolicy",
"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

{
"Sid": "AttachTheRolePolicy",

"Effect": "Allow",
"Action": "iam:AttachRolePolicy",
"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*",
"Condition": {
"ArnLike": {
"iam:PolicyARN": [
"arn:aws:iam: :aws:policy/AmazonBraketFullAccess",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
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£ Cluto| A0 CHEr AFS A HA| A X8t

* CreateQuantumTask - X|HEl C[HFO[A0AM &} 2 dEE HEEfLICH
* Createlob - X|HE& C|H}O|A0M slO[HE|E XY dHE HFELICH

H O
« GetDevice - X|&E C|HIO|A S| ME ME 7K 7|2 HESHL|C}.

CHZ oMol M= AWS H"H 1234567890122 2 & QPU CHEH HAM|AE ABHerLICt

JSON

{
"Version'":"2012-10-17",

"Statement": [

{

"Effect": "Deny",

"Action": [
"braket:CreateQuantumTask",
"braket:Createlob",
"braket:GetDevice"

1,

"Resource": [

"arn:aws:braket:*:*:device/qpu/*"
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1,
"Condition": {
"StringEquals": {
"aws:PrincipalAccount": "123456789012"

}
}
}
1
}
(@ Note
Braket 242 S35l C|HIO|A 718 M, EH HIO|E & @21 Z2 C|HHO|A Mo CHsH AFR
Aol 17| HMAE &d3tstedT HAHol| M braket : GetDevice ZE A Q|&L|Ct

™ A&l C|HFO|A 2] Amazon ElAA #1E (ARN)E 07T of|Af|of] E A
FLICH O] 2RI 2 2laa 28 MSELICH Braketol| A ClHIO|A = AL 2 S 4
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olaL|ct
AN EH .

* arn:aws:braket:<region>:*:device/qpu/<provider>/<device_id>

 arn:aws:braket:<region>:*:device/quantum-simulator/<provider>/<device_id>

ct

il
rlo
[

et f2l ClHbolA HA|Aof CHE of Al I LICH.

- BE 2| 2E QPUE MEH: arn:aws:braket:*:*:device/qpu/*
-west-2 2|0 MEF 2 E QPUE MEH: arn:aws:braket:us-west-2:*:device/qpu/*

027 R| 2, us-west-2 2l MEH ZE QPUE ME(C|HO|A = T2 2|AATE Of ! MH|A 2|44
O|22): arn:aws:braket:us-west-2:*:device/qpu/*

DE 2C|ME A|IZdI0|E| C|HFOo|A0f| CHE HM|AE M arn:aws:braket:*:*:device/
guantum-simulator/*

£ S2ZXt2| C|HO|A(0d]: Rigetti QPU C|HFO|A)0] CHEF HMAE At
arn:aws:braket:*:*:device/qpu/rigetti/*
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« TN1 C|HFO|AOf CHEF HMAE AMBH: arn:aws:braket:*:*:device/quantum-simulator/
amazon/tnl

« O E Create Ejo] CHEt BMAE A|BH: braket:Create*

EH LES QIAEAO CHEF AHSKE HAMA KBt

£ AF8Xt0| S Braket ES QIATA HMAES Htsieid SH A, AR £= 20 H3l
HE Hrg b 4 gLt

CHE Mo E EA B+ E ALE5to{ A& Heto| E e ALERtof| et AWS A1 ™
1234567890120|50| X|HEle| EH LES QUAHAE AZf, SX| L AMAE = = HEtS 28
Mo 2 Mt LICholl: AtERI7t Ele mES QUARAN AMAE Alice = ASamazon-braket-
Alice).

JSON

"Version":"2012-10-17",
"Statement": [
{
"Sid": "DenyCreateDeleteUpdateNotebookInstances",
"Effect": "Deny",
"Action": [
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:CreateNotebookInstanceLifecycleConfig",
"sagemaker:DeleteNotebookInstanceLifecycleConfig",
"sagemaker:UpdateNotebookInstanceLifecycleConfig"

1,

"Resource": "*"

"Sid": "DenyDescribeStartStopNotebookInstances",

"Effect": "Deny",

"Action": [
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance"

1,
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"NotResouxce": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-
${aws:usernamel}"
]
},
{

"Sid": "DenyNotebookInstanceUrl",

"Effect": "Deny",

"Action": [
"sagemaker:CreatePresignedNotebookInstanceUr1l"

1,

"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:username}*"

]
}
]
}
£74 S3 H{Z!of CHEF AFS A AM|A KB
S ASXHO| 57 Amazon S3 HZ HHAE B S A, S EE 280 HE B
g F7te 4+ YsLich

CtS Mo M= A E AA5t D £ S3 A (arn:aws:s3: : :amazon-braket-us-

east-1-123456789012-Alice)d Hix|st= HEH2 MBtotH Y M E Lihste A MEHE L

Ct.

JSON

"Version":"2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [
"s3:ListBucket"
]I

"NotResouxce": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice"
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},
{
"Effect": "Deny",
"Action": [
"s3:GetObject"
]I
"NotResouxce": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
]
}
]
}
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« Amazon Braket VPC M= ZQIE0of CHEt 1124 AFE
 Braket 2! PrivateLink A%

. = EOIE Mol CHEt 7t HE

« Amazon VPC ¢ ClE HAMo Z MM A X 0]

Amazon Braket VPC Q1= Z QIEof CHEt 1124 AFE

QIE{H0|A VPC AEZQIEE HH 57| ol Amazon VPC AFEX} 7H0|E 2| QIE{H[O|A IS ZQIE
MM =g AESHofF gLct

Braket2 VPCO|AM 2 E API 2 o] CHEr &I S &S K|&HELICH

7I2H22 VPC A=EZQIEE S35l Braketol CHet TR HAMATH S{EELICH VPC AEZQIE HHY
£ K™l B2 HHAE Mo{E = USLICH RFMIEH LI 2 Amazon VPC AL Xl 710|290 Q= &
QIE MAMZ Al8510{ VPC AEZQIEZ HA A K08 EXFIM 2.

Braket 2! PrivateLink A%

Amazon Braket AWS PrivateLink 0| A& Al &3t Amazon Virtual Private Cloud(VPC) HIEZQIE
E ClE{H|0|AZ M5t C}S Amazon Braket APl MHIAE S&l| Al=ZQIEo0f 24Z35Hof & LICH.

CHE S Ol Z2 A0 YHEQI B, OlF Mol M K5I AT atLict

« AWS B|AAE S AEIS Amazon VPCE 7 A5t AlEFEMLICEH VPCY} 0l0O| Ri= ZZR0i= O] BHA|
E AUE = &Lt

» Braket®
- Ad=xQ
1EHA|: 28 FL Amazon VPC A|E

Ao o|O| vPC7I & & &2 B2 o| BHE HAE £ A&LICH

VPCE IP T4 ¥, MEY 28 HIO|E, HEXHT HOIEHNO|2 Z2 HESRT MHEE AMo{gL
Ct. 7|2Xo 2 AFE2X X 7H4 HWE /T 0AM AWS B AAE A|ZFSHLICEH VPCO| CHEE XEMIEH LIS
£ Amazon VPC AFE X} 710|EE & XSHMIL2.
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Amazon Braket VPC Q= ZQIEof CHEH T2 AFE 278


https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#prerequisites-interface-endpoints
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https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html
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2EH7|: Braket& CIE{H|O|A VPC AIEXQIE Mo

Amazon VPC & E&= AWS Command Line Interface ()& AF8 304 Braket A{H|AO] CHEH VPC Q=
EOIEE MyE = U&LICIAWS CLI. AtAIE HE = Amazon VPC AHE MEMO| VPC IEZRIE
MEE BZTSAML.

EE Md35lei™ Amazon VPC 2£2 €1 A=EZQIE I 0|X[E ¢ CIF, M
g LHEo ’éL’F_"E* T ?AE—. A= X QIE IDE 7|28 SLIC}. Braket API

CIS MH|A O|E 2 AI235104 Braket VPC QIE ZQIEE MAMEHL|CE

* com.amazonaws.substitute_your_region.braket

&2 Amazon VPC AHE AHA Q| PIE{H|0|A VPC RJIEZQRIEE ALE3510{ AWS AH|A
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VPC HEZQIEE M-8t 20l CHF oMt 20| endpoint-url mEtO/EHE X8 st= CLI BHE
Al-stod APl EE= TELIof i QIE{H|O|A& AEZQIEE X|HE = U&LICH

aws braket search-quantum-tasks --endpoint-url
VPC_Endpoint_ID.braket.substituteYourRegionHere.vpce.amazonaws.com

VPC I=E ZQIE0]| CHEH H|Z 7| DNS EAE 0|22 &M35}5lH CLI oM A= ZQAEE URLE
XHEE 27l gigLICh CHAl CLI 2! Braket SDK7t 72X 0 2 A& 3lE= Amazon Braket APl DNS
SAE O|E0|VPC A=ZQIER SOI=EL|Ct CI2 oNIQt ZHe Al Zt& L Ct

https://braket.substituteYourRegionHere.amazonaws.com

AWS PrivateLink A E X QIEE A& 35+0{ Amazon VPCOAM Amazon SageMaker Al - E
NAEle EEO AAER2 A=EEQJEE M504 SageMaker mES0f 5 H 4ZES
E x| Z5tH, Ol Amazon Braket = E 21} R AL&HL|LC}.

r|r JiII

E273 HAIEQ EtAE 2= B2 Amazon SageMaker Al CH&! Amazon BraketO|2t= OIS AFS
afiofF B L|Ct 2|7 0| us-east-10| Ot =l Z AH|A O|F0f HE EXIL0| SHE AWS 2T 0|§ 2 &

2dcom.amazonaws.us-east-1.braketst74Lt CHAIIErLICE.

Braket &! PrivateLink A 279


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
https://aws.amazon.com/vpc/
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://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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« Amazon VPC 2& E=E ME3t0{ Q=X EE MMetn Fot= WHol CHEt RtMIEH LHE=2
Amazon VPC A& HEMO| VPC AEZPIE HHS AWS CLIFESHAIR

- EMNE50{AERZQIEE HM5tD T5t= W CHE XFM|BH L& S CloudFormation AHE A

BHAMLe| AWS::EC2::VPCEndpoint 2|2~ AE CloudFormation& Z8HA 2.

Amazon VPC QIE Z QIE XRHo 2 HA|A X0

Amazon Braket0l| CHet 232 AM|AE X015t 7] £/ Amazon VPC AEZQIEN| AW S Identity and
Access Management (IAM) AIEZQIE HMZ A4 = JU&LIC ol EM2 Ot HEE XI-EE
Ct.

- HUS T-E = U RAERHALS AL, AdF)

- TEHE = AUEETY

- HUE sE = JUE 2liar

KB LI 2 Amazon VPC AFE X} 710|290 Y= ZOIE XS AF2510{ VPC A= ZOIEZ HAA
Mo{E ExtMIR.

ol X|: Braket 2404l Cigt VPC = Z QIE ZI=H

CtS oKX= Braketoll CHE IE ZQIE HA S HoELICH O HA2 A= X QIE| HAE T2 ZE
2lAAo| 2E QEMXO]| CHSH LI 3El Braket 240l CHEH HM[A FHEHES Fo{FLICH

{
"Statement": [

{
"Principal":"*",
"Effect":"Allow",
"Action":[
“braket:action-1",
“braket:action-2",
“braket:action-3"

1,

"Resource":"*"
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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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task.result()E Ao 2 5 &5 SDKII Amazon Braket £ 212 A|ZH5l04 ¥R} Q40| 2t 2
Z|RAE=X| &0lst7| AZFEFLICEH SDKE .run()0AM XHo|st Z2! oiztO|E{E At EL|Ct &XF 10|
22 E|MH SDKE S3 HZIAM ATHE ZHAMS104 QuantumTaskResult Z4&| 2 BHEHEFLICEH

# 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

Amazon Braket SDKO{| A A} &4 Fx 53
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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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LA EHUE MESH & FHLO| BREHL ES F= HAFEE 2 B2 )8 ARN(ZAH 2 ID)
O task HAE MMTAHE £+ U&LICH I CFS task.result()E MO ZE S &S0 HEHE
S3 HZI0M ZATHE 7K £ U&LICH

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()

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 Aug 31, 2023 19:11 (UTC)
85f05¢c12-c4d0-42bf-8782-b825775f057a (¥) COMPLETED arm:aws:braket::device/quantum-simulator/amazon,/dm1 Aug 31, 2023 19:11 (UTC)
1fal48a2-aaaa-4948-b7df-808513145a20 ® COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
aee8d2ad-a396-4¢11-9f13-9aa62db680b9 ® COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
dfee97af-3aae-4e57-bd64-29d6f9521937 ® COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
HMDZSE Sl &Y It AUS AME o+ UELIch M2 FXt 5] ARN(ID), &Ef, ClHtolA &
Y AZHE 7|22 e &= JU&LICH CHS oAt Zo| M 22 S MEHSHH SM0| RS2 2
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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
O 85f05¢12-c4d0-42bf-8782-b825775f057a (© COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
k=2 = =2 X SE= oie2 A Ol= (@ k=] 3e) XFO = = (o)
L_-I'I:I Olnlxl — task.id& —!EI&!QE 2= 0|'0:| IZ-IE T AA|L -T'—'rr°|_|' okxl' —||' |=-|I ID= 7|T'_‘9E oFXI'
Xtoi=2 ZHAH=|l = 2 4 =
TEE T —|°|'|_ 0‘"7('“ = _._O=|,=, |—|L_-|'

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)

LBt ote T BloM = =+ U
Ch &2 IDE 2=i6tH
Z LA EHY M 7Y !IRIE EAIELICH

Amazon Braket > QuantumTasks > 3d11c509-454d-4fe2-b3b!

X0l SR Zrd o] ¥E= QUEUED HEHOf = S ZLEIZE = UsL
x |ElLIct o] Hio|x|= M2|E Cluto|AE 7|E=

ol
A
FH
>.

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
i Sep 08, 2023 19:22 (UTC)

Shots Results Status reason
100 —
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« quantum-task 2l4&A

« BlAA O|E: AWS::Service: :Braket

« ARN ™1tAl: arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}
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aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

« BlAA0MEfTE M7HEE{H UntagResourceAPIE E Mo Z 3 &8FL|CH

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN

- S el HEE 2ZE EfOE LPstE{™ ListTagsForResourceAPIE AHMo 2 5 &E

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] "
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Amazon Brakett} &% 2&357| €3l AWS Command Line Interface (AWS CL)E & st= 4< .t
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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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{

source": [
"aws.braket"
1,
"detail-type": [
"Braket Task State Change"
]
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« shots (int): AL X7} @& e shots2| =

+ outputS3Bucket (str): AFE A7} X[ EH &2 B3]

« outputS3Directory (str): AL X7} XIS £ 7| HFAt
 createdAt (str): 1ISO-8601 EALPZE MOl LA}t £red M A7t

* endedAt (M= A [str]): ¥R 2 40| E{O|'D SEfofl =& AlZh O] E== A 20| B0l &
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https://docs.aws.amazon.com/sns/latest/dg/sns-user-notifications.html
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CHS JSON Z == Amazon Braket &AL 2 A EH 244 O|HIE | 0 M| E Eo{ELICt.

"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":"2021-10-28T0Q1:17:44.7352"
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CHS oMl LA & o ME HEE 7IM2E GetQuantumTask 2edol CHet 21 g5 Lct.

"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"

}
I
"eventTime": "2020-08-07T01:00:08Z2",
"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": {

"quantumTaskArn": "foobar"
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},

"responseElements": null,

"requestID": "20e8000c-29b8-4137-9cbc-af77d1dd12f7",
"eventID": "4a2fdb22-a73d-414a-b30f-c0797c088f7c",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

CHS2 ClHtolA O|HIE S| MR HEE BHEtstE GetDevice Zrdoi CH

"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"

}
.
"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",
"requestParameters": {

20 52 EoiELIC
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"deviceArn": "foobar"
.
"responseElements": null,
"requestID": "c614858b-4dcf-43bd-83c9-bcfof17f522e",
"eventID": "9642512a-478b-4e7b-9f34-75ba5a3408eb",
"readOnly": true,
"eventType": "AwsApiCall",
"recipientAccountId": "foobar"

Loolgst 12 23 7Y
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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')+'.txt'
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)
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Task info will be logged in: device_logs-20200803203309.txt

|

CERY
Sx oy 4

ERCLEEIRSE

# define circuit

circ_log =

I
0
ok

F

target=2).zz(1, 3, 0.15).x(4)
print(circ_log)
# define backend

device =

logger.info(

device.run(circ_log, s3_location,
poll_timeout_seconds=1200, poll_interval_seconds=0.25, logger=logger,

shots=1000)

.result().measurement_counts

)
23 1ty ol
ohe Bue o

# print logs

! cat {log_file}

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dcs:
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4:
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4:
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4:
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dcs:
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dcs:
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4:

start polling for completion

task status

task status

task status

task status

task status

task status

Circuit().rx(@, 0.15).ry(1l, 0.2).rz(2, 0.25).h(3).cnot(control=0,

AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
# define what info to log

CREATED

CREATED

QUEUED

RUNNING

RUNNING

COMPLETED
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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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