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KEENTHEHERBES, AHS RERERFHRAZRNEE K MTRBEAEFEN , fIllEE
AEBNEE, ©MERM B TLERER Hamiltonian 3E5l. T8 , ARAEL Hamiltonian 2 B
REEEEEBL , Hit AHS TEASKEE LEBABRNEERMEREMENENER.
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FAG1E bra-ket R EZE B T Braket fRTS , ERE FHEHRWEERERRZE, ©H Paul Dirac B
1939 5| A , ARERETFRFENMRRE | tHiEA Dirac XRR%.

Braket Direct

f£ A Braket Direct , B A GREH B RENTEAEFRERENSEAFIE, HE FEEEFER , U
BWITHEEHWES , URIEEFEIFH — KR8, SN AUHERNFEFEE,

Braket JE&1E

Amazon Braket EE%# A Amazon Braket JESEENINEE |, AIRHESEELINEZES
1T. Braket EEEBEE=EH :
1. EEENES |, TLMBIESTE. Python T Docker BEREHE,

2. BREXNEHHITER , LA Amazon EC2 AE#E , MTHRIEE L, FAREA ml.m5.xlarge #1T
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BEH—-S T, FSH Amazon Braket XEHNEE,

SRR AR AR

HEEMSRHTSEENRER  YHAHIBSRRUELAR. OIBFMER  FoMmSER
Bl
MEXETEY

EUREAERNEFER (QC) ¥ , tBAUERAERN QC , EESls AELREE (B
), REREERBEAN , EXRTEEAEEHIUNELRMENTRFIIRT, Gates RETE
BROEZEER  HURNERBVERNEERE,

Gateshot PR 4l

RERFRESERBENARENH (AMERERENEN ) NSEEHRNEERTR. £FHE
L, BERFTUARTS :

Gateshot limit = (Gate count per shot) * (Shot count per task)
R

EREXEME FHREMRH Hamiltonian JRE , ERBEBERAK BN RHEEE He B EEBNE
B, N-qubit Z#EE Hamiltonian BER R AEMKME FERET 2" x 2V 5, BBEETFE
B _E# T Hamiltonian #E# |, £ ARG ELEHERER,
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fRERERHE qubit WERMEERTN. CHEREMAERRETN N XEAREERBBEENE
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R, FARRBHBARNEERTBERHZE , ZEREFHREA/ESR , 7 qubit 89 |0# M |1# AYEE
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BHRESRNERE  £E-sfIBTEPEE,

Quantum E &
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B, ETEENERERMBqubitsEEERN B2 E2EBUER., Braket RHHZE ( FiB Braket FH
API) FZA# (Amazon Braket SDK Fy—EB% ) EFEREESZNFEIVE,

Quantum Ef§
ETEKEBEREE A FHETHRER , fINEBENUE K RYTEE. ETEE (QC) A
TRIMEH , FlaAFEAERHN QC,

Quantum EEE T (QPU)
QPU R—EERETEEEE K WEETFEKLHIT. QPUSTILURIEBETRA QC 4] , 45lin AR
BAERN QC, EEE—SFS T , 528 Amazon Braket TEWEE,

QPU R4EFE

QPU R4 RE R LIEZIRE | LUER QPU BHREEGRE. FERFETLE QPU £E L#
17, BEHE—-SHEE. QPU XBENREFE, BALATE Amazon Braket THEAWEEER L , U
K i%EiB Braket SDK R FIEEM FRERE,

QPU X EMFIE

QPU XENEER QPU £EEZHFE, EEXFETREEELZEELE QPU L3117 , EXRREMT
BEEELSMAREME, ELTE Amazon Braket T AWEBEE L , LU%iEIB Amazon Braket
SDK B EEZENWREE,

Quantum £

£ Braket F , EFEKRHEBENREFHER. HRUBEAERN QC £E , ETZETER

( BREAEE RN N Eshots) MEMBRPEER, EFLUEIB Amazon Braket SDK = E#1E
A CreateQuantumTaskAPIREREZIETFEHK. BUEFEK2E , ©S8HATY , EFIFERH
KEATAAL, BALIE Amazon Braket £ A Quantum EHEE L FEA GetQuantumTask
& SearchQuantumTasksAPHRERBIREHN B FES.

Qubit
EFERPNEREAENEAS qubit (EFNT ) , BUREREEPH —L, qubit SLEEE T
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K¥, EFERFEE , SEFTHNE TR
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Queue depth

Queue depth RIESHERBEEEHATINEFERFNESEKEE. ZENEFEXNESHE
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Console,

1. ERTIREREENEESSFUEEEEIEFAITHNE FEBEE,

2. BRIEFERTIRERIESFER BITHWERRXE FEKEEAmazon Braket Hybrid Jobs,
ELEREREEBRBESELNRB LIS,

= (=) 'ﬂ:‘i%'fTEIJDRJ#Ej:EI H 8 E%«zgtﬂilﬁ'ﬁu Vi (S) 13_67_]%%,@ %lo 'T’IE?E'.'HJ:b (=) 1?&5%5’] 7 Quantum
taskshﬁ&E’J BEELIERF , E PREMPriority Task Queue,
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Queue position RIEZBEEFTIFEFERRESETENENE, TTLUER 5 SEFEHR
Braket Software Development Kit (SDK)=% B & fE#Amazon Braket Management Console.
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ITMAEBARE, RBERAMENERERERFERNRR (EEHIT) HE.

AWS Amazon Braket B9 fiTSE F B4 ER
IAM B
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Bik. Bl , B LA EREFIR ANFTAE Amazon S3 EEE AWS IRF |, IR FEUSE R
fFRTER,

- REER  BTFHUR  FERKEERNZ2RA, EBEELLFRA |, BTGB L ERE
RACHELATEETERMENESHT, S, MRETAFEFDRERETE  FE
IAM BERFIEER TR  MARRTFEIFIE PRRERFITRNER AWS 1RF,

IAM B &
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WY, Amazon S3 RETFETBRIRMERNFEFZM. Amazon S3 EFEFEHRUHHNRNLERAS

TBo. BRI EMERNERER LEZE Amazon S3 HETE | K. ¥H. XFER. &

PIER, MUMEBER. BFOXH , UREW Braket E FEKER.
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BHENES | LURHE Braket E ¥ REE T (QPUs) MBEFER BN RS NARA ML, ZRERARAMLE
LLUSD 7R , FERE MBI,

(® Note

T E FA 2RI Amazon Braket RSB E FEEE T (QPV) FEAELE, BEROFEM
EATHEZNERERATHE, BAEATEFATARNIEE , mMAZTEERAER
Amazon Elastic Compute Cloud (Amazon EC2) S H iR MmE LN EH,

BASEHEM T 9


https://docs.aws.amazon.com/AmazonS3/latest/userguide/bucket-policies.html
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
https://aws.amazon.com/braket/pricing/

Amazon Braket HBEABER

SV1 Ky A& Bt

BT REMAFEAKABEMBEE , RIS EE Bell State EF |, W& SV EEELHITE. BEEA
Braket SDK &40, T2 Bell ARAE , Ii§ Tracker ) REFHIBEZRMNE

#import any required modules

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

#icreate 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})

EEYTERER , BTN Bel REEHA T @ L, ERFHNBEFENEEINTRYE, TK
MEFER. ATHERRE., STEWNTHERE , IR USD AEUNES KA, SEERHTER
B A gEB A E.

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()

Decimal('@.0037500000"')
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Amazon Braket M ABIERE
R LAE R A AE R R ERAN RS KA. HREEEEEERX LEESZYD  TREAHKAR
H. BBEEAN , BALUERARAFERRBEATEXNRPREMANZFEE, T55HE Rigetti
QPU ERAMBMNER , YAEKARSA 1 USD, ERMANEXNBFHT - REEEBHARAA 0.30
USD, BfICHBEREAEENREER  EFRAAER 1USD; Bit , EXBHERFUIT=IX,
EXT-—RRBEHEB 1USD, — M5 , EXSRERFTEH , BEREINFFENRESHUERL
EHBERATR - ZRRBER.

device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
with Tracker() as tracker:
while tracker.qgpu_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

BANEHBR T EERAMTNIE FEBRNIFERFE. ETNVERRRE , WREVERTK , B
WL R, ERERERAS ISR RERNERERT,

HEREANREER
EZRB N5 A Amazon Braket WRIEER ., HIERFE. BRERAK , WiEEE BHNES,
R EEE R B

« EQPU L#Tzhl , FEAERRBREENER  RItETUHMRASER , MAEEL QPU £
8

- BEREERR LHTERNGERTERELE QPU LHTERNERTE , B4R LA & 5 25 5K B
i 5 85 FR S A RE R R

[REIEAEFIBEERE

o IBUILIRERS  BHLEARRENEAEEREEE LT RIAEARER, REFERNERS ER2E
B AWS IAM, ME NI ITIIRIENGFER | B2 BRI FEL

BERANREER 11


https://docs.aws.amazon.com/braket/latest/developerguide/braket-manage-access.html#restrict-access

Amazon Braket HBEABER

- RMRBRETEEAEESIRFEAR THRHIMEMEFH Amazon Braket ZER F o

REREE R

o IBUTLAREREE R , EIREZERFERMBRHEFENLR, REBRNWEES EREEIB AWS Budgets,
BOLRERRE  YEAASIAETNHEEBEESERKTIRE, WEHRBRENR , F88 AWS
Budgets.,

RRHEFTHRRAETNIE TR
- EESRARAER QPUs , BEMREBTFERUSERTHIT , AIRLERSFTREREE. EBL
LUEshotrt BURIEATN1EH . Shotit BA SR E SVIM AR R AI R A,

BREMEERERERAE TR

- IRAASHBEEENN BREFER AWS B, SRERXNVFAEETEREK , FHELBERN
BESE,

AL ENEE YA EA I REEER AN BN EE,
Amazon Braket By AP| Z2ZHFE1EE

® Tip
THREEENER AWS | 53 Amazon Braket (L EEHE , AKX —RIIN BT HFRE
MBI LRESECHEBNAE,

Amazon Braket 2t APIs, SDKsMarw5IRHE , ATAREY MERELARHNTER , URIEMNE
g kich

« Amazon Braket Python SDK ( 25 )

« Amazon Braket AP| £&#

« AWS Command Line Interface
- EAK .NET B9 AWS SDK
- BARK C++ B9 AWS SDK

AP| BEHREFE 12


https://aws.amazon.com/aws-cost-management/aws-budgets/
https://aws.amazon.com/aws-cost-management/aws-budgets/
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
https://amazon-braket-sdk-python.readthedocs.io/en/latest/#
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/cli/latest/reference/braket/index.html
https://docs.aws.amazon.com/sdkfornet/v3/apidocs/items/Braket/NBraket.html
https://sdk.amazonaws.com/cpp/api/LATEST/namespace_aws_1_1_braket.html

Amazon Braket BIS A RIS
- BAR Go By AWS SDKAPI Reference

- BAR Java B AWS SDK

« JEAR JavaScript B AWS SDK

« AR PHP B9 AWS SDK

* AWS SDK for Python (Boto)

 BARM Ruby B9 AWS SDK

&t 7] LL#E Amazon Braket # 2 R %2 GitHub FEEINEBEXEEH,

« Braket {22 GitHub

B E
ATERROREENEE KT a2 AR Braket WMEH -

- Braket Python SDK - f£f Braket Python SDK fEJupyterZic A< £ LA Python X RFTEE S REER
B, BEJupyterEid Az & , LA LUIE Braket RE MR H2R L H TR

« Braket #5##K - Braket SDK B2 Braket fRI& 2 B &Y,
+ Braket FEFAE i 2S - RIPIFTE A Braket WAKE FiEES (MEQENZREERE ),

SEHERN

A&k, FEENHEXEZIBRENEARGT TEREEMN . E a2 Braket XERMIMHER , UK
B=AXENNEER , TR,

% # Amazon Braket :

« Amazon Braket EEEENE - U Python BRENTAXBREE FEEEZR &%, UEEHTEM , SE
RAEMBAREEEMEE ZNER,

+ Braket-PennylLane #\##23 - PennyLane F{E Braket L&Y QML 2248,

=7 (Braket BIRXEE#ZE=MERE )

+ Qiskit-Braket 121t#& - £ H Qiskit SDK ZEX Braket &R,
» Braket-Julia SDK - (EXPERIMENTAL) Braket SDK By Julia R4 fix 4

‘M7 B 13


https://docs.aws.amazon.com/sdk-for-go/api/service/braket/
https://docs.aws.amazon.com/AWSJavaSDK/latest/javadoc/com/amazonaws/services/braket/package-summary.html
https://docs.aws.amazon.com/AWSJavaScriptSDK/latest/AWS/Braket.html
https://docs.aws.amazon.com/aws-sdk-php/v3/api/class-Aws.Braket.BraketClient.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://docs.aws.amazon.com/sdk-for-ruby/v3/api/Aws/Braket.html
https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-schemas-python
https://github.com/aws/amazon-braket-default-simulator-python
https://github.com/aws-samples/amazon-braket-algorithm-library
https://github.com/aws/amazon-braket-pennylane-plugin-python
https://github.com/qiskit-community/qiskit-braket-provider
https://github.com/awslabs/Braket.jl

Amazon Braket HBEABER

Amazon Braket X EH EIHMNEE

® Tip
THREFEENER AWS | 53t Amazon Braket B{u{tZ2E:1E , E2R—RINETRE
MBI ERESECNEBNEE,

£ Amazon Braket 1 , ZE R RS AT LAFILLAHITE FEKH QPU SEEES. Amazon Braket AJ 3
&4 lonQ. QuEra, IQM# ZH QPU #ERigetti, =EREEEEST. = EAREERSS K UK —EBR
WIEHEESS, WAFTEHE | B LU Amazon Braket T ANEERSER L iEB GetDevice API
KREHMEEEY  fINEERE. REERMEEREE, FHEERSISZRERE , Amazon Braket
BRI EREEREENEMTHEKS], MREFEHK R Amazon Braket SDK , BRI I FIEEBH |
mR B EE TR

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

device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/svl')
#SV1

# device = LocalSimulator()

#lLocal State Vector Simulator

# device = LocalSimulator("default")

#lLocal State Vector Simulator

# device = LocalSimulator(backend="default")

#lLocal State Vector Simulator

# device = LocalSimulator(backend="braket_sv")

#lLocal State Vector Simulator

# device = LocalSimulator(backend="braket_dm")

#lLocal Density Matrix Simulator
# device = LocalSimulator(backend="braket_ahs")

#lLocal Analog Hamiltonian Simulation
# device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/tnl")
#TN1
# device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/dml')
#DM1
# device = AwsDevice('arn:aws:braket:us-east-1::device/qgpu/iong/Aria-1")
#IonQ Aria-1
# device = AwsDevice('arn:aws:braket:us-east-1::device/qgpu/iong/Aria-2")
#IonQ Aria-2

ZENEHMEE 14
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Amazon Braket HBEABER

# device = AwsDevice('arn:aws:braket:us-east-1::device/gpu/iong/Forte-1")

#IonQ Forte-1

# device = AwsDevice('arn:aws:braket:us-east-1::device/qgpu/iong/Forte-Enterprise-1")
#IonQ Forte-Enterprise-1

# device = AwsDevice('arn:aws:braket:eu-north-1::device/qpu/iqm/Garnet')

#IQM Garnet

# 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

TENEFEEMHERS
+ lonQ
el

* QuEra Computing

* Rigetti

X ENRER

o REGRRED EEEEES (braket_sv) ( TTEERIEERT ) )
o ZFHREEMEERIR (braket_dm)

o R# AHS HEHEES

- JREEM EEHEER (SV1)

- BEEEERR (DM1)

» Tensor A EEER (TN1)

» PennylLane WEIEEHES

RENETEBZRRENRER
- LEBUE SRS

ZENEHMEE 15



Amazon Braket

FMBABER

Amazon Braket # &

e

lonQ

lonQ

lonQ

lonQ

QM

QuEra

Rigetti

AWS

AWS

RERHW

Aria-1

Aria-2

Forte-1

Forte-Enterprise-1

Garnet

Aquila

Ankaa-3

braket_sv

braket_dm

L Ea

LARIE &
E#m

LARE &
E#m

L&A
HEW

L&A
HEW

L&A
HEW

HHER
R AR B

LRER
ERm

LRER
ERm

LARE A
E#m

Type

QPU

QPU

QPU

QPU

QPU

QPU

QPU

AR B
i

AR B
i

#E ARN

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

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

arn : aws : braket :
us-east-1 : : device/
gpu/ionqg/Forte-1

arn : aws : braket :
us-east-1 : : device/
gpu/ionqg/Forte-Enterp
rise-1

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

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

arn : aws : braket :
us-west-1 : : device/
gpu/rigetti/Ankaa-3

N/A (Raket SDK H#Y
AR EEER )

N/A (Raket SDK H#
RHEERESR )

[ 15

us-east-1

us-east-1

us-east-1

us-east-1

eu-north-
1

us-east-1

us-west-1

N/A

N/A

ZENEHMEE



Amazon Braket

FMBABER

HIERS REZHE
AWS SV1
AWS DM1
AWS TN1

£ EMIF 8 Amazon Braket 2B FQPUs I HLEEAE

Amazon Braket [& 15 i 24

g

LARIE &
E#m

LARIE &
E#m

L&A
HEW

Amazon Braket ATARLLTIER AWS [E1T :

Amazon Braket B [E35 7] Fi M

B8 &8

XEIRER (HEH Bt
F)

i

&II{

Braket i 2§

braket.us-east-1.a
mazonaws.com ( &

PR IPv4)

#E ARN

arn:aws:b

raket : : device/quan
tum-simulator/amaz
on/sv1

arm:aws:b

raket : : device/quan
tum-simulator/amaz
on/dm1

arn:aws:b

raket : : device/quan
tum-simulator/amaz
on/tn1

[ 15

us-east-1
. us-
west-

1. us-
west
-2, eu-
west-2

us-east-1
. us-
west-

1. us-
west
-2, eu-
west-2

us-east-1
. us-
west-2
# eu-
west-2

%52 Amazon Braket TEEE IRt &,

QPUsHItE # 25

lonQ., QuEra, SV1,
DM1, TN1

[68 350 B2 b


https://aws.amazon.com/braket/quantum-computers/

Amazon Braket

FMBABER

Ep =Ry

XEIFER (h0F HhjE R
Bl A1)

XEFEEH2 (RY
)

BUMAEER 1 5% ( HifE
HHE )

BUMAAEE 2 ("3 )

5 35

us-west-1

us-west-2

eu-north-1

eu-west-2

Braket i 25

braket.us-east-1.a

pi.aws ( EHE

braket.us-west-1.a
mazonaws.com ( &
R IPv4)

braket.us-west-1.a

piaws ( &)

braket.us-west-2.a
mazonaws.com ( {&
PR IPv4)

braket.us-west-2.a

pi.aws ( EHE )

braket.eu-north-1.
amazonaws.com ( &
PR IPv4)

braket.eu-north-1.
api.aws ( iR )

braket.eu-west-2.a
mazonaws.com ( &
PR IPv4)

braket.eu-west-2.a

pi.aws ( EHBE

QPUsHME#E 27

Rigetti, SV1, DM1

SV1, DM1, TN1

QM

SV1, DM1, TN1

O LA EZEEEEMN Amazon Braket A RKFE QPU £ E L #H1TH Quantum E#., IR

BERANE Amazon Braket SDK |,

40 S0 4R

7as A B

B, SODKEHBAEEN QPU B EEHA TIEREK,

EMERSTHE , MUUEEFEBRXEMEM QPU %

(68 2 R B



Amazon Braket HBEABER

® Note
Amazon Braket SDK B 817 X #1Pv6-only# #85

WFE AWS MfAER REMIRHN —REF , FS2HE (AWS —iRBE) HHWAWS BRI iwFo

(68 2 R B 19


https://docs.aws.amazon.com/general/latest/gr/rande.html

Amazon Braket HBEABER

Amazon Braket A F§

® Tip
THEEENER AWS | 53 Amazon Braket B{uZ2E 8| , K —RINWEZRREM
B RESBECHENEE,

BIERLA Amazon Braket FIVIE Rz % |, B 0] AR A Amazon Braket,

AP RIIE -

- B Amazon Braket

« E3I Amazon Braket £ A HITEE

« £/ I Braket EFRA#1T{E# AWS CloudFormation

EXFH Amazon Braket

® Tip
THEEERNER AWS | 53 Amazon Braket B{uZ2E 8| , K —RINEBZRREM
B RESBECHENEE,

O LAUBIBAWS F 2 A TEWRF AR XA Amazon Braket,

EAREH -
. FORIGH

+ BXA Amazon Braket #J5 B¢

FoRIREF

= ERAM#AT Amazon Braket , X% E#HE BB E Amazon Braket EIEFF ATV E A E N
Af, ELHFTE ST AmazonBraketFullAccess IAM BUR (arn : aws : iam : : aws : policy/
AmazonBraketFullAccess) H,

BtF Amazon Braket 20


https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
https://console.aws.amazon.com/

Amazon Braket HBEABER

(@ Note
MREBEREES
EERFHMERE Amazon Braket I ZEUE | 55E1# AmazonBraketFullAccess BUR 2R 2 #2
CEMNWBFTBER , UWRFHERAEFT, EEE—L 7TH#HEH Amazon Braket FTEMNRFR |, 5
SREEY Amazon Braket F91ZHL

FFH Amazon Braket B9 5B

1. EAER B A Amazon Braket =32 & AWS tRE .
2. BBk Amazon Braket F# 5,

3. ¢ Braket ®EHME , R—THAEAUBERBERRER. BREERRBIRYRZERSSIEETK
LT=ELER :

a. BEYRBERZEAE (SLR)
b. MAHE=HE FEKKNFE
c. B Jupyter ERAHTIEE

EEMRAE=FETHEE A LEEZREELAC AWSHELRE Y BERERMERNEERGE. &Kif
R R RHE N Amazon Braket T2 & 2 AT MR EBEEHK —REKR5|ER,

(® Note
THREMAE=FH Quantum £ E |, 0 Braket A iSRS R ETEHSS | T UERBER
RAE=ZREEHZNERTER.
MRBREBEME=HEE  EIELEFRUBAE=ZFXENER , ASERFREETHK —

N
Ao

3 Amazon Braket ZE 50 A< H 1T {HEE

® Tip
THREFEENER AWS | 53t Amazon Braket B{u{t Z2E:1E , AR —RINETRE
MBI ERESECNEBNEE,

XA Amazon Braket 5 BB 21


https://console.aws.amazon.com/braket/
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path

Amazon Braket HBEABER

Amazon Braket 121t £ 2 & Jupyter EioA& |, BB EM . Amazon Braket EE AT EE 2 LA
Amazon SageMaker Al ZEAFHTERAERE, THTRBRNAANFEFMNREETFEILMNER
REITEER,

Amazon Braket $1&F :

1. BBk Amazon Braket X# 4 , WEBZTAAIERPTNERIRET,

2. EERIREEAPONED A Amazon Braket #8588 EiR— T A, BUEEAEBURILTERA
Jupyter £,

a. B ERAARERLDENRRE.

b. BN ELAKIEELARERL , MER/FE.

c. BN EXRAHTREEAHREAR  MESEESR InService.
d. EXTRE RH BN ELANENMRE,

B K Amazon Braket BF :

1. BB Amazon Braket £#2 5 , AR EMEZAIE R PRI FELA,
2. BB ELAHITHEE
a. MREBEZ[ELAE , FRIVEERERE Y FERH Jupyter EFEA,
. MAERAHTERER  EFARBFANEFRF T , ARENERIFHRELERES,
4. BARERELEANELLAFAEEES,

a. MRMA A FHEEREFLFAZHENAMENRERERED. ERECLR  EFEASFLE
£ EREFERSEE.

b. EEREELAHTEBRAHBEERRE , FEEZMDY , #E Braket R5|EH , ARIEE
Inactivity Manager & 5| Z %,

Hll-

® Note
EEREIE , 48 SageMaker Al ERXRAHTEBE Gt FFEEE. E , BENITHE
¥4 /Braket Algorithms# /Braket Examples BRIR , FHA K EILAHITEE
EFNREFER.

5. (BR ) EBERRE , BUNEYEREIT. HUERENRERFIRRENELAE
a. HERAERES  BELNIATERERE,

#3I Amazon Braket 250 AN #1 1T EEE

22


https://docs.aws.amazon.com/sagemaker/latest/dg/nbi.html
https://console.aws.amazon.com/braket/home
https://console.aws.amazon.com/braket/home
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi-git-repo.html

Amazon Braket HBEABER

i. ERSREFEAAUNZNEESTERERE mit3.medium, EEH -5 THRATEEEE ,
#82 @ Amazon SageMaker Al E{&.

b. EEHM 1A Github EFERELENECANTERELER , FR—T Gt BFEETHNNBE , R
BEEFBFETAXRERPRIE URL ERAE Git MEE. £ Git fFE URL XF5IHR@A
AFEN URL,

c. EEEEFT G | REMMZAN IAM A&, BEERMMELE,
d. ERBEFEIF , 3R EJupyter Notebook# 1T EIEE K B 5T HERE MIZELER E o
6. MEZHWERE , YR EFMEBRBINECHERAZTER. E—THE.

® Note

£ Amazon Braket 1 Amazon SageMaker Al 2 & PR M EE Amazon Braket EFEAH,
171888, Hfth Amazon Braket EFEAERE AiEIB SageMaker £2 & BUE.

WM RETE Amazon Braket SDK By Amazon Braket &R T AWS , BABERNEEERALEL
WERLAD, EEELBCHE LHT , BEHIT ®Spip install amazon-braket-sdk=iH#
1T PennyLane #\ %2 pip install amazon-braket-pennylane-pluginfy ST REZ % SDK
MAaEER,

£ ##37 Braket 22 A #H1T{E# AWS CloudFormation

® Tip
THEFEZERNER AWS | 53 Amazon Braket H{IZ2 B8 , ETK—RINEBBZRERN
NV HRESECNENEE,

& T LAME A AWS CloudFormation 3RE ¥ Amazon Braket £52AN#1TEEE, Braket EXRAHTEER
LA Amazon SageMaker Al BE®E, FH CloudFormation , & 7] LA A #2 8 HA AR A8 #Y S8 A48 SR 2k 4

BETAHTER. SEAERERL JSON H YAML HRNBE, BUUUEFATEENARNEN, &
AR TER., BEEE PEEZE Braket ELABTERE , EUKESRRE—RREH AWS

MRS

( P& ) f# /A CloudFormation 237 Braket 2534 23


https://aws.amazon.com/sagemaker/pricing/
https://console.aws.amazon.com/sagemaker/
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path

Amazon Braket HBEABER

5 Braket 5242 CloudFormation &4# , &R LLfEH AWS CloudFormation R EBE R, WME
FHMER |, B2E ( AWS CloudFormation £ &¥Er) AABIE AWS CloudFormation £ & £
B,

£ E A CloudFormation #137 Braket ZEEEAHTEE K FHTE=ZBLSE :

1. 31 SageMaker Al £ @B HHREIE TS,
2. ¥ 31  SageMaker Al #&{EH AWS Identity and Access Management (IAM) &€&,
3. 5 FEE I SageMaker Al £5EA#1T{EE amazon-braket-

B A BB R WFTE Braket ERRAZEEFEA A mBRER, BHEAUAZERERBHTHITN
Braket EREAE®REM IAM A,

AR :

« B 1 : B SageMaker Al £ BHRERE ST

« B8 2 : #31 Amazon SageMaker Al EEH IAM £

« B3 BIFEAS W SageMaker Al FEEAH1TEE amazon-braket-

BB 1 B3 SageMaker Al £fiBEAREIE S

EATHIEAEI SageMaker Al £ imiEAHAERRIES . ESUEE BET Braket #9 SageMaker Al Z:2
AEITER, WFEEWBER CloudFormation ERHMEREEE , 528 ( AWS CloudFormation £ &
ER) H#9 AWS::SageMaker::NotebooklInstanceLifecycleConfigo

BraketNotebookInstancelLifecycleConfig:
Type: "AWS::SageMaker: :NotebookInstancelLifecycleConfig"
Properties:
NotebookInstanceLifecycleConfigName: BraketLifecycleConfig-${AWS: :StackName}
OnStart:
- Content:
Fn::Baseb4: |
#!/usr/bin/env bash
sudo -u ec2-user -i #EOS
curl -o braket-notebook-lcc.zip https://d3ded4lzbllnme.cloudfront.net/
notebook/braket-notebook-1lcc.zip
unzip braket-notebook-lcc.zip
./install.sh
EOS
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exit 0

B 2 : B3I Amazon SageMaker Al #E1EH) IAM A

B8 A Braket EREAHITERAF , SageMaker Al SRKREHITRE., fl0 , BERECERAZIENE
&7 Braket LT 1B4E,

B W ERR T Braket EfoA&R, EEFLARHITER S , SageMaker Al B H&

FLAHITABEESR LT SageMaker Al KREHMITHIRE T IRIE, MFFMEF , 528 (Amazon

SageMaker Al FiZ% A E35F) HHY SageMaker Al &, Amazon SageMaker

ER T3 EHR EBFRFT AR Braket FRRAHITAB, EAURBENTRBEABEK.

(@ Note
REEABEEEFEA B Amazon S3 fEFATR L s3:ListBucket® s3:GetObject#
e FFATbraketnotebookcdk-", £ MiEAHERIECIHE ZIELFT IS REEH Braket £

RERETHR.

ExecutionRole:
Type: "AWS::IAM::Role"
Properties:
RoleName:
AssumeRolePolicyDocument:
Version: "2012-10-17"
Statement:

1Sub AmazonBraketNotebookRole-${AWS: :StackName}

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"

25
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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: "*"

SEB 3 BIAFTHEA B SageMaker Al EZZAH 17{E8 amazon-braket-

£/ SageMaker Al £ EHERTHENSE 1 MLR 2 PRI IAM BEREIL SageMaker Al Z
RAHITER, ELAHTERI Y Braket BETHY , AT LAEIRB Amazon Braket T2 A FR., WF%E
It CloudFormation EREREZIEMNFFMHER , 528 ( AWS CloudFormation fEAE1ERM) FH
AWS::SageMaker::NotebooklInstance.

BraketNotebook:

Type: AWS::SageMaker: :NotebookInstance

Properties:
InstanceType: ml.t3.medium
NotebookInstanceName: !Sub amazon-braket-notebook-${AWS: :StackName}
RoleArn: !GetAtt ExecutionRole.Arn
VolumeSizeInGB: 30
LifecycleConfigName: !GetAtt

BraketNotebookInstanceLifecycleConfig.NotebookInstanceLifecycleConfigName

S$E 3 BUFEAS K SageMaker Al EEEAH{T{EEE amazon-braket- 26


https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-sagemaker-notebookinstance.html

Amazon Braket

FMBABER

£ Amazon Braket BB E 717

Braket 2t £ Z & Jupyter ERRARE , BERRRMBFEM, Braket ERCATALLE TEHHIEE L.

ERNMEBAETE | A% Amazon Braket SDK, £ Amazon Braket SDK , &AL I RBE F&EE

&, RRBEBLEETENS ETHE?-Eaﬂ%ﬂl*;ﬁ%%tEJEEWI#MTJC‘L‘%E%L&

FEAREF

BEEENE—ESH

MISERES

Amazon Braket B &E#EAM

{FF OpenQASM 3.0 HITEHNER

. REERINEE
» Amazon Braket _t B9 A &% 4l
- BHERHEEER

£/ AWS Boto3

EEERE—EER

RBEBELANITERR  FEEFEREIUMNERLE , URZE Jupyter ST E BT EEE

Notebooks (1) ‘ c H Actions ¥ ‘ Create notebook instance

‘ Q, Search ‘ 1 matches

Name : amazon-braket ‘ » ‘ ‘ Clear filters

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 EEAHTEE STE L HE Amazon Braket SDK R EFrE MMM, %

Fconda_braket® /UM FHIERL AR,

i3

BEENE—EER

27



Amazon Braket HBEABER

[Z Launcher +

|E| Notebook

=t AS R
=1 o p
H-{ @ \' =

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

BRI ARERERN "B, R L B 6. B, BEEM Bel IREMNER , AREFENEEL
VITRERUNEBER.

B %E A Amazon Braket SDK ##8 , 3t EHEGER Bell ARFEEE,

import boto3

from braket.aws import AwsDevice

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

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

LA ERAL G TRELER

print(bell)

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

RIS R LT ENER

BE A EREEEHPHTERMNE FEE, Amazon Braket SDK BEMf AR #EEE , AR IRERERET
MAH. RMARBREARERFRARBPNER , &2 WE 25 @ qubits ( BURRNER AR ) .

AT R A/ 17 B BE (L AN M AR SR BRIV 7505

# Instantiate the local simulator
local_sim = LocalSimulator()

WHITEHR :

# Run the circuit

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

print(counts)

BRZERINELLERNER

Counter({'11': 503, 'Q0Q': 497})

LEBNEERRARERAERN 004 M 114 B0, MAZSSBRRANEE ( &ZSshoti#aA ) 25
00 M 1M1 ERRERR , MEH.

EREEERR LT RN ER

Amazon Braket tLiZ2FET. SNeEEE R WFEHE  SVILBITEANER, SVI 2—EREEMNR
REOEEES K AHEERZ 34 @ NEFERKqubits, EBRAILESVIZENEEERM AWS £ A
RIREIERE WEMAERA, £ SV1 (M TNIEEA QPU) LHITETFERN , EFTEBNERESFENRE
CIRERM S3 REEEBY. MRZEKRIEEMFETE , Al Braket SDK amazon-braket-{region}-
{accountID}EALENFERMTIrR. EEE—SFTH , FSREEY Amazon Braket B FEL
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® Note

EELRERNEEMRETERERE , HP T &EFIFE Ramazon-braket-s3-demo-bucket®
TR EETEBA®. Amazon Braket WEFETEZE—2LL BA%E |, amazon-braket-#&H#E

ERFENEMERBFET, MREEEMMRTE S3 RFITEMET , 5528 Amazon S3 A
.

# 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)

BRAE LHITERSV1 , ELERHERE run() FRIFEEMAMESI B S3 AEFEFEBUE

# 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)

Amazon Braket TR A RRMEBETIKNE—FERA. EEEZFEAFM Quantum EKERSIER ,
BHETEIREZMNABE K, HE , BUUFEAK -—WEFEXE D AHEMRGERESEFEE,

(® Note

90 X% , Amazon Braket & H BB IREE T ERHEBN TR E 7 IDs MEMPEE
*40 ﬂu%#fﬁfﬂﬁﬁﬂ y nﬁ/ ﬁﬁﬂ{%&lo

£ QPU E#1T
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£/ Amazon Braket , ERFEE—TREAR , W EEREFEM AT ENE FEIRE

fl. Amazon Braket ] ZFEZ&HE lonQ. QuEra, IQMF FEIQPU# BRigetti, BRAIUNEZENEER
B, URKERSIERBTH AWS TR AP RITEAREN T AERRHNMEEENR. T5I8E6 R MM
BITERILIQUEE.

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

HE , BEEFUHEXBoNQHEE

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

BNEREZR  EHTIHEERZE  BUNERATIHIRAREARETIIRE , NYEE T
BRESEBNEE, A, FFTUE WEERE L RAKERENTFIREAmazon Braket

Management Console,

# Print your queue depth

print(device.queue_depth().quantum_tasks)

# Returns the number of quantum tasks queued on the device

# {<QueueType.NORMAL: 'Normal'>: '@', <QueueType.PRIORITY: 'Priority'>: '0'}

print(device.queue_depth().jobs)
# Returns the number of hybrid jobs queued on the device
# '2

EIRBITEKE | Amazon Braket SDK Ef#ER (FERRIFAS K ) . BALMEH .tun()HT
B poll_timeout_seconds SEREEFWTERE , MUTEHFIFATR, BIFE , MRENBWERE X
', BITREEEERAREANERER | FIUE QPU &L H BEE ARG IEE, S LUEIBF
W task.result()HEREFARB®WA,

# 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)

B, ERRENETFEIRIREEE 2R , BYLUFEM queue_position() HEBIRREEZN T
=1

print(task.queue_position().queue_position)
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FMBABER

# Return the number of quantum tasks queued ahead of you

# '2'

BELNFE—RBEFRERER

Amazon Braket BB AR ER L Python BENFALEEE THE LB #%.

RERMTELREL

HEATCPHMAEREETEMEELNER, B LK Braket TRAFEEELENE, NEHAEE
# , 552 Braket Github SEE EZRE R E,

Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Braket i AR H

X

~v-'-|

-
//\

Amazon Braket » Algorithm library

Algorithm library

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

Algorithms (11)

Open notebook ¥

Q Filter algorithms

Q GitHub [4

The Bernstein-Vazirani algorithm is the first quantum algorithm that solves a problem
more efficiently than the best known classical algorithm. It was designed to create an
oracle separation between BQP and BPP.

o D

Berstein Vazirani algorithm

€) GitHub [

Grover's algorithm is arguably one of the canonical quantum algorithms that kick-
started the field of quantum computing. In the future, it could possibly serve as a
hallmark application of quantum computing. Grover's algorithm allows us to find a
particular register in an unordered database with N entries in just O(sqrt(N)) steps,
compared to the best classical algorithm taking on average N/2 steps, thereby providing
a quadratic speedup. For large databases (with a large number of entries, N), a quadratic

rrandiin ram mraiidn & cianifeant adambana Enr o dababaca ks ann milline andeias

Grover's algorithm

EEDANARER KT Braket BEERRE,
£ SDK HEEE

FHRUERER. RRTARE. TRERNRASEREIEFENEM,

) GitHub [1

©One of the first quantum algorithm’s developed by pioneers David Deutsch and Richard
Jozsa. This algorithm showcases an efficient quantum solution to a problem that cannot
be solved classically but instead can be solved using a quantum device.

AEPEN Texthook

Deutsch-Jozsa algorithm

) GitHub [1

The Quantum Approximate Optimization Algorithm (QADA) belongs to the class of
hybrid quantum algerithms (leveraging both classical as well as quantum cempute), that
are widely believed to be the working horse for the current NISQ (noisy intermediate-
scale quantum) era. In this NISQ era QAOA is also an emerging approach for
benchmarking quantum devices and is a prime candidate for demonstrating a practical
quantum speed-up on near-term NISQ device.

Quantum Approximate Optimization Algorithm

ERAERESETAEEENRA. EE GitHub ERUEFTEEEE EZNF
B, NRERRMECAURRIEL T EMETAREENER R, MRCREFFLIEE , L8

BEIE RHAqubits, ETREFRTERBERITENER , UREAMARRRZEMASE

& A LAGE A Braket FRVIRE B , REEAHE QPUs WRERE, MNF

Amazon Braket - By BR &z,

EAREAF :

- FEME

SR AER | B2E

BELNWFE —BETEEE

CEESEBENAF


https://github.com/aws-samples/amazon-braket-algorithm-library
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. BHNE
o FB)qubitfl B
- BFimeE

- MFER

FEME

Quantum BB M E T Amazon Braket Python SDK B braket.circuits¥ERIHEZ. # SDK,
B LUEIR I R ATEBCFNERWHCircuit(),

g6 EHRER

g5 — R E EZ U E qubits ( B q0. q2. ql# q3) WEHIER K EhaSE%E, BE— qubit
Hadamard &M ™M 1E qubit CNOT FiE, B LUEBMHW printBEEREZ(LLER , TSI 5
Fi7Ro

# 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 #
Ht#H#H

q0 : ## H #######HHRSEHHY
Ht#H#H #
HHHHEH #

ql : ## H ####4d4#d4ud#44
HHHHEH # #

HEHHS #HHSH #
q2 : ## H ### X ######44
HEHHS #HHHH #

HHHHEH HHHHEH
q3 : ## H #u##ad#aad X ##
HHHHEH HHHHEH
T :# 0 # 1 #

gfl . ERSBBILE
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EgEflh  HMASeER—EEFRENER  SLEFERERTRASEH. AMTUEEELSENE
REBMFMVER  NERXERK , ARELE LBAEFEBHNIT.

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)

BU RS BILERBM NS BILER  TERREME— float (FMATRASBEEANE ) =
BREFsSIH , EEBESBNERER , TR,

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

FEE , my_circuit REW , AEAAFERACREITERBILCTZEFEESHENTER,
A  BRERFHREE

TrHEfEEEEFERAEFNERIENEZHAENER, BULUFEAESEESRELFTHEE , flnz
TRy &

from braket.circuits import Circuit

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

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

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

print(my_circuit)

FIEE KR E BARMIERERS.
g6 . EEMATUANEE
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T 5| &5 @ R aN{A £ Amazon Braket P EEFFE A AN EE,

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)

HREXBNE LS HAERE,

['CCNot', 'CNot', 'CPhaseShift', 'CPhaseShift@@', 'CPhaseShift@l', 'CPhaseShiftl0',
'CSwap', 'Cv', 'Ccy', 'CzZ', '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', 'XYy', 'Y', 'yy', 'z', 'z2z2']

EAELREER T LUEBFEWZERERN HEMMEIER, i, @€/ circ.h(0) , #
Hadamard f8E#718 2% — 1@ qubit,

(® Note
FMESHMIEENME  RENHBHSHE L —EHH DI HNREREREEMHENER,

circ = Circuit()

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

# cnot gate

circ.cnot(@, 1)

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

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

circ.cphaseshiftoo(o, 1, 0.15)

# controlled-phase gate that phases the |01> state, cphaseshift@1(phi)
diag([1,exp(lj*phi),1,1])

circ.cphaseshift@1(@, 1, 0.15)

# controlled-phase gate that phases the |10> state, cphaseshiftl1l@(phi)
diag([1,1,exp(1j*phi),1])

circ.cphaseshiftl0(@, 1, 0.15)

# controlled swap gate

circ.cswap(Q, 1, 2)
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# 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

circ.z([1, 21)

# S gate applied to q@, ql, g2

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

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

# T gate applied to g@, ql

circ.t([0, 11)

# conjugate transpose of T gate applied to q@, ql
circ.ti([@, 1])

# square root of not gate applied to q@, ql, g2
circ.v([0, 1, 2])

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

# exp(-iXX theta/2)
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circ.xx(@, 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(@, 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)

RTELEERNEESEZN , FUTUSERERNE—HEEAZER, ELATURE— qubit EiE
( MTHREBBAFR ) REMAZ targets 2B qubitsFTER K% qubit BB,

import numpy as np

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

gl BRERE

B LB RKBEREEMNER, Instruction REFES , HREEFHE LFITHEFEK.
InstructionEE FGatelEA S ERNYH,

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

# Instructions can be copied

new_instr = instr.copy()

# Appoint the instruction to target

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

new_instr = instr.copy(target_mapping={0: 5, 1: 63})

g6 mRsAREXENRE

B HEERZIE Braket SDK VAT EAIE |, B QPU REX BRI TR, BAUEEEBMEPHRIRE
XENFEE, LTER lonQ RER A

# Import the device module
from braket.aws import AwsDevice

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

# Get device name

device_name = device.name

# Show supportedQuantumOperations (supported gates for a device)

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

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

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

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

xx', 'yy',

zz']

TENFEETRREERSARERE  TREEETER 31T, EERRIERE , Amazon Braket &
HEHITIRE,

€5 UERBH S REREE T EN RN EEE

&R LAE Braket TR ANKERR LMBEEEEAN. AF , UBART A X FERHERNERASRE
B, THRABRELNAE QPU E’Jﬁﬂqubltﬁ-ﬁ ExEHENmEREEREE.
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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")

# 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[@].fidelity

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

15 P 0 0 R 2 RRI 2 {8 B RY qubit 5L — B2 AY qubit , M AR A EBE FERFNAA qubit,

S

PERREN P RIRFESHMNERAFEAERINE , F2EEFNIQM KB N EETIK,

g4l : AE qubit W FE

T AR B AEZEIR R E Bell ARREZIRFH qubit 0 RREEE D R E.

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 0
circuit = Circuit().h(@).cnot(@, 1).measure(0)

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

# Get the results
result = task.result()
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# Print the circuit and measured qubits
print(circuit)

print()

print('"Measured qubits:

, result.measured_qubits)

FBqubitil &

EAR TEFEM L BTE FERKRIgetti , B LUREMSE A F EBqubitBil B RZHlqubits AATEE
M o Amazon Braket 32 & 1 Amazon Braket SDK A/ Bi S EFMEE FIREE T (QPVU) £EMN &
MIRIEER , MEAqubitsBEREERERIEEHR.

FEqubitil B ATRIEUE SAVERMEINTER , YREMEBIqubitBE. FRASMERERESRIR
RHNEEREERRFENMEERRGT , WTIEEERNER,

T 5 &4 R E I falqubitsBAREEL &

# 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)

INEFHMER , F52E GitHub £A Amazon Braket &35 , SiEE E B SR EAK : £ QPU £E
EBE Qubit,

B F i
ELALMERERNETEM TNTETERN  LTMETFEERTSRRERNTER , M
o

SETEMER, FRARFRE  BUUEEREHREZREEE , RERZEBEID (RigettiE X
B)., RBREBEENZNERERBABENEREZR , EUNEERREELERE LHTHRE
NEREE, ZFREFIRCEMABERELIR  EREFFEEFREF  KMBRENERTERRER
FT#IT.
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https://console.aws.amazon.com/braket/home
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Allocating_Qubits_on_QPU_Devices.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Allocating_Qubits_on_QPU_Devices.ipynb
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Rigetti, M IQM REBRIXEZFm=onQ , EEECRARLEME, FARFHRER , ERERER
BRVFREE , DI REEZEN EFURE | qubits AR EIREMAER EXENRERE, T 5858 R
AUBRART AN EFREEXENRERERE.

device.properties.paradigm.nativeGateSet

HA Rigetti , 4BEIBERE disableQubitRewiring=TrueEdZE =R =4 & £ F 2R EARAqubItE L
R MRERBEBHFERAEZFZHHREERE disableQubitRewiring=False , BIZEFERBI S ALK
BRg#T,

MRABRMAZRFRZE , LEFTIEECH QPU L#1T , IGELER , BHAXENRESHER
KB REEZETHRRFAXERESREY , LYERKRERAESELRKE, £ATIHIEARESR
B, XEZFiRENEEGHEMATENEE.

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

ERZEFR=LZEHENENER. BRIBREE Amazon Braket EEEHE LIEEN BRI ER |, 7£ Braket
QPU RB, FXRFHTERVNEFILERLATHETER  SHEQRVNER, NEFMER
S beses TR TR EE¥ N

@ Note

MREFEA OpenQASM BlonQEEBAEZR , MALFLEKERBEERHFEE
B8 qubit , BIEEMHA |, #pragma braket verbatimE A OpenQASM T 72
BdisableQubitRewiring#&:it,

FERAAR Bt
EERTERCAMMARES  ATUBERE  OTAR.

# Import the device module
from braket.aws import AwsDevice

device = LocalSimulator(backend="braket_dm")
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https://aws.amazon.com/braket/pricing/
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Verbatim_Compilation.ipynb
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BRLIEBMEL N EZEMAER !

1. T L RERAE
2. RARENMUABE | L3k B,

T EHEREREREBLMANBETIRMN BT Kraus S8R5 %,

import scipy.stats
import numpy as np

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

# Create an arbitrary 2-qubit Kraus channel

EQ = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.8)
El = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.2)
K = [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(@, 2).x(1).z(2)

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

BITERNEAERRECIMEE , T IMmERE R
g1 1

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

=%
g5 2

1£ SDK HEBER 42



Amazon Braket HBEABER

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

MEEZEH| , 52 H Braket FEFAE R 5 T E 5
BEEH

Amazon Braket FfY Quantum EREEREA HNERKE B SMoments, B qubit #H 7] LR =E
Y E —fiEMoment, Moments WEHWREERAEREERZ AW IRHEREER,

® Note
RZEE A SHEEE QPU ETRERENREE,

BROREIANZERPORABE. STURRTY 550 BHRECircuit. depth , T3
PR

from braket.circuits import Circuit

# Define a circuit with parametrized gates

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

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

T @ # 0 # 1 # 2 #
HAHBHHAHHSHH HH#tHHH
q0 : ## Rx(0Q.15) ########H#HHHHHHE X #4
HAHBHHAHHSHH # HH#tHHH

HAHBHHAHHRHH # HAHBHHAHHRHH
ql : ## Ry(0.20) ######### Z7Z2(0.15) ########
HAHBHHAHHRHH # HAHBHHAHHRHH

HH#tHHH #
q2 : HESHHEHHHEREHES X HHHERSHERSHARSH AR HEY
HH#tHHH #
HAHBHHAHHRHH
Q3 : HESHHHHAHESSH SRS 72(0.15) #AHH#SHS
HAHBHHAHHRHH
T : # 0 # 1 # 2 #

Total circuit depth: 3

EBRNBERRES 3 (BERARZ 0. 1M 2), BRURESERZNEER
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Amazon Braket HBEABER

Moments BNEB A REIRMEHR K FH,

- @ % MomentsKey() , ERIEEHREFRE MqubitEA.
- EEM WEAERInstructions()o

moments = circ.moments

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': ©.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)

BT LUEIB AR E 8 EEKMoments,

from braket.circuits import Instruction, Gate

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

]

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

T # 0 # 1 # 2 #
HHHES HHHHH

q0 : ## S ### 7 H#H#H#HHH#H
HHHES HHHHH

# HH#HHH
ql : ######H#HHRHES H #H
HH#HHH

T :# 0 # 1 # 2 #

EREAFE

EH AEEKEF , Amazon Braket AJMEREFRIBE WA RResultType, EERAEELTHEAERY
ER,

« AdjointGradient BEFFIZEMATHRACTEHENHEE (@ESTEM ), LAUBREEFEFERIE
TERFENEESEMEENTRHEEZELEE, B REETE shots=0 BER LS %,

« Amplitude BEEHRHEFIEEE FRENIRIE,. SEERAR SVIFAEEESS,

- Expectation EEEEEMHRENTERE , AIEAREBENBL ObservableEBIRIEE,
MBI Equbits ARARIETEERMNWEE , BIEECHENHEX BASER B ERTAqubitsty BE, MR
KIEEBE , BITEREB RAEE 1 LiRE | qubitifqubits PITEREME -

« Probability EEAEEFERAREBNEE, MRREEBE , EProbabilityEERIEMAE
HEREHOME, MREETHE , qubitslIREEEEECERQENZRME, SEEERFMN
QPUs RR#IAHZ 15 1@ qubit , MAEEE SRR E ARKNIER KD,

« Reduced density matrix qubits&#t RRERIEERE2 FRENZEEEMqubits, & EFRF
WRERBERAP KD |, Raket @45 B ZMNEERFlqubitsB &% 8 i,

- StateVector EEEZERECE, TR EAKERS LFEH,

« Sample EEEEEBZBqubit EMITERMWAETE., MRKRIBEBZ , AITHBEE REE1 £
iBAE , qubitifqubits FITERZEFME . MREBETHE , IEEEENBEXASRUEEEE
qubitsiy EE,
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+ Variance B EIEE B Equbit M B R B (mean([x-mean(x)]%)) , Y TBRABRNFERSE
B, mMBARIEEEEZ , BITTEREE REEE 1 LEE | qubititqubits FITEREAE . B8, BE
HEEZHENEZRTqubitsBREEAIERAMN BE,

TEXLEZENERER .
7 SV1 DM TN1 Rigetti lonQ QM
sim
Bt N Y N N N N N
=
Amplitude Y Y N N N N N
HtE Y Y Y Y Y Y Y
Probabili Y Y Y N Y Y Y
ty (R 8E
%)
RER Y N Y N N N N
{6 5B e
AR RE o] Y N N N N N N
%
B Y Y Y Y Y Y Y
gEREE Y Y Y Y Y Y Y

BULREREBUERBEIENGERER , WT SR,

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:
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print(iter)

name='Sample' observables=['x"', 'y', 'z', 'h', 'i'] minShots=10 maxShots=50000
name='Expectation' observables=['x"', 'y', 'z', 'h', 'i'] minShots=10 maxShots=50000
name='Variance' observables=['x', 'y', 'z', 'h', 'i'] minShots=10 maxShots=50000

name="'Probability' observables=None minShots=10 maxShots=50000

HEWI ResultType , B THMEIER , DT SIEHIFRR.

i

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

FTRNEFEEEUSTERNRHER, HlI0, RigetiREREEHIE , MlonQZEE RI1E A1
R, Amazon Braket SDK AFTERRREMAEE . T8 , RN EREREIHNEE K ELAER
RIBEEZRTEN K FASEREIETTH, EEYEERRESCEMER K FREGRY
#measurements_copied_from_device b#Y . ItIRVETE Amazon Braket SDK GitHub f&&
1ZEEM gate_model_quantum_task_result.py #ZR P EEMARA,

Al EAIE B
Amazon Braket Y Observablef&E 5l o] &R E 43 E M AT ERIE,
BREE—ETEANE—FET D ERZEEE qubite NREAERN BEMERZBEFRENIES DT

BUAEE |, Alg® 4 ERRqubite ALt , (REERNSERZHEEMBITHR, EXRRETLUEMEE
B LA ZEREERqubit, LEERAR HEZEqubitiRiETE,
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AHRAEEATERYNEEMASRAEE (ERREER ). EEEISUnTA
MAdjointGradientfE REEM ,

Observable R @& T EREE,

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]
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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)))

2%
ERTUMARES Y, ELRAB2HATEER - RAUHTZR , XARARESEHE,
BETHSEREEATEREEEE , AR :

- RREZSHE
- HAEEANSE

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)

Bt e

SVI1 RESFETHAFHENEBEE , SEZHE Hamiltonian, EEES 28 , FEEEERE
(UZ&ERK ) REFESE,

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])

HEESHEFASIBREEEZHILERSBRUTAZH, £R MTERKAdjointGradientEE
4R RATRSETEREE, TIEXBHI REERNTERNERALTRN

# Will error, as no free parameters will be present
#tdevice.run(circ(0.2), shots=0)
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# Will succeed
device.run(circ, shots=0, inputs={'phi': 0.2, 'theta': 0.2})

MSERER

%% Braket EEFZATHE T EFERER , LUIETEEFANEMIES

Z EiEIB Braket Direct I#REFRERIRE |, FEH B Braket £ 4 , £ £ AIE & 182 Braket Direct ,

ARBREBZEREEBER. THEREZIERTHREM

e RELMEE : MELMIFEA1 1 TERR , £3%E , SEANSIET. SETHNHLERE
BEER A 30 DEE R % E, B Braket ERX A A GBI B E R REBEIHT |, HiEAHEFRuse-case-
to-device#ts., HHRBEEE LM Braket 1218 |, LI EVS WA {FE 45 E Braket THRERV S |, N

Amazon Braket Hybrid Jobs, Raket Pulse Z#8 tt Hamiltonian Simulation,

« HE:EM Braket LHIRGME  FRIGEMLERHEER. TEEHFRER , UAREELENR

£
- BREBEFEBHBRIT -—ETRANENTEREER.

® Note

HRBESEERREREDEEE , RABRREBIE AWS Support, HRIERSEE , Htb

AILAfER AWS re : Post #iE 8 Quantum EEHE T | Eu LAEH BB K a1 B2 B
=8 b 38 RS TRV R R

« Quantum FEEMEEEEMR : lonQ. QuErafl Rigetti& &R RHBEREE M AWS Marketplace,

- FERREAFR  FERERYBIEHEE,
« EEE—STH ENEEREHE AWS Marketplace , 552 EEREEm.

« Amazon Quantum Solutions Lab (QSL) : QSL 2 — BB /EMEMBLREERK , BREFEER

X, B EAREIRRE FEE I ST E TR B BIEE,
- BHEBHE QSL , FEIER , ARESBBEANERARGIFEET.
+ QSL ERGEZEBE T EMFRERHE , WIRHRELS R,

Amazon Braket ;B2 & 1E# A

AEIRE AR UMATE Amazon Braket PR EBS RN THEMNBRHENEA.

MSERER
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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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B LAE A T 515 X 1ZEL Braket R HE A NAER -

» Amazon Braket Python SDK,
- Amazon Braket £#2 A&,

* Amazon Braket APl,

ARG :

- fBERREEHK?

o {ABFfE A Amazon Braket E&E#

« WA, Wi, RESENHHEXHE
- EREEAETHRNIRE

- ERABEZH

TERESER?

Amazon Braket EE K TREHTECETEREE L  ABRZTEER AWS ERNETREE T
(QPUs), BEAXEERBBERNERER. HTEEE , YETREBEBRATERE K AEEREX
SERANER,

BEEBIEEERFBNT. RBEENEEL SLEHEEISREAEREEFERNETESRSE
R, BBEEER , ERIREEAHMITZE , Raket EETHRENBRRCRBEFHTENER L, &
BREAE | &5 SAREE R

A, REAEBREUNEFERZIBNER QPU RENRSETIEFTI, WEKIEF TH#ERET
JhSFEHENEMERCEENATENETER, EHRNBRRESEERRAIERN , HF—EEFHE
BNERIUAREE FEBNER, KEREEINEITRETILUSEEEE (QACA), 2{LE
¥ eigensolver HEFHEFEE, S ULFAIREREE ZEE  REEHRKAE, FEHEE
B, BIIRR R EE,

{a] B {E F§ Amazon Braket J8 &%

Amazon Braket BEEEBARELHTREETFEREE L , HINEBEF Eigensolver (VQE) M & Fif
PHRECEEE (QACA) , ELEELFESEREEEREE FEERE , USEILRSETFRENNK
#E, Amazon Braket Hybrid Jobs IRt =RAFXEE % :

1. 3BE : Amazon Braket Hybrid Jobs FIBEERREECHREMTESEE L. EENEEHT
B, TEEATFIENNWEE QPU, IEESERE LHEATINEMEEZT#IT. ESERRE

TEEESER? 51


https://github.com/aws/amazon-braket-sdk-python
https://console.aws.amazon.com/braket/home
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_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

Amazon Braket HBEABER

EEENHTREREEE A, Amazon Braket Hybrid Jobs th X B2 HiR=E, B ERARE
SEIEREK , M Braket BEfFZE—AER A MAZEEFNREUHERERLTRESHEEN , #
T ANAR 44T BF R o

2. fERIE : Amazon Braket BB ARLERENEEERIRE , YT ESEEEHTREREH
TikRE, BRAERMWEELESE , ARENEZEHIHTHNEFEE (ETEEEARER
2% ) o Amazon Braket EEFEEREERTH. MBERER. ERAERENBIHRREPHTI
EER. ##ERER Amazon Simple Storage Service (Amazon S3) , B HEBEEE R,

3. ¥84& : Amazon Braket Hybrid Jobs 12 fton-the-flySE & , 3 iF FENEF#b#& 7] BT R E & R I8ER (S
# Amazon CloudWatch #1 Amazon Braket 3£ & |, BETTLUBMERE EZNERE,

WA, W, RESBAHERENREH

BRTYBREBEEEZETROERZI  EHNESEBETUARTEINAGANGLH, EENESEREH
$#EF , AmazonRaket B ERESEREY — Mo MEHNABABRIBITEE RIETRNEHET,
EREEBEAR  EEZHBERNMARHHSERIIEEN Amazon S3 L E.

(® Note
BEEZERSHEER , BAERELEHER,

Amazon Braket L2 EREZEEBHMIFGHENRE , LS EAR[FWANBEHNES,

A EIER B Amazon Braket Python SDK FriEfAwsQuantumJob.create BN EEM S , RHER
B RAEBIE,

AR :

- BA

- B

- RIFEH

- HEEXHE

A

MAER : /A input_dataSIBIEEREAFTHNMAERER |, W SW A SR REHAEESE
&%, FHEE SDK B AwsQuantumJob.createEE P EHEinput_datad| B, ESEWMAER

WA, BH. RESHENHEIRR 52
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BRIAREEY EHNNENFSZERRAK"AMZN_BRAKET_INPUT_DIR", MEMAERENER
EE AW AR L ESEES | 55269 Amazon Braket Hybrid Jobs 1 #) QAOA #1 Amazon Braket
Hybrid Jobs Jupyter Z524H ) PennyLane H Quantum Machine Learningo Amazon Braket

(® Note

EMAEREAK (>1GB) B , BERESAKCISERRNESEE. ERRASRKEBAER
S LEZE S3 R %?ﬁﬂ% SIRHEERANEKBER , RBEBEESNEXKHERIE
X ZE Braket BR#%.

BB MREEA hyperparameters , eI IEREEE T /A" "AMZN_BRAKET_HP_FILE",

(@ Note

MENMFAEVESHNAAER  RAEBBHERABEZESEBETHIFAEN ,
B2 H— &MLt github EH,

En
\\\ﬁ
an
=

BREY  FEEEEGEEECNRESEETEANjob-arniER , FFEH
copy_checkpoints_from_job@T, kit EERBREHENERITRET
#checkpoint_configs3Uriky , EH AJEEKEITAMZN_BRAKET_CHECKPOINT_DIRMFIRIZE
BEENWBREPREA. ARER None , RARBAF—EAEREAEBNREXRENTSANTHNESHE
%o

L

Quantum f£# : Quantum F##ERFEMIE S3 L& s3://amazon-braket-<region>-
<accountID>/jobs/<job-name>/tasks,.

EBRER BNEELZETHRTEREEHAMREBHENTEARA

A "AMZN_BRAKET_JOB_RESULTS_DIR"#HEEHF FIEEM S3 {uEoutput_data_config.
MREKRIEEIE , RITEERA s3://amazon-braket-<region>-<accountID>/jobs/<job-
name>/<timestamp>/data. iRt SDK HBIRERXEE save_job_result , EERRESE L
SREN E , BUUFERATCUAFHENER S B FRER.

BREY NMRLEEFARER , ZUUSCHREERESH RENB &
H " AMZN_BRAKET_CHECKPOINT_DIR", #&tsmLlsave_job_checkpointii A SDK i# B\ &
o
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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/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

Amazon Braket HBEABER

ﬁiﬁiﬂ'ﬁﬁ RO LR EERREERAREERETEBN —XY , ZESTBEE RSB ATREIRE
3% %) Amazon CloudWatch , 3£ Amazon Braket I?"“‘":F'EE/T\O MENAFEREE LISERNES
nﬁ’i‘ﬂﬁﬁﬂi Amazon Braket JESEE R 1T QAOA SEE %,

AR

Amazon Braket 2t S{EREESE , UFCERSMANBLENES, UTEXIES L Braket fEAK
RIBSE,

« AMZN_BRAKET_INPUT_DIR - i A &l B # opt/braket/input/data,
AMZN_BRAKET_JOB_RESULTS_DIR - EE AX##ERH# L B # opt/braket/model,
« AMZN_BRAKET_JOB_NAME — F# & .,

« AMZN_BRAKET_CHECKPOINT_DIR - & 2 B #.

« AMZN_BRAKET_HP_FILE - 3 &BSEHMNER,

« AMZN_BRAKET_DEVICE_ARN - #{& ARN (AWS EiR&EH]E ) .

« AMZN_BRAKET_OUT_S3 BUCKET - & Amazon S3 178788 , WCreatelobiERM FATIE
EOutputDataConfig,

« AMZN_BRAKET_SCRIPT_ENTRY_POINT - CreateJ]obiERH FIEEMEA
#iScriptModeConfig,

« AMZN_BRAKET_SCRIPT_COMPRESSION_TYPE — CreatelobiERH HigEMN BEELE
EScriptModeConfig.

« AMZN_BRAKET_SCRIPT_S3_URI - FFE R SEM Amazon S3 L& , MCreatelobiERAY #FR
fEEScriptModeConfigs

« AMZN_BRAKET_TASK_RESULTS_S3_URI - @R EHTERSEMRETEE FEKEERH Amazon
S3 fu&,

« AMZN_BRAKET_JOB_RESULTS_S3_PATH — FH{E##E R Amazon S3 & , #CreateJobiE K
# FFET#EEOutputDataConfigs

« AMZN_BRAKET_JOB_TOKEN - iR E IR F E U CreateQuantumTaskWE FE7 , FEXEE
Z Y jobToken 28 F&E,

i Bh 2 B B

Amazon Braket IEt L EIHHEXKE , AIG{LERSW AN ENES, SEHBBEHEERA
RATEESEKWEE LIS SHBPMEY, THEF REEwmmeER e,
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get_checkpoint_dir() # Get the checkpoint directory
get_hyperparameters() # Get the hyperparameters as strings
get_input_data_dir() # Get the input data directory
get_job_device_arn() # Get the device specified by the hybrid job
get_job_name() # Get the name of the hybrid job.
get_results_dir() # Get the path to a results directory
save_job_result() # Save hybrid job results
save_job_checkpoint() # Save a checkpoint
load_job_checkpoint() # Load a previously saved checkpoint

ERREEESTHBNIRE

Amazon Braket B EE L ETIBXERREERN =ZMERE :

- ERAEE (7%, WRXKRIEEimage_uri)
- B7H Tensorflow # PennyLane K& 85
- B& PyTorch # PennyLane FI &85

TRERABARREMIENEXENFAET.

Amazon Braket & 88

Type PennylLane &t PennylLane ¥t
TensorFlow PyTorch
Base 292282985366.dkr.e 292282985366.dkr.e

EANRE + awscli « awscli
A E * numpy * numpy
* pandas * pandas
* SCipy * sCipy
HAiRE RN + amazon-braket-defa  amazon-braket-defa
= ult-simulator ult-simulator

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

cr.us-west-2.amazo
naws.com/amazon-br

aket-pytorch-jobs:latest

L

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

* amazon-braket-default-
simulator

ERREEETHNRE

55



Amazon Braket

FMBABER

Type

PennylLane ##t
TensorFlow

amazon-braket-penn
ylane-plugin
amazon-braket-sche
mas

amazon-braket-sdk
ipykernel

p=|

matplotlib

networkx
Openbabel
PennyLane
protobuf

psi4

rsa

PennyLane-Lightning-

gpu
cuQuantum

PennylLane ¥t
PyTorch

* amazon-braket-penn

ylane-plugin
amazon-braket-sche
mas

amazon-braket-sdk
ipykernel

b=

matplotlib

networkx
Openbabel
PennyLane
protobuf

psi4

rsa

PennyLane-Lightning-

gpu
cuQuantum

=L

amazon-braket-penn
ylane-plugin
amazon-braket-schemas
amazon-braket-sdk
awscli

boto3

ipykernel

matplotlib

networkx

numpy

Openbabel

pandas

PennyLane
protobuf

psi4

rsa

scipy

& 0] LATE aws/amazon-braket-containers F R MFEEANREBRBEREER., ZERTSEERAZRA

AR, BRLAMRE AWS BE EHURABRSEBN . BUNERIDESERKEERRM
&, FERS T =AM —HMBERESAEBETHPNcreate(..) Wi, B EMAKMER
KIGEHTHERENDES (RBIHTREHRA ) , IS Amazon Braket & 27 E BB AR E

REED, THIEHIEAR us-west-2 [EiF,

- BRI image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-
jobs:1.0-cpu-py39-ubuntu22.04"

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

« PyTorch image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-pytorch-

jobs:1.13.1-gpu-py39-cu117-ubuntu20.04"

ERREEETHNRE
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https://github.com/aws/amazon-braket-containers
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image-uris ZH A LAE A Amazon Braket SDK Y retrieve_image () BMEURIMEE . T 5| &l
REIWMMAAE us-west-2 FEELE M AWS EiF,

from braket.jobs.image_uris import retrieve_image, Framework

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

ERES

BUNEZIBESAEBRERRELMENESHY , SINBEBTERRFISEND, BSREEEAREG
BEENZEREE , Y EBEJUETRARURE(CREENNEE. B EE Braket BEEEBHEAE

28, CEESHEABNERREEATH, FEE K CGLEX/ARTRERNEH, EUlEESHE
EEREERZARNBE2HE. CAEZENE—SESE2HREAFTHYISEERAFTH , IT5
BB

# Defining the number of qubits used

n_qubits = 8

# Defining the number of layers used

n_layers = 10

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

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

RE , BCREELAEXBHRPEXNESY , UEECERNEFEZTRER , TR :

import time
from braket.aws import AwsQuantumJob

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

job = AwsQuantumJob.create(
# Run this hybrid job on the SV1 simulator
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

ERAESE 57



Amazon Braket HBEABER

# The directory or single file containing the code to run.
source_module="qcbm",

# The main script or function the job will run.
entry_point="qcbm.qcbm_job:main",

# Set the job_name

job_name=job_name,

# Set the hyperparameters
hyperparameters=hyperparams,

# Define the file that contains the input data
input_data="data.npy", # Or input_data=s3_path
# wait_until_complete=False,

(@ Note
ERE-STHREAER , FEREBARER,

K& BEBHREEATIEXRANESERED

import json
import os

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

hyperparams = json.load(f)

(® Note

WENAHMABRNEESEASEZESAERESHNFMAENR , F2E L github B

&.

f£ Amazon Braket Hybrid Jobs #{Z2R1EH , QACA EtH A FEAES & , SRk PennyLane
Quantum Machine Learning Amazon Braket IR & @EFFEERNIER.

ERAESE
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
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/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
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fEH OpenQASM 3.0 TR E

Amazon Braket BEXEFENE FEEMNEEZZH OpenQASM 3.0, LLfEAEIEFIR B R Braket
X EHY OpenQASM 3.0 FEEMVE A, Braket EFHRE R LUEEMEA SDK X Braket % , SifEA
Amazon Braket APl 1 Amazon Braket Python SDK E#32 OpenQASM 3.0 ZRFFIERFERE
=1

NEETNWETEEZESHRNATR THREABEHNSESHH,

+ EFREH Braket £iE F3E I FIIRRK OpenQASM & FEH
FRXENRENGRER

FF OpenQASM & #EE A

FRZEFmEEE OpenQASM

HWE2 T OpenQASM 78

FEEHRAEREERISEDENEN |, ELINEEA1E Braket LA OpenQASM 3.0 BfE , IRk
—SEIRVER.

TP

« f£EERE OpenQASM 3.0 ?

. {AEERA OpenQASM 3.0

+ OpenQASM 3.0 B9 EES

. SORIRH

+ Braket X EHLE OpenQASM Ihag ?

o B WIRRKEH OpenQASM 3.0 EFEFHK
o XET[E Braket £& F# OpenQASM

« M OpenQASM 3.0 {EH A

+ Qubit £ OpenQASM 3.0 EHELLF

« £ OpenQASM 3.0 EF{mE

+ Braket ¥ &

- HtEJR

« {EFH OpenQASM 3.0 SHEH#E

(PR ) £/ OpenQASM 3.0 BITEHERR 59


https://openqasm.com/
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-troubleshooting-openqasm.html
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« £ OpenQASM 3.0 BIE4STE qubit

fTEER OpenQASM 3.0 ?

Open Quantum Assembly Language (OpenQASM) RE FIE RN PR TE, OpenQASM 2—&EMH
HMRRIERE  BZARFERERENE FEXRE. £A OpenQASM , EAETTURNFRFENRE
FEERERRNE TRENAEIRE, BIR OpenQASM (2.0) EHZEE FERRITEXNERARHE
REENER,

FTHRZAHY OpenQASM (3.0) IER ERINVIR AN B EEZIEE , HIMNAREBRIZEG . FETIFNER
BERE , UARRKREAEAENERERES 2BAMNEE, BEl 3.0 RNFMAEANBIETE
GitHub OpenQASM 3.x Live Specification LEUE. OpenQASM HIRRFEH OpenQASM 3.0 HfiTiE
EBEXFES2EE , H AWS A IBM. Microsoft & University of Innsbruck BIE &,

AT {EFH OpenQASM 3.0

OpenQASM RMHFRENEE , BEBIFRBBENEEZFHEAREEEFEN , AFEEESHAZE
REREZERNRT. ¥ OpenQASM K Braket XEE - HKAARBRREXNE T EREN —B7
%, BOEREEZARBPEBNEREXENER,

MRIETE OpenQASM 3.0 FEBRENRERE , B UAFRECILLE Braket BEFERA , MARRTEE
EELER, TRAETHBASHEIZNBRESHTHE=ZSFERNE , T OpenQASM F Y
SEELR R,

OpenQASM 3.0 HiEEA =

#% Braket X% OpenQASM 3.0 , WiRHtEE B PR REMRN I, EXRTEREIUEEEESE
MEEF R 2R LA Braket B/THEATERE |, LATLUHE A Braket £ OpenQASM #1TAPI, AL
BHiEZRM OpenQASM FEREFTELRAEAERNEE , KT OpenQASM 3.0 X , EFXELUR
B RIS ERRIZMHIA Braket £EBMW H . OpenQASM Braket fE & th AJ LA 4 X OpenQASM 3.0
MWE=AFRENE, REMNEAT S SFMARPNMRE OpenQASM RRZEEH Braket £,

FORIRF

% Z 1 Amazon Braket L OpenQASM 3.0 , &4 ZEHEH Amazon Braket Python Schemas 1.8.0
Ix# Amazon Braket Python SDK 1.17.0 MRER E#HThR Ao

WMREBEFE—XEA Amazon Braket , BIEERA Amazon Braket, MFEREA , FSE A Amazon
Braket,
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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/
https://aws.amazon.com/blogs/quantum-computing/aws-joins-the-openqasm-3-0-technical-steering-committee/
https://github.com/aws/amazon-braket-schemas-python
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html
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Braket 3z £ HFL OpenQASM Ih&E ?

T — &% Braket X#&E# OpenQASM 3.0 ERIEH, BRIARXF pragma ¥ R.

TP

« XEM OpenQASM E R FFH

« XK OpenQASM BRiR

« Braket OpenQASM pragmas

« Local Simulator £ OpenQASM KB ThaE X 2
- {8 OpenPulse X EHIRIEFTCE

X EH OpenQASM & RHEHE
Amazon Braket X #E T %l OpenQASM E #H#EE,

- FEEYAN (ERENER ) qubit F5| :
« cnot q[@], ql[1];
- h $0;
- FHEHEHTAREEREAE
« rx(-0.314) $0;
- rx(pi/4) $0;

(® Note
pi = OpenQASM HHREEH , BEAESHER,

. EHETMEY (EHEBIDM OpenQASM imRRE ) RHMEARERER pragmas REZE — X
R ERIE , 3WLE — pragmas &R :

* #pragma braket unitary [[0, -1im], [1im, 0]] q[@]
* #pragma braket result expectation hermitian([[@, -1im], [1im, @]]) q[@]

X EH OpenQASM BRIR T

Amazon Braket X & T %1 OpenQASM BRIR =,

Braket X = WL OpenQASM IhaE ? 61
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* Header: OPENQASM 3;
- BRURES :
- bit bl; (MEM creg bil;)
« bit[10] b2; (#HEM creg b2[10];)
- QubitEf :
- qubit bl; (MEM qreg bl;)
- qubit[10] b2; (#HEM qreg b2[10];)
- EHANRS : ql[0]
« B A : input float alpha;
- BB MR Equbits : $0
- REFXEAREMERE
« h $0;

« iswap ql[@], q[1];

® Note

SET LAFE OpenQASM BENMEMV R EBM R RIREXENFRE ; £AELRAETREEREE
o

- BFHHRERAR, Bol , BAFIEAREFBERBRTE. BFHRPqubitsTEREREMER,

#pragma braket verbatim
box{

rx(0.314) $0;
}

* qubits SEEqubit& 728 LA RIEF R E ISR,
- measure $0;
« measure q;
* measure q[Q];

* b = measure q;
Braket 2 £ L OpenQASM Ih&E ? 62
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* measure q # b;

Braket OpenQASM pragmas

Amazon Braket X#E T %] OpenQASM pragma &8,

- HADE
* #pragma braket noise bit_flip(0.2) q[0]
« #pragma braket noise phase_flip(0.1) q[@]
* #pragma braket noise pauli_channel
« & pragmas
* #pragma braket verbatim
- #FERER pragmas
- ERTAENERER
- REE@E : #pragma braket result state_vector
- R4 : #pragma braket result density_matrix
- BEEE pragmas :

- B#EWE . #pragma braket result adjoint_gradient expectation(2.2 * x[0]
@ x[1]) all

- ZERBERER
- ¥RH® : #pragma braket result amplitude "Q1"
- #% . #pragma braket result probability q[@], q[1]
- EEBBRNERRR
« HALE . #pragma braket result expectation x(q[0]) @ y([qll)

- BE Y : #pragma braket result variance hermitian([[0, -1im], [1im,
011) $0

- #if] : #pragma braket result sample h($1)

Braket 2 £ L OpenQASM Ih&E ? 63
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® Note

OpenQASM 3.0 B2 OpenQASM 2.0 EIIMEE , EHItEA 2.0 SmERZE X A LA7E Braket L#
7. 718 , Raket X#&EH OpenQASM 3.0 ZhEEE — R EFEEEZRE |, flMW0 qreg vs cregM
C|L|blt vs bit, BAIEF /imﬁiﬁ Rt FEEUERNEEZIBELEZE,

Local Simulator £ OpenQASM K9 i B ThRE 7 12

LocalSimulator XEHME OpenQASM IhaE , ELIIEET E1EA Braket B9 QPU SFEEEHEESH —
oM, T5IThee/EEEXE LocalSimulator :

N BERCS

« OpenQASM W RE
- EREH

- ERRE

- BHFTFE

- EREE

- QASM &%

- THITERF

MESEEREIENES  F2RUEFIELLAE, MFETERN OpenQASM 1§ , 552 E OpenQASM
LR

£ OpenPulse X EWIEEME
X #H OpenPulse ERI3FA
Cal E# :

cal {

}
Defcal [E3# :

// 1 qubit

Braket X EHLE OpenQASM Ih#E ? 64


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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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 {

=73

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

BRI

// prebuilt

waveform my_waveform_1 constant(le-6, 1.0);

//arbitrary
waveform my_waveform_2

{0.1 + 0.1im, 0.1 + 0.1im, 0.1, 0.1};

BRIRERESS

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

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

defcal my_cz $1, $0 {
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barrier q@_ql_cz_frame, q@_xf_frame;
play(q0_ql_cz_frame, wfl);

delay[300ns] q@_xf_frame

shift_phase(q@_xrf_frame, 4.366186381749424);
delay[300ns] q@_xrf_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;

ERARE A -

bit[2] ro;

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

B IRREH OpenQASM 3.0 E FEH

& ] LAE A Amazon Braket Python SDK, Boto3 5, AWS CLI , # OpenQASM 3.0 #E ABEHIER

Z Amazon Braket &,

TEARES -

+ OpenQASM 3.0 F2=\ &l

« {#f Python SDK 23 OpenQASM 3.0 & F{£7§
« {£f Boto3 23 OpenQASM 3.0 & FE%§

« f#/H AWS CLI 23 OpenQASM 3.0 £

B WIRREH OpenQASM 3.0 EFEH
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OpenQASM 3.0 F2= &4l

EEE Y OpenQASM 3.0 1F7% , BT LARRIER OpenQASM 3.0 =X (ghz.qasm) FitA , B 2%E
fid GHZ ARRE , 0T HIEHIPR R,

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

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

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

C = measure (q,

f# /A Python SDK 3 OpenQASM 3.0 E F1E7#%

AT LAME R Amazon Braket Python SDK , # It IR EEE T 5N IEA Amazon Braket (&,
SEE LS E B Amazon S3 fEFEFE B Tamzn-s3-demo-buckety BN AR E S/ Amazon S3 f#1E
EriE 2,

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,
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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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)

{#F Boto3 21 OpenQASM 3.0 & F{E#%

Bl LAERA AWS Python SDK for Braket (Boto3) , £ OpenQASM 3.0 ZEEVEFEHR , 0T

SIEBIFT R, THRNIBH RS E ghz.qasm , LG GHZ AR5 | 10 EFR.

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"
1,
"source": source
}
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,
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fFF AWS CLI Z3I OpenQASM 3.0 {£7%

AWS Command Line Interface (CLI) t2 AT LA 2R$EE3 OpenQASM 3.0 2= , W1 T 5IEBHIAT R,

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"

iy
"source": $(cat ghz.gasm)

} 1

S EAT[E Braket &£E& £H OpenQASM

M ZE OpenQASM 3.0 KIEEE , action MU X EEIB GetDevice EIFERFTEIE , 21T 5l Rigetti
A lonQ K E BT

//0penQASM as available with the Rigetti device capabilities

{
"braketSchemaHeader": {
"name": "braket.device_schema.rigetti.rigetti_device_capabilities",
"version": "1"
.
"service": {...},
"action": {
"braket.ir.jaqcd.program": {...},
"braket.ir.openqasm.program": {
"actionType": "braket.ir.openqasm.program",
"version": [
nqn
1,
}
}
}
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//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,
}
}
}

HRXERMEEFINEE , pulse MU SHEREGetDevicemMER, T 5 FIFRRigettiFE

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

"supportedQhpTemplateWaveforms": {
"constant": {

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

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

I

{
"name": "iq",
"type": "complex",
"optional": false

}
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]
I
I
"ports": {
"qo_ff": {
"portId": "qo_ff",
"direction": "tx",
"portType": "ff",
"dt": le-9,
"centerFrequencies": [
375000000
]
I
I

"supportedFunctions": {
"shift_phase": {

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

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

},

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

}

]
I
I

"frames": {
"q0_ql_cphase_frame": {
"frameId": "q@_qgl_cphase_frame",
"portId": "qgo_ff",
"frequency": 462475694.24460185,
"centerFrequency": 375000000,
"phase": 0,
"associatedGate": "cphase",
"qubitMappings": [
0,
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"supportsLocalPulseElements": false,
"supportsDynamicFrames": false,
"supportsNonNativeGatesWithPulses": false,
"validationParameters": {

"MAX_SCALE": 4,

"MAX_AMPLITUDE": 1,

"PERMITTED_FREQUENCY_DIFFERENCE": 400000000

}
}
}

ERB AR TSER -
HEE

iR QPU LEEMNFALERENE (extern) REEHE , URETERENEBEMN. LEBPIE
P A EREREEEAERRIMNOpenQASM 3. 0BXPELETABTMNBBIT, EERAHME
M

. B D (portid)
« 1£ OpenQASM 3.0 #EERBFIFNERIEE R,
« M (FHE)
- BEEENFO, BEEEEERRE (5@ X)), MASEREBZEWRE (513 X
- EEBHEA (portType)
- ILEREBESENEEER (HlW , BERE, BEE ff- RERE )
. Dt (dt)
- REEEEFELE-SHIREASRNEE , UV AREN
* Qubit BREY (qubitMappings)
- BRIETEEEGEMEBBBAY qubit,
« F/MER (centerFrequencies)
- EREIEHAAESHEAEERSRNBH P OEREE, WEFAET K F2REH.
« QHP % EB ™ (ghpSpecificProperties)
- EAMNKRE , FHRPEER QHP S EEEENR BB,
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E/
=

HIRE QPU LEEMFRLERENTEZR , URESBRVEEBYE. LEBTIHNAMERTRETERELE
EREAERRZ Z0penQASM 3. 0B AN B REBIR. FARNEMBHEIIE
« }EZR ID (frameld)
« £ OpenQASM 3.0 FEELE ARV KB,
- EIEIR |D (portld)
- ERNIEREREEE,
o BHE (X))
- ERHNTERIBEAR,
- HBEE (centerFrequency)

- THRNBERBFTH O, —RME , FRARFABRI/EBEPOBERNBERR. Bt , BRFARER
BEFLEERNEEEZEER., BT ERIESHPRIBARE,

- PEE (PEER)
- ERNFARIDBERER,
- EABEHY FE (associatedGate)
- BRIEEERAEBNFEE,
* Qubit BRS¢ (qubitMappings)
- EIEEEHRABBN qubit.
- QHP #EB M (ghpSpecificProperties)
- BANKRY , FHARPER QHP HEXKNIREB M.

SupportsDynamicFrames :

HIRR B LUEIB OpenPulsenewframe B EI7E cal=® defcal BIRHPFEE K. MRER false , Al
Rt e BN ERAEZEEBTIIHNEE,

SupportedFunctions :

BR T $EEOpenPulse B SI B, SIBEENMERER N K RAXEZENHY, EEEEH
F OpenPulseEN BRI &1/ , 5528 OpenPulse 1%, BHI , Raket X & :

« shift_phase
- BERNERERAEENE
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» set_phase

- BERNERRESEENE
« swap_phases

- MBS Z ERYREER.
« shift_frequency

- BERNARERREENE
» set_frequency

- BEARNARREREENE
- T

- BIRRE
 capture_vO

- EEEIEAE LAV EER TR &

SupportedQhpTemplateWaveforms :

RPEXETTHANALEERERE , LR EEEHN S| SFMBER, BIBETEFR , Raket Pulse BEFTE
BEFREEAEENKREES , 8

EH
Constant(t,T,iq) = iq

TREFHRE , M iq REMNET,
def constant(length, iq)

= HT X
Gaussianic 10 A | Zalb = )

Sy 1o (3 (5)) - ZaBem (-1(5)%)

TREFENRE , ocREHNNEE , ARIRIE, WRZaERES True , SHERBAEHRABRE |
DUEERENRENEREENE | WEIAKKE,

def gaussian(length, sigma, amplitude=1, zero_at_edges=False)
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DRAG &I X

DRAG Gaussianit 0.0 A | zaE (0
A at—% . i
1—ZaE*exp(—%(%)2> (1 i Zﬁ?) [exp ( 2 ( o > ) Zaly * exp ( 2 (20) )]

TREFHNRE , o REHHNEE , P REAESY , ARKIE, WMRZaEM RES True , HIH
Adiabatic Gate (DRAG) Gaussian ETHITEBRERBINENARZRSAE , LETRENBERIER
BENE K BERIDIEIARKE. MNFE DRAG KEMNFMENR , 328X Simple Pulses for &
S 555 IEAR M Qubits F A B K.

def drag_gaussian(length, sigma, beta, amplitude=1, zero_at_edges=False)
X K & 35
Erf Square(t,L,W,0,A=1,ZaFE =0) =

erf((t —t1) /o) + erf(—(t — t2)/0)

A X 2 x erf(W /20))

Hrh L 2RE , WBHFENEE , cEREZLAMTRERARERE |, t1=(L-W)/2 M t2=(L+W)/2AZ
Rig. MRZAEFRES True , SHEFBAEFAERAE , UEERFNBERINEREERSE | IE
AR KE. TIHAEAREFABRRENRERA,

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

M a=erf(W/20)MfIBb=exrf(-t,/0)/2+exf(t »/0)/2 o

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

SupportsLocalPulseElements :

HRREB AU Edefcal BRRAAKERME TE , HlINEEERE, EEINKRE, MRELS false, Al
AHcalERFERTE,

SupportsNonNativeGatesWithPulses :
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HRBMREUURNTEMFERLEFEEMREERNEESEA. 0, WRRELdefcaliEiB BEA

qubit EEHEE K BFRELEEXNPERAERLERE | fINFEAE, SR AEEENRETRIFEER
EnativeGateSet& @M BE,

ValidationParameters :
HERRE TERBBRR , TIF -

- RIENRAMBBURARIEE (EENELRE )
- REFOERNERERER , A Hz HEN

- RDOREREAFERED , AW AEN

- REREAAESE LR, LY REN

5 OpenQASM X EWRIE, FREMERER

FETHEBEAKEZEWLE OpenQASM 3.0 ThEE , BoJUASELE e H £ action M HH
braket.ir.openqasm.program £#&. il , 52 Braket State Vector #£##28 Al AM X EIRE
MEREHSV,

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

I
"braket.ir.openqasm.program": {
"version": [

"1.0"
1,
"actionType": "braket.ir.opengasm.program",
"supportedOperations": [

"ccnot",

"cnot",

"cphaseshift",
"cphaseshift00",
"cphaseshiftol",
"cphaseshift10",
"cswap",

eyt

"cz",

Ilhll’

i
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"iSWap",
Ilpswapll ,
"phaseshift",

rx",

ry,

rz",

Sy

"si",
"SWap" ,
Iltll

7’
Iltill

’

IIVII

7’

vi",

X,

xx",

Xy,

Yy,

Yy,

z,

1,
"supportedPragmas": [
"braket_unitary_matrix"
1,
"forbiddenPragmas": [],
"maximumQubitArrays": 1,
"maximumClassicalArrays": 1,
"forbiddenArrayOperations": [
"concatenation",
"negativeIndex",
"range",
"rangeWithStep",
"slicing",
"selection"
1,
"requiresAllQubitsMeasurement": true,
"supportsPhysicalQubits": false,
"requiresContiguousQubitIndices": true,
"disabledQubitRewiringSupported": false,
"supportedResultTypes": [
{

zZ

"name": "Sample",
"observables": [

X,
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Yy,
"Z"’
Ilhll’
Ilill’
"hermitian"

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

},
{
"name": "Expectation",
"observables": [
e
"y",
ng
"
i
"hermitian"
1,
"minShots": 0,
"maxShots": 100000
I
{
"name": "Variance",
"observables": [
nye
ny,
ng
"
i
"hermitian"
1,
"minShots": 0O,
"maxShots": 100000
},
{
"name": "Probability",
"minShots": 1,
"maxShots": 100000
I
{

"name": "Amplitude",

"minShots": 0,
"maxShots": @

X ETE Braket & & £# OpenQASM

78



Amazon Brak

et

FMBABER

}I

}

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

}

{1 OpenQASM 3.0 R &

EEFEH OpenQASM3 {EHEHEA , B LAEH pragma IERREIGHMAEE 7, Hlin , &EEEE L
REHN GHZ BB ARAE , BT LUIERR T 5 OpenQASM X,

// ghz.

gasm

// Prepare a GHZ state
OPENQASM 3;

qubit[3] q;

bit[3]

h ql@e];

c;

#pragma braket
#pragma braket
#pragma braket
#pragma braket

#pragma

C = mea

THRE

#pragma
#pragma
#pragma
#pragma
#pragma
#pragma
#pragma

braket

sure q;

noise
noise
noise
noise
noise

depolarizing(@.75) q[@] cnot q[@], q[1];
depolarizing(@.75) ql[0]
depolarizing(@.75) q[l1] cnot q[l], ql[2];
depolarizing(@.75) ql[0]
depolarizing(@.75) q[1]

REFTE X EMN pragma MFEE FRIE,

braket
braket
braket
braket
braket
braket
braket

noise
noise
noise
noise
noise
noise
noise

bit_flip(<float in [0,1/2]>) <qubit>

phase_flip(<float in [0,1/2]>) <qubit>

pauli_channel(<float>, <float>, <float>) <qubit>
depolarizing(<float in [0,3/4]>) <qubit>
two_qubit_depolarizing(<float in [0,15/16]>) <qubit>, <qubit>
two_qubit_dephasing(<float in [0,3/4]>) <qubit>, <qubit>
amplitude_damping(<float in [0,1]>) <qubit>

BHEE
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#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 ml_00>, 1, ...1, ...)
<qubit>[, <qubit>] // maximum of 2 qubits and maximum of 4 matrices for 1 qubit,
16 for 2

Kraus EE& ¥

EEESL Kraus BE T , U UZ—EFEMEEE  SEMRNSETERINAERRIEN,
£ Kraus BE 85 |, AT T 5/51E .

- BB BqubitsT™FEIB 2, FHEEATHNENERSRELRS,
SIBBENRENSNAR 8 MER., ERTTREEH 2x2 BMEEMK.

- BRETER 27 MADIS 455 SEXR R 14 4 EERqubit , 2 5 16 EERqubits.
- MMIERANERBREZS EANERRE (CPTP),

« Kraus ER FWERMRHBELMEZTNE & 2 5EME,

Qubit £ OpenQASM 3.0 EFTELAR

Amazon Braket X #ERigetti# & £ OpenQASM RN ERqubitR~E (WNFE—STH , FS2RLE
H), BSER qubitsBEEREEFAMREMBEEAR , FRERqubitsTTERMMEE LB . &, GR
A qubitsk i , RigettiRlZE B AR EMA PARTIAL rewiring SR B,

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

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

measure $0;
measure $1;
measure $2;
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£ OpenQASM 3.0 EFim:=

E &7 Rigetti, ¥ SHERHNEBFEREHTEFERKINQ , BALE R EFRTERREEH
TIRNER K EFETEARR. LIIRBRAEFRE. £H Rigetti RE , B UG IEERED

RE , EREREER K ERRAREETNRERS. FEERESESRNBERD , EREEREES
RERARERE, Bol, lonQ EXERFEEHNEFRZ  AUERPHEEETHETERZEFHHR
e

£ OpenQASM , B IR ER NI REABEEE —FTEMW pragma , REBERNKMRERE
ERARBFREEHRZEN. THEXBEGI REBUMFEA #pragma braket verbatimigHRKiE
R B,

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;

NEZRFHEEFNFMER  SFEFHNRKEEL , 52/ amazon-braket-examples github f#1FE
PRI ZE F iR ZE HIERL A,

Braket £ &

OpenQASM 3.0 E#& Al |, I B o LAfE Amazon Braket T A HEE, £ AL, £
OpenQASM 3.0 FRRRXEBFEENRERERIAEE FEBNKRER.

H it &R
OpenQASM E AR FTE Amazon Braket [EiH,

IFEFE Amazon Braket LBAAEH OpenQASM KIS E5EA |, 55268 Braket 2 Z 572 GitHub,
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£ OpenQASM 3.0 STERE

£ shots=0 ( %4 ) X THITE , Amazon Braket TERBEMAKERSI LNHEEE, E2EB
FEABSEZER(AERERN, FEEELEEENHE , B URMEER pragma , 20T 5|4+
BB

OPENQASM 3.0;
input float alpha;

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

h ql@];

h q[1];

rx(alpha) q[@];
rx(alpha) q[l1];

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

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

& W T BAME pragma FiEEal1ET , MARHBIILABELS . EXRBIIENAMBEinput2
YEERE  ESHABIEARF , EARELENESE, EHERT , pragma HBRREET 54
PRERR.

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

Amazon Braket B9 OpenQASM 3.0 BEXEFME B AER K IEMEBEZEF, REER. Hermitian
ABABEBMASUnBAER, EEHBREABEFANGSEEE FHXHETEE expectation()EH
F, MEXEREEETHRANSEFZREESTEHEN qubit.

£ OpenQASM 3.0 JAIE4EE qubit
Amazon Braket 32459 2K f 4% 45 [5] 58 1858 38 1 5 1 20 B 4G I 48 4 38 & B 4R 3T OpenQASMEB R, | HL e
BEM BB BB qubit 75, HINAEBEBANINE K THEETFEEESRERNNE. §

m, ETHERNBHERS , B LUENME qubit B , WiBZFELAESE —E qubit, FBTAEE =
& qubit,

partial_measure_gasm = """
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OPENQASM 3.0;

bit[1] b;

qubit[2] q;

h q[@];

cnot q[@], ql[1];
b[@] = measure q[Q];

FEHESH | BB —EEEME qubit q[0]F WETFERKq[1] , ERMRAEEBAESE —@E qubit
HIREE, EERHIT FIIEMbLO] = measure q[0] , EERIE qubit [0] MRE  WEEREHREE
BT b [0] . BEEHTHIBSAERE] , FHFITLAE Amazon Braket $2 1 HY A< AR B8 ) E 4R 5%
= EEIT T RSN,

from braket.devices import LocalSimulator

local_sim = LocalSimulator()

partial_measure_local_sim_task =
local_sim.run(OpenQASMProgram(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)

BAUBERBERAXENIHE , FERREHLBERMRN
requiresAllQubitsMeasurement ¥ ; 2R ZE False , M| EI 9B E,

from braket.devices import Devices

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

£)E#8 , requiresAllQubitsMeasurements False , RRIIEFTE qubit BBLERIE,

RRERINAE

ATRACHMARIEER , FHLFEERAIFIIEE, EIB Braket Direct , & A LAIE#ETE Braket £
BEPFEREMAANERMEIEE , 1’§|JZIDE7E7EI3E—IFE’I.&LEH)’(E%IJJE‘EE’\J%)TE-T-%EO

BERFREFIMERINGE

1. EEZE Amazon Braket 124 , AR BWEAIEEFH Braket Direct , AR EBEEZTERINGEEE,

(ERE ) RRERDEE 83
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2. BENSTFRENEZHERNENR.
3. MU ITEEENFMER , UREFTEIEALLIIENE.,

FEAEIH

- 7ZE! QuEra Aquila EHIZRE 4
« 17HY QuEra Aquila /Y & 410

- 7ZH! QuEra Aquila £ H) R4
- FERIQM £E LNBRES

ZEY QuEra Aquila LRy 4458

Local detuning (LD) R —EH M EEMAMIRH#EY , EETETHNZEEER, LD HMuERBETEET
K ZE R EE qubits , BR T — BB A Rydberg-Rydberg EBIAILABYMWABZH , BTEH
qubit B R REH Hamiltonians,

PR IR

FHBERRUNZERXTAEE AHS BX AT , EEEXBEIREEN., &
HAERMNLNGEFILAUAFRBNER , BMBESHIRIFNT. i, &
HAZRRUHNSHZINBERS , TEBREREBMER - PR Braket SDK 2

flaquila_device.properties.paradigm.rydberg.rydberglLocal,
BRI

BITEAAHAZMUNETERR (IEEXNNEEZHETFRERERT ) , RES Aquila B
MRMEERERTHHN T2 KAERNFT B, IRTFE , REBEBK R AHS FHERNERHEE B
AR BRI

17EL QuEra Aquila £ #9244 5 _



Amazon Braket HBEABER

Analog Hamiltonian simulation Spin terminology
qubits spins

global driving field -f amplitude —»

(time dependent) transverse
(IIXII, IIYII) field

phase — v v i il v v v

(time dependent)

detuning —»
(time-dependent)

local detuni L longitudinal
ocal detuning ugny £
(time-dependent) ( ) field

g4 -
1. BEREERAEP T I eSS R

&t SRR B4 2 89 4R 1R M P& B qubits BB EE RV RS EE |, ERDMV Y REN R IR
EHVRMY qubits R EERERNMDMAUAR. BB A EAEMUNZERE , TUERE
B IEE R

2. fmIE P a4 1EIRRE
g ERAEA Rydberg EFIEEEREER , mEUNMERRFERKE 22 SirPREERE , #1H 9-

atom I P REFHHE . EEBSR R , PHFAZRRVSEETRE M AHS EX &
ARERFE S EIR P ERER RN ERER,

3. R MERELEE

B G| HAEEEILE (MWIS) B RMAIARER Aquila LA MWIS BB, NEFAZBVARE
SEVHEBREY EMEE | Hi24MH Rybderg-blockage M REH., RFE—MEARERL |
WEHFBAANKFARE Y |, TEREERAE MWIS Hamiltonian B EAREE | USHKEBENERA

e

17EL QuEra Aquila £ #9244 5 _


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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ZH! QuEra Aquila LB &4

RENEMBIETREEESERSAEME, ERALIhEE , AHS BRI EFHEII T HIEE# Aquila
—RRIDRELASNEY y F RNV ENRE.

BR #H46R 44
BB ABES 0.000128 AR (128 um),
BRI -

EEMIRFRANERMIIGER  KEBMER LETRHNIIsEMGetDevice RSB ERR ST
EN—MR TR, & AHS EXFABE —MIENRFHESIE  EXERAERSEM. £EKE
Rpre_sequenceVEoH , B RIRIEFARN 0s BE WM , MR EIRESTEXRNBICZHHEE,
HHRREEFHZREFHERIIPREK,

g4 -
1. BAH 1d # quasi-1d HEF

RFEMBERI T URRIESHNE Y, BBERAEOFITR Yy, AHEXARGFIEERENEERK
HITERE.

2. FRANEEMES THTEBNZHEKX

17EL QuEra Aquila RIS 21T 86
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Aquila R SEHIERAFITETFTEBRERUMESNATAERS : EBE— BRI THRERH
BNEMNZTRER, FREZTARE , AUBEEZ IR,

17HY QuEra Aquila LRI B 2R 4]

BRLMYREREEERBERS c EEEEENEM, £ AHS BXF , RFUERIIBES , 3L
RONEEREDR. FAWMER LMYy BEELEAT (HEERS )  SHEEEBRPERS
B (TREMI ) . BPRENEMENE , KINWERIBEGRED  KMELERZTNR T
5l, BAMMEHRTIERER T BANKIBREEGERTR , BECAHRIER , EPERFEFEARK
L EEOTR AR |, BRIV R =BTELR,

PR FIR 4 -
% 4 (TR Y BN & B BIRIEE S 0.000002 AR (2 um)e
PR :

HANIES R ER YA | REEMEE CERN D AEFMGetDevice Il S HER B A
—B TR, & AHS BXERBH— B ANETHIIES  SREBENREM. BERETHE
Rpre_sequenceMIEis RREIESIEBMI 0, EMBEMER NGB LR HOBE, HUREL
BHSRTHERFIREBA,

le-5 le-5
4 4
® . L L o d
L 2 L ] L 4 °
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* L 2
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T ety ooty ST DU RN SEEY SEEY SRR FEE TR T e TR
[ L] * L ° . L] 1] L] ]
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=14 L 2R SRR TUE TEY SUEL SEEY SR EEE TER Y SRR =14
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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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g4 -

1. ERIETEBIFEERE T
EERNERIIFEAFEURR  HPRBIEERFNEBEVREASE, EETZAEH
SBRE=AF. RNBFF Kagome &Rk , AR —EX R,

2. AIABIIE TR
£ AHS BRAH , EBRABRFH 2 ENEMRKFARED, ERENEMIBEAFESRLRAET

ERFEMEARLENES RAERRFEEBNAENRERT I R/INER S REEERSIF 4R
#l, EEIENSFREETEERER Shastry-Sutherland #&F R 5,

i|

FH IQM £ E LV E)REE

QM £ E tWBREERATRMAPERAE (MCM) MO A RIERE. ELHEAFEFHRASNFER
ABBEEERHANEBVNETEECRAYRNERE FEREE, KERNDIEAYRRREFER
&, REEFRME |, IRTRE FIRREHENEERE EHST,

EWMER

- measure_ff : EFFIEEEFMRE , RE qubit, WFEAZRCESBHEREER,
- cc_prx : EffEREHNERR  REEHEEEERNESBMEEBHNERRE 14 RERTER,

Amazon Braket & OpenQASM, Amazon Braket SDK# 3 iE )R8 &} Amazon Braket Qiskit
Provider,

PR IR

1. measure_ff RAFWERCIESRVERHE—H,
2. cc_prx X AFERAMHBNEZ REEESMmeasure_ffE 2B BE,

3. EE—ERH , — 1@ qubit LAMEBIEEREEHE — 1@ qubit 24 , ERESEBEHHS —1@ qubit 12
o, EFARINERS , BRI UBETRMIEHIE,

a. fflan | R qubit 1 B qubit 2 2% , BIERMEERE Y qubit 3 #2F|, £ qubit 1 F qubit 2
ZBERAEFENXEEAERS. Qubit2 ATLAUEB qubit 3 ( =X qubit 1) #2H , BRIETE qubit2 £
BITEBER

4. EHIBEREEAZHBEREBERD qubit,

FHLIQM EE LR BIREEEE 88
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5. EAELYRNERALAUNZEFZHFARR. BBE-—STHEFER , F2H LA OpenQASM 3.0
EITEFRZ.

BRI -

Ba,

gl

MCM R AREXHHAERES. MCM&ER 0 1) TEEERERPERD,

12@‘ 117‘
¢ ¢ ¢

s % _\0'120,_\

o, O, *"e .\0

110)
0@0, K 4 0, -.0

19‘
®0 g 0,--.0 0,...\

’/ ““*’ ’/ “*’
1\3 /‘ l\'_'!_—)

® Group1 < Group?2
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-openqasm-verbatim-compilation.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-openqasm-verbatim-compilation.html
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1.

EiB E B FFRIEIT Qubit EEFEHA

EARGXERIFEN MCM AT EE —BRHAITHRBA qubit EEER. EFRIERRESFR , I
AEETREEREAR,

EBEABERE
DEERTEACTHNSEE  TRENESREABERE, LEFTHARTHBENER,
EEER

MREBEFEAAREE FIRIEM MCMs B EREFARER qubit AR, Gate Teleportation B7E qubits
ZBEEERE , MAFTEER quantum B/E, ELEBRET=-EBERAGIREERTEN  ETH
BRIE, LHIEAEBNE FHEENEFBA.

RN EFREER

PREERTEBEREBMNTNRRME  UREAERERE FRETHNMEA. K EERSE
qubit RFZTREMMIRR TR, MABEHERAEZRENRENERG,

MEEHAEBDEEBRAVFMEN , 52 B Amazon Braket EFCA 17 E R H £ 51,

Amazon Braket - B9 iR &z &l

IRE 2= H 8 FER T qubit WHELLFASE, EIB Amazon Braket LS ERE | B A FEEUARE 24

Thee , LAMERAREIRRER. &£ LUEB Braket SDK, f#H OpenQASM 3.0 =% E #2i%38 Braket APIs
FHARE RS, %k , ERMANE —LHEEI Braket FIREZEH PN EEZH S

EAREH

- EEIE

- B

- ERMNEEENAR
« {# Hello Pulse
o {5 F A B 17 BUR A R E
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https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/experimental_capabilities/dynamic_circuits
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E/
57

BERRE-—EZRRHR , TRARMARETEXNERINEE, RERESESACERENHEARERN
BAREEEHXEAR LIEE., BARE@WE qubit B | ERERE qubit HERER, BRUB , UKk

BRI EHWRRE, 1 Braket Pulse 7 , EBRARBURNEE, ARMER, REEME , ETTU

BEFALESNIN , RAERERITERCTNHE.

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

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

# Create a custom frame
readout_frame = Frame(frame_id="10_measure", port=Port("channel_0", dt=1e-9),
frequency=5e9, phase=0)

BB

EERER —EHRHR , AKREH qubit WEMBMA/BMEERTH. CEEPREREEERMA—ER
H , EAETUE BEELREMELE qubit, ERENRARKREEREBNE-—FH, LFHH
ELRRIKEEE  BEERMAUTUAERKRENBHEEE.

from braket.pulse import Port
Port® = Port("channel_0", dt=1e-9)

BRI
KRR -—ERBEAKNES , AAREHHEERE FRHFS , BEBE ERBENFAR. BALUE
BEMAFBFEIEARFEARBRREAEELTE , EEEELNKL.

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

Braket Pulse RIRERNKFENE , BEBHKE. SHKE , W& _E8EIE (DRAG) KEHTT
EBR, BULUER sample NEREURELER , UGSUREMWIR , 0T HIEHIFT R
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gaussian_waveform = GaussianWaveform(le-7, 25e-9, 0.1)
X = np.arange(@, gaussian_waveform.length, drive_frame.port.dt)
plt.plot(x, gaussian_waveform.sample(drive_frame.port.dt))

0.12
—— ZaE = True

0.10 A ZaE = False

0.0 0.2 0.4 0.6 0.8 1.0
Time (s) le—7

FEHERR BTN SE R GaussianWaveform, KIEE 100 ns WIRERE., 25ns WE
B, UKk 0.1 WiRiE (EEEN ). REURERELAF L. GaussianWaveformiEZ ks &
zero_at_edges ( BflF# ZaE), %A BTrue , WGBS RBEEEE , # t=0 M t=1length K E

URE  UEHABRERKRE , BERAEHEZamplitudes| &,
BRERMEENETREBRFRNELRRS , EBTREME 7 HE M EHRFRENRERZBER.

ERAEZENAE
FERASELEETANFELAERIRNEE SR, RAGEEETREEEIE LBRIREE S R A
%,
Rigetti #1&

Rigetti EE X BFAAXEENEE , HERNRBREREAEBBEN qubit #1THik. mREH2E
aq{i}[_q{j}]_{rolel}_ frame {1} =iE%E —E qubit BF , {jIREE =@ qubit BF , AR EEHA

REAAME qubit BE) , W {role}REXENAR. BBUWTAR

FRMBEENAE 92
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- rf REEE qubit 0-1 BIRPIELR, IRESIUEIIER setM shift HEIRHMVERFBEBENHRE
BrERA SR, RN EEERIREREEE LBRINEFES. ERERAE—NUTHE AR
BB, MEFMENR , 528 Krantz et al. 1 Rahamim et al.,

- rf_f12 BUR |, tfHSEL 12 BB ABE,

« ro_rx AREZEBREHTFEREEREFN D HEN, BEURFEWER, BMBENTESHUESHEE
RIE., ©BHEIER Efcapture_vo , BRTEEEBF 2 , FTEEEM5]E,

- ro_tx ARRRESRER®AK. CEHIKRER.

- cz RRBRIEMNEE , TMAE qubit cz@E, MEEFAIEZEEBBNFESE , ©c8ERBE
ERRAMBERS , FEREREMENIREDFDE LM TFAR qubit. MFEBEMEIWFFAE
A , 5528 Reagor et al., Caldwell et al. # Didier et al.,

« cphase 2IBRIEMNEE , TRAE qubit cphaseshiftfE , WEREE ff EiER, NEBREM
FINFHERN , F2REFczBRA,

o xy RREBRIEMNEE  TRAZMT XYO0) BE , WERE ff BiE8, NEEESREES AR
AER XY MENFHENR , FSBczERNERRM Abrams &,

AU FERESERNERGER IUHRAR qubit BVER | FrEHMER qubit MHERYEEE) SR H0 S S e
RIENEREBSEREHEENEETI R, Rit , ELRBBEHENEBIEEAE qubit WA
RAELMR,

B

Rigetti £ BIRMU B BEBNERENEZIEFTE, EZEIBER/EL , q{i)_{typelHF {i}&2

18 qubit SBRS , M {type} RIEEZEBNER, FHFE , WIEMAE qubit A —HETRANIEREE, EHiE

BRERMNTRR

« rf RREHE— qubit BN EENH, CHE oM o f_F12EKHEEB. HUERAXBEE
qubit , AFFIKTE gigahertz EIERN1TEE,

- ro_tx ARSAREHRIILERHNESE qubit WEEHRIRRS., BRARINE/ IBF/\EH4E
£

« ro_rx AREWRBEEEE qubit Z BEUREEIHASE.

- ff RRBERBEE qubit WREBER, RATUBACKRAREFHNER, RERTATSERR
B qubits T BB FFiERE, HEZBRA AREMA qubit-qubit EE , RASHEMNEF cB#HEeE
EBNERBSE,

MERBNFEES , F2E Valery &
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https://pubs.aip.org/aip/apr/article/6/2/021318/570326/A-quantum-engineer-s-guide-to-superconducting
https://pubs.aip.org/aip/apl/article-abstract/110/22/222602/34004/Double-sided-coaxial-circuit-QED-with-out-of-plane
https://www.science.org/doi/10.1126/sciadv.aao3603
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£ F Hello Pulse

AR , 858 7 #R a0 E 5465 A Rigettist B LAY ARE RERMEZEBE — qubit BFE, HEHMUE
FZE qubit &3 Rabi #x#& , WEH 0 AREM 1 ARFEZ B qubit, ERAEBARIE K ARE & B P&
B , Rabi #xZ AJLAFTEE — qubit B8, EiEE , RMKRERE pil2 RENFKEREGRE L ERA
REBEERMIRETFINNELESR.

B, BEEEREFY , 5BE A PulseSequence$ 5,

from braket.aws import AwsDevice

from braket.circuits import FreeParameter

from braket.devices import Devices

from braket.pulse import PulseSequence, GaussianWaveform

import numpy as np

EZE | £A QPU B Amazon Resource Name(ARN) #{T{E B8 1V ¥THY Braket £&, THREXNBTERE
A Rigetti Ankaa-3,

device = AwsDevice(Devices.Rigetti.Ankaa3)

TIREF5LERMETH - BHORFEARE qubit, REFIIBETAEAERK. BRT —LEHAMR
W, IR AR | LA ATUERE qubite FERREFS 2/l , BLEBEA AN
%o BEMELRMANEM Rabi IRBWARE , MERDERARAE qubit AREE. LEHIER qubit 25 BWF
%, ME\ESHNFEET , F2EIBIEZENEE,

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

BiE  BUBEREBHEETBERNER,. BERRATEREGEREN qubit TR, B8 XHSEHRTE
REWKEF. EAREFSFreeParameterP XM Braket , MARERHITEBILITEFE. EAILL
FRATASHEEBRIEENRERY—X , ARERTRENE A BN THRNREF Y.

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

B#& , BefinE—EBRARER. EREFIS , SEEBEE LplayBRIEENRE , X&#E
B capture_vOBIEAREE,
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-roles-frames-ports.html
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pulse_sequence = (
PulseSequence()
.play(drive_frame, waveform)
.capture_v0@(readout_frame)

RHREERTRE , YHEREXE QPU,

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

qubit BIEMAETEREETE 0 REM 1 MEZBIREN qubit IREENRE, RAEERP , B LU
Y Rabi XU HFARENRE , ABERFEN 1 2 UBHEE, flin , RIETEHNER , BHEEKNA
154 ns, A , pil2 WILFESEHEEZERE = 38.5ns WARE 5,

£ Hello Pulse 95
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1.0 A ®

0.8 o >

0.6
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&
®

0.4 1

0.2 1 ®

0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00
Pulse duration (s) le—7

£ OpenPulse B Hello Pulse

OpenPulse R—BAREE—REFEENREBRZFINES , 22 OpenQASM 3.0 HRIZFH —
4o Amazon Braket XA OpenQASM 3.0 R R%EOpenPulse B #ERE iR ETHIRE .

Braket £ OpenPulsefi AERHPERTE , MER4AERHPFREMRE. OpenPulseXxEIL
defcal( "TEERIE, WERE ) EEFAHMEBESKRIE, BBELESL , BULUERKEBRAIESIX
EHFEERBESHWEE,

B LAE A PulseSequence T 5ar 5 #4R Braket By OpenPulse 2,

print(pulse_sequence.to_ir())

B LA E#E4E OpenPulse =,

from braket.ir.opengasm import Program

Openpulse_script — nnn
OPENQASM 3.0;

£ Hello Pulse 96


https://openqasm.com/language/openpulse.html
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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_rx);

}

FRESIREILProgram¥lff. A& , HEINRERZE QPU,

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)

{52 F AR & 17 BUR £ 58

Tﬁnkﬁﬁ%%gﬁﬁfﬂ%ﬂl_ﬁm QPU X ENRERENMEFELNE. REF5HERREMHREFER
, BFE b1FﬁTﬁ%&ﬁﬁﬁAEﬁ1%%Eﬁ#EﬂE’JFﬁ B, WRRERBEENBABE | HIUEBREREE
F-ﬁ EE’JHJTHEI ITRMFNM

Amazon Braket X E# Rigetti AR A A EEBREME

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
ERHEREEHRE QPU , BEEXTR—IR, Braket SDK AJREHBHATHIMERIE.

ERAMREFEURERE 97



Amazon Braket HBEABER

device.refresh_gate_calibrations()

EEMEUEENRERBE |, fith RX 5 XY BE , £EEEEGate W NBEBE qubit. Sl , BT
LMEERZ 0 B RX(11/2) qubit B IRE & 1E,

rx_pi_2_9q0 = (Rx(math.pi/2), QubitSet(0))

pulse_sequence_rx_pi_2_q@® = calibrations.pulse_sequences[rx_pi_2_q0]

A LAMER filter HBE Y —EEBENRIE, B EERESESR 58EQubitSet,. AR
SEVWME , Hh8E RX(1/2) M 0 qubit WATERE,

rx_calibrations
q0_calibrations

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

BE U EREZEITREERERIEXRERENEMF, Hlu , FZRBTHER.

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

B LLEB S PulseSequence I FHEIE R gate_definitionsE#EF 5| Hqubit 0, LARE B
BETrxBERERIITE. B GateCalibrations ¥#pulse_sequencest BHEEF
B, IEREENFENSUEFEBREAENRERERNK,

nb_shots = 50

custom_calibration = GateCalibrations({rx_pi_2_q@: pulse_sequence_rx_pi_2_q@})

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

HLOEZAEE R

FLEZHEEER AHS) RETFEFNHNRES K HERETFERREARANZR, MAR—ES
WEE  HhEEER—IRXREEAREME qubit, AHS 2302 HAERESEZ B E 5 /Y FF R AR 4k A1 22 48

(ERE ) BILERWRER 98


https://en.wikipedia.org/wiki/Hamiltonian_simulation
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HKBEMER, RFEM Hamiltonian SHEBEEEFKEMAISINTE  EEERAHIHREBEEREN
REREE, ¥R N-qubit R , Hamiltonian Tl E T 2N XN LA ERE R,

RESMENIT AHS B Quantum & B EEBFHFAREAIPEHSE , £ 85T Hamiltonian TEEE
FRHEVBGEESE, Sl , AR -—FEHMUNIRENFTEZSE. AHS GHlFEEBEESFERATZED
NFREBEFRENBENDEEY  fINEBREVENESE FLEBP, BE B Aquila EE—#
QuEra , EMEEMNE FEEE T (QPUs) EFREARIA AHS W AIheEE , WSLBIFHN H X EEERK
B EFEREFEUNNBE,

EAREF
o AHS #&4F : #1TEME —EFE L Hamiltonian & #
« f£/ QuEra Aquila X ELLEEER

AHS 8% : 17BN E — @ L Hamiltonian &5
AEIR A RIETE — B Hamiltonian EEH &R,

TR :

- EEEEHE

s

- 5

- BER{

« AHS &

- EXRBIERSE EHIT
- PMEERER

« 7£ QuEra #J Aquila QPU E#i1T
. 2 QPU KRR

- BRESR

BB b

HRFFZEBN FRHENERNES , BEAZE—E/UREENR (SERERBITUR "L, |14
MTETy [1#RE ). AR, BERRFEREBARAELHMUEM BN OBEBRR, HLLEH
B, B RENAEFBEFRBNNEEIEF , R EREEERMER G 6.

AHS #&%F : $ITEYEE —{EFE . Hamiltonian 18 #E 99


https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics)
https://aws.amazon.com/braket/quantum-computers/quera/
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25

BOREA—EPERFRARESREE , M "TELE) M "ET. EEARERS S B SUREAY Rydberg
REMF F R AREETIRE. BE , RIMEIL 2-d H-5. RMAUERTIEXBRIER LidhEE
RVER,

AHS #&%F : $ITEYEE —{EFE . Hamiltonian 18 #E 100
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SR - IBEE pip T8 Braket SDK, ( HIREE A2 Braket FEEE LR AHTEEE , It SDK

BEARRERS, ) EEFHE , FHLFEEFEA shell it BEERE matplotlibpip install
matplotlib,

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

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

register = AtomArrangement()

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

BB AGER BR

fig, ax = plt.subplots(l, 1, figsize=(7,7))
Xs, ys = [register.coordinate_list(dim) for dim in (@, 1)]
ax.plot(xs, ys, 'r.',6 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

AHS &3 . FITEME — B L Hamiltonian 1 #E 101


https://github.com/aws/amazon-braket-sdk-python#installing-the-amazon-braket-python-sdk
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le—-6

_.
—
-
-
-
—
=

le—-6

BE)

A7TEENENER  RMRTSEEHOEECHREER, RMEIEER van der Waals B , iER2H
FHERFEE (HUWRE AquilafIEEQuEra) REEE, FARERTRE , LEEH Hamiltonian i
EA L ABMNKRREMEEES (, K)o

AHS #&%F : $ITEYEE —{EFE . Hamiltonian 18 #E 102


https://en.wikipedia.org/wiki/Van_der_Waals_force
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— <N-1 N
Hinteraction - Zj=1 Zk=j+1 Vj,knjnk

EER , nj =141 | REET , DAERE | ER LA REH , TEEM1NE, FUAB0. B
BV, =Ce/(dj)® , Hh ¢Cis REIERE , i dis EHEHE | M k ZHNBRLEBIEE. HEBHE
MM ENMRE | 5EM | AAEE k MR "HL. NEMRENEEESHEE (KBEB VEE ). B
BAMEERET AHS SHEIEBES | LWEBSHILEBREERBER T, ke ER-BEXBA
"Rydberg #3H KRR,

=453 [

£ AHS BB , FTARE (/R ) WHEU "AT, RERKE , ERFIENSHEER. BT
BRI EEREHERNBEER , RAEE T RERKN —SEBRBA , JIESbSREELREBRLR
% T EF REMETS B BIRE. B Hamiltonian ATAE AR

Harive () = ¥ peq 2Q(f) [€90S_ y + €708, ] - T3, A(t)ny

He DLR(1). (). A(t) REMEEKNSEIRIE (1HBA Rabi 8F), BB , ARFEMEMRENESR
WA TR, WM S_ Sl L #1|and Su =(S- ) =l 1##L | D BIREEE k WRENIREEEF M
=kl T##E | ERZBTAEE . BEEMRALH Vue B0 — B BHEAMEREN "MT. M "mil, ARE, M A
ol Tm kb, ARRERYBEIR 22,

BERARGT MR RIENERENEUIEER  FEATIHIEXBEEREE M,

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()

omega.put(0.0, 0.0)

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

BT AERAATERRRBCERBUNERFS.

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]')

plt.show() # This will show the plot below in an ipython or jupyter session
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le6

N o+ o

Omeaqga [rad/s]

(=]

1e8
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0.025 A
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—0.025 A

—0.050 -

0.0 05 10 15 20 25 30 35 40
time [s] le-6

AHS 58]

. BE@MN ( LAKFEEE van der Waals EE) ) #8K 7 EHt Hamiltonian #E#EX

ahs_program,

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

HEAME SRR E81T

HRLEFIRN (DR 156 REEE ) , £ AHS A QPU E#11T 281 , I AT LA7ERE Braket SDK $2
HE A AHS R E#1T. HRAHIERRTEIB Braket SDK #EWE , A REEKERRE
X AT U IE R S1T

HEER , B EERERTEASHE (HW100 8 ) , RASTHERSFSERE FIRENKEE
82 WHRKKGREPRIEDS ; Bit | #@NREEE  AREBMENEANITRE.
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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

DR B R E R

BT AEATIRBRBERGR | UEES X EBAIRE ( WaER "dy | "down, |
A Tupa | Tey RARZEWME ) |, Y EESEEARBEREFRENRH

from collections import Counter

def get_counts(result):

"""Aggregate state counts from AHS shot results

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

e: empty site
u: up state spin
d: down state spin

Args:
result

(braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuz

Returns

dict: number of times each state configuration is measured

state_counts = Counter()

states = ['e', 'u', 'd']

for shot in result.measurements:
pre = shot.pre_sequence
post = shot.post_sequence

state_idx = np.array(pre) * (1 + np.array(post))
state = "".join(map(lambda s_idx: states[s_idx], state_idx))

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

counts_simulator = get_counts(result_simulator)

# Takes about 5 seconds

Tus &
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print(counts_simulator)

{'udududud': 330944, 'dudududu': 329576, 'dududdud': 38033, ...}

counts LA TFTRFH A ARFEERESRESEREABHNAE. RMALAUERATIIEXNBEERE

1to

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)

for configurations, name in zip((non_blockaded,
blockaded),
('no neighboring "up" states',
'some neighboring "up" states')):
plt.figure(figsize=(14, 3))

plt.bar(range(len(configurations)), [item[1] for item in configurations])

plt.xticks(range(len(configurations)))

plt.gca().set_xticklabels([item[@] for item in configurations], rotation=90)

plt.ylabel('shots"')
plt.grid(axis="y")
plt.title(f'{name} configurations')
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plt.show()

plot_counts(counts_simulator)

no neighboring "up” states configurations
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REDS , RMITUBRTHIESE , BE A ERNERMER.,

1. —RME , JEHEMRE (AP REMEMEBREEER "L, &) LLEDEF—EREBESER
b, RENAREBEER,

2. —mME , RIFERBERHE , SREFES "up" BENAREBREFN,

3. RERMMNERER TXMNMEHHME "dudududu" M "udududud",

4. BE_ARZERNMRERIAE 3 EEEIEA 1. 2. 28 "Tm L. B, EFER van der Waals B &

tETE (HAE/D ) RIEH,
#£ QuEra M9 Aquila QPU E#11T

FRIRM : BRT pip T2 Braket SDK Z 4\ , IR AR Amazon Braket T F , FRELETHHSE
BAFMSER,
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® Note
WMREE AR R Braket FEEERRAHITER , Al Braket SDK LR EHTER

ZRMBAKER , RMTLUELRE Aquila QPU,

from braket.aws import AwsDevice

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

£ 7% AHS BN EESQuEratss , BRMIEENBREAFMEE , AFE Aquila QPU fLEFHY

BHRE, (ELXERRHEBHEE "HBNE. WEESHAMEE., RMATEBREER
Zaquila_gpu.properties.dict()F#ITREFEM. WF Aquila ThHEEMBJRMNFHRAER |
28 Aquila ERRARE T, ) RATLUEBMW discretizeFEREITIIRE,

3

discretized_ahs_program = ahs_program.discretize(aquila_qgpu)

R, BMALATE Aquila QPU E#1T7EX ( B eI R #4T 100 EEEHE ) .

(® Note

EAquiIaJEIE%EJ:$M‘TJH:$E'?‘§E$§)¥o Amazon Braket SDK @& A EHEZE , AIEEFE
ERRAPR S , MIF F BN Bt 8 M H R AN,

task = aquila_qgpu.run(discretized_ahs_program, shots=100)

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

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

task ARN: arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890abcdef
task status: CREATED
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HREFEBIRFESREFSIEATHNRAKEE (BFURRATRKERMN QPU AR )  KRFLTE
FAEH ARN , LERMBRATUERATIENEH RRBEELRE,

# 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 = metadata['quantumTaskArn']
task_status = metadata['status']
print(f"ARN: {task_arn}")

print(f"status: {task_status}")

*[Output]*

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

task status: COMPLETED

—BiR8EA COMPLETED ( thaJLA%E Amazon Braket T ANE FEKRBEEETRE ) , AT
FATIHAFREARFER :

result_aquila = task.result()

o QPU &R

FHEZHHBNget_countsEE , M TLAGTEE -

counts_aquila = get_counts(result_aquila)
print(counts_aquila)

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

WaER EEeMplot_counts :
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plot_counts(counts_aquila)

no neighboring "up” states configurations
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IR, /MO NEEREREMNMEN (M e ]BRE ) . EREM Aquila QPU BB R T EHRIES
1-2%. BRibZH , HRERHERYD , FRERBRERBNRTIRB B,

BRESR

RE | BERECERAARE AHS E#EESH Aquila QPU £ Amazon Braket E#175 — 1 AHS IT{E&
o

EEH#—5 7 # Rydberg W3, Lt Hamiltonian #E#EHMAquila & , FSEARPNELAZH,
£/ QuEra Aquila X EHER

LLEERME Aquila¥ESThAEM TE X FQuEra, WWERENFMEANT 1) B BENSEIL
HamiltonianAquila, 2) AHS X2 &. 3) AHS £RAZR. 4) AquilaZhgE 28, BMEREMER Ctrl
+F XZHSRSKEENEEHEBNSE,

\

EREH -
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- EEBEEX

- Braket AHS B EE R

» Braket AHS E##E RiEEH R

« QuEra & EBMEBIER

R TR
HRE WAquilass REQUEraiEE T3 ( RAMAK ) EHEEX :

N N N-1 N
H(t} - Zkzl Hdrive._,l.: (t) + Zkzl Hlocal detuning, k (t) T Zkzl Zgzk_l I’i‘dw,k,i

(® Note
FHAMIARE —EERIEINEE | A[3EIB Braket Direct 53REUS.,

where

* Harvex(®=( /2 JPEG(1)®®US_+ "1, JPEG(t)e ™Y S, ) + (=giobard(t)ny)
- DLR(t) REEMKNSIHERIRIIE (LA Rabi 8% ) | B A (rad /)
. o) EEMAKN SR | NAESSEY

« S_x M . Sare & atom k WIEEREMBAERE T ( BEE | #=|g#. |1#=|#, EFIR S_=|g#
#rl. S.=(S.)'=|ritg])

* globalA(t) R EFEIARMKHY 2 IHFRE

* ng = atom k Z Rydberg AREERVIRFBE T ( BD n=|r#tr|)
* Hiocal detuning k() =-1ocalA(t)h kNk

* localMt) RABIARERNEEMEKREE , EUA (rad/s)

« hy RMAUHEKEE , "R 00T 1.0 2ENEHREEF
* Vyawk=Ce/(di)°niny ,

» ¢Cis van der Waals % , EfZ %A (rad / s) * (m)"6

« dy, R atomk M | ZENEBEEGHER , LARBEN

£ i & W iEiB Braket AHS B EBHRIZH T 52,
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o 2-d BFHET (B k89 x (FISEAE , Blum BEM ) |, Bk, =1, 2, . NZSIRYEFESE d.
« LA (rad/s) AEMNARFREIEMKME. £15 Rabi A%

. ot) , BRI S HREE | BB (rad)

o gopaA(t) , ERIARMRNE, SETE | BA (radls)

* ocalt) , BEMREBIEENREMEKYE (248 ) BE, BUA (radls)

« he, BEABEEN (FE) BUEEKER , TR 0010 ZENEEEHT

® Note

FERERLEFSRNEF (B1S.. S.. nEEFEEEN ) =X Rydberg-Rydberg B EZRE
(Ce) KRR,

Braket AHS R E B iR

braket.ir.ahs.program_v1.Program ¥4 ( &4 )

® Note
MR IEHIR B RBUH AN A EEThEE | localDetuning=[1&E FHISEFIHER .

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]
)
),

hamiltonian=Hamiltonian(
drivingFields=[
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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 ( 61 )
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® Note
MR IEHIR S RBUA AN EINEE , "1localDetuning”: [IFBETYIEHIHFERA .

{

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

},

"setup": {

"ahs_register": {
"sites": [
[@E-7, 0QE-7],
[@E-7, 4E-6],
[4E-6, OQE-7]
1,
"filling": [1, 1, 1]
}
},

"hamiltonian": {
"drivingFields": [
{
"amplitude": {
"time_series": {
"values": [0.0, 15700000.0, 15700000.0, ©.0],
"times": [QE-9, 0.000001000, 0.000002000, 0.000003000]

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

"detuning": {
"time_series": {
"values": [-54000000.0, 54000000.0],
"times": [QE-9, 0.000003000]
},
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|TWRETH 2-

"pattern": "uniform"
}
}
1,
"localDetuning": [
{
"magnitude": {
"time_series": {
"values": [0.0, 25000000.0, 25000000.0, 0.0],
"times": [QE-9, 0.000001000, 0.000002000, 0.000003000]
},
"pattern": [0.8, 1.0, 0.9]
}
}
]
}
}
FERMN
EXRA type description
setup.ahs_register.sites List [List
[Decimal] ] d BEEE
setup.ahs_register filling List [int]

hamiltonian.drivingFields [] .amplitude.time_se List [Decimall

ries.times

hamiltonian.drivingFields [] .amplitude.time_se List [Decimall

ries.values

hamiltonian.drivingFields [] .amplitude.pattern str

hamiltonian.drivingFields [] .phase.time_series List [Decimall

times

£/ 1 FREeiE A
BRUGRVRE T |, 3
£/ 0 fRACZE LB

E& B R 18 1Y B
2 . Omega(t)

EEENRIEAY{E , Om
ega(t)
BlR B 4 18 1Y Z2 48

3 , Omega(t) ; &
ZH7& 'uniform’

BB P B Y B
25, phi(t)

f# /A QuEra Aquila 2338 HHER

116



Amazon Braket HEASER

ERXRN type description
hamiltonian.drivingFields [] .phase.time_series List [Decimall ERREERRIE | ph
.values i(t)
hamiltonian.drivingFields [] .phase.pattern str EREERNZEEER
N, phi(t) ; BER
‘uniform’
hamiltonian.drivingFields [] .detuning.time_ser List [Decimall] 5 Bh 38 A Y B ]
ies.times % , Delta_global(t)
hamiltonian.drivingFields [] .detuning.time_ser List [Decimal] SEEFARMNE , De
ies.values lta_global(t)
hamiltonian.drivingFields [] .detuning.pattern str SR BN AR 22 [
3 | Delta_gl
obal(t) ; AER
‘'uniform’
hamiltonian.localDetuning [] .magnitude.time_se List [Decimall] Delta_local(t) A4
ries.times 4 2 i B Y B RS AR
S EA SRR
hamiltonian.localDetuning [] .magnitude.time_se List [Decimall Delta_local(t) A4
ries.values 4 2 i B Y B R AR
S ER
hamiltonian.localDetuning [] .magnitude.pattern List [Decimall AR K
HY 5 B ARk A
£ ,hk (EY

FER setup.ahs
_register.sites HHY

VER )
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FR R & R
B type
braketSchemaHeader.name str
braketSchemaHeader.version str

Braket AHS E&#E REEHER

description

fERERERE ; LER braket.i
r.ahs.program'

o RPN D) TS

braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuantumTas

(#hl)

AnalogHamiltonianSimulationQuantumTaskResult(

task_metadata=TaskMetadata(

braketSchemaHeader=BraketSchemaHeader(
name="'braket.task_result.task_metadata’,

version="1"

)I

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='2022-10-25T21:00:58.2187",

status="'COMPLETED',
failureReason=None

)I

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 ( &4l )

{
"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
}
}
}
FE@EN
EREREA type description
measurements [] .shotResult.p List [int] BEFKENFIEPREVT (8
reSequence BRFHH—E)  WRUHA
¢ BlO; R ECEIER , Al
1; EHTEFEENRERY 2
BAIE
measurements [] .shotResult.p List [int] BEEENFIRAEMT : MR
ostSequence R FER Rydberg RAESR G B A
= | BlA 0 ; RFEFEMREMAR
B AA1, EHITEFEENR
FHFIERRRE
FR R & R
ERE R type description
braketSchemaHeader.name str FREEIRN
2%, ¥H
= 'braket.t
ask_resul
t.analog_
hamiltoni
an_simula

f# /A QuEra Aquila 2338 HHER 120



Amazon Braket

FMBABER

ER e R

braketSchemaHeader.version

taskMetadata.braketSchemaHeader.name

taskMetadata.braketSchemaHeader.vers
ion

taskMetadata.id

taskMetadata.shots

taskMetadata.shots.deviceld

type

str

str

str

str

int

str

description

tion_task
_result'

BRI
x

L B puiy
28, 4AH
5= ‘braket.t
ask_resul
t.task_me
tadata’

IR AR
PN

B TR
ID. ¥R AWS
EFREH , E
RETER
ARN,

BFEBNE
RHE

BTEHRUT
PIERNEE
ID. ¥R AWS

HE K6 ERE
& ARN,
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FMBABER

ER e R

taskMetadata.shots.createdAt

taskMetadata.shots.endedAt

taskMetadata.shots.status

taskMetadata.shots.failureReason

type

str

str

str

str

description

BYHEES
ic; BXMAE
= 1S0O-8601/
RFC3339
FEFR
YYYY-MM-D
DTHH : mm :
ss.sssZ, TAEX

RE,

EFEBE
REHEEE
ic; BX&E
= 1S0-8601/
RFC3339
FEER
YYYY-MM-D
DTHH : mm :
ss.sssZ, FAEX

RE,

ETER

Y AR A8
(CREATED.
QUEUED. RU
NNING. COM
PLETED. FA
ILED), FARA

W\ 0

BFEBHNX
MRER, &R
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FMBABER

ER e R

additionalMetadata.action

additionalMetadata.action.braketSche
maHeader.queraMetadata.name

additionalMetadata.action.braketSche
maHeader.queraMetadata.version

additionalMetadata.action.numSuccess
fulShots

measurements [] .shotMetadata.shotStat
us

QuEra £ EBMABHER

type

braket.ir.ahs.program_v1.Pr
ogram

str

str

int

int

description

( EZH
Braket AHS 72
NGB R —
)

L RPNy
28, 4AH
5= 'braket.t
ask_resul
t.quera_m
etadata’

EBRIRE R
7

TERIME
FHYE ; ¥EH
ZERFERWIER
HEYE

TEAME (A
Ih, BB EX
Ih, KM ;
Ih,

braket.device_schema.quera.quera_device_capabilities_v1.QueraDeviceCapabilities ( €54l )

QueraDeviceCapabilities(
service=DeviceServiceProperties(

braketSchemaHeader=BraketSchemaHeadexr(
name='braket.device_schema.device_service_properties',

version="'1"

),

executionWindows=[
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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(
imageUrl="https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5¢c5c878/
abcfcb6fcaz26cflc2elcb.png’,
summary="'Analog quantum processor based on neutral atom arrays',
externalDocumentationUrl="https://www.quera.com/aquila"’

),
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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 ( 61 )

"service": {
"braketSchemaHeader": {

"name": "braket.device_schema.device_service_properties"”,
"version": "1"
},
"executionWindows": [
{
"executionDay": "Monday",
"windowStartHour": "01:00:00",
"windowEndHour": "23:59:59"
},
{
"executionDay": "Tuesday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"
1,
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{
"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": "2024-01-22T12:00:00+00:00"
},
"action": {
"braket.ir.ahs.program": {
"version": [
nqn
1,
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"actionType": "braket.ir.ahs.program"
}
3,

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

"name": "braket.device_schema.quera.quera_device_capabilities",
"version": "1"
1,
"paradigm": {
# See Aquila device page > "Calibration" tab > "JSON" page
}
}
PR 75 B M AR iz
PR 7 B 14 A L type description
service.executionWindows [] .executionDay ExecutionDay PITHERNXEY ; BER
X, . "IfER..
TBxR,. 28—, .
FrEfg—, ., TEfH=,.
EHmM, . "EHE, .
FEHi/N, = "EfA,
service.executionWindows [] .windowSta datetime.time FITIFERBAR IR UTC 24
rtHour NEFER
service.executionWindows [] .windowEnd datetime.time FITIFERERIFH UTC 24
Hour NEER
service.qpu_capabilities.service.shotsRange Tuple [int, HEMNREHE TR LR
int]
service.qpu_capabilities.service.deviceCost.p float UERABENHNEEER
rice
service.qpu_capabilities.service.deviceCost.unit  str WEERRIELL , B
4 : 'minute', 'hour',
'shot', 'task'’
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o A £

S R type description

action [] .version str AHS BEXEBHERR
[EN

action [] .actionType ActionType AHS B EBHERE

M ; HHER 'braket.i
r.ahs.program'

service.braketSchemaHeader.name str ERERNEE
WAZE R 'braket.d
evice_schema.devic
e_service_properties'

service.braketSchemaHeader.version str FEB R A RS

service.deviceDocumentation.imageUrl str FEMSR URL

service.deviceDocumentation.summary str &E FNEEHER

service.deviceDocumentation.externalDocumentationUrl  str SNERX#F URL

service.deviceLocation str KEFENHENE

service.updatedAt datetime EREHMEEBMHEN
i

£ AWS Boto3

Boto3 &AM Python B9 AWS SDK, i%if Boto3 , Python B AE T LARM, REMEE AWS R
7% , a0 Amazon Braket, Boto3 12t¥1#E @A APl , LA ¥ Amazon Braket BY{EFE 77 EY

JB1E Boto3 Quickstart IEFEARMIET , THRUNMZZERNELE Boto3,

Boto3 $2#tE2 Amazon Braket Python SDK #&Ei A /O ThEE |, B IREREMBITE FE
#%. Python EF —REFEEZR# Boto3 , RAERZLVENE, NRECEEFAEMIFERNSZ , £
FEZH Amazon Braket SDKo

( #Pg ) A AWS Boto3 128


https://boto3.amazonaws.com/v1/documentation/api/latest/guide/quickstart.html

Amazon Braket HBEABER

Flan |, E&EMF BFCreateQuantumTask , Amazon Braket SDK €555 R1ERX E Boto3 , A% LY
AWS API,

EAREA :
« BARX Amazon Braket Boto3 f B i

« ST Boto3 #1 Braket SDK By AWS CLI 2 EHE

B Amazon Braket Boto3 B F i

£ E# 7/ Amazon Braket {£ Boto3 , &% EE A Boto3 , A% E %A NKEEZE Amazon Braket B FH
EiwAPl, £ T5I&E45|+ |, Boto3 AFiwm®& A braket,

import boto3
import botocore

braket = boto3.client("braket")

® Note

Braket 718 IPv6, MIREMEHIPve-onlyfI#EEE K =HELERARIESSHFER IPvo RE , FFEH
SRR E | MEHETN FIPS iwmE IR PR,

BELEEUbraket HFH , BAILAHE Amazon Braket BRI IR B RMREEIE, &TLE APl 2
EHREEHERNEEERFHREN,

THEH REBMAER KEMEFER,

* BE%XE

BEREE

BUBTHEE

HHERE TEH

BEEFHEK

BUHE FEH
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https://docs.aws.amazon.com/vpc/latest/userguide/aws-ipv6-support.html
https://docs.aws.amazon.com/sdkref/latest/guide/feature-endpoints.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
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HERE

* search_devices(**kwargs)

EREENEERRTESRE.

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

HHEE

* get_device(deviceArn)

#EEY Amazon Braket A RV EE,

# 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']}")

BYETFEHK
« create_quantum_task(**kwargs)
BIUEFERK.

# Create parameters to pass into create_quantum_task()
kwargs = {
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# 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)

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

HEE 11

* get_quantum_task(quantumTaskArn)

HEHEENE FEH,

# 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'])

BEETE®

* search_quantum_tasks(**kwargs)

EENSEERERHENEFER.
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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(response['quantumTasks'])):
task = response['quantumTasks'][n]

print(f"Quantum task {task['quantumTaskArn']} for {task['deviceArn']} is
{task['status']}")

HUHE 7125

* cancel_quantum_task(quantumTaskAzrn)

BUEEEEME FEK,
# 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']}")

% E Boto3 # Braket SDK #J AWS CLI X EHE

BRIEE S AR E , Al Amazon Braket SDK {k38E5% AWS CLI B AE R, BEREESE
Amazon Braket A E#1T RRIEFTERE , RACKERHEERBELAHTERITATHN IAM A
&,

HE , MREELRRE (Ha0 Amazon EC2 #1TERE ) HTENE , W EMYES AWS CLI RE
2. BALUABEREERBTIEANFTE  MAREHNBERAKRRER,

AERMMNMAERELE CLI profile AR IMAI A X ERE A A Amazon Braket WiEEERA , AEFEH
RE R ER N FF A ETAPIFLY,

EREH

5% 7E Boto3 # Braket SDK B AWS CLI 2 EE 132



Amazon Braket BIB A BINT
- SR 1 BRESRH AWS CLI profile

- $E 2 : B3 Boto3 TYEREERYIH

- B8R 3 : #% Boto3 T/EREERH A Braket AwsSession

SER 1 BREAH AWS CLI profile

BHEAYHNEE  RANARIFEAE  URNASREHFERZIERL, NESLIBHHMENR
20 -

3

« AP
- FXZE AWS CLI LAfEF AWS IAM Identity Center

= E &M Amazon Braket , &4 AL EH & FMMEBEBH CLI profileiR 4 EH) Braket ¥/, Hi
&7 LLEE AmazonBraketFullAccess BUER .

SER 2 . B3] Boto3 T/EMEER Y&
ZEE Y Boto3 TERERYH , BRATHEXGESH,

from boto3 import Session

# Insert CLI profile name here
boto_sess = Session(profile_name="profile’)

® Note

MRFEHHAPIFIEREprofile AR EH AN EBERS , LT LIEE Boto3 TIEFH
BREE , TS EHIFR,

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

HRIEERS W5lBregion , FRREEZEHFP —@ETH AWS B Amazon Braket By{Hus -
west-1, il us-east-1, %,
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https://docs.aws.amazon.com/singlesignon/latest/userguide/getting-started.html
https://docs.aws.amazon.com/cli/latest/userguide/cli-configure-sso.html
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SE% 3 : % Boto3 LYEFEERBF A Braket AwsSession

T A& B R A #) 3518 Boto3 Braket TIEREE , W HMATHERILX TERPHERE

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)

WERETKR , B E FEKEREZHTER{LAwsDevice I ( HlanF 1Y device.run(..

) WH) . ZBEETHAEAPIFILE AU AESLTNIEES B CLI EREEMEBEEN IAM &
Fprofile,

% E Boto3 # Braket SDK HJ AWS CLI R ERE
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£ F§ Amazon Braket BIEE8HNE FEFKE

Amazon Braket Rt EESNEEE FERERS  HHETEREFERLFTEFEEEZAE
TRAEMNER, GEERSEERMNERRBMEREM , A& Amazon Elastic Compute Cloud
(Amazon EC2) % , UURBERSWAEE (HPC) BN L EBETERNER, EEERIE
BEIRERNRELCENETFEARS,

£ Braket FiE#ES , B UHEKIRENETERINEE L, MIASZINERETHENRIFTY
R, EJELRRTEETEFH S  REXAETHENER , AFERNE FEE EMEBRERT
it o

Braket SDK A ZERRMIGE FEKERIEEE K ELEHERSE , MG ERBFMABE
- THREFREENITA, BtaLlRIH Amazon Braket EEEBEEESERNE T EE T
X, E—SERASNRBOEE,

BEIBTE Braket WEES FAKAISENEFER  SUUESESENHRE. BEHENEEE , IER
HFfet K ARBEHBECERETER L. EEAREHEEE, BERBREREK  YRENEET
BEEENEE,

EAREAF

- BEFEBRRERIEZEESS

« £ Amazon Braket iR & F ¥

HEFEBRRXEERR

Amazon Braket ATRIEFIZE AR E FEBERERS. SAUERREXEFER K BUUREE
FAEBH R

R HEas

- REMEMEEES L DM1: arn:aws:braket:::device/quantum-simulator/amazon/dml

- REEGEEESS , SV1: arn:aws:braket:::device/quantum-simulator/amazon/sv1l

« Tensor fBMEEEES , TN1 : arn:aws:braket:::device/quantum-simulator/amazon/tnl
o KRHIEHEES : LocalSimulator()
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-batching-tasks.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-batching-tasks.html
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® Note

A LAEUE QPUs MBEEEEIESCREATEDE A MMM E 7115, Er LA FEEE &3S
QPUs , | HEUH QUEUED IREEME F1E#., #8EE , /£ QPU QUEUED AT FMRFERA , AT
BERIHEUH QPU B F1E#.

FEAEIH

o REGIRAE D EEEER (braket_sv)
o REREEELER (braket_dm)
o 7R AHS #E#E28 (braket_ahs)

- REEMEREESR (SV1)

- BREREERSR (DM1)
 Tensor MREEHRET (TN1)

- BRABRERSR

« LB Amazon Braket i g5

« Amazon Braket £y & FEKEI 5]
s EAXREERRAGKE FER

« Quantum EEHREE

AR RE O EREEES (braket_sv)

AHRREM EHEEEES (braket_sv) & Amazon Braket SDK 9 —&B4% , AI{E R RVIRIE A RS 1T,
TCIEBESENEER LRFERHEEET (H&F 25 fqubits) , BURREH Braket EFg AT AR A
BIRIENER SR,

YIS BERR X & Amazon Braket SDK VAT EFE , B QPU REXEB/IN FHE, BTN ERERS
PRI EEENRE,

(® Note

HEAEBE 2R T B PE OpenQASM ThEE , BLINEERIRER B QPU HERHEKESE., WF
S EEENFMER | 5528 OpenQASM Local Simulator Z 5824 R 2 LY E5 41,
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Advanced_OpenQASM_Programs_with_the_Local_Simulator.ipynb
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wmFE M E ARSI ERR , 552 B Amazon Braket #4l,
AR B fE R #EES (braket_dm)

7 AR R RS (braket_dm) 2 Amazon Braket SDK B —&f4 , Al EIRBEH A AEEAIT, ©
IEHEEEEEMAN/DNER LRERBEEFT ( &Z 12 fEqubits) , EEURRER Braket EFLAET
R R HIRE N ERRE,

BRMERVTBENEBCERSFHEMARE  KERBEERE RNEAER, ShabUSMFIR
FEREZERAERMBEqUbitsMRE , ELER S ERKNIT , BEmMIEHEMA,

RIBIEEN BE , braket_dmABEEEET 7 LUR M T 5% Rshots :
- ZREMRKIEFME : Shots=0

(® Note

AR RS S B PE OpenQASM IhEE | BLEINAEMRER B QPU £ B H i #85, WE
S EBINEERMEMIERR |, 5528 OpenQASM Local Simulator 25224 2 LAY 51,

EEE-—STHARREEMIERS , 5528 Braket MFAETRBFHN 0,
A AHS #E#E25 (braket_ahs)

% AHS (Analog Hamiltonian Simulation) # #2858 (braket_ahs) & Amazon Braket SDK #J—&B
7, TEENREFRAEIANIT. CUTARERE AHS BEXHNER. CHFEESEPEEE (KRS
10-12 AR F ) LETERERBERET , EEURAEN Braket ZRRABTHEB R AEIRIENERFE,

FRERSRTEERS —ER—EBML. —E (F%— ) BBMCNESR TSN AHS 25X, M
EFMERR , 526 Braket AHS 51 Braket AHS X B IR,

EEE ST A AHS #E#25  552 8 Hello AHS : #{TEHE — @& L Hamiltonian #E# B @
F1¥& L Hamiltonian & &5 E L4,

REEM EE = (SV1)

SV1 B—EREFE. SMEE. BRAREOEREESR., CUUAKRERES 34 @ NERqubits, REMANRE
BREANMHEMRARME , L£TEEEM 34-qubit, ZENHTEER ( ERRE = 34) KWFEE 1-2 /M
THETR. BEBall-to-all ENERIEEES SV1. eUATEREOEFIRBEESFHEAEDER.
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https://github.com/aws/amazon-braket-examples/blob/main/examples/getting_started/1_Running_quantum_circuits_on_simulators/1_Running_quantum_circuits_on_simulators.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Advanced_OpenQASM_Programs_with_the_Local_Simulator.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Noise_On_Amazon_Braket.ipynb
https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/ahs/analog_hamiltonian_simulation.py#L29
https://github.com/aws/amazon-braket-schemas-python/blob/main/src/braket/ir/ahs/program_v1.py
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SV1 TR LRRA 6 N, HFERA 35 BXETEFER , &2 100 @ ( 7 us-west-1 Hl eu-
west-2 H4 50 @ ) WITEFER.

SV1#ER
SV1 JRETIER , BIBEEMN B Eshots :

- &iffl : Shots> 0

- FEHj : Shots>=0

« Z8 : Shots>=0

- HE : Shots>0

- ¥R1E : Shots=0

- B#EHE : Shots=0

MEBROFAET , F2EEREE,

SV1KETA , EEREHNTENER K MARJUFTHITZEER. HTHESHBERERE KL
®E , YL B 2EBERqubits, B BEHHTRHENSEshotsR/)h. BEE—F TH , FFEL
BIEHEER .

B2 1% Braket SDK VAT ERIE |, B QPU REX BRI TR, BAUEREBEPHRIRE
X ENRIE.

#EREMEESRRR (DM1)

DM1 ZHE%. BN, BEEMERS. TUNUERSES 17 @ HEHEqubits,

DM1 BHRE 6 NENHITHA, BRA 5 BATRTFEY  URES 50 ELTRTEH,
DM1 &R

DM1 RIRIEER BB , THURH TR Rshots :

- &ifjl : Shots>0

 FEHA : Shots>=0

« Z8 : Shots>=0

« ¥ : Shots> 0

« RERIKHEFE : Shots=0 , &% 8 1@ qubits
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NEERNFRES  F2REREE,

DM1 KEAH , cEREATENER , MEATNFTHTZEER. HITRHESRZRERERY
®E , Y BB 2EHERqubits, Y BEHATRENZ EshotsR)D. BEE-FTH , F2EL
RIS HEER .

54 51 38 A1 R 1

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 [@,1]
Kraus

At most 2 qubits

At most 4 (16) Kraus matrices for 1 (2) qubit
PhaseDamping

Probability has to be within [0,1]
PhaseFlip

Probability has to be within [0,0.5]
TwoQubitDephasing

Probability has to be within [0,0.75]
TwoQubitDepolarizing

Probability has to be within [0,0.9375]

Tensor R EEET (TN1)

TN1 RFEE. SRENREMBERS., TNIITUERISEEERER , HZWIE 50 Equbits , BE

REHR 1,000 BLED, BRARERER, EGLAKFEENER  UREERFHEBNHMER | 4
MEFENFEER (QFT) BTN, $F5EA, SLUMERRTNGEE, B, EREERSERET
ERNEREERRK , Fik TNIATUFEGT —ERBRNTRHE  EBAKERE., mREMGKAER
ERIBTN1ERSTERERS , TN1 T2EHKE.

TN1 TR ERG A 6 M. BREIBEZES 10 @ (eu-west-2 1 5 8 ) WLITEFEH.
TN1 &R
W iEPE R — RIIE SRR, RZENFIEHEIEINER  WEIHERETEIERA L.
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JEZE : Shots 4%& > 0,

EREHTIE
« BAR
- HiE

NEGERNFRES  F2REREE,

TN1KERA , CERFEATENER K MATURITHITZEER, fEE-— S TH  F2ELR
B,

BB 7 1% Braket SDK VAT ERIE |, B QPU REX BRI FE, BAUEREBMPRIIKE
XENRIE.

#H1&E&h Amazon Braket GitHub f#FELLENE TN1 S HIE 5 A |, LU BEBERER TN,

A NREER TN1

o ERall-to-all B,
- FRALE AETNERIERE Ishots , A THERKN "HEE ., TN1,
- EZEEFEK LD EI KRB shotiE#,

BA A A HR 18 Bt am

RBREFRNEFESARRERERARTEREEZEANF, I cBSEARNERRP , LEREE
BENERATER LHTERE, WA EAMAERERRERNEREE BBAMBNAE. Eil
HAEEREEE—MNBRERMERRED , MAXERFTURBEROLRESRER  XHIERERER
FRENERIAITRE, MBENMERBERRERENERRTE , EVRSEINENERE , BEEATHRE
%, WERRERERIERNELBABCESERNFAES , F2HEM Amazon Braket BS
ERXMHEEIITESER

PennylLane §Y I EEKEES

BAILAE A PennylLane BB EE 25 /E A Braket LV N EREREES, £ PennyLane HIBISHEHEES |
BRI REREEEE S L, fINBEEEN , UERNEEFTMGEHE, Lightning.qubit £ 5257
i#E1B Braket NBIsAEK B F X 1RM , WA BRIV NIEMS , ™ Lightning.gpu E#EESAIFEZ L
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BE GPU #H1TEREMNBRARNERSEEN#1T, WEMEA Lightning.gpu BVEEHI , 552 B Braket Hybrid
Jobs EFFERARH AR

EE# Amazon Braket & ##88

AEFREA— LS, REIFMERARSG , HERERGKESE FEMH Amazon Braket #E#E2S,

BEAEERB[NEFERSR (SV1. TN1, DM1)

AEERRN NIRRT EARRENER | FIINARITRESRN Braket EBRCAHTER, BFE
BHRRE AWS ElRFHT , EEREIBUARNAMIRE, BREEERIHRANERETRE
1t , EREEFEBNEFTERLEN—LEERR, MRIRAZEFER K EURRTHEY, &
RIEL —MRReestE |, TSI T HBBRBNAHTER  SEEMANESR,

HRRE

« ALK 18 @ Brqubits , FEEAARBIEESS,
- £/ 18-24 Bfqubits , AR BT EE BB EFEEES,
- EABIE 24 @ Brqubits , FEEAREEEES,

HRMFIREE

« ERADRA 9 Brqubits , 55 A MIEESE,
- £/ 9-12 BFqubits , FERIBE T EE FBFEEES,
- EHEIR 12 @ Bqubits , FEFEH DM1,

TERRRE R EAE RS ?

SV1 RERAMREMEE KR, CERTFEFMENTEREE , YRFEFAEREERE RE, R
FrRAWEN , BIERET AN TN, SVI EEENEFERATHESREERTHIRERE
RRMESE A0

TERZEREMEERERR ?

DM1 BEREAHINETER. CEFHARRNTRRERLERE , Y KFEASHHBENMEARE.
ERFEEECSARERNTRETRENTREF., IITHEABERRFEHERERER , U &
B ERBEREqubits.

TERREMRIRIESERR ?
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TN1 REFERREBABBILEF.

- BPAVEIREH 8 FRED A qubits.
- BFEMNREAREEZBIER,

HRLLAER | TNTAURBAY RBENEME FERVERFERGT R,
TN1 ZEMERKR
—iRME , TNTSUMBERG ERERE FER.

o TRURPEER - HULMERT , TN SRH-EURRRNAXNEABEELN G E , SREHESESR , %
EEREMENAE. BATEF , EETILEER A - BAETNIHTREREER. ©EE%HK
E—ERE , TREERRAIFRMERAERTETITE AR, EHEAKE  SERIBYUBREN
Ao

o WP ER - WEBREONERERTETNATRER. BRE—RIEEFREEK, ELFRENIEF
HEENHERRANEE., it , BRERSLTK , LEXRIBEHIRERNEERE. ERER
PRI EINER SR, SRAERNEETNIERGE K UEERENER,

TN1 B E AR ST

EEZ , EUUEERTN1BRENTHNEHEETLER, TEAREBEBHNETHF , EABEERKD
BRHAVEERR. EERBIHNEE, EEHERBENE TS , EFLE TRRERIET BRI
#Ro

MR TN RBITERMEE , BIBGERSTHAE LITENASKBNT , MAREERE., ETER
BL REZKHEEEHE 6 ENALESER. B&L  BRERRERHESNET.

ZARRR , WARBNERBEERTNIRE—EN TBA, . CRERRKEEBEESLER,
BEASERRSNEEED

SV1 FEBEEETERBEARERE qubitsT FEMNEMEENBE. —KMS , AMENKEEEE
FEHERMER , METHURRN B Eshots, SV1 BELE TN1 28 LA THEEERqubits,

SV1 HRBREMqubitEF , BRETERIE , RACERLEE TAE TN , BMFERFETR TN T
BEtE, TERMETMLARTARE, Fitk , $R30-qubitiffl , SV1 4AFTE 2730 EiERE, AARLIEE
MEFEERHIqubits , AmazonRaket SV1 &SRR A 34, BAIGIEREZE | 84 #BE qubit
KSV1 , BEES 8 mMERE,
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HRFAZERWERE , TNMATNEEREEFTMEL KESHNERSVI , BA TN ST ABFENER.
EXE  vER-FAAMRERBRTRNESR  YAIRFEHRAERFENERE, 52, CERE
HERE , DI EEFEN T  EMEEEFENFIERER

R TN1, qubitsM FENHEREE , EEFENERBEETE, i, TN1 FEERTEFEREE
BNER (B ) (7FE, SERFMEREqubitERERIRIEMNMIL qubits) , ARER (HEE) EF
FOSEENER (B ). WARNSHEETN1ZESE REER 5 qubitsky H At qubit@zEqubits, R
REBPNEBAUSBAEBENRR , fINELER , TUAES, ENRNER—NERKT , 8
SRETNIETIE .

B PR F TN1

TN1 RZEMRELLSVIBNAEBEMESE, HRELER , SEERERIBTNIRILER YR
AREEFAILED , REMT :

« RARBRE - MREFAEH , ARBRIBRFNEERE  MAEKRFRENRERE., TN1EEH
TWHE, B FRBLULITHIERRAL : No viable contraction path found.

o WiERERARE - 2REERP , TN1AKREEAERE  BFEERRAFERER, BEER
AT, BEFERE , KABEBES , MEEERERCETNIRE, B EESFINELLITAVEHR
#E . Predicted runtime based on best contraction path found exceeds TN1
limit.

(@ Note
BIfERBITUHE B /EE R FAILED AR , TN HEXMN BEREEERER,

RN TRBEERAshotit . ERFEMNERT , TINTRMERBSHEEEURRshotit 8. B AT
B DK F|ETEshots, il |, BATLURRR 100 WE F{E#shots , ETNTREEEZERE , (HEURE
R0 EFRR , AESERERT, £EBERT , EEEE 100 E%EH6] , &0 Sshots AR
ERER 10 @ quantum 3 , WEERSHIER.

BEEBR K BRE—2FEHLE shots ( Hi0 10) RARECHERRNERER , U THERYE WEE
TN1 , AZEBREINITESHED shots,
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® Note

TE R U A PR ER Y SR 5= R B LA/N B NixN SEFEBHEE, B8N |, 2-qubitBlEEE 4x4 M, 7E&¥
EAKRHNNGEHRBFMENDRBERIEEEAR, EEEEEE XITETH. ER_RAMTE
Amazon Braket T& E & IE & 8 MY I Ha -

Fi Braket RER MU BEERKATZEER, WITRIRNKEB[NEREME, WFELITRHBIAEFHE
&, F2ELERR.

Amazon Braket £ & FEFE &4

REPERLBRITHOIE FAEBHIMER , CBNEEFRRER, FS Amazon Braket I REE |,
BEROLERESR LFTER , FlI SV,

FEAHR

- BERE

- EXEHEFER
REXRZBILER
$EXE shots
BIREBPIER

2

,F

BEERE
Bt , BERYEEEFERNEE. WA REUMREREESR SV,

# choose the on-demand simulator to run the circuit
from braket.aws import AwsDevice
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")

BRI R R ER — LB, TR

print (device.name)
for iter in device.properties.action['braket.ir.jaqgcd.program']:
print(iter)
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Sv1

('version', ['1.0', '1.1'])

('actionType', <DeviceActionType.JAQCD: 'braket.ir.jaqcd.program'>)
('supportedOperations', ['ccnot', 'cnot', 'cphaseshift', 'cphaseshift0Q',

'cphaseshift@l', 'cphaseshiftl®', 'cswap', 'cy', 'cz', 'h', 'i', 'iswap', 'pswap',

si', 'swap', 't', 'ti', 'unitary',
z', 'zz'])

'phaseshift', 'rx', 'ry', 'rz', 's',

x', txxt, xy', ‘'y', 'yy',

('supportedResultTypes', [ResultType(name='Sample', observables=['x"', 'y',
'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)])

RREHIETER
RXEHIE TR AT LT,

# 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 = "amzn-s3-demo-bucket" # the name of the bucket

my_prefix = "your-folder-name" # the name of the folder in the bucket
s3_location = (my_bucket, my_prefix)

# submit the quantum task to run
my_task = device.run(circ, s3_location, shots=1000, poll_timeout_seconds = 100,
poll_interval_seconds = 10)

v', 'vi

'Z', Ihl’

# the positional argument for the S3 bucket is optional if you want to specify a bucket

other than the default

# get results of the quantum task
result = my_task.result()

device.run() WHEEB CreateQuantumTask API B 2 711, EEERLERzE 2
FEFSHATY , BERREEFE , UWEEBELHTEFERAL, EUHEBERT , £EA SV1, £iE&
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SERIEE® , AmazonRaket EE R B ABFEHIEER Amazon S3 NE, BRT ABERSEZ N |, FT
BE#Bs3 locationHEEMNESIEL

(® Note
Braket 2 FEBENMER K/ RHIA 3MB,

RRBBILER

\

Amazon Braket FEFR M AHEE RN QPUs B X BEERIAEBFEERESHNE, EWUER
inputs5|E¥ #iTHEEdevice. run() , MTIEPIFAR. inputs BRRFRIFHEHHNFH
HPRSIBRBHUEH,

ZHIRFUVURELERE QPUs LHIT2HERNNEE, $2BERUMABRTERRIEXEN QPU
BF , Raket EfRFZFER—X , YREER. RESHEFTSENFEZMEER , SREAMEBER
MAEBATHEER, WEFEERF , Raket EHDEARAERHEENENREER  UBRESH
EHER,

(® Note

BR T A& B Ak 7E X Rigetti Computingz 5 , MFIEEE. LRESERN QPUsEXES iR
o

from braket.circuits import Circuit, FreeParameter, Observable

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

# create a circuit with a result type

circ = Circuit().rx(@, alpha).ry(1l, alpha).cnot(@,2).xx(@, 2, beta)
circ.variance(observable=0bservable.Z(), target=0)

# 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})
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}§E shots
shots BB R2IEFTENBIEHE shots, FEEESVIXEMBEEEER.,

- R shots =0 , WEFEF[EWTHRENER  BOMAEREENERE. (TEAR TN1. )
- R KEF{Eshots , REWH D MHAVREREGISEBEEET QPUsHshotFA. QPU REERFF

shots > 0,

NFEEHESEEFAEBNSERNBERBHE , 52 H Braket Quotas,
R
1T BKrmy_task.result() , REBFABREHSREEALEETEIREVRERNSBRBHARER

« poll_timeout_seconds REFEFEESEN/Z QPU £E LHITETFEKEK K WHE FEIERE
ZHNMWE, FEEREAR 432,000% , Bl 5 X,

« EE B Rigettifl & QPU £ElonQ , EREAFFERNER, MRENBAREAE , BIWEE
L EWMAREAEEER. flU, B QPU BEEAR , SEEAERKER,

- poll_interval_seconds REWHAEFIKNER, CECHEMEEESN QPU £E LHTE
FEEEF , WY Braket APISAEUSMREER SRR, FEREAR 18,

LA HATRBREE—FARN QPU RERE, flM , REE —REZRERBE ATREEEM.
BONERTESHETERABBN —RITEER ., EUNAEATIGTREBEHNEER

print('Measurement results:\n',6 result.measurements)
print('Counts for collapsed states:\n',6result.measurement_counts)
print('Probabilities for collapsed states:\n',6result.measurement_probabilities)

Measurement results:
[[1 0 1]
[0 0 0]
[1 0 1]
[0 0 0]
[0 0 0]
[0 0 0]]

Counts for collapsed states:
Counter({'000': 761, '101': 226, '010': 10, '111': 3})
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Probabilities for collapsed states:
{'101': 0.226, '000': ©0.761, '111': 0.003, '010': 0.01}

AR B HIHE R

RAZHBEIEE ResultType , TG UBRERNER. BREESGUMEZERNIEFETR.

print('Result types include:\n', result.result_types)
print('Variance="',result.values[0])
print('Probability=',result.values[1])

# you can plot the result and do some analysis

import matplotlib.pyplot as plt

plt.bar(result.measurement_counts.keys(), result.measurement_counts.values());
plt.xlabel('bitstrings');

plt.ylabel('counts');

Result types include:
[ResultTypeValue(type={'observable': ['z'], 'targets': [0], 'type': 'variance'},
value=0.7062359999999999), ResultTypeValue(type={'targets': [0, 2], 'type':
'probability'}, value=array([0.771, 0. , 0. , ©0.229]1))]

Variance= 0.7062359999999999

Probability= [0.771 @. 0. 0.229]
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700

600 -

500 ~

400 -

counts

300 +

200 A

100 ~

101 000 111 010
bitstrings

ERAAEERERAEE TR

B EEEE FEREEREAREIERSS | DIETRERBERFTMAR., HERSSEENAKIRIEH
17 , QBT EERE Amazon S3 VB, RRESEEEEN ITERERDHTE, EEENMER:S
HITEFER , BHERIETE shots 28,

® Note

qubits ZNEEEEREE AR IENETIRE MK ABEBUAR Amazon Braket EFEAHTEBERDN
AR TE B AR AR

THmTeifEE , TRTER(CREDE (BMFA ) SHEERSR,

# import the LocalSimulator module

from braket.devices import LocalSimulator
# the following are identical commands
device = LocalSimulator()

device = LocalSimulator("default")
device = LocalSimulator(backend="default")
device = LocalSimulator(backend="braket_sv")
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REFEATIEBEATEFER

my_task = device.run(circ, shots=1000)

ERUTEEBARZERRE (A ) KER K FFE8ERE , AT,

# import the LocalSimulator module
from braket.devices import LocalSimulator
device = LocalSimulator(backend="braket_dm")

EAEERSR LRESE qubit

AR EN EREERNARBEEERERR T EHNTER , EPTLUAEERY qubit 75 , BEE
AEoRE

Flmn | ETRHEXBH , B LB qubit B , W H R BB EE B qubit Bmeasureig T
ZERNERRAUESE —E qubito

# 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)

Quantum {EFE#t IR BRI

{8 Amazon Braket & B #1214 Quantum EERIXRIE | AEIRESRERN . A BRBEHNBERESE
EEES (TN1 2 SV1) LT ETFEREHER , RACHITURTREZEE FEH. AT HBE
REREE T , Amazon Braket 255l =527,
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BREEBAREFITRBEF IR, fln, MREVEETEE 10 BAEFEBNFFE , BELETHE
BHHNERFLEY  SHEFEAMRK, Wl —R  ERFALEINREAEFEBTK , BRKS — BT
%o

THSEHIREBAATAT —HE TS -

circuits = [bell for _ in range(5)]

batch = device.run_batch(circuits, s3_folder, shots=100)
print(batch.results()[@].measurement_counts) # The result of the first quantum task in
the batch

MEFMER , F2E GitHub = Quantum E##t)R EH Amazon Braket 4l , HHh I 2H R
R EEMIE A,  https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/aws/
aws_quantum_task_batch.py

FEAEIHF

- BREFEBIIREERMRE

« Quantum F##IXEEF PennyLane
- ERAREENSEILER

BN B F B EEM A
AHETEBHAREENREX AN EEIZER .

- BIBEFER  ETEXMAISERFTERERARE FEHR 3 X,
- —HEBBFITHETFES , HII0 qubitsdy 34SV1 , ATREEEL RKERE, BB —HtEFEHZ
B , AR Erun_batchiBik{E. EMFAEZBTNIEE #£H run_batch,

- TN1 AJREEERBERBEBREIBENEE (WNEFHER  F2E TN1RH). BHEHATUFEE
BA , AEBRMEREER BigHREN 'max_retries' BB RES 0 TN1 ( 5528 Quantum £
#X , 5 186 17).

Quantum EH IR EE R PennyLane

E 812 Amazon Braket LA PennyLane B , BRI A#RERE , 5ERELHITERIL Amazon
Braket #&&parallel = TrueBiRE , WTHEHIFT R,

Quantum EF#t R EE 151


https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/aws/aws_quantum_task_batch.py
https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/aws/aws_quantum_task_batch.py
https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#braket-simulator-tn1
https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186
https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186
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device = gml.device("braket.aws.qubit",device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/svl",wires=wires,s3_destination_folder=s3_folder,parallel=Tzrue, )

i

WEMEM PennyLane #REENFHEN , FBREFERN FITHEL.
FHHRRENSEIE

RXUSSRLEBNEFEBIRE , BAUREMinputsFH |, ARIURFNAEEFER , I
AFHIistly |, FEBBAT , ¥ i- BFHEHES i- BEBEY , W TR,

from braket.circuits import Circuit, FreeParameter, Observable
from braket.aws import AwsQuantumTaskBatch

# create the free parameters

alpha = FreeParameter('alpha')

beta = FreeParameter('beta')

# create two circuits

circ_a = Circuit().rx(@, alpha).ry(1l, alpha).cnot(@,2).xx(@, 2, beta)

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

circ_b = Circuit().rx(@, alpha).rz(1, alpha).cnot(@,2).zz(@, 2, beta)
circ_b.expectation(observable=0bservable.Z(), target=2)

# use the same inputs for both circuits in one batch

tasks = device.run_batch([circ_a, circ_b], inputs={'alpha': 0.1, 'beta':0.2})
# or provide each task its own set of inputs

inputs_list = [{'alpha': 0.3, 'beta':0.1}, {'alpha': 0.1, 'beta':0.4}]

tasks = device.run_batch([circ_a, circ_b], inputs=inputs_list)

BT UERBE-SHERNAAFTHFE , WUBFERILINEARER. MRBFEHRE N E@A
FHE,AHRIENEBEFER. Fi- EEFEBHESUE i- ERAFRIHITHER.

from braket.circuits import Circuit, FreeParameter

# create a parametric circuit
circ = Circuit().rx(@, FreeParameter('alpha'))
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# provide a list of inputs to execute with the circuit
inputs_list = [{'alpha': 0.1}, {'alpha': 0.2}, {'alpha': 0.3}]

tasks = device.run_batch(circ, inputs=inputs_list)

5/ Amazon Braket ;2 &1

AERMHTE Amazon Braket FE I M T RSN EHHWERHZABEIZR A,
BRI LAME R T 515 X 1ZH Braket RGBSR -

* Amazon Braket Python SDK,

* Amazon Braket £ &,

* Amazon Braket API,

TR :

- BEEEXBHTARERNERK

£ Amazon Braket BEAEBHITESER
- BUBHE—BREEH

RELZNEHERER
FERAREHRHENENREES TR
FERAEESEENERE RS TR

HABEXNBUITREENES

Amazon Braket Hybrid Jobs IRt RS EFEMEE LN EZEWHH , # Amazon EC2 EHERE

Amazon Braket Quantum Processing Unit (QPU) ZEifES. EREEBHPEUNEFERERFERE

FEBNEEIEFTS EIEE"‘E’J?EE%:‘}%TQIZI%§¥E§%{T§U'=F'E’J/BZEJJTI'E':F%O 8 QPU S#EE
BRVEERNERTS , RRETMEERBREHTEBREREE.

EAREH
o A Python BRIBEIESER

« REHM Python EANFRRERTE
- BERREFEBAZESAERITHEE
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- BEEAEBEMBNREETS

A& Python BRNBEILES TR

BT LB T A Python 2R iE A Amazon Braket ;B & 1E#, B LAMEAehybrid_jobZ&igsst
BANEXBRATIHRE , T IR BEHIFR. BREFRE , BULUEEMFEANRE Amazon
Elastic Container Registry (ECR) HJ Bi] &85

@ Note
FEERE X & Python 3.10,

B L MEAehybrid_jobZffzs RETFEK S, Braket S EMBZANEXNBTERSE Braket RS T
KEELEDSH. A%, BEEH2E Amazon EC2 ITEEMEMSAWA KB, BULUER
job.state( )=k Braket TR ARERIKNEE. THEXNBEF RBUMAE LHTRAMRENF
%l State Vector Simulator (SV1) deviceo

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

# 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
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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}

B L & — % Python BREI— R IUA BREBREILBERNERK. T8 , £t HHSELESNEHEH
RIF, MARHENER, FEEARENERERER , nﬁﬁﬁﬁ Job.result()o

job = run_hybrid_job(num_tasks=1)
result = job.result()

@hybrid_job #fisfHNEBSIBEIEEREEKEE 2ELXIEFFEENEE - EHERT ,
ISV, EERE QPU BLIER , BXERFREEPEANEE ARN FEEMBPIEEN
ARN, ATHEER , B UEAHBERNEKEget_job_device_arn()RER AEEFHEE
ARNehybrid_job,

(® Note

BEESEXRELEHE—PENRBERE , RATEE Amazon EC2 LB BRHR/LERE,
I, HRIEEENITEES , fINE—SKI—HER , cHEREUAELEAE FEE,

B2

run_hybrid_job() EREBE&HM 5I#num_tasks REHBUMNEFEBHE, BESTKEEHBSI
HEAESE,

(® Note
S HIE Braket TEAHBTRAFHE , RHA 2500 fE>* T,

EENR&

Frun_hybrid_job( )&+ , RERBEEWRZSMEA Liklog_metrics, BIZEBEBREL
BEEKRSIZEETH Braket TR EEHEF, BLAAFEREE , EBEEEHTHBE , £/ Braket KX
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AEMEERIT T BN I HEE FHEB AR, EREPIERERERE THE,  CHEREEVE —(EH
£,

FREAE R

BEEBTRR , BALER job. result() HEESEKER. BERAXPWEANHEHEH
Braket BB, FEE , HBEONYHLARTFIMCHNESETENTE. flw , UTEXGE
TEMER KA EH,

ehybrid_job(device=Devices.Amazon.SV1)
def passing():
np_array = np.random.rand(5)
return np_array # serializable

@hybrid_job(device=Devices.Amazon.SV1l)
def failing():
return MyObject() # not serializable

EHEH

BRIBTER , WEAERNZRERHEBBHEHE., SUEERR S0 BTN BEi]EE. A, &
DTRAEF , FEEBA "my-job-name",

@hybrid_job(device=Devices.Amazon.SV1l, job_name="my-job-name")
def function():
pass

EN -7k

AHREBRBBKSI BB ELMERLlocal=TrueREN, EEEAMETRENTRLREFHATE
BRNER , SINENELRER, FREBREETEBNERIEFITI, HRSERHH MPI FHEFRE
A, AEERTREFILER Braket REZH. THEXNRSEAREMS SV1 BHRREUR
WES T,

@hybrid_job(device=Devices.Amazon.SV1l, local=True)
def run_hybrid_job(num_tasks = 1):
return ...

TEMBHMEESXNEHREIE, WFBEEEE |, 552/ braket.jobs.quantum_job_creation £ #H
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ZRHAb Python EHNMRHRENR

B LA BRTHTHIIRE |, UMERERFH Python E#F. EAILAfEArequirements. txtiER. EH
BHEEE S E1EESE (BYOC), BEMMA requirements. txt BEBITHTHIRIE , BF2HTIE
XUFE B,

@hybrid_job(device=Devices.Amazon.SV1l, dependencies="requirements.txt")
def run_hybrid_job(num_tasks = 1):
return ...

f5lg0 , requirements.txt ERTVHEISERENHEMEH,

giskit
pennylane >= 0.31
mitiq == 0.29

HE , BUUREEHBBMS Python BE , MTAR.

@hybrid_job(device=Devices.Amazon.SV1l, dependencies=["qiskit", "pennylane>=0.31",
"mitiq==0.29"])
def run_hybrid_job(num_tasks = 1):
return ...

Htt RSB ERAEEEE , bl EE—&RE , T HEXREBIF R,

@hybrid_job(device=Devices.Amazon.SV1l, include_modules=["my_modulel", "my_module2"])
def run_hybrid_job(num_tasks = 1):
return ...

BERFELSEAZESXNEXHTEE

@ AJFRER

BIRAEKE | BT LUEE Amazon Simple Storage Service (Amazon S3) 128788 | LUR i A
IRERE, B EARMERE | A& Braket 1F s3://<default_bucket_name>/jobs/
<job_name>/<timestamp>/data/<channel_name> BE#$&E ¥ LEZE Amazon S3, MRE

EEAKIRE , ARERBERA "BAL . THEXNBERREAHEE B numpy E=Rdata/
file.npyo.

@hybrid_job(device=Devices.Amazon.SV1l, input_data="data/file.npy")
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def run_hybrid_job(num_tasks = 1):
data = np.load("data/file.npy")
return ...

N S3 , B AMFEHget_input_data_dir()#BIFE= funciton,

s3_path = "s3://amazon-braket-us-west-1-961591465522/job-data/file.npy"

@hybrid_job(device=None, input_data=s3_path)
def job_s3_input():
np.load(get_input_data_dir() + "/file.npy")

@hybrid_job(device=None, input_data={"channel": s3_path})
def job_s3_input_channel():
np.load(get_input_data_dir("channel") + "/file.npy")

R BUEBRHSAEEM S3 URIs SAMEEHN FHERIEE Z E A BB KIF,

input_data = {
"input": "data/file.npy",
"input_2": "s3://amzn-s3-demo-bucket/data.json"

@hybrid_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
ERMAERBEK >1GB) B, EEUABZIEERENEHFRE, ERERATEM AERE
— X EEE S3 RETRE  SOBETCENEEEHKBER, &R , EHFERGIERRXZE Braket iR
%

iERF#FE S3

EERMEACESEEMNENERRERNTHNER , SXA B EENBEMNERmERREEARE. T
%Il €851 B8 R & 7E numpy FESIF] matplotlib &,
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ehybrid_job(device=Devices.Amazon.SV1)
def run_hybrid_job(num_tasks = 1):
result = np.random.rand(5)

# save a numpy array
np.save("result.npy", result)

# save a matplotlib figure
plt.plot(result)
plt.savefig("fig.png")
return ...

FIEERBEREARS WERnodel . tar.gz, EAILEA Python job.result() B T&RE
R, W Braket EEFE AN ESAKERNEEERRER K,

s TENRE

HARKRBETHRSTR K EEEHREEELNPERE, BUEAR
Esave_job_checkpoint() BB EHE , SASERFEEZZEAMZN_BRAKET_JOB_RESULTS_DIRE
&, BHTRATTEBEIENEE BEFEMAget_job_results_dir(),

UTREAREAABEH TERENHEARERNKETFEM

from braket.jobs import save_job_checkpoint, load_job_checkpoint, hybrid_job

@hybrid_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()

HE—ERSEHKD , save_job_checkpoint() EAFHFM K HAaSEMAERFHNER,
BRIFFER  BEEBLEAVFINLAN T, EEREMEEMN Python W4 , HIZ1 numpy fE5] | &
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A LASRE data_format = PersistedJobDataFormat.PICKLED V4, HERBEEEA "HE
BN TERRT ,  BUXBERSEKAMm<jobname>. jsonhFEREBHRERER,

EERVHNESER  URREEHEE K BRMAETEE
IE , copy_checkpoints_from_job=job_arn&E™ job_arnR2EFIEKIESER ARN, R
#%load_job_checkpoint(job_name) , &FIER RBEHIRA .

BENEBEMBNREER
EZFERSMH

ERAEMBIREVNESNERRIRSLSH - cMEEERNEFERTARHNT. EUUER
Braket Management Console=X Amazon CloudWatch BEEf/RE AN EE, ERREEEEUHT
¥ , Raket BEAIERNARUREFHITEE L , YRR AT RFEEER.

BITREBR(LEEE

BEABALRANTRBABEFEMEREINTE, YRRETHE K FEAEFEBI—HETFE
%, HEL QPUsBEEIEFFIRENEEY QPUs ETZAREBFIUEEEEREENRBHATEL
BEERBEN,

£ A A HIEE TR ER

£ QPU LETREEH 28] , BREEEERS SV1 L8T , URBHUNFERRHIT, BHR/NRE
AR, BUERATEERHT |, IETRERBBEENEIE.

FAEBEAERS (BYOC) hEMERMY

BEBERRCREPHRENERREMGN , REVYAJEENER, EBKAMERAMG. MEEREMER
EBREERSET , BB ENFRMRAZE S EE,

ZYTEEE 7 B BB RR

EEYRTAERER K FERBERARNEN MPIXE K H#E-BESAEBPHNZENTER LHTAEER
B, MEFMENR , FSEAMEEES.

ERSHER

FRBEEXNEBRINSYERSERTE QPUs LEBFE , FASHESRUASEEELNHITRE
Faﬂo

EHRER
HREBEATHESER  BREBREEEEN P EHIRE,
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MEE—SHEG, FARGMRZEER , 5528 Amazon Braket 4l GitHub,

{8 Amazon Braket JBEEEBHATESERL

ZE A Amazon Braket BEAEBHTEASER , BMBALAEREE L, BULIEBREEEEZES
BRERT , B LLEEFEA Amazon Braket Python SDK 5 PennylLane REZ HE KR MHERER, W
REAEFAREMG (BARRREREE ) BXE , B LUER Docker EXEHCHWHITRSEMG  H
FEEELEXE, NEFHMEF K F2BEFAEE (BYOC),

EE—BRT , £EESFEH Amazon Braket BIEEREKAP! , Y EHPRMEEZIESBRR
2 ,OENBEEAIKECANEEETEE K ARNKSERARERRE, EEBAZRENEREHE
ARARZEEARS, EEZEEREHTRSEK , BULLUEE QPU, FEE&EESS ( Hlw SVIDM1
® TN1) ERBEEEBEBTEREAS., EBEEERSID QPU , ZNESIKASSHRREEE
17 API 0, ERRBRERESER  SRESEAREEREFELESHHERNESR P, KB PennylLane #)
FEERSEARERALEENRSEKRES  HEFEH, MREFERHRHER PennyLane EEEESHE
STHEESRHTERNE  SUNEEHTERER  URSEEFANHTEREE, 528 Amazon
Braket EEEHE , T HAHESERZHEBHIRE,

/oy Amazon

“Q CloudWateh |7 Amazons3
i.".
‘ 1
T = Amazon Braket
. e % qrl
Amazon Braket Console | = | Ii_
4 - uu Amazon Braket
= | |r f{ﬁ_é_} On-demand
Amazon Braket Hybrid T T " Simulater
Jobs API
wu Amazon Braket
User I:| Jobs Instance TT Embedded
T g T R | i Simulator

=

Amazon Braket Notebook/
Local IDE

MREHNBEERERREELANRELS , Amazon Braket BV HIRRHMITESEHK. EERBEER
EHRHAITER ((EILE API FUUA BETHTERER ) . MTEEE, #EREA Amazon S3, B
MEBHER, LERRATRAREAFTINEAENER.

BEEFREET (QPU) WA TESEKEAEBZ IR, X , T UEEREREE—RBESEKE
QPU L#1T7, I ARRFATFITHESEEHE K UEBBAHFNES, NRENEZEER
QPU , B EESEEE LA AFTIE QPU MEKITS, Amazon Braket @B FIENES N T HEHITE

/A Amazon Braket BEAEEHTREER 161


https://github.com/amazon-braket/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python
https://pennylane.ai
https://github.com/PennyLaneAI/pennylane-lightning
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https://aws.amazon.com/braket/pricing/

Amazon Braket HBEABER

B YHERELITENESAER. TEREEINFEREA , ENESEBERERIEFER , EX
TNREEBF E’JE-T-1H%T£%«z%J:}3FA1T§UE’JEf& Braket 2 ¥R ZBIFT , IRREBE FERS
[RESERRX—RE QPU, BEEBZRE K REBHER , EXRTL R%S'Z'I‘HEFHE’JEFHO

(® Note
ZEREHMN , SHRSMEKE AWS B BXBREMEN FHIT.

E*ﬁﬁ%ﬁ%ﬂ QPU BERf+F , B LLREBEZ BIEEEIERE |, A0 Hamiltonian HWEEE |, EBEE
EN—E 0., EEIEES BEEFRIE Amazon CloudWatch , It BR#E , £ Amazon Braket XA
J«Xﬁ?ﬂﬂﬂ%ﬁ’])’:‘ﬁﬁﬁa‘\o

(® Note

WMREBEREA GPU HHTER , FBLEAEDS —E GPU REEEZREE Braket LAY
REEEEER (Bl lightning.gpu). MRLEREFEHH—{E CPU B REEESE ( Hlw
lightning.qubit® braket:default-simulator) , BIFEFEH GPU , MAWRERELE
TREH A,

BYENE—EBEEER

REFRF WA Python ETIREILESER. E , H®ERAEHE Python BERIBFEIESER | HI
NS REFNESREIIRIE (IDE)  Braket FieA , F2H BAREXBITREEANES.

TR :
« BRTERTA
- BUIWHIT
- ERER

RRERT A

E"‘iﬂlﬁ% BREXNEK2E , EXERELCERANTIUEELTE. EEHEEHES ERNGT

, 5 1¢ Braket T A L AIKYEE FIRENFFAl, Amazon Braket WEFAIEEEE A B IERFBH P —
ﬂﬂﬁﬁﬂ@% YERARUBITEEERNWGT , 35| BEERNELERAS , UEEERMREEXAR
A REITEESER.
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Amazon Braket X

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks
Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Permissions and settings

Permissions and settings for Amazon Braket

General Execution roles

The AmazonBraket)obsExecutionPolicy [ 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 [ 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.

FERTENACREEFUTESEBNESNT , FENRIRAACKE. NREERY , &8
KEHINACHALS. EEEFACNBBREAR ARNs , FHERETA BRI,

Amazon Braket X

Dashboard
Devices

Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Permi and settings

Permissions and settings for Amazon Braket

General Execution roles

The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [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 [7

Hybrid jobs execution role

The AmazonBraketlobsExecutionPolicy [2 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[rewras]

Role name Role ARN
I AmazonBraketJobsExecutionRole [4 arn:aws:iam:260818742045:role/service-role/AmazonBraketJobsExecutionRole I

BYENE—BEREES
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MRERZBERYITECABRAFANAE , EERI-AFAL  BEERFIZAG. BINEIER
AR  UHEEARAFITNAE,

Amazon Braket X Amazon Braket » Permi and settings

Dashboard Permissions and settings for Amazon Braket

Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have existing

roles with this policy attached.

Algorithm library
Service-linked role

Announcements °
Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [
Permissions and settings

@ service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role

The 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.

(D[ND roles found with the AmazonBraketJobsExecutionPolicy attached and braket.amazonaws.com as a trusted entity in \AM.]

MRABERWEYL , LEWIEFLEB AR,
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Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Permissions 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 [4

@ 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. ]

MRELIBEATHEBN , AISEEEFR. EEEBRT , FHEEHNRE AWS EER,

Amazon Braket

Jobs

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 [4.

Amazon Braket jobs [/ require the roles with managed policy AmazonBraketJobsExecutionPolicy [4 attached, which provides minimally required

permissions to an Amazon Braket job.

e 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

BUBKHE—BRE
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BUIHAT

BEIITESEBN AN AR , SR TLEE, %18 Braket ESERHN BRI D REFRED
R, CERTRHBABHTHEE L  YEEBREREZ—HoNEREBNETER, RTEEERES
s BEVUREHEMEREER, BEREEETHRREEREBARREE. EANEERESHE
BREE  EERFREPATHE - EERIRH

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

job = AwsQuantumJob.create( task=device.run(bell, shots=188
device=device_arn,
source_module=...

— =
o —

Algorithm

Create job Quantum Task

Track status Entr:.?;:if\: sl run on
Analyze results hhar cada quantum device

User

Braket notebook / Console, Job instance Quantum device
or local IDE

B FERUATEREETHRNELREGS  ZETHSEL AEERREIL S NHENANERR,
import os

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

def start_here():
print("Test job started!")

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

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

£ Braket ERRAEAMREN B THEBEY , RELER , 8B4
algorithm_script.py. algorithm_script.py R EH start_here( )EAREINWE AR,

EE |, 788 algorithm_script.py #E BRI B &P I Python f£3R, Python £ieA&, HIETHEEM
BEAEK K YEEBFMAERLERE , fMNZMAREBHRERERER, HIETHBELFTEREE
BEAEKETBNETERE,

(® Note

WMEBBEUMTE Braket ERAH LERERNVFMER , 140 algorithm_script.py &3 |
BS{# B Amazon Braket Python SDK I {T#EH 55 — B E R

T
r

HREBEANWE —BRH , CSLUERSABE, ERSUBERENETEE, BERIERET
BREEMN (QPU) ABE , #ETIESHdeviceFEENH ENSARIBRESER , L OJHES L
SIEMAIRIESE AMZN_BRAKET_DEVICE_ARNMEH.

® Note

BREFERBESER AWS EiF A AMEE, Amazon Braket SDK € B B)iZHuth 218 AWS
Eig, %l , us-east-1 PHESEHFATLAER lonQ, DM1, SVAFI TN1 €& | (EFsEFER
Rigetti &,

MREEZFE FEMMIFRERR | Al Braket FHFRELNESNER , UBTHERBEIEFFIAPR
BETER.

from braket.aws import AwsQuantumJob
from braket.devices import Devices

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

BYBwait_until_complete=TrueFREFMER , EENTHREHTHINERTEN®E L, &
EZEFEIRUT &SNS

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

)

Initializing Braket Job:

arn:aws:braket:us-west-2:<accountid>:job/<UUID>

Completed 36.1 KiB/36.1 KiB (692.1 KiB/s) with 1 file(s) remaining#@15download:
s3://braket-external-assets-preview-us-west-2/HybridJobsAccess/models/
braket-2019-09-01.normal.json to ../../braket/additional_lib/original/
braket-2019-09-01.normal.json

Running Code As Process

Counter({'00"':
Counter({'11':
Counter({'00"':
Counter({'00':
Counter({'@@':

55,
59,
55,
58,
55,

Code Run Finished
2021-09-17 21:48:05,544

(@ Note

'11':
'00"':
'11':
'11':
'11':

45%})
413%})
45%})
423%})

453}1)

sagemaker-training-toolkit INFO Reporting training SUCCESS

BT LG BETHE R EE AwsQuantumJob.create FEBEMER | HiEREEREMNE ( A% B &
HERNEE |, & tar.gz R S3 URI), NETEHHF , 55269 Amazon Braket #54) Github

BEETRA

£ E R LAY Parallelize_training_for QML.ipynb &3,

BUBHWE—BREEH
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FMBABER

ERER

HEF |, B LA Amazon CloudWatch FEX B8, BEFHITIIRE

A ERFAEAERE AR

BEMAFHERSIER | BEAFEMA aws/braket/jobs , AR BELSEKEBNBFESER.
£ LiR&if|s | BDA braket-job-default-1631915042705/algo-1-1631915190,

CloudWatch

Favorites

Dashboards

v

¥ Logs

Logs Insights

¥ Metrics
All metrics
Explorer

Streams

v

X-Ray traces

» Events

v

Application monitoring

v

Insights

Settings

Getting Started

‘ Cloudwatch Log groups

/aws/braket/jobs

JobTest-autograd-1636588595/algo-1-1636588740 |

Alarms Ao @o Oo

Log events

You can use the filter bar below to search for and match terms, phrases, or values in your log events. Learn more about filter patterns [4

Q

> Timestamp

2021-11-10T17:
2021-11-10T17:
2021-11-10T17:

2021-11-10T17:
2021-11-10T17:

2021-11-10T17:
2021-11-10T17:

YV VY VYVYVYVYYVYYVYVYVYVVVYVVVVYVY

2021-11-10T17:01:
2021-11-10T17:01:
2021-11-10T17:01:
2021-11-10T17:01:
2021-11-10T17:01:
2021-11-10T17:01:

2021-11-10T17:01:
2021-11-10T17:01:
2021-11-10T17:01:
2021-11-10T17:01:

2021-11-10T17:01:
2021-11-10T17:01:

FHTNETEAPEIRAEBER , KRERE

.993-07:00

View as text

Clear m 30m Th 12h

Message

There are older events to load. Load more.
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733F34779f a6/ test /unit_tests/braket/circuits/test_gates.py
aws-amazon-braket -sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_instruction.py
brak dk-pyth ging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_moments.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733f34779fa6/test/unit_tests/braket/circuits/test_noise.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eeed53328733f34779fa6/test/unit_tests/braket/circuits/test_noise_helpers.py

aws -amazon-braket-sdk-python-staging-3f885a942c09911b104eeed53328733f34779fa6/test/unit_tests/braket/circuits/test_noises.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779fFab/test /unit_tests/braket/circuits/test_observable.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779Fab/test /unit_tests/braket/circuits/test_observables.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779Fa6/test /unit_tests/braket/circuits/test_quantun_operator.py

Custom &

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee53328733F34779fa6/ test/unit_tests/braket/circuits/test_quantum_operator_helpers.py

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733F34779fa6/ test/unit_tests/braket/circuits/test_qubit.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779F a6/ test/unit_tests/braket/circuits/test_qubit_set.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec@53328733F34779fab/ test/unit_tests/braket/circuits/test_result_type.py
braket-sdk-pyth ging-3£885a942c09911b104eee05332873334779F a6/ test /unit_tests/braket/circuits/test_result_types.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779fa6/ test /unit_tests/braket/devices/
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee0d53328733F34779f a6/ test /unit_tests/braket/devices/test_local_simulator.py
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee053328733F34779F a6/ test /unit_tests/braket/jobs/
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eec053328733F34779Fa6/ test /unit_tests/braket/jobs/local/

aws-amazon-braket-sdk-python-staging-3f885a942c@9911b104eeed53328733f34779fa6/test/unit_tests/braket/jobs/local/test_local_job.py

BligtB & AR AR E,
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Amazon Braket X Amazon Braket » Hybrid Jobs » braket-job-default-1693508892180

Dashboard braket-job-default-1693508892180

Devices

Notebooks Summary

Hybrid Jobs

Quartum Tasks Status Runtime Hybrid job logs
(© COMPLETED 00:01:21 View in CloudWatch [4

Algorithm library
Settings Events Monitor Quantum Tasks Tags

Announcements o

Permissions and settings ) .
Details Event times
Hybrid job name Hybrid job ARN Created at
braket-job-default-1693508892180 arn:aws-braket:us-west- Aug 31, 2023 19:08 (UTC)
Device 2:260818742045:job/braket-job-default- Started at
arn:aws:braket:::device/quantum-simulator/amazon/sv1 1695508892180 Aug 31, 2023 19:09 (UTC)
Status reason Exacurtion role Ended at

- arn:aws:iam::260818742045:role/service- Aug 31,2023 19:10 (UTC)
role/AmazonBraketJobsExecutionRole

Stopping conditions
Source code and instance configuration

Max runtime (seconds)
Entry point Instance type 432000
job_test_script:start_here ml.m5.large

EHREEREHITHEE Amazon S3 HEA — KA. AR S3 fRIFFEEEA |, amazon-
braket-<region>-<accountid>MARR jobs/<jobname>/<timestamp>H &+, &AL
{# /i Braket Python SDK B3 JE&fE#code_locationt , IEEFRM , BUREFEHIEL K MY
S3fuiE,

(® Note
It S3 EFATEE A AWS B EBETRMRERE F,

jobs/<jobname>/<timestamp> B#3EFERK , HPEBEmodel . tar.gzBRFPEARIES
BrEmt, EE—BEA WB&script , HFEEsource.tar.gzBRPHEELETHERR. &
ERETIBNERNNEA WEB#HEF jobs/<jobname>/tasks,

RIEFENERER

FALREEELAESHBEENGR , UEREEEBESHBIHESEHBYH AR Amazon S3 H1Y
WHERK (£HR5B model.tar.gz B9 tar BFERERF ) FEE,
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I H A E A JavaScript YRR (JSON) RXBEERERY, UREREEZEIZFILAXF ,
WMEFE numpy BEFIH | ERIVEN BHE , UMERRRNERRFIL. MEFMEER , F2H8
braket.jobs.data_persistence 148

BERTFESEBNER , FRUT U #ADD BN ITHEERE LETH,

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.jobs import save_job_result #ADD

def start_here():

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

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

for count in range(5):
task = device.run(bell, shots=100)
print(task.result().measurement_counts)
results.append(task.result().measurement_counts) #ADD

save_job_result({ "measurement_counts": results }) #ADD

A&, BT LM A0 #ADD print(job.result() )SHEMNTREREBESHBINERER,

import time
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

print(job.azrn)

while job.state() not in AwsQuantumJob.TERMINAL_STATES:
print(job.state())
time.sleep(10)

RREH LR R T


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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print(job.state())
print(job.result()) #ADD

FEHEHD , RMBER wait until _complete=True REBEFM L, EALEHEMNTEE UE
TEEE. ERYTHESERE , oW EEBA M job-arn , EES 10 PRAHEAEBHMNE ,
EER&1E# 4 COMPLETED , z&éﬁﬁmiﬁ“ BN R. F2RTEA,

arn:aws:braket:us-west-2:111122223333:job/braket-job-default-1234567890123
INITIALIZED

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

COMPLETED

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

ERRERRAFNENRBRESNES

FANERRELRPRAEBNPREEEH, £ L —HOREAE SRS | LA H 5T
#ADD FER I (THRIER T BB AR,

from braket.aws import AwsDevice

from braket.circuits import Circuit

from braket.jobs import save_job_checkpoint #ADD
import os

def start_here():

device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])
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#ADD the following code
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
save_job_checkpoint(
checkpoint_data={"data": f"data for checkpoint from {job_name}"},
checkpoint_file_suffix="checkpoint-1",
) #End of ADD

bell = Circuit().h(@).cnot(0Q, 1)

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

ELHTRESERKE , cEEREH BRI ESEBRRT , FATER/opt/jobs/
checkpointsi& R I =X <jobname>-checkpoint-1.json, BRIEFEES T WFERERK , FAESHE
BESHBRETE,

MRGCRERTMNBEEEBEENREHBARESEY , EEEZETHEMEA from braket. jobs
import load_job_checkpoint, ERAEELZETHINBEN T TR

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

BALLBREHRCR , BUURBEAZE WASEE RSB Ccheckpoint-1,

® Note
checkpoint_file_suffix X BT & LI E R RERRFIEENER.

BB REETREERELMNESEK job-arn#y |, ILh0 E #ADD BT,

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
copy_checkpoints_from_job="<previous-job-ARN>", #ADD
)
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EAAEEXNZENEHBES TR

ERBRIFIESEE LR , AMEX K EEENAIFREE LETH, AEEXNE 18I

B #1175 E17E Amazon Braket \BE B R EANERNLE , EFFEEMEA Braket %”Eiﬂlﬁ&é\ﬁcﬁ%ﬂﬁ
EEst, Mk , 557 Amazon Braket Notebook #{TEBERRIFH A Fiw LT EESNER |, Hilw
%5 *“*H%:Eit*“ = K.

EARERD  BORAUUBEFEBEEIZEREKRE , BEFREXTHERN Quantum EEEN
(QPU) #8117 iy , TEEFUEEEZ.

EEFAAMES | B8 BHAwsQuantumlobBAERXAE A LocalQuantumJobWEMME, 4l
m, FERBULNE—(BESEEHTES  BEEABIREESTEESE , TR,

from braket.jobs.local import LocalQuantumJob

job = LocalQuantumJob.create(
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",

(® Note

£ £ Amazon Braket ZEEAFFELLZEM Docker , EELREE LN ABIRIER T REFEHILTh
BB, IBAILLTE Get Docker EE E# E %2 Docker BIEREA, AN , AEERX R ZEFFEZ2 .
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https://docs.docker.com/get-started/get-docker/
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£ Amazon Braket #{TIEHE F1E1%

Braket Rt FEEENEFERN LT LEEFI. EALUE lonQ. QM FRFERE FEK
Rigetti , A% % QuEra FEUELL Hamiltonian Simulator, Bt REEFELAE , LA EEEBEBI#
FEEES 7 EVE,

« Amazon Braket TS RMAEREEFMAME |, HBEEL, EENERERNE FEK,

 &Ei® Amazon Braket Python SDK AR EEREARRMNHMTEFER. FHEEH B BELREN
Amazon Braket Z5EAFHL

« Amazon Braket AP| A[i%i8 Amazon Braket Python SDK F1Z 5 A FHl, API MMIREBERBLUERNFR
AAXEREFEENERAREN , K lEERru ,

7B AR Y E5 45) R & AN APIE 3£ | Amazon Braket Python SDK BL & Python SDK for Braket (Boto3)
R{EA Amazon Braket, AWS

A Amazon Braket Python SDK KIF¥#IE A

= E A Amazon Braket Python SDK , F& £ &% iE AR Braket 9 AWS Python SDK (Boto3) , SA{E

B2 B AWS API, &7 LA Amazon Braket Python SDK iR BB E ¥ & F A2 Boto3 MWERITEK

o

- Boto3 AEEFIA FFEMNRE AWS APl, ( 35E% , Boto3 25 @AM AR Python SDK AWS
APl, KZ# AWS Bk % Boto3 7T H, )

-« Amazon Braket Python SDK @2 AREFEKNER. FiE. RE. FRERENHMBINKEE
B, BREUREAR , CHSEARETERATENEE.

« Amazon Braket Python SDK AIiEBERRAER , FXRASRAEBARNTEFTHRAAENMEEHRM
AR,

- MBRERBFEHETA , B LUEEBE R Amazon Braket Python SDK B A{E{T Python IS,

Z 4t Boto3 2 #% , ¥Ei® Amazon Braket Python SDK B2 E 7N TBHMBUN TR :

1. (1ER ) ARENETE,
2. EAERATEL SDK &,
3. EEE QPU & #E=R

4. HITERILER,
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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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5. #ITER,
6. WEHKR.

REPNEPIBERESESRNVFEET.

WMEFZEH |, 520 GitHub L# Amazon Braket il 17E,

FEAEIF

- BEFEKRRXE QPUs

BHE FEBARHIT?

- EEEH Amazon Braket BEEH
EHRE

S5 AR AR R 45

HEFEHRXE QPUs

Amazon Braket I EEENEETSTEFEENEE, BULERNREREFER , ALl
FERHIR

K5
it
:

QPUs

BT LABERS B QPUs 1IRX 8 71155 , (BEH S 7 Amazon Braket T ANEBEEB LB RNEBSETA
RERA#IT, BAERAEFER D EREFEBENER , T—HE B ID,.

* lonQ Aria-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Aria-1

* lonQ Aria-2 : arn:aws:braket:us-east-1::device/qpu/ionq/Aria-2

* lonQ Forte-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Forte-1

* lonQ Forte-Enterprise-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Forte-
Enterprise-1

* IQM Garnet : arn:aws:braket:eu-north-1::device/qpu/igm/Garnet
* 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
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https://github.com/aws/amazon-braket-examples
https://docs.aws.amazon.com/braket/latest/developerguide/braket-batching-tasks.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-batching-tasks.html
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® Note

B BAEUHE QPUs MBEFRREESRCREATEDEER REN B T, Bt HEREERA
QPUs , & 1HUBQUEVEDER MREMNE FEK. FFER , QPU QUEUED B FEBT AWEER
QPU w F #E B B A B T B o

AR :

* lonQ

- lam

* Rigett

* QuEra

g5l KB FEBRRIZE QPU
REFZNER

lonQ

lonQ RHLIREAERN QPUsLABE TR ZMTAER, lonQ'siiRQPUs 2R EHEMIREIAY 171Yb+
YL ZEAETETANHRKREERFBRZERS,

lonQ REXETIIETFEE,

IXl’ Iyl’ Izl’ Irxl’ Iryl’ Irzl’ Ihl’ Icnotl’ Isl’ Isil’ Itl’ Itil’ Ivl’ Ivil’ IXxl’
lyyl’ IZZI’ ISWapl

BEBZFmE , lIonQQPUs X ET Y FEERBE,
'gpi', 'gpi2', 'ms'
MREEFEAREMS HERAEEMERERZSHY , ISHTESEREN MS FHE, TLEEHN MS

FE—ERHT 2 R, EEEETENAELHITIDEEN MS BiE , BALHEBE=(ESH
RIEEMBENAE., MEFMEN , 2B braket. circuits.gate #E4H,

BEREMERERETRELREA. BBE-5THETRE  BONITES,

il

i
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-constructing-circuit.html#verbatim-compilation
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QM
QM EFERESREEAENFEERAEE  LESE T qubit BER., IQM Gamet REREF S
BARFER 20 qubit £E,

QM £EXE T 5 E T FE,

"ccnot", "cnot", "cphaseshift", "cphaseshift@@", "cphaseshift@l", "cphaseshiftl10",
HCSWapH’ "SWap", HiSWapH’ "pSWap", HeCIH’ ncyn’ HCZH’ "Xy", HXXH nyyn’ HZZH Hh",

’ ’

"i"’ "phaseshift"’ HIX"’ "ry"’ HIZ"’ "S"’ "Si" "t"’ "ti"’ "V" "Vi" "X" "y"’ "Z"

’ ’ ’ ’

BBZEFRE I QMREXXETIRERE,

cz', 'prx'

Rigetti

Rigetti E 7 REREEANRFEERKEE U RARNEE AEBqubits,
« Ankaa-3 RfE2— 84 qubit H£E , FIFATTIEEMNZ & KT,

Rigetti REXE T JIEFFHE,

cz', 'xy', 'ccnot', 'cnot', 'cphaseshift', 'cphaseshift@@', 'cphaseshift@l’,
'cphaseshiftl1@', 'cswap', 'h', 'i', 'iswap', 'phaseshift', ‘'pswap', 'rx', 'ry', 'rz'
'SWap', Itl’ Itil’ 'X" Iyl’ IZI

’
1

Isl’ ISi ,

EIBZEFMRZ , Ankaa-3XETIIRERE

rx', 'rz', 'iswap'

Rigetti BEE 7 REER LR +1/2 F 2 WAEHIT ' BE,
Rigetti % B R IR BRIz S , AT X EAnkaa-3R M —E T EENTBEEREIE,

“flux_tx', ‘charge_tx', ‘readout_rx', ‘readout_tx’

MFELEHRNFRES , F2RAIBRNERENAE,
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QuEra

QuEra PR FREE , THTHEILEZZREEE (AHS) ETE%. ELERHARKRESEEL
ERHAERKEE qubit E’JHvF“?I*EﬁEs%EJ,M

BAILUEIR A qubit EF a0 Bl MR AL R B RERI ZE M 4% , 8 L Hamiltonian B E X
PREELRENEZEN. Amazon Braket Rt AE , EiB python SDK B AHS Hi BEBEER
Abraket.ahs,

MEFHER , F2BE L Hamiltonian R EHIEGLADEA QuEra By Aquila EHEREREHER.
6l - SEFEBRERRIXE QPU

Amazon Braket A BEE QPU HE L HITEFERK, TIEFIRBUNATEE FEFIRRKRZE Rigettizk
lonQ &

EERigetti Ankaa-3%E , AR EFHEBNERE R

# 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', '1l4'],
'g': 1Y, 7', '9', '15'],
'9': ['2', '8', '10', '16'],
'1': '3, '9', '11', '17'],
'11': ['4', '10', '12', '18'],
'12': ['5', '11', '13', '19'],
'13': ['6', '12', '20'1,
'14': ['7', '15', '21'],
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I15I: [I8I’ I14I’ I22I]’
l16l: [l9l’ l17l’ l23l]’

'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,
'57': ['50', '56',
'58': ['51', '57,

'18°',
'19°',
'20',
'27'1,
'28'1,
'23°',
‘24",
‘25",
'26"',
'33'1,

'35'],
'30',
'31',
'32°',
'33°',
'34',
417,
'42'1,
'37°,
'38"',
'39°',
40",
'41°',
'48'1,
1491,
"44',
45",
'46"',
'47°',
48",
'55'1,

'57'1,
'52°',
'53°',
'54'],
'55°,
'62'],
'63'1,
'58"',
'59°',

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

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

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

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

'50'],
'51'1,
'52'],
'53'],
'54'],

'58'1,
'59'1,

'61'],

'64'],
'65'],

gfl . BETFEBRERXE QPU
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'59': ['52', '58', '60',
'60': ['59'],
'61': ['54', '62', '68'],
'62': ['55', '61', '69'I,
'63': ['56', '64', '70'],
'64': ['57', '63', '65',
'65': ['58', '64', '66',
'66': ['59', '65', '67'1,
'67': ['66', '68'],
'68': ['61', '67', '69',
'69': ['62', '68', '76'],
'70': ['63', '71', '77'1,
'71': ['e4’, '70', '72',
'72': ['65', '71', '73",
'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}}
Babrake g

ZE#ElonQ Aria-1# &

'66'1,

'71'1,

'72'1],

'75'1,

'78'1],
'79'1,

connectivityGraph¥|HRigettigt & &8 qubit BIERE qubit.

¥ lonQ Aria-128& , connectivityGraph2ZH , M TH&EHFIFFT , K AEE R Hall-to-alliE

##. A , connectivityGraphFE

# or choose the IonQ Aria-1 device
AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")

device

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': True, 'connectivityGraph': {}}

FEARAY o
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MTBNEFIFTR , BT LLREFAE shots ( FEERE = 1000), poll_timeout_seconds ( FHERE =

432000=5 XK ). poll_interval_seconds ( FEFX{E = 1) , ARMREEEFIEETARSIRA TR
DUAMAE , AIREFERWAE (s3_location).

my_task = device.run(circ, s3_location = 'amazon-braket-my-folder', shots=100,
poll_timeout_seconds = 100, poll_interval_seconds = 10)

lonQ # Rigetti KEG BB RMNERFEFEEEHRZENRERESE , LA HRqubitZE 5| RS Z @5
QPU qubits LRV E &,

(® Note
QPU REREAR., EINRER , BUUFAHRKRNEFRAE,

Amazon Braket A AE4S E T AR AT QPU B FEK , BLNUBRESEFIR (258
K) , RAMEHENERNNPEERF IR EFEREEEN S3 RAFTEP, WT—ERR, B
£/ AwsQuantumTaskFE—MNEFEK ID RERE FEH,

BRERZENE

EETERTECHRES FHTH , fINETEREET (QPU) , X ELKERFERSAEBE TLIER
MEENTEIHR. flU, $SREFEROD TERAEE QPUBRIENRERLRE. BEE
FERNERFEFRHENEENRECAEEEERA. ELNBEYRBRBELHE, AEAXER
FREABRAMEMARNEE, SUUERUTRENERS , AN 2 7 Rigettifl 2 FEHKEMN
IQVE T EimFa@ .

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()

(® Note
BRI A X ERBIonQE ENIRZERE L,

BERENER 182



Amazon Braket AR
B E T ERMAEEIT ?

ERIRRXERE , Amazon Braket EHEEERIEEMNEE., Quantum Processing Unit (QPU) K&
TERSBSEFEFERRIIEFFEATIFNEE, BRREEEREABIEAENRRE , BURRHAL
Amazon Braket E FIRRXWE B ENE MM | LURFTE QPU WA A%,

AR

* QPU A 1 By EX M5k RE
- IFHARM

- REETHHIEABA

QPU 7] A 1 B B M AR B8
QPU TAHEEEMR.

1£ Amazon Braket TR AMNEEEMES , BEUEINE AN THABRMEERE, I, S8
HEIHHEEREFERNESERNENTIIRE,

MREFEECR KB  BERTAMRRAMN  KERSWEARBR. HlW , SUREIEENKE.
4% SR 1F R R T AR

fT5Ia B

ERXEFABIESEBH , EULEBRERETIRERRREENASLETERIESHE
%o

TIRE

Queue depth RIS HRELEEHFATIINEFEBNESERYE. BENEFEIBNRESHE
AT HIEH B AT 3EB Braket Software Development Kit (SDK)= ZElAmazon Braket Management
Console,

1. FB T REREEEHUEEEXIEFHTHE FEKEE,

2. BERIEFEKITIREREEFFER HITHERRE FIEHKEEAmazon Braket Hybrid Jobs, &L
FREEB LEE 2T,

3. REABTIREREHNERE LHFATINESERER., ERARESEHEN—E2Quantum
tasksit X EFEEIER |, AT FEEPriority Task Queue,
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HEFE R RFTIIRENE FBraket SDKALMER THRERBL R , UIBHEEFERXI RS EREN
THNE :

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'>: '0'}

# returns the number of hybrid jobs queued on the device
print(device.queue_depth().jobs)
I3I

BEFEESESERKERE QPU WESEHEHN THEEHEN QUEUED AREE, Amazon Braket 1]
EFEFHEFEBINREERTIME,

TFHiE

Queue position RIEZREEREETYFEFEBIESEKWETMNE. TLUER S EEFEK
Braket Software Development Kit (SDK)=% 2 & fE#Amazon Braket Management Console.

HEFE R RIFTIMENE FBraket SDKALMEHR THRERBL R , UIBHEEFEKXI RS EEN
THE -

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

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

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

# Returns the number of Quantum Tasks queued ahead of you
l2l
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
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"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

REE T EMFNEAEA

¥ QPUNTHAMESEREE FEKMNARESER | Amazon Braket €45E 4 EiXE Amazon
EventBridge, BB THIL R  ERETHAREAZREENETETHRESFTEL -

1. B3 Amazon SNS FEMEFEHREANTN. ESFEBHHEAN T AEECARAEYN EiF, 0
FHMMER |, F2B Amazon SNS AFIMEEE T

2. 7£ EventBridge R #&5%¢ SNS =B MR A, MFEFHMENR ,
EventBridge E5#2 Amazon Braket EventBridge.

BB FEH Amazon

(#H ) RE SNS BAH

& T LAI%EIB Amazon Simple Notification Service (SNS) sREEH , LAEE Amazon Braket & F1E#5E
REFREIRE, NREZAHSFHEARR , FRATNBEANSRER ; 0, ELRIABEFEHK , X
EEENTARRCARRETERE, NRETEEFETERTR , BULERE SNS EA,

Amazon Braket B AEZ L 5| BREMRES R, MEFMENR , 55828 GitHub £ Amazon
Braket £l , 435I R E@E AW EHIE LA,

SR/ Amazon Braket ;B8 1E#E

AR EFR NI 7E Amazon Braket R EIEES R KW IE R

&R LAE A T 31 5 X7 EL Braket HHVERE AR :

» Amazon Braket Python SDK,

« Amazon Braket £12 5.

 Amazon Braket APlI,

REEFEAHRHAEA 185


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
https://github.com/aws/amazon-braket-examples/tree/main/examples/braket_features
https://github.com/aws/amazon-braket-sdk-python
https://console.aws.amazon.com/braket/home
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ARG :

- RERSEBHITERBABMITES

s WMABUEREER

- FASHEERMBESNER

+ ¥ Amazon Braket £ PennyLane
- FAELBESHNESE (BYOC)

« ¥ & Amazon Braket £ CUDA-Q

- EEERA HESEBES AP

REBSERHTERBUATESE

*E}iifi"\ﬁ’]iﬁﬁ‘}f B REE A RIMER, BIFEFAEL , Amazon Braket &7Eml.m5.large#{T1EE L H
THENEELESE. T8 , BUEFRATIEANBRESISELESTEBEFEITHIATEEER,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"), # Use NVIDIA Tesla
V100 instance with 4 GPUs.

),

MBEREEBTRRER  UEEXEBHALBTPEEAREERS , BITLUEBIEE instanceCount WHH
HEAARR—fInstanceConfig, £ P EABRZSEHITER. LRA 5. Bl , BAILLERE 3 @
BITER , TR

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8x1large", instanceCount=3), #
Use 3 NVIDIA Tesla V100

),

BEEAS AR ERE  BEEEAENTINAES BRBAEE, NENAEE L QUL B8HIFTL
I AT | BB T s EE A,
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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

Amazon Braket

TH=ZEERRIIHEE, SHEM GPU IIEATERA T AT EREENBRE,

® Note

HERBESERNAREREEHNTEERES

BREHITEE
ml.m5.large ( FE&% )
ml.m5.xlarge
ml.m5.2xlarge
ml.m5.4xlarge
ml.m5.12xlarge

ml.m5.24xlarge

B EEFA T EEE
ml.c5.xlarge
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ml.c5n.xlarge
ml.c5n.2xlarge

ml.c5n.4xlarge

vCPU

16

48

96

vCPU

16

36

72

16

75 2@ Amazon Braket Quotas EH,

LIE# (GiB)
16

16

32

64

192

384

LIEE (GiB)
8

16

32

72

144

10.5

21

32

RERAGEBHTEBUBITESTS
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B EEFT AR vCPU sci=ie (GiB)
ml.cSn.9xlarge 36 72
ml.c5n.18xlarge 72 192
GPU m#E#1TE GPU vCPU CiEE (GiB) GPU CiEE
i (GiB)
ml.p3.2xlarge 1 8 61 16
ml.p3.8xlarge 4 32 244 64
ml.p3.16xlarge 8 64 488 128
ml.p4d.24xlarge 8 96 1152 320
ml.g4dn.xlarge 1 4 16 16
ml.g4dn.2xlarge 1 8 32 16
ml.g4dn.4xlarge 1 16 64 16
ml.g4dn.8xlarge 1 32 128 16
ml.g4dn.12xlarge 4 48 192 64
ml.g4dn.16xlarge 1 64 256 16
® Note
p3 FITERTEAR us-west-1. MREHESEBEEIMEBRN ML EERE , FEAS
— & @&

BEMITEEEER 30 GB WERI#7F (SSD) ki RE, B , B LMEARERE MER T X RFRR
fF8instanceType. T IS5 REUAHE F# 17888 MNE 50 GB.
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from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(
instance_config=InstanceConfig(
instanceType="ml.p3.8xlarge",
volumeSizeInGb=50,
),
),
 PEREFER M7 AwsSession

FMAZE S HWAwsSessionHITER AT AR RN EY | FlANEEHRETEEE Amazon S3 f#TF
EFRBIEE BRI LB, BIBETEER , AwsSessionEHFELREM Amazon S3 ﬁ%’f?,ﬂ\ﬂgul_"amazon—
braket-{id}-{region}". 78 , BRI LUBEETE Y HBETEXM Amazon S3 RFETRI
BEAwsSession, FRAETLLUREM EAwsSession¥IHE A AwsQuantumJob.create()F%
FiERIRM aws_session 28 , 1T HBRXIBEHHIFT R,

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

MATECHBEER
ETERBICERNERBRENRAEE. ETNE TRAR BXBFRA,

FEEFRATECHESAR  FHESAKREMENZIENESES , ARRBET A HERF
EHEUE RS ER.
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Amazon Braket X Amazon Braket » Hybrid Jobs

Dashboard Hybrid Jobs (4) &) Actions a Create hybrid job

Devices i y
View hybrid job
Q search ‘ 1

Notebooks Cancel hybrid job
Hybrid Jobs Hybrid job name Status Device Manage tags at
Quantum Tasks

braket-job-default-1693603871840 (%) CANCELLED arn:aws:braket:us-east-1:device/gpu/iong/Aria-2 Sep 01, 2023 21:31 (UTC)
Algorithm Library (] braket-job-default-1693600353661 (@ QUEUED arn:aws:braket:us-east-1:device/qpu/ionq/Aria-2 Sep 01, 2023 20:32 (UTC)

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)

HRWETECE , FEHRETRRERAMUTFEARHE , RRZIMREE,

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.
s 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

.

= E£ M Braket Python SDK WREXBEUEREER , BEMA job_arn RFEFIESERK , AEFUHE
F8 cancel@n® , T HEBXEM T

job = AwsQuantumJob(arn=job_arn)
job.cancel()

cancel P EVERLEEHESEKES , YEBAEHEUEAMENERIERIFIRENIHEE FF
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FERASERZERMNERESNER

Amazon Braket T4 E QPUs LS 8iR:E, ENRLBEBEFESEHK —X A MARESEE L
PWEAREBER K RLHEERERESBEHBNENER ., EUUKERESESEBNBTE
B, RAET L ESELSBENFEER. REKSBNEREIIBRMAZENHE S —E QPUs A
Braket BE&EH. HRAREBHTHNESHES  Raket EEGEERBEBEFAXREEREHENE
FREER , UEASESRENER,

EREVSHER  CLAXEREEZESHHIRASBMATBA. ELEST , RAEHANESHE
B, WRAKSARBEECANEMAEREE, BRARTHERHE  BAUTUMRERFZER , XHT
BREE , fINEHNSERBEETNSE,

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.")

BRERATHERRETER  BREEEETHUEBSEBNER#T. EXESHFEEN QPU L3
TREERER  EBRASEF -RITHKEF. ETIITH S ECEERARENER  BINESER
BT EAE , MABEEAEANEART.

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_azrn,
source_module="algorithm_script.py",
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)

® Note

R T IR&E B R EXRigetti Computingz 7k , WFIEBEIT. UFHEAERN QPUsHZESH
'ﬁ%o

8 Amazon Braket £/ PennyLane

BERELREANISERNE TR TINEE L, ERFRPRTEAER EC2HTREBIERLESE
) E31T MEBFRPAREERSIEFEK LT, BELERAEAEBUAENTESEE L,
WEFMENR | FF2BUEFERH Amazon Braket £7%,

Amazon Braket AJZ & Amazon Braket PennylLane #\##2:8 Amazon Braket Python SDK F1&i
BIER A REENGBET , REMBMITRENE FEEE, Amazon Braket SIHIZE5E AL SDK /HE
# , AIREERE PennyLane AHEXNER TRENMTRERESNEEE, T8 , RAERSEH
PennyLane , RATCRMEEZENWER.

ERESERFEREE

BEETREZIHASNERRRREE , RARRETERREBRSELMA , Rt EEL#ER,
MESESNSEETRENSRSENMEIANES ; Qit , REFATHEEZTESER/HEATN S
HES  RMEREHIER,

MEFEEZL , flW Shor By ( EFFEERMMEEH ) =X Grover B (Grover €55l ) |, EEETHEHEE
EigE, Rt , eMERBENEFEETVETTER , BEFEBAMATPEE T (NISQ) £E,

HREGEBTEEEYD  BTREE (QPUs) IAER CPUs MAREE:RR , BRIREERERE
PINEBEMNE. ERSEENIIEHEEA , ERIATERETS

AR :

« Amazon Braket ¥ #t PennylLane

 Amazon Braket #f|ZE AP ESEEE

- EFRHE PennylLane EESNESEE
 PennylLane W& BB Amazon Braket #E#E88
- FEREASEKM PennyLane 1T QAOA SEE %

« £/ PennyLane ABIEEEFEITES TEEH

¥ 8L Amazon Braket £/ PennyLane 192


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

Amazon Braket HBEABER

Amazon Braket ¥#& 8 PennyLane

Amazon Braket & PennyLane , ER—BUEF ARSI EXFRIRSAERNFERRAITRELE
o BAILAERAMEE LI ERENARIGEFER  USKETLE, ETFHEISETNEE
Lt EERBENFERA R,

PennyLane BN ERHABNWMEIBETIENHE , BIE PyTorch # TensorFlow , FIIHE FERR
HEHEE,

 PennyLane 23\ & - PennyLane TE £ Z %7 Amazon Braket £E25EAH, & EH PennyLane 77H
Amazon Braket £& |, FHMELRALFEA T HEA PennyLane BRXE,

import pennylane as gml

HEELATHEEREAM, HE , B UREEEZEN IDE £ Amazon Braket £ PennyLane,

« Amazon Braket PennyLane /M3 ER - EEEAEB S W IDE , BRI LF EL % Amazon Braket
PennyLane A ER, HERXE4E PennyLane B Amazon Braket Python SDK E#R , Et& ]
LATE Amazon Braket 88 L7 PennyLane R#{TER . HE R PennyLane A HER , FEAT

BlEn o

pip install amazon-braket-pennylane-plugin

T 5 &l REEE{A4E PennyLane %X E ¥ Amazon Braket & Y 77 EUHE

# to use SV1

import pennylane as gml

svl = gml.device("braket.aws.qubit", device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/sv1l", wires=2)

# to run a circuit:
@qml.qgnode(svl)
def circuit(x):
gml.RZ(x, wires=0)
gml.CNOT(wires=[0,1])
gml.RY(x, wires=1)
return gml.expval(gml.PauliZ(1))

result = circuit(0.543)

¥& B Amazon Braket £ PennyLane 193


https://pennylane.ai
https://github.com/aws/amazon-braket-sdk-python

Amazon Braket HBEABER

#To use the local sim:
local = gml.device("braket.local.qubit", wires=2)

MEHBRREHH Pennylane HIFBET , 528 Amazon Braket &,

Amazon Braket PennyLane 7\ 12 Al Z 4 A B TR IBE PennyLane F#) Amazon Braket QPU
MARERSBRE B, TREMEAR PennyLane B Amazon Braket 2 F £ & :

+ braket.aws.qubit £/ Amazon Braket [RIEHE FHBHIT , 2IF QPUs MEHEES
« braket.local.qubit 8 Amazon Braket SDK HYZN 18 #2251 1T

Amazon Braket PennyLane #M\H X ZHMRKRIT. B PennyLane /M 2R GitHub EFER
#£E,

% PennyLane MEFHER , 2/ PennyLane B EH X,
Amazon Braket Ef|ERR AP HREEEE

Amazon Braket BB IR R EEHHIERL A , ELELRATMKE PennyLane ABEXARHITEESNEE
k. IO LABHMAE AIEAERBAEM L 5 3£/ Amazon Braket JES T EIHIZE5C A |, HlI0 Quantum T L&
FLEEE (QAOA) &L E Eigensolver (VQE),

Amazon Braket €345 Z 52 &8 Amazon Braket Python SDK, SDK 1224242 , A[3%EiB Amazon
Braket EHE FEHERFEEL D, ER—EFRNRRBERE , EEHERERSITERENE T
i

A LAE A BRIy 2 I ZERC A — SHRE Amazon Braket,
B B Rk PennylLane &R NBESEE L

Amazon Braket (B2 & EHKREFEM PennyLane W& AE CPU Ml GPU R u g #Ezs, LERIIM AR
BESRTUEEAREENESEERSHS , Y SREMEEELlightning. qubitiBEEES, £H
NVIDIA 8 cuQuantum 2\ EMEMW1ightning. gpuiEiEss s, ELEABRERRPIETESREER
Bk fINEFHSREE  EEEELTUREHERC T ZEER T ERZR, BUE—HZHE
CPU = GPU #1T{EBE L 311718 L R AR 28

ﬁﬁﬁ/us 13 , SR ERLEREKHBEEESRM QPU WS, HI%0 B Amazon Braket FEEE#25
, RBEER PennylLane EA AEE RS RATELEE LR,
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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
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
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R HERAE #EES 2 B Hybrid Jobs BREFEGER , BRAFEMFEA ehybrid_jobE MR EMHENEE
Python EIE, ZEEf M PennyLane lightning.gpu #E#85 , BHEEHR FIEE GPU #ITHE
fInstanceConfig , MTIBEXBEHERFIR :

import pennylane as gml
from braket.jobs import hybrid_job
from braket.jobs.config import InstanceConfig

@hybrid_job(device="local:pennylane/lightning.gpu",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"))
def function(wires):
dev = gml.device("lightning.gpu", wires=wires)

RS BESIZERAE , BB ER PennyLane REIE R R B EUR SR
PennyLane Lt RYE##E#E BB Amazon Braket 18425

£ B AR Amazon Braket fyPennyLane /M ER |, AT MAE AR E R EEEETH SV1 LT,
FERAMTERC S ERGTEGFE.

AE EEMABMASERN L, BMHUBE diff_method="device' H#EE gqnode , MA 2
diff_method="'adjoint'. FEZELLTEHI,

device_arn = "arn:aws:braket:::device/quantum-simulator/amazon/sv1"
dev = gml.device("braket.aws.qubit", wires=wires, shots=0, device_arn=device_azrn)

@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

B&l, PennyLane®iEE QAOA Hamiltonians B2 #835| , ¥ A ©M4 Hamiltonian
PEAZEERE. MRERITER 1T QACA BEA SV1 WEEEZR{Ihee
PennyLane , RIEEB R HERS|IREE Hamiltonian BIKZAS , NFATR : cost_h,
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mixer_h = gml.gaoa.max_clique(g, constrained=False) cost_h =
gml.Hamiltonian(cost_h.coeffs, cost_h.ops)

# RS 1T PennyLane #11T QAOA SEE %

EARGH |, BHERBENAE , £/ PennyLane BESEmEERBEERNESRER. &7
DA B ESEE SRR Quantum IEEIREEEE (QAOCA) B, BXEE U EEMR Max

Cut RECEEHENRARE , EESEILEFER , UFABENRETRAERFEE LS

B, UEBAERERERE, EHEHF K ATHERER BT EELESTHTELREER

x, BERERBNFEARS K SEEERERRAESRERTNEREEREBERE, &
Eparametrize_differentiablefi%%A , TrueEALEALIR T EN QPUs LS EIREZETEHE
ESUEHTREANENES,

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
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"]
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job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
checkpoint_dir = os.environ["AMZN_BRAKET_CHECKPOINT_DIR"]
hp_file = os.environ["AMZN_BRAKET_HP_FILE"]

device_arn = os.environ["AMZN_BRAKET_DEVICE_ARN"]

# Read the hyperparameters
with open(hp_file, "r") as f:
hyperparams = json.load(f)

p = int(hyperparams["p"])

seed = int(hyperparams["seed"])

max_parallel = int(hyperparams["max_parallel"])
num_iterations = int(hyperparams["num_iterations"])
stepsize = float(hyperparams["stepsize"])

shots = int(hyperparams["shots"])

# Generate random graph

num_nodes = 6

num_edges = 8

graph_seed = 1967

g = nx.gnm_random_graph(num_nodes, num_edges, seed=graph_seed)

# Output figure to file

positions = nx.spring_layout(g, seed=seed)

nx.draw(g, with_labels=True, pos=positions, node_size=600)
plt.savefig(f"{output_dir}/graph.png")

# Set up the QAOA problem
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[@], 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])
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optimizer = gml.GradientDescentOptimizer(stepsize=stepsize)
print("Optimization start")

for iteration in range(num_iterations):
t0 = time.time()

# Evaluates the cost, then does a gradient step to new params
params, cost_before = optimizer.step_and_cost(cost_function, params)
# Convert cost_before to a float so it's easier to handle
cost_before = float(cost_before)

tl = time.time()

if iteration ==
print("Initial cost:", cost_before)
else:
print(f"Cost at step {iteration}:", cost_before)

# Log the current loss as a metric
log_metric(
metric_name="Cost",
value=cost_before,
iteration_number=iteration,

print(f"Completed iteration {iteration + 1}")
print(f"Time to complete iteration: {tl - t@} seconds")

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})
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® Note

Br T IR B 2 X Rigetti Computingz 7k , HWFTEEHIT. UFEAEREN QPUsEZESE
'ﬁ%o

£/ PennyLane R EHFB[HATES THEAEH

ZH 2R E F WME Amazon Braket J2EEE# LEAR B PennyLane B ABRER ST RBTREES TR
B, Pennylane B9 GPU B #x#8#E85 1ightning.gpufEf Nvidia cuQuantum 2= E R iR B K18
., AR GPU E5B A LEFTE Braket EEAHBTRE , FAEATAZAER. ZHER L,
RPN REMAMER lightning. gpu RINEEER THEEH,

#% lightning.gpufR QAOA THAH

ZRIELRAHPH Quantum ELIRECEEE (QAOA) €6l, BEEMABRERSS , 5

#devices| BIEEAERAMWESE : "local:<provider>/<simulator_name>", il , &
&"local:pennylane/lightning.gpu" % R lightning.gpu. ZERBEFREBESELEN
KEFREURREY WX EERIEHE"AMZN_BRAKET_DEVICE_ARN",

device_string = os.environ["AMZN_BRAKET_DEVICE_ARN"]
prefix, device_name = device_string.split("/")
device = gml.device(simulator_name, wires=n_wires)

FEHEEL , BRMALEMEAER PennyLane AREEME#EEES lightning.qubit ( A CPU A&
) # lightning.gpu (LA GPU A8/ ), BEEAEKRSB[RE—LAITRES R , TEEFTES
BHE.

RELCERBHFEFEAEBRBIESE. S EAMEFTERERNHIT QAOAFEEE :
m5.2xlarge#l p3.2xlarge, m5.2xlarge HI{TEBEREZXEMREA S ELHENKE
E. p3.2xlarge EEHE— NVIDIA Volta GPU 1 16GB 2= &K X EEH1TEE,

AR & EHhyperparametersty R, ERFRRBRTIAAZEMT , MU ERTENHITE
RANERRR,

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.qubit"

# Run on a CPU based instance with about as much power as a laptop
instance_config = InstanceConfig(instanceType='ml.m5.2xlarge"')
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= :

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.gpu"

# Run on an inexpensive GPU based instance

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')

@ Note
MREA EEinstance_configAfEH GPU EETERE , B2 deviceBRAEM CPU
RIME#EES (lightning.qubit) , AIF A GPU, MREEEL GPU ABEZ , B4 ER
#AR GPU B iE#EzS |

B, BUUEIMEREER  XEEFE 18 BEMNWER LFEA QAOA iR Max-Cut, EEEH
A 18 qubit B , HEB/NEAT , IEESHNELREEKIMS . 2x1arge#1T{EHE LIRIE $;]:'fj—o

num_nodes = 18
num_edges = 24
seed = 1967

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job

m5_job = AwsQuantumJob.create(
device=device,
source_module="qaoa_source",
job_name="qgaoa-m5-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qaoa_source.qaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlarge BITEEBNFEHRBEEEREBENES 25 , Mp3.2xlarge#TEEN R B EZEFE
A 12 %, BRI 18 qubit TERRE , GPU #THEBIRMERM 2 SHWEE., MREEEE Amazon
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Braket Hybrid Jobs EEEE , A LLE EIm5. 2xlargeH{TERN S 2 ER 4B 0.00768 £t ,
Mp3.2xlarge#A TEEAIA 0.06375 £, EEHTHEHL S ARBEH , £/ CPU BTERNER
£ 0.016 USD , =i GPU #1TERMNWERA 0.06375 USD , MEEHEEEE !

RE , BRMENEETRY , Y ESBR 24 BEEEF LK Max-Cut B , EREIRA 24 @ qubit,
FHERNMEANTEE EBXBTESER , MK,

(® Note
IR B EE CPU BTER LT IHESEBNKEAIREANA 5 M |

num_nodes = 24
num_edges = 36
seed = 1967

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job

m5_big_job = AwsQuantumJob.create(
device=device,
source_module="qaoa_source",
job_name="qgaoa-m5-big-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlarge BIITERNFHURBEHEBEN B — /N |, p3.2xlargeMBTEEBHN R BEERFEN
AR E, HREBABANREE , GPU BITEBNIEFEER | ERESEMTEIG , BRITE
REANFEANASERSS BRI INEDER, EEJTRARL S ARBEE | MER |, £58
CPU #TEBHERNAS 2.27072 USD , A GPU #1TEEMNER#A 0.775625 USD., CPU A
ETEERE  EBETEEZRBRHIT. FAHE NVIDIA CuQuantum X EH PennylLane A#RIE#EST
AWS | EBTAMN GPU BI{TEEMEL THERE , TEEUERNERANEENEEHTESDH
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qubit FHE (/TR 20 B 30 2@ ) MIHERRE, EXRREMEBBEAKNTEEEELEEMIBLIAN
MEITER EREZT , KU ERE FEH,

Quantum ¥ESE2 B MERLITERE

MRENTHEEHEEREERE LIIRNE FHIREE (QVL) , "‘—IJ«MEFHiéﬂ$ﬁJEIEL 2
ERITHEEH, £QVLH  BRGS-—RSEETER, ERUREUTRTIISERELEERE. £AE
BEIRERR  ERPNSBEEN , UBERRBEERKE. E?&Fﬂiﬁiﬁﬁﬁ%ﬂ‘ﬁ-ﬁﬂ%ﬁi% ,
UREBEENETFHREANBER EQULH , BRXBESEUFIAAGTE  BTOEREESEN
BIER, WEFREE  BIREHBEEER IR,

HRAEEENENBATECRAEMER S , Rt TAFTIMEEX | BULRRTEETRER 2
HBEBNEANKE, EBAERTTRE, BB SageMaker W7 BN ERFITEXE , Amazon
Braket Hybrid Jobs BJ 38 & 58 88 52 tth F| F & # 17 IR 2 3R Nz 51 48R

BERTIERFETEREN QML TEEH , HFEARBEH UCI REER Sonar ER SRR ZEN
DENES, BMEREEE 208 BEREY K SEAEREESR 60 @EIhee , ELINERMBMEATRREM
RpEHMR, SEERBAERLA "My RREE , 3 "Ry RTAE. BN QUL EEIE@WA
B, BABEBNWEFSE , URBHE, WANELERE PyTorch HEENERGREHERK. EF
B PennyLane B9 gml.gnn ##HEE PyTorch H&HEKRES, MEITHEEHMNFMENR K F2ER
MR EEPIER A, E LERE QAOA &l , HLAILAEA PennyLane E AR GPU EIRE R REH N
gelightning.gpu , M A GPU K& KIhEE,

EERVESMERE , £ULLUEBHEBEFSIBTEWMAwsQuantumJob. create W IEERE £, £
EMEMmERE,

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')

hyperparameters={"nwires": "10",
"ndata": "32",

}

job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
source_module="qgml_source",
entry_point="gml_source.train_single",
hyperparameters=hyperparameters,
instance_config=instance_config,
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EEFRAEHTTRER , £EEE N SageMaker 7 HABRAEEE XESHBEINLTERE , L
FREFTLIK, Bk, ESEA EH , ZsmdistributedEHERIBE NS TEEER S HEZ
& GPUs MZ{E#HITEME, LEH BT Braket PyTorch  TensorFlow BR8§H AR E, dist &
HEENRMPMEELIESE | N GPUs B# (world_size) A& GPU & 1local_rank®y
rank# . rank 2 GPU EFME#TEEMNBE RS , M local_rank2HITEEA GPU HE
5l filgn , MREMEHTER , SEMTERBE/E GPUs BEERIER , rankEELRE 0 Z
31, local_rank&E® 0 2 7,

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)

EE  BALlDistributedSampleriii% world_sizef EHE , rankREEHBEZTEHEHA
28, HEUESESE S GPUs FIERENEREE,

train_sampler = torch.utils.data.distributed.DistributedSampler(
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,

BE B LMEA DistributedDataParallel ERIRBAER LITERE,

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP

model = DressedQNN(gc_dev).to(device)
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model = DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])

UEREAERFTREMENEE, EQVLY  SEELEMEERIINIGEE, NREE
GPU 1 {TREEMINGS , BF SR REENET  SREEHEE, EEBREEEN , KRER
BE 0rank 89 GPU #1ZF5IED,

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 Jobs 18 SageMaker 7 BN ER FTENEMM] . p3.16xlarge#,
TEBER, BULUEBREEHKFH InstanceConfig SIBRBRESTHEEER, BE

# SageMaker 7 BAERTFITEXENEEHAERETERE , EEEHEMEBEANE

28 , #% "sagemaker_distributed_dataparallel_enabled"iRES "true" , ¥ i§
"sagemaker_instance_type"REABEEFEANAITEREE, smdistributed EHEE
RAEMEEZSH. ENERELESTHRTIEEAREAEM. & Amazon Braket SDK 1 , BRI A E
HEAEF 5|8 distribution, HEEIMIESEKdistribution="data_parallel" & , Amazon
Braket SDK € BB AR A AMEESE ., MREEA Amazon Braket API , BIZEETISEMEES
.

REHTEEBNERNFLTEER , fRETURERESERK, ml.p3.16xlarge HITEE+HE 8

&l GPUs, EE&E instanceCount=1 K , TEEHEHBEETERPH 8 @ GPUs, EEER
EinstanceCount KR — B , TEEHS I BEIFMERTERP AR GPUs, £RAZEHTER
R, BEHTERNSEREEEANSEMEELER. flin , ELAFEANAESTEREN  FFEREAS
BETEBSTRENDOEGE , RAEEERTERRRATENITEESR,

instance_config = InstanceConfig(instanceType='ml.p3.16xlarge’,
instanceCount=1,

)

hyperparameters={"nwires": "10",
"ndata": "32",

}

job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
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source_module="qgml_source",
entry_point="qml_source.train_dp",
hyperparameters=hyperparameters,
instance_config=instance_config,
distribution="data_parallel",

(® Note
EERBEEKRELAF , train_dp.py—REAERNFITRENESIREZRETH, 51X,
REELRBE L RAEHBREELECER , ERPTEETRIEREEE, WRAERERENR
BEZETHBNER THRAERFTRERE  EEEBUeBEERR , ESE GPU T
EeERREMAENERGE  EREXRE,

FEMEEPPLBATHENRAS , HPE #H8 LR " # vy BEE , £/ 26 L tEFERIIK
BER, WEHIFERARML. p3.16xlarge¥iTER S 7 ELE 0.4692 USD, MRRBERFITE
B, BESANEE 45 2ERIIER 1 epoch ( ENEIB 208 EERIEF ) WEE K MAKANS 20 %
To EIBE 1 EHATEEN 4 EHTEBHNERNFITRE , 2RIFE6 7EN 1.5 78 , EMENE
#4945 2.8 USD, EBE 4 EHTERBEAENFITER , BT ERBHITRERHA 30 & , ERRK
RKIERRK !

EREBEHASE (BYOC)

Amazon Braket Hybrid Jobs Rt ={EFRTEEN B , AREFTRREPHTENR, WRHEP—E
RBEXIELENFERARS , ERAEEEV RS AR RMEZELZESH, BUUREELESHBIER
ft requirements. txt ERMMEXERDHBEKMEPip,

MRELA[BTIZELNFEARS , REMREEEZEREEARD , B Braket Hybrid Jobs X EF A
B2 BT DockerA s HITRE TR , XBIHESE (BYOC). BEERARE 2 , BRMERE
EREEREEEEARGIMERINGE,

EAREH -

- ARERECHESRFTALERNRE?

- BieRSENES

- ERECHAEEPHIT Braket BE1EXE
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RS ERECHNERTALBRIRE ?

HKIZRECAES (BYOC) #E Braket Hybrid Jobs , BB NERESFZEGCOCHNEE K BHETH
FHECHER, BBENESESER , e —EARTUERERNEYE K MEETKTEBYOC
DockerZ{& - Amazon ECR L& - BETH & URI B,

(® Note

MREEEFHELELAFIEHNEM Python E# (BELDR 1018 ) , BYOC AT RIE
FEAVRE, flw, MREEHRNZ PyPio

EEBEBERT , BUUFEAER—EFELXEER Braket B , AR ETHIRIHEF

#requirements txtERITEERFEEHKF, EXRSEHEN , W IEEpipREEEFREREINE
. MREBREREEN , AIMEBNHATHETERZ KIEEM, BE Python , MREA , RELRE
ARAERBRETEENTALRERS CUDA IRZA,

BB EAERIESEFERAI Python S ( Hli0 C++ = Rust) , RIEEFEHEIB Braket BAEER
BRI E AR Python lRANEF , BYOC R4 EM, MIRHRATIER , Et2THANERE

- BEANKBEARESR MALFEHUREARSZRIRTER  TRIATHE, £/
BYOC , & W LA fEDockerBRGH A RE SR , LTS ANRIRESRNENXR,

- BEANBRBELABNG, N, REAEEEEERTE SSH £/ T EFHNFE GitLab =
GitHub ﬁﬁﬁto

- BEERKAKRBEE Braket RUHNBR[PHAREBEN. HREREZER  BYOC IRELHEKRES
ERRBNRAEFE,

BYOC Al IEBE A RBEBEDocker BRI IRAIGEAE , MEF] SDK IEEEAHEFERA,
&R LATE Amazon ECR RRERTEE B /Y FT 71 JREIT L IR

® Note
BYRETIAEANSRERE,
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Bie A esE S

EAREF |, FMRMHstep-by-stepiEr , FREFEFE Ebring your own container (BYOC)#1THY Braket )&
EEK  BTH. ERVESMHSESLEEENIER , IR METELN BT DockerB &, RMREMERE
RRFINES -

1. #EDockerBREERR R L HMERE | WEFEIFEEM Python EEEE TR,
2. fEM3E Python EEREREE AETHRERSETR , 2 x86 LMY CPU i,

HRRA 2, ERBREABETRER/EM.

E Braket HTENESEHET , cEEFERLN Amazon EC2 #/TERESEMNER K REHIT
DockerB#% URI B A EMREG , UEH LEITFH, £H BYOC ek |, o] LAiEEFE Amazon
ECR @ FERFEENMEG URI , Mt HEEEEABIIFEEE, Braket Hybrid Jobs % BT &R
HITER,

BEUEEAEKEEMERA ZDockerMGFIENHBETLH. NRETRBRBEENEE
Dockerfiles , BREEREELRPRKFRFEESE Dockerfile X FAmazon ECR CLIX 4,

UTREFENRAEE

« Dockerfile ) E# B

- (EA) BURBNEAREAMETE

- FH ZEMENERBINESRIESH Dockerfile

Dockerfile HyEL 7R

MREFEHE R Python , 3t B Z 7 Braket RN AR P RMEMNEE - 2HEE | MEEMRGH
#1E 2B GitHub #ZEM Amazon ECR L#YH & —1d Braket BE8M &, EEE [ Amazon
ECRETEDRE , TEERIMMGALEBMEG, Fl21 , BYOC Docker ERMWE—1TALAR : FROM
[IMAGE_URI_HERE]

##E | BB HERM Dockerfile REZXNRELEMEERRNKRE, FALRER Braket REHKEEE
BENRREAHKESTE  ALETFERLRDEEXIETH.

MREAEEE I Python FBE , B0 C++. Rust F Julia , RE MR EEE A IE x86 CPU E£EE
EMRE , 0 ARM , B EEERBABMG LEE . & BFE Amazon Elastic Container
Registry Public Gallery ZiB|IFF 2 EHE B, FHLBEZERAN CPU 81 GPU |, WREERIEZELRE
EA® GPU,
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(EH) BRENBAREARETH

(® Note
MRERAGEMREFNIEEFLZER Braket G , BT LABGB AL,

EEEREEEPHITHE Python BXIE , BFEEBUAERDFEARMN Python EETH. 6l

i |, braket_container.pyAmazon Braket Github E# python 516, &2 Braket ASLEEHIMR
ﬁﬁﬁmﬁi@/ﬁiﬁ/ﬂ STRAYREEERREEENETH. FREARESBREXAMEH Python , B
AT LARKED3E Python IEETE. EREABEMNE I , BALUFE Python EEEZIE TR Python 712
FREFNNEFRE, FBBEKLLEE , ST ARAEARESBRAEFE Python EEZETE. 4l
m o, BALME R thekick_off_customer_script() EE , BIEREIERERBE Rust BFo

BB A LURIZR B 2 W braket_container.py. TEZBSBAER. XRHEFMNEMXENESR
£ Amazon S3 EHREIBHBF , LEREENRREH,

A ZEFMENHREMARE ST Dockerfile

(® Note
MRBEHFASLEERN Braket G ADockerE MG , AIRR[ESHBEEE.

MRAEGEL—ESBFEITHERENERESH , ITESHERIBRTD , TERREBHERS
SAGEMAKER_PROGRAM braket_container.py , REE B AFNBREARETBHIRAS,

LA 2Dockerfile A& GPU MEEHKH1TEE LERA Julia B EH -

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
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ARG JULIA_URL = https://julialang-s3.julialang.org/bin/linux/x64/${IJULIA_RELEASE}/
ARG TAR_NAME = julia-${JULIA_VERSION}-linux-x86_64.tar.gz

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 \
curl \
git \
libtemplate-perl \
libssl1.1 \
openssl \
unzip \
wget \
zliblg-dev \

${PYTHON_PIP} \
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${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${PYTHON_SHORT_VERSION}/site-packages/
smdistributed/dataparallel/1ib:$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 \

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} \
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&& 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

WEHETHILEIT BRENESTE AWS | LUBEARFSMEHBRMERIBRE, flun , BBIEES
R BEENEMELZEERNBMIT license,

MREEESESFLERNE , HIMEEEFE GitHub = GitLab EEEHWRERNTE , 5521EDocker
MG HERA SSH £@REFME. X, ma’(f)’é%Docker ComposefifEA , LLAAFF Docker £ H
BEFMENEMER FFE SSH, MFEFMEN , 5520 Docker FHLLFEH SSH £BEFERE
Github FEFEIEE,

BB R _EEDockerbk &

FRIEBESRN Dockerfile , BREYURBITBEVFAE Amazon ECR #7FE , MIRAFEN
o BHALNEE, ERABRMELKE LEZREE,

BEEBHEE, BEREMHEEMREG, NF BEMNTERPdocker buildfl—LE&ifl | 55288 Docker
BB

HRERERNEHIER , EAILET

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

8RB ER Amazon ECR [

Braket Hybrid Jobs Docker B4 BfEFAH Amazon ECR fZEHRFEE . RIZTERR , A8 Amazon
ECR fFEETZRMHY Braket Hybrid Jobs IAM role i {F{a] H fth 2 £ F /R BRAK 1Y 6 A & B9 SEERIZ Y
B, flmipfEE R BE, BXESERTFEBE , TR TEHENT T, —BMsS , RESEETFEMR
BB ECEAENAMBER TN , MARAFER WEM Aimage URIIZERE M.
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EHRBCHNBEPH T Braket EE1EHE

EEFHAEEACNAREIREET , AwsQuantumlob.create()FEFEHimage_urilgEW 5B H
W, EALAER QPU, FEE#EESS | 7 Braket Hybrid Jobs IR EFKEIERS E AR ITRER
B, RMERELXE SV, DM1 , ARBEEEMN QPU £L#1T. TN1

EEAEREES LHTERXE , FEMH RiEEinstanceCountEFEAM instanceType
InstanceConfig, F/EE , MRMEIEE instance_count > 1, AIEERREMNER BT LUESZE
FHE LT, BULLEENHTERBBELRA 5. Hil

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
image_uri="111122223333.dkr.ecr.us-west-2.amazonaws.com/my-byoc-container:latest",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3),
device="local:braket/braket.local.qubit",

#...)

(@ Note
EA%EE ARN RERZAEESEBPEERNERSE., TESNELRERFER
device = "local:<provider>/<simulator_name>", §&cf¥ , <provider>#l

<simulator_name> REEBEFH., HF. _. -M .. FHERHA 256 BF .
MREFTEER BYOC BR{EM Braket HBEHREVE 7K , FEXEREEHNEE
JEAMZN_BRAKET_JOB_TOKEN#CreateQuantumTaskiE R+ H jobToken 28, MER
B, MEFERTSEEBELIER , XA—MBIEFEKTE,

& #it Amazon Braket £ CUDA-Q

NVIDIA’s CUDA-Q 2 —EBEBEXE , A4S CPUs, GPUs # Quantum IEEE Tt (QPUs) WIER
RETEBREFREEMRG. ERUM—ANEBEXRER , IRFARAREE-BEXPRERFREER
MEFES , BLIERE. EAERAEN CPU M GPU K RCUDA-QINEE FREXERMBITH
Faﬁo

£ Amazon Braket ESEHKCUDA-QLFEH Azt EMNEEERRE. EERTREARBRRASEIEA
HPEHIT , BREAEXXNEAENER. Amazon Braket Hybrid Jobs tHiZ2 i AT BRI EEER,
B UREB NN BTERBERETRERINIE AR BERIGAREEFEATEEEN AR ITHE
B UEITEEMNER,
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Amazon Braket Hybrid Jobs X ¥ { A1t B HEZBEEZECUDA-QIY GPUs, B CPU BE5E354H

tb , GPUs AT RiIgMEE FREXER , ¥R EMLAT qubit FTEERKEF, £ Amazon Braket 25 1E
BCUDA-QLEA i, FTLEREEE. BREEHUE S EEE SR~ BB IR o 8851
o, EECUDA-QIEFESMNERTTLAIREAEEEINMBIFAEE , MIARAAXAEER
R EEBERE,

ZERKBER |, 5528 Amazon Braket 4 Github EHICUDA-Q A P&l , CUDA-QIE BB EASE
(BYOC) B T ENEKARR, FHEECELEEEEN IAMFA , LBERSK[ LA HBEMCUDA-QE
Amazon ECR #FE,

THREAIEH R ZMEH Amazon Braket Hybrid Jobs #1TCUDA-QfEhello-wor1d#Y €45l

image_uri = "<ecr-image-uri>"

ehybrid_job(device='local:nvidia/qpp-cpu’', image_uri=image_uri)
def hello_quantum():
import cudaq

# define the backend
device=get_job_device_arn()
cudaq.set_target(device.split('/')[-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

LiREEHEEE CPU i8S LY Bell %, WEHHISELNWERLRE S Braket Jupyter EFEAR L
7o R local=TruefRE , ELFTIIETIHR A AESELNAMIRIZEREE , SL#1T CUDA-Q
BERAETIENEE, TRAER , BUUBEKR local=TruelEEXHTEK AWS, BEEHE ST
fif | 552 E) Amazon Braket ;B & FB A,

MEEHWIEEREES qubit FT8. AEERIAERBEE , BULUEBEE
instance_configlERFEAERAN CPU BEER., THRNIBH R REBWM{AZEhybrid_jobsE
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#iTH B PERE instance_configiE. MEXEHATERERNFMEN  F2AREESEBH
TEEANITESR. NFATEBEENEE , F2H Amazon EC2 HIITEEREE,

@hybrid_job(
device="local:nvidia/qpp-cpu",
image_uri=image_uri,
instance_config=InstanceConfig(instanceType="ml.c5.2xlarge"),

)
def my_job_script():

ﬁﬁégﬂzE%E’\JIﬂEﬁﬁ #Z A LATE CUDA-Q GPU #Higss T TEAH. ZEMA GPU #E5

, FEEA®ImEM nvidia, nvidia &i%LL CUDA-Q GPU s RiB/E, & , BNEE
NVIDIA GPU K Amazon EC2 #{T{ERERE, THERXBHEE T GPU REMhybrid_jobZ i
Ho

@hybrid_job(
device="local:nvidia/nvidia",
image_uri=image_uri,
instance_config=InstanceConfig(instanceType="ml.p3.2xlarge"),

)
def my_job_script():

Amazon Braket Hybrid Jobs XA #9F1T GPU #H#ECUDA-Q, BRI UAFTHEZETEHRAEE
ZEER , URATEEENREE. EETFTEESETHRANER  FHEELIESHETTIEE,

FHEnvidiaRimmgpuliBE, ERFTILAEHAEENSLEERE., FITREMEA MPI £ GPUs 2 [E
ETEA , Bt MPI EEE#TZEIKRL , L EZERTRK.

EE  EBRE KEEHTHENexecution=cudaq.parallel.mpi., FHERBES RERELE
¥,

cudaq.set_target("nvidia", option="mqgpu")
cudag.mpi.initialize()
result = cudaqg.observe(
kernel, hamiltonian, shots_count=n_shots, execution=cudaq.parallel.mpi
)

cudaqg.mpi.finalize()

Ehybrid_job&fEBEH , IHEFLEZME GPUs WHTEREE , MTHEXTEH KRR,
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@hybrid_job(
device="local:nvidia/nvidia-mqgpu",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=1),
image_uri=image_uri,

)

def parallel_observables_gpu_job(sagemaker_mpi_enabled=True):

Amazon Braket £ Github Y F1THE B EC AR Hend-to-end&ifl , RETW{AE GPU Bk L #1T
ETENER  UAREERNEE MERARBITEITEE,

EETERELIATIEER

SEREREARE  BULEBRERE QPUs EHTER., RESBZT#E Amazon Braket QPU
Hlan 1QM, IoanZ Rigetti &, THREXNHHERRPUMAGEEERES IQM Garnet £E, WMFEAHA
QPUsSHIJEE |, 552 B Amazon Braket =2 &,

device_arn = "arn:aws:braket:eu-north-1::device/qpu/igm/Garnet"
cudaq.set_target("braket", machine=device_azrn)

WEE Amazon Braket BSEKNFFMEN B2 RBEEBAEBEPHER Amazon Braket )25 1E#.
EEH—5 7 H# CUDA-Q, 552/ CUDA-Q jd’-to

BHiZER HEESEHEEE AP

SO LA E1ZFH Amazon Braket ;R & 1E &6 8 2 HEIAPI, EiEMGEH B |EFERAE
REMER TS E,

® Note

R ZUVEZREME A Amazon Braket Python SDK B2 Amazon Braket \BE K EE, TS
ENTFARENRE , HEENBREXNEERIHIT,

AREBEHEMEH E’JEZW&AAMO MREERZFFER API, 55
ERRBEE  BENEANEKEUHIT.

ofE , WHETREEAEM | WAERHIFHELT

EEMFEH AP, EWIRFEZESESR AmazonBraketFullAccessEEBXRN AR,
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® Note

WMEMMER AmazonBraketFullAccessEEBRKMEBABHNFMEN , BF2ERHA
Amazon Braket EH,

A BEE HTHAE, LACKEERS B, ELLER Amazon Braket TIREEBY AR, FHH
AMREEELNIATACKSIER , BRAEKEIRERAR,

CreateJob API ZELEEREEBNIELES . HEMA Python , R EE A ETHEREMR
A tar £, Hl40 inputtar.gz /R , RARPITTIESTH. EMAER (<) PHEARHD , UFE
BENRFEFANEE RS EHRBEE, BRNGTENEAR,

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>",

BEMEH ERSEKEE API 216



Amazon Braket HBEABER

"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": {
"s3DataSource": {
"s3Uri": f"s3://{bucket}/{s3_prefix}/input",
"s3DataType": "S3_PREFIX"
}
}
}
1,

outputDataConfig={
"s3Path": f"s3://{bucket}/{s3_prefix}/output"

I

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"

I
hyperParameters={
"hyperparameter key you wish to pass'": "<hyperparameter value you wish to
pass>",
I
stoppingCondition={
"maxRuntimeInSeconds": 1200,
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"maximumTaskLimit": 10

iy

BIBEEKE , B LUEIB GetJobAPIS R ABFIUREESERFHMER . EERY
{TcreateJobfEXIBH Python TR GBS EANEKFMEN , MLk &EHIm R , BHEATY
Python ﬁ%o

getJob = client.get_job(jobArn=job["jobArn"])

EEBUHREMEH , CancellobAPIFEfE A E#HAmazon Resource Nameky () FEAY 'JobArn',

cancelJob = client.cancel_job(jobArn=job["jobArn"])

A LA checkpointConfig Z8createJobAPISRERIEES N—

checkpointConfig = {

"localPath" : "/opt/omega/checkpoints",

"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"
},

(® Note

localPath checkpointConfigFeEA FH{E—FEE KRR | /opt/ml, /tmp. /opt/
brakets} /usr/local/nvidia,

e~ E

FETREERTIGEENETRE, ST ELIIERE  RERIAE T FRRMKRBNE
RET. FRTE N NEREIERA | RS WRA 48 MFEUE | ERFIMIE, B LEERARIRH
REFLKETERNBESEBHEA TS , IEREHFRITEER,

|ERIBTE Quantum Processing Unit (QPU) L#ITZ D EFEBIESER , ERHEE TR K ZAE
/;"Eﬁéﬁésa IS ER

THEFEHAHKRE :
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« lonQ KY Aria and Forte
- Rigetti ¥ Ankaa-3
 1QM By Garnet

« QuEra B Aquila

@ Note
fAEC lonQ REFEHERRER , REMEMINRE , BEREREREDFE 500 EHHE

IR ERRE

NAEARENEARKERTN , TRLHEETRALNEE F THRERBMKRBNERIT. HER
RERXEZMESER  EIFTESSHATFERNTY . AR ECEREVBHEERENEBFR
B, A AEREIFEHeERAREHENEE LT,

RMERECHEEFHARMANRGNRERARE , MERRARBEEERER L, ERFE
EEREBERE  FEBESENREZHRERYE  URRETUREERIBAHABLAH, 58
REERERBHTEER  (INELEEFER BTN AERANER , RACEBEARE,
FEAEIHF

.« AR RE

- EREBPEBYITETER

- EREBPBETEEXNER

- REBEREEREHEER

- BUCHREFHFRERENRE

AR M R

BREVRE , FBEHRT 5L Braket BB :

1. BABX Amazon Braket £ 54,
2. EERIE & HIZIE Braket Direct , AR EFEZERS , BEEFEZEE .,
3. BENERBEREMEE,
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4. RHENBISENR  SEEBNETEBY, FELRMEEHRENERE FB4itit,

5. EEFRRMITFERNABERAT , RHERARFNTIHEERNEMFAES. Flw , FFENR
ERE. MBREMFRFIAMENIERE.

6. MREHBBERERIDRE Braket ERERETRELEMIFERE , NEERETENMRBERT
YR B L

WA SRR T 31 5 RBEE B IR E LR E

1. BARX Amazon Braket £ A,
EEAERPERRE K AREELERENEKE.
ERERRYT , BEEEERE,
FEELNEFTHIR 46,

w0 b

RRXKRER , LGWEIRE Braket BN EFHH , HTESBURENEREBESR, HIARER
A5 EBE T B R EIRE ARN,

(® Note
REELZBEIRE ARN # | TERIBEHRE,

BURD 1 MEHNEERME  RERETREFFNNFRERERS (2RHFENGRABHER
@ ) . Braket BIBXE1EHERTY ﬁéaaZﬁuéﬁi"é‘z ZEAHEBE~R,

MRERTERE R THFERBRER , Raket BBGEEIREHN EFHAREEHE , L HEE Braket
Ry 30 788 TIFREER

EREBHERNITEFER

REVREMEBERWRE ARN £ , EUUBVERZHBHTHE FEH. SEEEERE
QUEUED ik , ERIEMREHEB AL,

(® Note
FAHER AWS IRFNEEREN. RBEIURE AWS BYIRS AT AE R ERRE ARN,
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® Note
EARE ARN BXNWEBNEBREFIARYE , RARBENEREEREHBHIT

A LAE A Braket, . QiskitPennyLane S E##&EL boto3 (£ Boto3) Python SDKsRE I & F1E
%, EEMFERRE , B4 AEBHA Amazon Braket Python SDKH 1.79.0 IR E#FRA, EAUERT
SIRNIEEFN EHHH Braket SDK., Qiskitfit EEMPennyLane A HER

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

f£FDirectResexrvation AR EEEHITER

EENIEREADITERNER S EREADirectReservationNAEEE, BRIEEEMNEE
HEMFRZE ARN , ABFEEE AR Python withBRiRN b2 I AT A ETSERLAEE B #Y 1 — 17 EUVE
17,

B, ERETERNEE, RAREAFREARTAEBTES.

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)

BRI A A PennyLane# Qiskit AMERNEREPEIEFEHK , REDirectReservationA®
ERUETFIRRERERDARREENT, Hlin, #EB Qiskit-Braket 2% , BAUHITER , WITFF
o

from braket.devices import Devices

from braket.aws import DirectReservation

from giskit import QuantumCircuit

from qiskit_braket_provider import BraketProvider
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gc = QuantumCircuit(2)
gc.h(0)
gc.cx(0, 1)

aria = BraketProvider().get_backend("Aria 1")

# run the circuit in a reservation
with DirectReservation(Devices.IonQ.Arial, reservation_arn="<my_reservation_arn>"):
aria_task = aria.run(gc, shots=10)

E&# , THREXNBLFEA Braket-PennyLane A ERNERZHPREHITER.

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()

FRRERENE
2% LTUEATHRABTBRERBAE.

# set reservation context
reservation = DirectReservation(device, reservation_arn="<my_reservation_arn>").start()

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

EFFEESTESE —ERERTHITREN Jupyter FRA , BB RBEBEEREFHIT,
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® Note
BE.start() PN REFRERIFT IR

HERYMREREEFEERX | ENEE Jupyter FioEX , AF UL TATKARBELBFEN

reservation.stop() # unset reservation context

(® Note

REEHENWREBMGEREE (BE2REILRE), reservation.start() #
reservation.stop( ) AETERATKLRE, EEREUMERBEFEKUERER
BETHN AL, BEEFETEFEHENRERFR,

B RBREERE ARN

EREHEEMERN S — @R EZREFY FAREERSE ARNdevice.run()o,

task = device.run(bell, shots=100, reservation_arn='"<my_reservation_arn>")

IFESEESE FERKERE ARN B EH | RERBSHENIT, HHIER , BKE ARN
BELFAEREHBUTHSEEE. A, FWETE Qiskits FE VA EHKPennyLane R E A
IEfERRE ARN, ARELFNNER K BREZIMES N,

E#EME M boto3 K , FEEMIEKKHARE ARN BAEBEE.

import boto3

braket_client = boto3.client("braket")

kwargs["associations"] = [
{
"arn": "<my_reservation_arn>",
"type": "RESERVATION_TIME_WINDOW_ARN",
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response = braket_client.create_quantum_task(**kwargs)

EREHERTESNER

# Python REMEABRESERKHITR , B LlEBEEreservation_arnBRFsIBERBHPEITE
EE%. BREEKPHNAMEEKHSERARE ARN, EENR , WESEHreservation_arnRg
EREHRBREBERESE,

® Note

Eﬁé%ﬁﬂF"iiﬂlﬁﬂ’ﬂJEAEZ'%R%THE%%Etﬁiﬁﬁﬂﬁﬁfik?ﬁ&%o ESEATENES
Braket REEEHIER. MREFEEMHEAESEBTHREFTERBNAIRE L HTER

E%DirectReservatlonﬂﬂlﬁﬁ o

THEABRENAERBHFIATEERNER

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(@, 1)

task = device.run(bell, shots=10)

HRER Python IEFBHNEANER (B2HHARAEEEPEILNE—FEESEEK— ) , &
AIATE R (FHEEEEreservation_arnBIBF 518 , ERE P HITELER,

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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)

R R R EER

REGERE , CRTERERENEATIRE. ERLUREFATINEARGTFERRETSEEM
Ho
® Note

REGEREFER RUNNING IRENEMEBHEEUE. RMIBBEERRESR | 75 Er R
RENERREER,

ELERGERE  fIUNREFRBCENREER2H , EASEREFARBINERLREFT, 5
o, MiBback-to-backREEWAAMERIN , ME—ERETNEASFEEHHSABEUE. EMNFE
S —EfRE A

(® Note

FEAR AWS IRFHNERKERE, BIERERSGHAERE A HttEFEEEEAT, B
b, EREASEAM  BEEEVNEERERENEM.

HHREHERANRE

ETNERENREMARMAED 48 NERECERE, BEIY , BURHHEREELKEG RS
REF B

BEENHE , E4RIHRANRE , AREMHHFRE.

iR R AR B R T
Quantum $ERER R —HEEREKE FERPEIRFZENFII,

Quantum REEXFREHRANTE  EMEENTHEERE. HARHE FEF O BEAGEE
RIERE,BENETREXRNREFHENEHRSNERR, RTEEHAMREEEE , FREA
BEERERZE , UREHABTEENERY, EENEIBARTHRER  PREASERMLH
AR EE R PR ET R
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FEARS
* lonQ LB A EHRRIE AR T

lonQ £ & LAY SRR R AR H AT

IRREMERIITSRERER , WESHANERRRABTER

(® Note

HRA lonQWEE : FRABRERE , 5 100 BEFERS , ARED 2, 500 EHRER
EREBNER, YREEFRT  REREHENRS , BREREREBEDFEE 500 EHEE.

&= A
lonQ REERBARENERERT .

RESKERMHFIZESES  EEESBVEANTEMN qubit BEIFISEETFENMEE D ., BEAE
BEATECFIEERFENTREREE , RBRERAKEBRNEE  fINFEEREREHE—HEN
qubite EEEXFENNENER , LIKRIEZME qubit MEE,

NEERRENHEET, , FSUEBUBHBETERNLE,

® Note
EAEREZDFRE 2500 ERE.

BAERATHRABEIoNQRELHTEAERFBENE FEH -

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/iong/Aria-1")

circuit = Circuit().h(@).cnot(0, 1)

task = device.run(circuit, shots=2500, device_parameters={"errorMitigation": Debias()})
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result = task.result()
print(result.measurement_counts)
>>> {"QQ": 1245, "@1": 5, "10": 10 "11": 1240} # result from debiasing

EETHERZAE K SUNEFEFERNASEMENEMEREE., AESRNABKENGHER
BRAE—o#, ERPEENEMEREE  fIMERE  FEEAREREFTBRTE.

#HAL

BETUFRERABARCNTERREEREATENIERE, RIELBEESENER  YE
RT—BWER , AAIRSBTRATENAIEBER. NFFHAES K F2EEEHBERE TSN

Ll
BE.

EENE , RILERRBUEIHHNERARE  EARIHNSHBRENFTFZERERRE, MRIILERRE
M, ATREEH RS,

B LA GateModelTaskResult Braket Python SDK # additional_metadatat@{FHER{t D
HEFEEEER, FIE K RIETSEEMEHE , MRBRENREEILHNEERSH. THEXBHRER
AR AR FE 2,

print(result.additional_metadata.iongMetadata.sharpenedProbabilities)
>>> {"@0": 0.51, "11": 0.549} # sharpened probabilities
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Amazon Braket #E2 BT

FRAREPHNRHERERNBRA R , LUHBI#EIR Amazon Braket BRI,
EAREH -

» AccessDeniedException

-« MY CreateQuantumTask R /ERFE 4 #8552 (ValidationException)
- SDK IheefE LBk

- B ServiceQuotaExceededException , JESEH KK

« THEFEERAHITEEFFILEE

« ¥ OpenQASM HEITHED

AccessDeniedException

W RIEE A A= A Braket BUZ] AccessDeniedException , AL S ERE S RA®EEFIEN
[= 15+ B A = 4= A Brakets

FEEBERT , FEXBHEEHNAE AWS EEE |, TR THIMEREER !

- MRFAGRKRE , BREEFIES,
- MREEFERNABHAFER Braketo

MREN B O Braket FEZFIEERS , MESBEIEXBERHFHEAEKE.

04 CreateQuantumTask #R{ERFE £ #5355 (ValidationException)

MREUBIFELL B9EEER - An error occurred (ValidationException) when calling the
CreateQuantumTask operation: Caller doesn’t have access to amazon-braket-..
BERRSEBEEN s3_folder. Braket "&AEHEEM A Amazon S3 fFITEMFEE,

MRBAPIEEZZE WU EHE Ll F9855S : Failed to create quantum task: Caller
doesn’t have access to s3://MY_BUCKETHMELREE KD EE Amazon S3 7T KR
&®s3://9,
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SDK Iheefs LiEE

&Y Python IR ERZ 3.9 REFMA. B Amazon Braket \BEEH , RIFEZEEA Python
3.10,

RO /89 SDK MG B HER Rup-to-date, BHEHMEFL AR python #wmEE2REHT SDK , FFHIT T 5

DA
AP 1 .

pip install amazon-braket-sdk --upgrade --upgrade-strategy eager
EEEMBEBER  FRITTIGT
pip install amazon-braket-schemas --upgrade

MEERK B S KA FIRHEZE Amazon Braket , FEHEFREMNAWS [E15 258 E A Amazon Braket 1%
Ay E 15

7 ServiceQuotaExceededException , JESERF KK

MREGEBEHECEBREENITEFEKERS , BI&H¥ Amazon Braket ¥ S ITE FEKH
BEEBAREEEY, NERKRBNFHEN , F2ROETE,

NMRERERFHANSEERSNER S , HUER[REITETER , LA BIILIER,

EEEEHYERERRSBEENLITEFEKEE , BFH search-quantum-tasks APl , I~ %1
BN IBE PR

DEVICE_ARN=arn:aws:braket:::device/quantum-simulator/amazon/svl
task_list=""
for status_value in "CREATED" "QUEUED" "RUNNING" "CANCELLING"; do
tasks=$(aws braket search-quantum-tasks --filters
name=status, operator=EQUAL,values=${status_value}
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

& A LA A Amazon CloudWatch 1EBERREH I EBEE U WE FE7 : Raket > By Device,
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FMBABER

FEBRYITELHER

1. BRENERFRESTEFERRENRBEE. EEEARSVIEE,

2. EEEABPMServiceQuotaExceededflARiR , REER.

THEELAHTERPFLER
MBERAN KL TSR | HER TR -
1. R Y REREARRA T RERHUBRA,
2. S 1L ERRANTER.

3. MR ERAHITEM,

4. ERTRNEBR YL H O ELANTER,

5. JSERAK L MEHHNITER.

¥ OpenQASM ETHEEDE

REFRMEMPRIER | ELIBFEEMEM OpenQASM 3.0 BRI AT RERERM,

ARG :

- BERRKXIER

+ JEE#BqubitsiiFa

« BEEBBEqubitsEE E#EqubitsiEEa

- EMHENERERqubitsPERERERNAE
- BB &R qubit 5 M BR I HY §5 32

- HFIRBIEREEZEF pragma 558

- BFHRRDREREHR

FH RO BERqubitsifia

& ¥ pragma #R4> T§ESE $852

— qubitsEEERR R 5| #5358

« M{BqubitRiEqubits § HY B B8 R B AR 85 58
s FHRERFRIERES

T EELRAYITER T FLEE
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SEFRN TR

Braket B B8 EEZ S OpenQASM BXHAHNERERERABERER, Hlw , TH IS5
i

OPENQASM 3;
include "standardlib.inc";

HEXBEELEERFAL - No terminal matches '"' in the current parser context,
at line 2 col 17.

IEHEEqubitsEE R

qubits E# EIhREtrued requiresContiguousQubitIndicesiREA HWEEB L FATEESEY
#HER,

EEEERN LHTEFEBRIonQ , THEASHREER,

OPENQASM 3;
qubit[4] q;
h q[@];

cnot q[0], q[2];
cnot q[0], q[3];

WEXIBFEELHRAS | Device requires contiguous qubits. Qubit register q
has unused qubits q[1], q[4].

BEaBERqubitsEE E#qubits#i iR
FAFEMBRENqubitsTEEERqubitsEERE , WEHEEFE, TIHEXNBEEEER,

OPENQASM 3;

qubit[2] q;
cnot q[0], $1;

WEABEELERAE : [1line 4] mixes physical qubits and qubits registers.
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EHENERNHERqubits PR ERBENAE

AREMERENPqubitsBARRIBMNAERERN SEREER, TIHEARSELHER

OPENQASM 3;
qubit[2] q;

h qle];

cnot q[0], ql[1];

measure q;

#pragma braket result expectation x(q[@]) @ z(q[l])

HRENBEELEESRALE © Qubits should not be explicitly measured when result
types are requested.

1B B4R M qubitaE 1 BR Hl /Y #5 7

RAK—EEREMAN —Equbititf. THIBRXBESEERER

OPENQASM 3;

qubit[2] qO;
qubit[2] qi1;

WEABEELHERAL ;. [1ine 4] cannot declare a qubit register. Only 1 qubit
register is supported.

HIRBIERBEF pragma 652
FMIERRIEARLATRFFE. FIEXBREEER,

box{
x(0.5) $0;
}

WEABEELHERAE  In verbatim boxes, native gates are required. x is not
a device native gate.
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FHRBRD R4 REER

BFHREERRERENER qubits, FTIEXNBEEEREREHR,

#pragma braket verbatim
box{

x $0;

}

WREXBEELERFAL : In verbatim boxes, native gates are required. x is not
a device native gate.

& ¥ iR D B B qubitsia iR
FFHANLASAEE qubits, THRXBEEE LMD HEBqubitsiEE,

qubit[2] q;

#pragma braket verbatim
box{

rx(0.1) qlo];

}

HEXNBEELRES : Physical qubits are required in verbatim box.
& pragma R4 THEER ) HRR

BBREZRFERAPEE "HiR, . TIEXNREELER.

#pragma braket verbatim // Correct
#pragma verbatim // wrong

HREABEELHERAL - You must include “braket” in the verbatim pragma

B — qubitsfE R K 5| #5338

B— qubitsEERE RS, THRKXBEEEHEE.

OPENQASM 3;
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qubit q;
h q[o];

HWREXBEELEHER . [1line 4] single qubit cannot be indexed.
T8 , BE—qubitFESIRY RSN TFFIR :
OPENQASM 3;

qubit[1] q;
h q[0]; // This is valid

R B qubit B 8 qubits i ) B B8 SR 4244 28

EEFEHER qubits , FBqubitsRELUERELEFERE

#8 , device.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubits#&
#ME device.properties.paradigm.connectivity.connectivityGraph= REEEFE
Fdevice.properties.paradigm.connectivity.fullyConnected,

OPENQASM 3;

cnot $0, $14;

HEXNBEELRES : [1line 3] has disconnected qubits @ and 14

AEEREEES

LocalSimulator X & OpenQASM VRS TIEE , ELLThEE AIREMETE QPUs SEFE R L
A, RENERXSE BENTESAELocalSimulator , T A& R , HSESRINES,

gasm_string = """
qubit[2] q;

h q[e];
ctrl @ x q[0], q[1];

gasm_program = Program(source=qasm_string)

HEREEELESL  WREX RS A LocalSimulator 7 X OpenQASM E S AL, QPUs b
RS TRETIEE P — I

R qubit B & qubits 7 (9 25 B8 SR EAR 5 R 234
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MEXEH OpenQASM IhALHISHEEH , SBREAMIEHEE £ OpenQASM KM AL L EETE.

%II
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Amazon Braket &£ M4

MERZEME AWS REESEEIEF. 58 AWS BF |, BAUZSRNERMPOMBIREE , ELRE
ERTHARRZLHBEBHNFIRMEE,

ZEMRE AWS BECENWRAERE, AESAEAREERARRNEZLHNERFNE SN

- BIRNL LM -AWS ESRERE PHIT AWS RIEWERRE AWS i, AWS Bt AZEHAR
SERANERE, FAWS €RFEHR  F=FRERASSEHIENRIBTRMZLENENH. BET
fRE A Amazon Braket W& HRETEl , B2 BAWS AT EIR REEE,

- BEENLEY - ENETECRAEER AWS R, St S4EHEMEREZES  SFRERNKE
., BATMNERNEAERENER,

XA 5B T fRIN{AIEE A Braket REAHAREMEEE, THEERPMARE Braket ARFEE
WEZLHEEHRBEE, ZHe T HRNMAFEHAIEAM AWS BRI 5B &R EE MR E Braket ER.
ARG :

- HENZEEHE

- ERRE

- ERMRE

« EEH Amazon Braket FJ1FER

« Amazon Braket RIS ER AR

+ Amazon Braket H & # B 5%

« Amazon Braket PV ER L LM

« Amazon Braket FERR it BRI TR £ 1%

« Amazon Braket B Amazon VPC i 2

HENZEEE
REMR AWS REZMHAREL. XAFEED BRATATRHRS AEHANES -

- EERMNREH - AWS EEREE AWS RIS hATHEREE AWS Bk, AWS tARERHTR
2ERANERE, £ AWS 858 , FE=FRZEEEHARLBERMANZT LIV, BETHE
FA% Amazon Braket (&R El , FSEAWS ST EIEHE AN RE,
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- BinEet - FEEEFELL AWS ERRELZENAR, LABTETE AWS RE SFEAz 1Y
LZeERNERER,

ERRE

AWS HESEEREAR Amazon Braket PV ERMRE ., MILERFTR , AWS BEREHRITAE
W ERIE AWS Eif, FESHECHERRR LFEERARNEHE, fERBESEMER
AWS R WELERNEETK, NEEREBAENGFHES  F2EERELEERREE, 0E
BREBNERREBNHEBERN  F28 AWS Z2 M IPEE LMW AWS HENSTEERN GDPR %
BXE,

ERERREEYN , RARBEHRE AWS IRFE 2 AER , A AWS IAM Identity Center 5 AWS
Identity and Access Management (IAM) B2 EEBIERE, wt—R , SECHEHASESRHETH
HEKPAENRT. RftERERATIANREER

- BERFHECHZEERRE (MFA),

- £/ SSL/TLS B2 AWS ERBEH. BMFE TLS 1.2 WEBZREMEH TLS 1.3,

o M %E API F{E A EEEIEE 8% AWS CloudTrail, tNEFEEA CloudTrail B MR AWS SEEIHN
B , B2 BAWS CloudTrail € FR&EER) RHER CloudTrail B,

- £/ AWS MEZBBRAR , URHPHWAERERZ 2SI AWS R,
- FRERNZERLRIE (B0 Amazon Macie) , HBIREMREFEE Amazon S3 HWEUBE R,

o WMREE AWS FBTTHRES APl FE BFEE FIPS 140-3 BN ZIGmEEHE |, 5368 FIPS
wE., WEHEE FIPS M FIPS WwEMNWEZSHEAE , B2EE AT EFRIEZE (FIPS) 140-3,

BMEZIBZRCEBUTELEFNEFBH I SRALHRER , HEEESEHERNNIEZHNT
F FlB B, EBREEEMEA Amazon Braket HEAELRAE. API AWS CLIS AWS SDKs#Y
fit AWS R B, ZEERIEHRIXNEZRUTWANTAERTTEARTERZE AR, R
BRI EAIBREKREEN URL , RFEZIBRF VN ERBCEHAARBIFRN URL FIEBFEA

BERRE
90 X# , Amazon Braket & & BB IRSLE TEHRBBN A B TER 1Ds MEAPRER. Mkl

BERMREBER , EEAERANGEREELZBZEBR Amazon Braket TR A ETIES K , BSREELR
# S3 EEFITEH,
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MREFEFNEFME S3 AFHETER 00 RWELEFEBNGER | ELREBRCHKMER ID MK
ZEFHRBYEMDEER, FHLHE 0 RXAREFERA. EALUEAREFNEARENELER.

EIEY¥ Amazon Braket BY17HX

ARERPAHIT Amazon Braket RRFIFEEAEMNACTFIAFMENT T, BAUKRT (HIERL ) RF
PEAEAESACMENG T, BEEERMY , F¥EEN Amazon Braket BUEREZER| Bk F P HZ
FRESAG , WU TREFNR,

ERFRIGY |, B ARA Amazon Braket, HERIA Braket , BHALLES (1) EEEFFARN 2) B
1§k AmazonBraketFullAccess BURMIEAER AT S Z A , WEFHE I Amazon Simple Storage
Service (Amazon S3) AFETEHEF .

TR

 Amazon Braket &R

- FRTHAE

« B3/ AmazonBraketFullAccess B

- B/ AmazonBraketJobsExecutionPolicy BUR
- REIEAEFREERE

- AWS ZEBEH Amazon Braket E#i

- REIEAEFIREEELEIHITERE

- REIEAZEFIUSE S3 RFTE

Amazon Braket &R
Braket @2 —B&ERER : quantum-task EiR. IWEREEMN AWS EIREHE (ARN) M TFFTR :

- EJREM : AWS : Service : : Braket
« ARN Regex : arn : ${Partition} : braket : ${Region} : ${Account} : quantum-task/${Randomld}

FANA®

& 0] LATE Braket £ noteboook ERFEE!, E5CAN2 Braket AJ AR FHY Amazon
SageMaker Al ElR, & E#E Braket fFAERLA , BAEIBELBHES B 1AM A

fAmazonBraketServiceSageMakerNotebook,

BEIEY Amazon Braket B 17EY 238
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FERBVERSY , SHACRAEAEESTHEEERTIRRBENAE,

JSON
{
"Version": "2012-10-17",
"Statement": [
{
"Effect": "Allow",
"Action": "iam:CreateRole",
"Resource": "arn:aws:iam::*:role/sexrvice-role/
AmazonBraketServiceSageMakerNotebookRole*"
}I
{

"Effect": "Allow",
"Action": "iam:CreatePolicy",
"Resource": [
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
]
}I

{
"Effect": "Allow",

"Action": "iam:AttachRolePolicy",
"Resource": "arn:aws:iam::*:role/sexrvice-role/
AmazonBraketServiceSageMakerNotebookRole*",
"Condition": {
"StringLike": {

"iam:PolicyARN": [
"arn:aws:iam::aws:policy/AmazonBraketFullAccess",
"arn:aws:iam::*:policy/service-xole/

AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-xole/
AmazonBraketServiceSageMakerNotebookRole*"

1
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EEEVAG  BEREVECFHEETRUNSE INBLENEEERLEY, MECERE
AmazonBraketFullAccess B3R,

BiIUABeR , BulARKBREBNMEERLRAEEFAZAE,
B3 AmazonBraketFullAccess B

AmazonBraketFullAccess BUR &2 F Amazon Braket IENFT , SIFELEHBIHFT -

« f£ Amazon Elastic Container Registry T & 7& 28 — BEUH T &AM Amazon Braket Hybrid Jobs Zh&E
ARG, BV ARSI "arn : aws : ecr : : repository/amazon-braket"s

« RE AWS CloudTrail B : HRFIEHR. BEMIHRTHENELER. AEESEEFGN
EREBASEH LU EIE, AWS CloudTrail HEFERITEEIIRF P& EMNFTE Amazon Braket API
/ﬁ@jnaﬁo

- FAAGREZEHER - ERFHIRIBKEEEAR, RBEZEACLTURREER AWS ER, BER
BEH Amazon Braket BRIEEH. L\ |, #& IAM B & EEZE Amazon Braket CreateJobAPINE 3T
A | A5 EE A AmazonBraketFullAccess WK EEE AR,

- BYHFKHA, AFEHNEHEFEAE  UHEBRFNAERFER - B3, EHRARAIKRSH
Amazon Braket AEMWEE#%EN. ERRSTHEBEFHELNIERE, ESEEMW Braket BE | /o
B RER., £ CloudWatch FRERIEEE,

« 1£ Amazon S3 REFIFBHTEVNMFHRESR K YIHMERTFERE - S22V S3 FEFire , Fild
IEWRFREY S3 fEEATRE | WA R AEIRE PR BEES amazon-braket- MM FHEEFATRE , I
RHPENSYIH. Braket FEELHA , TS TS CREEFIBERNERMAREITE , Ak
FEEIRERTEM.

- FE IAM A& -5 IAM SEBEEZE Createlob AP,

« Amazon SageMaker Al £ 4 - U M EEEE S E RN SageMakerZEZ A TERE , KIES
"arn : aws : sagemaker : : notebook-instance/amazon-braket-",

- BRIRIEERE - HEEE I SageMaker Al 52 A Amazon Braket Hybrid £% , &R B TS
A ER PN AR,

- BEEREE - ERXIFERZH , TREARINE FEREA,

HEAR

JSON

{
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"Version": "2012-10-17",
"Statement": [

{

"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket",
"s3:CreateBucket",
"s3:PutBucketPublicAccessBlock",
"s3:PutBucketPolicy"
]I
"Resource": "arn:aws:s3:::amazon-braket-*",
"Condition": {
"StringEquals": {

"aws :ResourceAccount": "${aws:PrincipalAccount}"

"Effect": "Allow",

"Action": [
"s3:ListAl1lMyBuckets",
"servicequotas:GetServiceQuota",
"cloudwatch:GetMetricData",
"pricing:GetProducts"

1,

"Resource": "*"

"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForLayer",
"ecx:BatchGetImage",
"ecr:BatchCheckLayexrAvailability"

]I

"Resource": "arn:aws:ecxr:*:*:repository/amazon-braket*"

"Effect": "Allow",
"Action": [
"ecr:GetAuthorizationToken"

1,

"Resource": "*"

B8 AmazonBraketFullAccess B
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"Effect": "Allow",

"Action": [
"logs:Describe*",
"logs:Get*",
"logs:List*",
"logs:StartQuery",
"logs:StopQuery",
"logs:TestMetricFilter",
"logs:FiltexLogEvents"

]I

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"

"Effect": "Allow",

"Action": [
"iam:ListRoles",
"iam:ListRolePolicies",
"iam:GetRole",
"iam:GetRolePolicy",
"iam:ListAttachedRolePolicies"

1,

"Resource": "*"

"Effect": "Allow",
"Action": [
"sagemaker:ListNotebookInstances"

1,

"Resource": "*"

"Effect": "Allow",

"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl",
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:ListTags",
"sagemaker:AddTags",
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"sagemaker:DeleteTags"

]I

"Resource": "arn:aws:sagemaker:*:*:notebook-instance/amazon-braket-*"
}I
{

"Effect": "Allow",

"Action": [
"sagemaker:DescribeNotebookInstancelLifecycleConfig",
"sagemaker:CreateNotebookInstanceLifecycleConfig",
"sagemaker:DeleteNotebookInstanceLifecycleConfig",
"sagemaker:ListNotebookInstanceLifecycleConfigs",
"sagemaker:UpdateNotebookInstanceLifecycleConfig"

1,

"Resource": "arn:aws:sagemaker:*:*:notebook-instance-lifecycle-

config/amazon-braket-*"
}I
{

"Effect": "Allow",

"Action": "braket:*",

"Resource": "*"

},
{

"Effect": "Allow",

"Action": "iam:CreateServicelLinkedRole",

"Resource": "arn:aws:iam::*:role/aws-service-role/

braket.amazonaws.com/AWSSexrviceRoleForAmazonBraket*",
"Condition": {
"StringEquals": {
"iam:AWSSexrviceName": "braket.amazonaws.com"

"Effect": "Allow",
"Action": [

"iam:PassRole"
1,
"Resource": "arn:aws:iam::*:role/sexrvice-role/

AmazonBraketServiceSageMakerNotebookRole*",

"Condition": {

"StringLike": {

"iam:PassedToSexvice": [
"sagemaker.amazonaws.com"
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"Effect": "Allow",
"Action": [

"iam:PassRole"
]I

"Resource": "arn:aws:iam::*:role/service-role/

AmazonBraketJobsExecutionRole*",

"Condition": {
"StringlLike": {
"jam:PassedToService": [
"braket.amazonaws.com"

"Effect": "Allow",

"Action": [
"logs:GetQueryResults"

1,

"Resourxce": [
"arn:aws:logs:*:*:log-group:*"

"Effect": "Allow",
"Action": [
"logs:PutLogEvents",
"logs:CreateLogStream",
"logs:CreatelLogGroup"
]I

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"

"Effect": "Allow",
"Action": "cloudwatch:PutMetricData",
"Resource": "*",
"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"
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B3 AmazonBraketJobsExecutionPolicy B

AmazonBraketJobsExecutionPolicy BNz &€ % F Amazon Braket ‘BEEEH P EANHITAGEF , W
TR :

- & Amazon Elastic Container Registry T # & 25 - BEUM T & AR Amazon Braket Hybrid Jobs &g
MRS RRIETF T, REFMBRFEER "arn : aws : ecr : * : * : repository/amazon-braket*"s

- BEVHRFBHANMBFEHNEHEFEA  UHEBERFNAHERFER - B3, EHRARAIIRSH
Amazon Braket HEHE#EH. ERRSEHK AFHELNEEZE, @S EER Braket I , /2
B HFEER., 7 CloudWatch FHEIRREEH,

- BERFHETFE Amazon S3 FEFETRF - JIHERFFN S3 FEETE. SYHERALHRE R
amazon-braket- BN EAFEEETE K WHREZBAIEYH., Braket EEEFE LT , FTEEKETE
EREEEFIKNERNERBMAREFRE  URXFEFIFRBENRTCH.

. EE IAM A’ - IAM ABEEZE CreateJobAPl, AEXEME arn : aws : iam : : *:role/
service-role/AmazonBraketJobsExecutionRole* 3\ .

"Version": "2012-10-17",

"Statement": [

{
"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket",
"s3:CreateBucket",
"s3:PutBucketPublicAccessBlock",
"s3:PutBucketPolicy"

1)

"Resource": "arn:aws:s3:::amazon-braket-*"
b
{

"Effect": "Allow",

"Action": [
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"ecr:GetDownloadUrlForLayer",

"ecr:BatchGetImage",

"ecr:BatchCheckLayerAvailability"
1,

"Resource": "arn:aws:ecr:*:*:repository/amazon-braket*"

iy
{
"Effect": "Allow",

"Action": [
"ecr:GetAuthorizationToken"

1,

"Resource": "*"
},
{

"Effect": "Allow",
"Action": [

"braket:CancelJob",
"braket:CancelQuantumTask",
"braket:CreateJob",
"braket:CreateQuantumTask",
"braket:GetDevice",
"braket:GetJob",
"braket:GetQuantumTask",
"braket:SearchDevices",
"braket:SearchJobs",
"braket:SearchQuantumTasks",
"braket:ListTagsForResource",
"braket:TagResource",
"braket:UntagResource"

1,

"Resource": "*"

I

{
"Effect": "Allow",

"Action": [
"iam:PassRole"

]I

"Resource": "arn:aws:iam::*:role/service-role/AmazonBraketJobsExecutionRole*",

"Condition": {
"StringlLike": {
"iam:PassedToService": [
"braket.amazonaws.com"
]
}
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}
iy

{
"Effect": "Allow",

"Action": [

"iam:ListRoles"

1,

"Resource": "arn:aws:iam::*:role/*"
},

{
"Effect": "Allow",

"Action": [
"logs:GetQueryResults"
1,
"Resource": [
"arn:aws:logs:*:*:log-group:*"
]
1,

{
"Effect": "Allow",

"Action": [
"logs:PutLogEvents",
"logs:CreatelLogStream",
"logs:CreatelLogGroup",
"logs:GetLogEvents",
"logs:DescribelogStreams",
"logs:StartQuery",
"logs:StopQuery"

1,

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
},
{

"Effect": "Allow",

"Action": "cloudwatch:PutMetricData",

"Resource": "*",

"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"
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FREICEAEFRIEERE
EERSIHSE Braket BENERERR , LTUKEEFTRETEERRAVEE,
THBAETAZERA -

« CreateQuantumTask - fEBERELXE LBV EFEK,
« Createlob-IEBERELEBE LBIESEH.
« GetDevice - EBESIEEEENFMER,

T 5| 5IPRBIZE BFTE QPUs AWS 1RF 123456789012,

JSON

{
"Version": "2012-10-17",
"Statement": [

{

"Effect": "Deny",

"Action": [
"braket:CreateQuantumTask",
"braket:Createlob",
"braket:GetDevice"

]I

"Resource": [

"arn:aws:braket:*:*:device/qpu/*"

]I

"Condition": {

"StringEquals": {
"aws:PrincipalAccount": "123456789012"
}

REEREFIEELEE
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® Note

RBER S HEBRbraket : GetDeviceBE , LAEIR Braket T AMAFRAEHEE B ER
FEHE  flmEETAME, REERMEE.

HEABUEND , FEZREBEAmazonWERMRIRE (ARN) KA L —BEHFFERNFR, LFH
R BRE, 1 Braket 7 , RERKREATLUFULIBITE FEHKR QPU SiEHER, THNEKESS
HEEEHEL, AMEGZBELTARNEEHELRENFE

* arn:aws:braket:<region>:*:device/qpu/<provider>/<device_id>

* arn:aws:braket:<region>:*:device/quantum-simulator/<provider>/<device_id>

UTREEREFINERENES

- ZEENFAEESMNATE QPUs : arn:aws:braket:*:*:device/qpu/*

o {EiEH us-west-2 EIFHFHFTE QPUs : arn:aws:braket:us-west-2:*:device/qpu/*

- HER K FEZH us-west-2 BIFFHE QPUs (RAEBERBREER , MAREFER)
arn:aws:braket:us-west-2:*:device/qpu/*

- ZERFHFIERESEERIFEEMER : arn:aws:braket:*:*:device/quantum-
simulator/*

- EERFCBERMREFDEE (flW0, FHRIigettiQPUKE ) :

arn:aws:braket:*:*:device/qpu/rigetti/*

- ZERFBTNIEENEE : arn:aws:braket:*:*:device/quantum-simulator/amazon/
tnl

- EERFBIBMAECreateHEMNFEE : braket:Create*

AWS S EHER Amazon Braket EHT

TRIBHEE B LRI 1516 HE L8 T LUK Braket AWS ZEBURE MM FHEF.

g8y Description =

AmazonBraketFullAccess - Braket B9~ #T#8 Mpricing : GetProductsy & 2025 4 A 14 H
BEFEREHE =

AWS ZE B Amazon Braket E#T 249
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gE

AmazonBraketFullAccess - Braket B 5E

BIFEUBR

AmazonBraketFullAccess - Braket # 5

BIFEUBR

AmazonBraketFullAccess - Braket B 52

BEFIEER

AmazonBraketJobsExecutionPolicy -
Amazon Braket B EHHN RS EHEH
ITHR

Braket B FRIEMHEE

Description

2# Maws : ResourceAccou
nty : "${aws : Princip
alAccount} RHEEFTIEE S3
21k,

¥ EZE 7 AmazonBra
ketFullAccess BURHHY
servicequotas : GetServiceQuo
ta # cloudwatch : GetMetr
icData Bk,

Braket 5% T AmazonBra
ketFullAccess B9 iam : PassRole
Fr] |, LA8E& service-role/
iz S

Braket B T B EKHTA
& ARN , LA8& service-r
ole/ &R,

Braket BitRIEME AWS ZEH
RKHEE,

BRI 6E A B FEUS EERAHTEE

B EZRHIFEEAEFIUSE Braket FRLAHTER , EUTUKEEFTHRMEEREAR, £

B WA

THIEFIEABEEEREMESF PR, FLEMNFEREEELCAHTERN
123456789012 , ZBTREBEBBEEEE FIENFERAE®
FRAH TEBamazon-braket-Alice),

{
"Version": "2012-10-17",

B

2025 3 A3 H

2023 3 H24 H

2021 £ 11 A 29
H

2021 11 A 29
H

2021 £ 11 A 29
H

Al AWS IRF
(Bl , EAZEALiceTZIEA B

REIEREFISEELANITER

250


https://docs.aws.amazon.com/IAM/latest/UserGuide/reference_policies_variables.html

Amazon Braket

FMBABER

"Statement": [
{
"Effect": "Deny",
"Action": [
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:CreateNotebookInstancelLifecycleConfig",
"sagemaker:DeleteNotebookInstancelLifecycleConfig",
"sagemaker:UpdateNotebookInstancelLifecycleConfig"
1,
"Resource": "*"
1,

{
"Effect": "Deny",

"Action": [
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",

1,

"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:usernamel}"
]
},

{
"Effect": "Deny",

"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl"
1,
"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-
${aws:username}*"

]

PREIEREFEUSE S3 MEIE

HEZRFBEEAEFIIEE Amazon S3 R , BULSERHEMEEREAS, FREIH

#Ho

PREIEREFEUSE S3 REME
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T oSSR G I IS H A ERES3ETE (axn:aws:s3: : :amazon-braket-us-

east-1-123456789012-Alice) MEF T , th &R FIELYHHIBE,

JSON

{
"Version": "2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [
"s3:ListBucket"
1,
"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice"
]
},
{
"Effect": "Deny",
"Action": [
"s3:GetObject"
]I
"NotResouxce": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
]
}
]
}

HERBFIBEECAYMTEEN REFRE , ST LRBRFEEEZRIUITAC,

Amazon Braket RIS EE A

E & Amazon Braket i , STEZHNIRFHEY RIGELZAE,

REEZEAEE—BERBREN AM S8R  FHRHPSEEEFZ Amazon Braket, Amazon

Braket (RS ERFZ AR KLERATE Braket AWS BRI RREF I E M BEFTFENAABERF A,

B¥EFEAE
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RIS EE A EEFTRZMENTE Amazon Braket , RAEBARLFHFHIELEMEF T, Amazon Braket
ERHEBREEEAGHNHT, BRIECBFELESR , TR RHE Amazon Braket TAREEH AR, EE
HEFTBEETBERMBEFTEHE, 7ol FREEM B EEm IAM B,

2

Amazon Braket R EH RIS ER A E 2 AWS Identity and Access Management (IAM) R #55E #& £ & 38
RERY—300 . MERR AWS R XERKEFACGWHEML HEHR , FSEAWS EH IAM B R |
WERBEEZACRTSREGRNRE. REEGEZNRE , UBAZBRBENREEZAGXH,

AR
» Amazon Braket K IR #iE4% £ € 5F A

Amazon Braket H BR#5E#E B B FF A

Amazon Braket £ F{S1E braket.amazonaws.com EREIZA
®AWSServiceRoleForAmazonBraket i RI&EiE A,

BARERT , LA IAM BR (flud AR ) BY., GEIMREBEEAR, NEFHE
;ﬂ , nﬁ/&ﬁﬁﬁi%]—“l"iﬁ@mq:—.[o

RIETERL , Amazon Braket P REEFZEACESEE TG -

* Amazon S3 - FIHHEIRF R REFRTER | IRBWHRARE R&BRESR amazon-braket- BV f##
FRTEE WP ES Y VET T,

« Amazon CloudWatch Logs — ZIHME I AFFEHE,. BB AFER , URESEHKRAS Amazon
Braket B3I 2 AFEEFEIFT,

T oK EEEZEAWSServiceRoleForAmazonBraket [R5 EfE A

JSON

{"Version": "2012-10-17",
"Statement": [
{"Effect": "Allow",

"Action": [
"s3:GetObject",
"s3:PutObject"”,
"s3:ListBucket"

]I

"Resource": "arn:aws:s3:::amazon-braket*"
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},
{"Effect": "Allow",

"Action": [
"logs:Describe*",
"logs:Get*",
"logs:List*",
"logs:StartQuery",
"logs:StopQuery",
"logs:TestMetricFilter",
"logs:FilterLogEvents"

1,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket/*"
},
{"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
},
{"Effect": "Allow",
"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-sexrvice-role/

braket.amazonaws.com/AWSSexrviceRoleForAmazonBraket*",
"Condition": {"StringEquals": {"iam:AWSServiceName":
"braket.amazonaws.com"

}

Amazon Braket B4 15 8 5%

® Note

AWS ERB|ENREE =R ERHEEEN QPUs , MELMUEF I LUREETACHBUR
o

EETH 2B AWS R EBESRTEINEGEER , F2EAWS ¥ A EEERNRREELRR
BN EHETE, MEFE-MREA , F2 8 AWS Compliance Programs,

BRI LER TEHE= SRS AWS Artifact, INFEFMEF , FSBEE 7 THBES AWS Artifact,
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BER BNESREMT AWS R BURRENMNBRE, BLANERER , URERERNER,
AWS RETIIERUBEIER

« ZEEREGE - EEMRASREFEEIANRNRTEREZE  YRUHNERLESRIENSE,
« HIPAA £ RIESE - 5 HIPAA 18 RHE. d3FFFE AWS BRHE #AFS HIPAA B,
« AWS ERER - K THEFRANERENES TREARNEHERNVLE,

- AWS EFEHEH - BBERANAETHRARSARE, AEEHERARE WHREEK , AWS
R WAEERHAFESERBNLLES ( SFBEIREENZMAELAR (NIST), XNFEXZE
BEZSE (PCl) MEFRFRE/LAR (1SO)).

- AWS Config Bi# A BIgE M £ A 5 AIFHEEJR - AWS Config RS EEREEFESRETE
%, EXREZAANEZRNEE.

« AWS Security Hub — & AWS fR#% Al AL ERBH P L £ AREE AWS, Security Hub Ef L&
#l , TFHMEEN AWS BRI BRELNEHRER/EEHTELLERFENSEER., UEXENWRK
MEFEE |, 5528 "Security Hub ##|2%E , ,

« Amazon GuardDuty - EAZEBERENRERTEURNMERTEE , 2K AWS R EREE AWS
RE, TEEH, RBRNERNEBERE, GuardDuty TR ESREBFIRAENARERNE
R, SR BNZ K FE PCIDSS EZETREMNERER,

« AWS Audit Manager — & AWS AR# AT t# B & 5E &% AWS AR , UL EEEREEI AR , X
REESEHANEEZENFR,

Amazon Braket P EREREZ =4

Amazon Braket @2 ER , X3 AWS £XARZENRE, WFE AWS ZL2RBEM UMM AWS &
BERRENEBEEF  F2HAWS Erte, FEFRERIRLTLNREBBRETEMN AWS R
1 , 5528 Security Pillar AWS Well-Architected Framework A ) B/ % iR 3,

BRI LAEF AWS 2419 APl FEIY | BB 8K FEL Amazon Braket, fEAERMVBAZETHIER :

- Transport Layer Security (TLS), HMFE TLS 1.2 WEZEFEH TLS 1.3,

- BfeEXEIEFAZE(PFS)WETEEM , Hlan DHE (Ephemeral Diffie-Hellman)s} ECDHE (Elliptic
Curve Ephemeral Diffie-Hellman), JRARF (M0 Java 7 IEFIRAR) KL EZEELER,

ok, BRMLACAFIE® ID FE IAM RMEEBNAE TSR REE, IF , ZALUER
AWS Security Token Service (AWS STS) RE4 TR LBEREBHER,
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& LA AT HERR AL B FEYSELE API 324E | 1B Braket BEXEUERBERNEFZIEE , H gk
ESRBERR P thutFIBRHI, &tk vl LA A Braket BUR RI2 %15 B 45 E Amazon Virtual Private Cloud
(Amazon VPC) W45 E VPCsTFHl, B L , ER2REEMIKFISE VPC HI57E Braket R
AWS K #BE% 12 E

Amazon Braket TE @t FER T &

Amazon Braket E#Y QPUsHE=Z S EBHEETE. E&E QPU L#TE FEHKEE , Amazon
Braket &£ DeviceARN i ABBIRF , SERFEEZEIEEN QPU HITEE,

WMREFEH Amazon Braket FlREAR—BE = EREHERENETEEER K LHERREMEE
EREH BERBZANERIEMREEE AWS, B L7 Amazon Braket T AN EBFMETE
BHEFESETH QPU NEBMEM AWS B HEEEE .

BHRBREERL. AAREEBRMENRNBTISERGE=S. AWS IRF BEFATFSERGE=
o

FBEENSeERENEahNE, ENER®  EARNEE. Amazon Braket £ =5 HERFF 5T
REIEARET , AREEERUNNEN, ERTHE , HREEEE Amazon Braket , 7 HHE
S3 FRE T,

SEHFE® Amazon Braket E= FEFREBMERN TSN | UWBRRATESHEKEZE, FEUEH, B8
RENEBZSHNEE,

Amazon Braket B9 Amazon VPC i 2,

BA LM A E VPC %% , £ VPC M Amazon Braket 2 VB ELE. N EEHZERA AWS
PrivateLink$ i , ki ilT ol BRE L ERBRMEEEE, NAT £E&. VPN E# AWS Direct Connect
EARIE R T FE Braket APIs, VPC HEVEIITEBAEZE/LE IP btk | BEI0JEE Braket APIsEA.

BENERHFZHETFEE TN - RS EELEERTERTR.

58 BF AWS PrivateLink , VPC #1 Braket 2 BV RE T B FHAmazonEiE , EERSEEER
EAERRAHAAERNNZSY K RATCTREERNESAERBRMEENEE, NEFMAENR | B2
{Amazon VPC &) PHERANE VPC inZZE AWS RiE.

EAREGH
« Amazon Braket VPC i BifyZ 2518
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5% € Braket # PrivateLink
- BREMN RN EMER
« £/ Amazon VPC i B & 152 4 2 B

Amazon Braket VPC ik Bt E B E 18

E%7E Braket /' VPC im B2 81 , 551524 4BY (Amazon VPC R &) Y\ Him B R IF
#.

Braket XEREH VPC HILEFTA API 8/E,

RIRFER , AFTEIR VPC i Hi ST B FEX Braket, MIREIEE VPC ImFBUR |, B RHER. WF
AHEF , F2H (Amazon VPC A EIERE) PRI RREERES VPC ik 289 7B

7% 7€ Braket # PrivateLink

& E AWS PrivateLink ¥ 8. Amazon Braket £ , &2 8% 31 Amazon Virtual Private Cloud
(Amazon VPC) in BB R , A% BB Amazon Braket APIIRISEZ E ik 2,

UTRIEEFN—HRLR K HREDEFARPELEDS R,

o EREIRE Amazon VPC REEEH AWS iR, MREEH VPC , AITJLARGBIL S ER,
« 337 Braket B9 Amazon VPC i 2,
- BB BEEN T Braket E FEH

S$EB 1 REERE Amazon VPC
B, REMNIRFEERESDEER VPC , BB FER,

VPC B #|RANKELE |, flin IP bt E5E, FHAEK. Eﬁﬂﬂﬁ*ﬂ%%ﬁ'ﬁl_o EAXL  SeEailERA
B EE AWS ER., MEHE Amazon VPC WEEMAER , 5528 (Amazon VPC FREREFE) .

BE Amazon VPC i A |, WHER FHK, B ENBERREZIFMN VPC,

BB 2 - B3] Braket W/ HE VPC % B

IEALAE A Amazon VPC E£# A5, AWS Command Line Interface () 2 Braket FR#EE 3 VPC w2
AWS CLI, MEFMENR , 528 (Amazon VPC FHEERE) PWE VPC ixE,

Amazon Braket VPC % StHyZ 8518 257


https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#prerequisites-interface-endpoints
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#prerequisites-interface-endpoints
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html
https://docs.aws.amazon.com/vpc/latest/userguide/what-is-amazon-vpc.html
https://aws.amazon.com/vpc/
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#create-interface-endpoint-aws
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EEATEATEYT VPC %% | B Amazon VPC 124, BEUREER , AREBER IHNIGE
%, B TR ID UHBAESE, EEY Braket EITHEMWE | ER —endpoint-urlEEHN —
5 AP,

EAT IR B FEEI Braket B VPC i :

* com.amazonaws.substitute_your_region.braket

WMEFMENR , 5828 (Amazon VPC FRZEIERM) PHEANE VPC in2FE AWS R,
B 3 FEBimEIEIEW 1T Braket E F{EH

B VPC iwBiz#® , BAL#ITEE endpoint-url 28 CLI &% , LUEE APISK #TEHENN
HinE , Hla TSI -

aws braket search-quantum-tasks --endpoint-url
VPC_Endpoint_ID.braket.substituteYourRegionHere.vpce.amazonaws.com

MREE VPC imB B HFE DNS T2 , AITEEXRE CLI v REIEES URL, MR
# , CLI 1 Braket SDK A% FH Amazon Braket APl DNS T #EZ BT AEHN VPC %, HiR
NN TSI EFIFTR

https://braket.substituteYourRegionHere.amazonaws.com

EHBERNELZ BME R IR Amazon VPC BEi#ZEH Amazon SageMaker Al £524 , AWS
PrivateLink 2 A58 E i B L L2 2B R E SageMaker EEE AR EE 6 , iIEE Amazon Braket £ 488
12Lo

MREBBEIEFRXEDPWSR , FLBHKEEE Amazon Braket BRfXA Amazon SageMaker
Al, 2 REEE K MREMWETTE us-east-1 , BEZFEPE Acom. amazonaws . us-
east-1.braketHBHHEHWIETE AWS BiF BB,

BRI LR

- MENFRFEAFAE FHEREL VPC WEF , F2REEALE FIRBEL VPC,

- WEEBER Amazon VPC T2 AT B MNEE iR EH AWS CLI , 5528 (Amazon VPC f&
&) PRI VPC e,

- MEABER BXNRERBHEF AWS CloudFormation , 552 BJAWS CloudFormation ( £/
#Z1E®E) K AWS : : EC2 : : VPCEndpoint EiR.
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8 Amazon VPC i BB SR 2 &l 17 HY

% E 2% Amazon Braket B9EHRFE , LA LAE AWS Identity and Access Management (IAM) 3% 252X
REEZE Amazon VPC in ¥, LLBREEE TIER !

. ARATBENEIA (EAERBE).
. AHTHEE,
. AHBTBEN SR,

WMEFMES , F2H (Amazon VPC EREIEE) FHEARIBEEEZS VPC I8y 75

£if5l : Raket B)/EHY VPC imBHBUR

T5SEBIFE R Braket WimRBUR, BEFIRFE , WBRERTABER LATE X8R FIHAY Braket
BEFEE,

{
"Statement": [
{
"Principal":"*",
"Effect":"Allow",
"Action":[
“braket:action-1",
“braket:action-2",
“braket:action-3"
1,
"Resource":"*"
}
]
}

BT OB Z Eun R BRI M AR IAM R, MFEFMEANSES

e
s
&1

+ Step Functions B Amazon Virtual Private Cloud 3% B BUER
- RIEESFEAEEIEM IAM FFH
- ERHBBERIZESIY VPC ik EH FE
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B S5AC 8k A Ba i

#iB Amazon Braket [RIFIRRE FEKE , BT LUER Amazon Braket SDK M E#E A F V) E R 2T
BMRENEE, EURMEPXAE , LEMTEEENEE, RETMBENREREE , WERE
HENBERRENEFEARKXHRENTE Y, EEFEHETHEF , Raket B ERRBEEREE
) Amazon S3 U B, EFEIBNERKEIREERTRE , AHEEEFREEE T (QPV) £E& L#1T
WEHE. EXTERHRBTTFINRE  RAEFEREREZBAEAEHAHA,

AREEFFAUEES -

« CREATED — Amazon Braket B W EI&H & FF#,

« QUEUED - Amazon Braket REEZWEFEHK , BEEEEFEEE LHT,

« RUNNING - M & FEKEE QPU REEFEHE L#1T,

« COMPLETED - £ E FEHKETKE QPU HEFE &R L#1T.

* FAILED - ZMEFEKRERBTHELR. REBEENEFEIEAMNER , FESBARXEFHE
%o

« CANCELLED - £EBUEREA#ES. EFEBRHIT.

TP

« % Amazon Braket SDK B i & 71E#
3B Amazon Braket XA EREFEHR
- 1252 Amazon Braket &R

« f£f EventBridge EE{R I8 & 1115

- {#f CloudWatch ESi2 154

- f£A CloudTrail FR&EHE FEK

- {#F Amazon Braket 93P R0 8%

£ Amazon Braket SDK B}t & FT 7%

fitdevice.run(..) EEZEEFH—EFEH ID NETFEHK. EULIER EHMEHR
REtask.state() , MM T HIEHIFFRo

EE . task = device.run() RIERFBRE , ERTEUUERRESSEEETIHNRHEET
=N
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HEHE R

BN FFtask.result() , AR EHSHBEWT Amazon Braket , AEBEFEBRART
M. SDK EFEHAEE PEENWMBASE . tun(). EFERTHE  SERAREGSH% S3 REFERE
&R |, WG HEB AQuantumTaskResult ¥4,

# create a circuit, specify the device and run the circuit

circ = Circuit().rx(@, 0.15).ry(1, 0.2).cnot(Q,2)

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1l")
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

HUH 2 F1E55
EZEBCHE AR , F®W cancel()F% , M T HIEHIFTR.

# cancel quantum task
task.cancel()
status = task.state()
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print('Status of task:', status)

Status of task: CANCELLING

BmEPEER
BULMECTRE FEBNTRES , T I &R,

# 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 = metadata['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-
2292-1500b82c300d

WHE FEBRER

MRBHBROEECRREFEBERET , AECBRAERANER , BUUFEHEE—H ARN (EF
£7% ID) EEtask¥tr. A&, BRI AN REFFXRETEHN S3 #Firitask. result()EE
ER,

from braket.aws import AwsSession, AwsQuantumTask
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# restore task with unique arn
task_load = AwsQuantumTask(arn=task_id)
# retrieve the result of the task
result = task_load.result()

i#1B Amazon Braket TS EEE FEFK

Amazon Braket 12tiEi8 Amazon Braket T A EREFEBNERFR. FMTERIHNE FEKEHS
5|7 Quantum EEBAH , M TEFFTR. KREREFZFEN K EXTEREREERE PEINE
F1EE AWS EEH,

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [}

Quantum Tasks (10+) | (& | | Actions ¥
| Q search 1 > @&
Quantum Task ID Status Device ARN Created at

(@] d87730f0-414{-4a60-9de2-7fd18c20f7f2 (© COMPLETED armaws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
(@] 62a5b6f9-2334-4bad-af4f-aSaeebbe6032 (© COMPLETED armaws:braket::device/gquantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
O 85f05c¢12-c4d0-42bf-8782-b825775f057a (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
O 1fal48a2-aaaa-4948-b7df-808513145a20 (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
(@] aee8dZad-a396-4c11-9f13-9aa62db680b9 (¥) COMPLETED armaws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
(@] dfee9d7af-3aae-4e57-bd64-29d6f9521937 (¥) COMPLETED arm:aws:braket::device/quantum-simulator/amazon,/dm1 Aug 31, 2023 19:11 (UTC)

R

BALEREEIESIERE FEK. BESTLIRE Quantum £35 ARN (ID), iRE, REMEIK
B, ESZIEENK  BEERGEBETR , MT IR,

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 > &
Properties
Status Device ARN Created at
Status
Device ARN 7f (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
Quantum task ARN
D32 (@ COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/sv1 Aug 31,2023 19:11 (UTC)
Created at
O 85f05c12-c4d0-42bf-8782-b825775f057a (© COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
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TEERRIREE—B IR D BSEFEBNES , WEBMFWY KEGtask.ido

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [7

Quantum Tasks (1) ‘ c ‘ ‘ Actions ¥ ‘
| Q, search | (1) matches
‘ Quantum task ARN = arn:aws:braket:us-west-2:260818742045:quantum-task/4cd1a3 1e-61c0-469c-a9cf-a2fbe7b4e358 ‘ X ‘ ‘ Clear filters
1 &
Quantum Task ID Status Device ARN Created at
4cdla31e-61c0-469¢c-a9¢f- (® COMPLETE arn:aws:braket::device/guantum- Aug 31,2023 19:10
a2fbe7b4e358 D simulator/amazon/sv1 (uTC)

A MTERR , EFERMMRETERR QUEVED REERFZRIEE, R—TETFEH ID SERH
MEFAEE, LEEASRETHERNEEREE FEBNBRTINE.

Braket > Qua Tasks > 3d1

3d11c509-454d-4fe2-b3b9-fad6d8eab83b

Quantum task details Actions ¥
Quantum tas| k ARN Status Queue positi

@ QUEUED (Normal)

Devic Creat

P wrQ) —

sh w o statusreason

EFNPETIELABESEER —IM Quantum EEEEEBEIERF., EESEBZIERH
Quantum FEEEFEEWNTHELIERF,

B EEH Braket SDK WE FAILUEBREAR T AMEGHEE FEBNESERFIVE. WFEFHMAE
A, A2EBENERMEIATER.

&= =2 Amazon Braket ER

BERREERSE AWS Bkl AWS BRI BFITBEER. ERERPAERFAETANPEER, 5@
ERECSREE, ELSBARENE. HRGERNER BT NERREE,

£ Amazon Braket T2 AF |, BULIEEZE FEKRERAE , R EHARBNERFE, &0
D8R, BRESEIENER. BULERUBERE FEKRERSE , ARBBEFEE AWS
CLIZ BB IRERAPI,
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BE AWS M REHNFEEA

- MEREH—REF  2FERBNERED , F2HE (B AWS BRVNERRESRCAEER) +
MTEREREES 2.

- MEARELRFNET  F2H (AWS ELLE RN ERFEEREAEER) PR E R HIA
ETO

- MESEERANELERR  F2RIERL AWS ERNSEER.
- BRIXEERENREEE , 528 Resource Groups it APl 2%,

\)ﬂ

AT & E1R B 7 Amazon Braket EBNEEBEH,

FEAEIH

+ Amazon Braket # AREREHN X EEIR
« f£H Amazon Braket APIEEE

* £ Amazon Braket P EEZR

* Amazon Braket F# AWS CLI R €84

ERR
BRI EREBREEERNER. Hla , SRR "8 EEREEHES LERVIMA.
BEEREMERS

- EB S8 (HlW CostCenter, RERER), EBREES XNE.
- BAERENZEASMN (H/20 111122223333 = Production), ZHREBEEARLERAERAZEF

F. BEREMEE A ERESEIKIE.
BE B ST T IEME -

- BBIMBBEN AWS B, 52 AWS BRE XEFR , Rt G ERNERERGRETE
RBHEIR , s HERMEE.
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- BHHEAY AWS AR, SERTBAE AWS BREE EEEJZZIKMIE BRI EBAELER. AWS EEAFEER
DEENRA , YEEZARESBRERE. MFFMER , F2H AWS IREEMAEE FH
ZIEETNERARTEERR,

- BEY AWS BRNERN. NFFHEET  F2EEARREHF.

Amazon Braket F AR ERRN X EEIR

Amazon Braket FHY T 5| ER|E T EER -

« quantum-task EJR
- BEEZHM . AWS::Service: :Braket

 ARN Regex : arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}

SEE  #HRAmazonZEZAER EE Amazon SageMaker Al &R , BETUFEAFRAEEETE
SCAER , /£ Amazon Braket £ A FEAFEE Braket ERRANEZER ., MEHMAEH K BF2H
SageMaker XM EEARFHTERTEER

£ 8 Amazon Braket API#&EZ

- MREFEH Amazon Braket EE R EAPIFREZER , 5®A TagResourceAPl,

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

- FERERPBERER , 50 UntagResourceAPl,

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN

- BEJHEBEEREERNAEER , ™0 ListTagsForResourceAPl,

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] "
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ERCREH
T 5 E AR %8 A Amazon Braket /R FHER :

« BEUERGERNERBE LR : 50

- REBRE LR : 128 1@ Unicode F 7t

- HERE LR : 256 {8 Unicode F7tT

- HE|BNENERFET : a-z, A-Z, 0-9, spacefliEEFx: _ . : / =+ -Mae
- TRNESES KPR,

- FEFEA awsHAREBNTFE ; ©REM AWS £,

£ Amazon Braket P EEZH

BO LR EAERLINBM, & LUER Amazon Braket £ 4. Amazon Braket 3 1R,
AP, &k, FIHFMBRER AWS CLI, HFEFMMEL , 5528 Amazon Braket APl 2%,

RS
- HTEER
- BEER
- MEER
- BBRER

FEER

FAUETIRESEESEHNEETELRNER

- BIREN BRE : £/ Fi84 , HTE AWS APl HEE Tags S8 EE Createl®fE,

- BIYERE FRAEIRAEEEETEBRERAER , E AWS API FHEIY TagResourcel®
(=

EECRIERRFEER  CHOEERIYEEERE RN,

BIEER

BULERAETRASERERRELLAER , MU ListTagsForResourceAPIEE | SR
Amazon Braket PIEI A REE &R AWS R,
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SO LERA TS AWS APIST S RBIRER FNER :

+ AWS API: ListTagsForResource

B R

BEULER FRAEEEEFABHELLFERKFEERR , IEAT IS T REDEEETRLE
B2 BRBNE, ECEEEFENERERE K SERXTRNE !

 AWS API: TagResouzce

BRER

FBAILEBEEEBRN SR, FAXTRABEZETIBRELEER , EFUY
UntagResourcei® el , REFRBHRER,

+ AWS API: UntagResource

Amazon Braket Y AWS CLI #Z52 &4

B & A AWS Command Line Interface (AWS CLI) B2 Amazon Braket E885 |, A TR B2 &M
ARV ERELBUCZEFEENEBRNES TGS, THEHP  FEEESVIEFERSE LHT , X
EEETRESBT (QPU) Rigetti WS ERE, KA EEHflGTH , EMEEHMXESECR , ER
EEREEER, TUBERT , EBHNRSIEA state , A Washington, ELZER T ARTGEIDE
WA B ERE FER.

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\", /

Amazon Braket F ) AWS CLI #2524l 268



Amazon Braket HBEABER

\"version\": \"1\"}, \"paradigmParameters\": /
{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.gate_model_parameters\", /
\"version\": \"1\"}, /
\"qubitCount\": 2}}" /
--tags {\"state\":\”Washington\"}

L EHIREMAEER MTREEREAEE 7EH AWS CLI, EFBIREBIERER Braket &

3]
o

£ EventBridge ES12 18 & F1F 7%

Amazon EventBridge & &2 Amazon Braket 2 FEBH MBS ES4, RE Amazon Braket F1E
HLEF SRR T ZE EventBridge, ZBAIRREENRE , RETEEENEY , S RESHFERA
RATEBBTHEE. TRENBEBBFESFETIIER :

« A AWS Lambda BI#
- BXA AWS Step Functions R REH#EES
« J@X Amazon SNS =&

EventBridge B8 Amazon Braket ARAEREEH :

« Qauntum EHEHRESEE

Amazon Braket RERTEFEHRESFTEH, EEEHELERN—X , BAERKLF,

WEHMER , 5528 Amazon EventBridge I E 4,

EAREH
 {# EventBridge E5i% 8 F{E#EiRAE
« Amazon Braket EventBridge =54 &i 4

{# F EventBridge Ef#: 8 F{EIGARKE

£ EventBridge , B LAE MR Bl | E&EE Amazon Braket %573 Braket E 7B REREE
HMEERIMNEE, S, BANEVRA , B XAEFAEBRERBERBEEFHHARKE,
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https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-events.html

Amazon Braket BISt A B
1. AWS I B 4& EventBridge 1 Amazon Braket fEARFATHIIREE A
2. BBk Amazon EventBridge £## A&,
3. EAT%{E , 3 EventBridge R Al :
- SFERAIER  EEEAE4EINKRA,
- 7£ Event source (B4 RIR) & , i#EFE Other (HAth)
- EEHERXNERF , BEBFTERX (JSON fRmiESE ) , AR TISHERBAXFEY :

{

"source": [
"aws.braket"

1,
"detail-type": [
"Braket Task State Change"
]
}

= E1{ Amazon Braket fEERFTE S , FFHEER detail-typeEBE , T HIRERNBA R

{
"source": [
"aws.braket"
]
}

- BIRBERE  BEEE AWS R , HARIEBE , BEBZ , 20 Amazon SNS F&E= AWS
Lambda BX8{, #£ Amazon Braket RE|EFEHKRESFTEHE K SHEREE,

f5lzn | 5/ Amazon Simple Notification Service (SNS) ETEHEEH R LERFEEXEFHEHIXEA
B, BEEHM , B MEH Amazon SNS 1 AEIT Amazon SNS £, ZEEE— S TH B
2R A Amazon SNS B FEAEBE4H,

MBEBEVKRBNFREF , FSRELH S R ER Amazon EventBridge #i 8,

Amazon Braket EventBridge 4 &2l

% Amazon Braket Quantum E#§RAEREEHMAUMER , BB Amazon EventBridge FHIE
#o

T 5 EMHE LHIRE JSON "detail" HMALH,
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https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-events.html

Amazon Braket

FMBABER

« quantumTaskArn (str) : EXNHEHHNEFERK,

- status (EA [str] ): EFEBERENMRE,

- deviceArn (str) : B MEFEIENFERAEEENEE,

« shots (int) : EEA&shotsidRM HE,

- outputS3Bucket (str) : FRAEEENE HFEFTE,

+ outputS3Directory (str) : FRAEZEEENBHESRFE,

« createdAt (str) : % 1SO-8601 FEMNE FEKEI M,

- endedAt (EA [str] ) EFEREINERMNRENTFRE, AEEEFERCERAKIREARRE

B, T EHRER,

T 5% JSON 2R = Amazon Braket Quantum {EiEAREEES EE4RIETHI,

"version":"Q",
"id":"6101452d-8caf-062b-6dbc-ceb5421334c5",
"detail-type":"Braket Task State Change",
"source":"aws.braket",
"account":"012345678901",
"time":"2021-10-28TQ1:17:45Z",
"region":"us-east-1",

"resources":[

"arn:aws:braket:us-east-1:012345678901:quantum-task/834b2led-77a7-4b36-a90c-

c776afc9a71le"
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":"2021-10-28T0Q1:17:42.8982",
"eventName" :"MODIFY",
"endedAt":"2021-10-28TQ1:17:44.735Z2"

Amazon Braket EventBridge %4 &5

271



Amazon Braket HBEABER

£ CloudWatch E5#i5E

&A LAE A Amazon CloudWatch E53 Amazon Braket , ESWERKRER W HEERE AT ERITF
ENBERYIEEE, Amazon CloudWatch &8 LAfE Amazon CloudWatch =2 AFRBHEZ 15 B AREL
WREEARBE 2 BRAEHWIBSIERE , WEERE 7 # Amazon Braket IR eE, EEHE—S TH ,
E2 B A CloudWatch 154&,

(® Note

B LAEEZE Amazon SageMaker Al =& FWERRAFHEAETE , SR Amazon
Braket 5 A&#Y CloudWatch HiFE&EF. Amazon SageMaker H At Amazon Braket ZiE 4<%
E 1 #EB SageMaker £ AEE,

EAREGH
« Amazon Braket I8EEM#EE

Amazon Braket {512 I #t =

51E A CloudWatch FIVEAREL S, BERKRZFEIEFEZME CloudWatch B —HHER 2., SEREE
HNiEBEHE—HAHE, S8 —5 7 CloudWatch FHIISE#HE |, 5528 CloudWatch #E,

Amazon Braket &% T~ %) Amazon Braket 4B W 51ZEE B{EHiXE Amazon CloudWatch 154Z :
Quantum EFEIEE

MREFEBEE , BINFERAEE. ©MEHERE CloudWatch £ A HH AWS/Braket/By Device
To

=R sk
e BFEBHME,
Latency (i) ERTFEBERE , RRHILER. CRERE

TR BT TR BRE,

Quantum FHIEENHE
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ETFEFRIEESGLULL deviceArn S AERNWHE M | #4348 arn : aws : braket : : device/xxxo

A CloudTrail i8N E FEH

Amazon Braket 2. E2 #4& AWS CloudTrail , bR IRt Amazon Braket AWS fR#& R fEAE. AEBD
FrERENB)ERY EC 4%, CloudTrail €#% Amazon Braket BIFTEAPIF IR AE4, FEEAFIEIERE
Amazon Braket =&MW | LI&EY Amazon Braket BENBRIERW, MBERENEER B
# CloudTrail B8R+ ZE Amazon S3 f#7FETEE , @¥E Amazon Braket BWEH, MRBKRREE
#t , BRI LATE CloudTrail B ANEHE L REFRERFTNES, BALUER CloudTrail AT
SMEA , FIET¥ Amazon Braket 2 HHIFER, RHEFERM IP ik, REBRHOAE, REBROK
B, AREMEFHEEA,

EEE—L TH CloudTrail , 5528 "AWS CloudTrail fEFA&IER . »

EAEAH
« CloudTrail ##J Amazon Braket &&H
« Tfi# Amazon Braket AiERIER

CloudTrail 89 Amazon Braket &

ERENIIRE AWS tRFE B | 889 E SR CloudTrail. & EE)#E Amazon Braket & 4ER | ZEH
SHREHBELIOHEPHEM AWS R SH—RECERTE CloudTrall EHF, EBTALE hRR, BSH
TEHSENEHR AWS 1RF. MEFMER , F2E (£ CloudTrail B4 HEHBREH) hitps:/

docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html,

EEFERCE PNELSH AWS IEE |, &35 Amazon Braket WE4 | S5V EBM, &ZFEEEE CloudTrall
# BREERRMIE Amazon S3 fEFITHE, fkTEE , EAEEIRAPEVERE K REMSERZEM
BH AWS ElE, BRESCHEAWS 2 EFMEESNSEH , ¥4 A FEREEIEIEEN Amazon
S3 EFETEE, A |, WO LR EH M AWS IRIE RiE— S 9 FEE CloudTrail BESSFIWENEHE
#l, MEFMENR , F2RETIREA :

- BIBHHEIE

« CloudTrail X BEHRENES

« ER7E CloudTrail B9 Amazon SNS &l

» REZEEEEEW CloudTrail BFEESRE , MRS ERFEU CloudTrail HFEER
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CloudTrail €528%FTE Amazon Braket BjfE, #l#0 , ¥ GetQuantumTask=l GetDeviceB)fEAYFEAY
&7 CloudTrail BEFERFPELER,

B-EEMHVARERNSLSELEFRENET. B EATHEEHE T5IEH !

- REZFERE , REEATREACIBMSE I ERAENERRZLER.
« ZAREEBHS —H AWS RBRBRE,

WMESHMER |, 5528 CloudTrail userldentity JT#,

7 fi# Amazon Braket HEE1ERI1EH

EHtE—EEHRE  EEEHUAFERNERARMSRIZRIEEN Amazon S3 #FETEE, CloudTrail B&

EREGE—HZEAFER, —ESEHATMRFREME—FER , YT SHEREIE. BFRWB PG
B, BRSBEEEA. CloudTrail BFERTELMAPIRIMMNEEFH#HEEEH K Rt AT TISEIE

FER,

T5#H R GetQuantumTaskEIMERN BEEIER |, IS E FEKNFFHEH,

{
"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"
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},

"eventTime": "2020-08-07T01:00:08Z",
"eventSource": "braket.amazonaws.com",
"eventName": "GetQuantumTask",
"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "aws-cli/1.18.110 Python/3.6.10
Linux/4.9.184-0.1.ac.235.83.329.metall.x86_64 botocore/1.17.33",
"requestParameters": {
"quantumTaskArn": "foobar"

},

"responseElements": null,

"requestID": "20e8000c-29b8-4137-9cbc-af77d1dd12f7",
"eventID": "4a2fdb22-a73d-414a-b30f-c0797c088f7c",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

LUTHUR GetDeviceBMEMAFIRE , EEERRESHNFMAER,

"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"

T £ Amazon Braket B551ER1EH 275



Amazon Braket HBEABER

},

"eventTime": "2020-08-07T00:46:32Z",
"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.amzn2.x86_64 exec-
env/AWS_ECS_FARGATE Botocore/1.17.33",

"errorCode": "404",
"requestParameters": {

"deviceArn": "foobar"
1,

"responseElements": null,

"requestID": "c614858b-4dcf-43bd-83c9-bcfof17f522e",
"eventID": "9642512a-478b-4e7b-9f34-75ba5a3408eb",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

£ F8 Amazon Braket BB 8%

BRI MERARSSREHEEAIRRERF, ELERBREHERNAIRECETETREBH , YR LHN
HAERESE,

EEFEHARRES  BEREEE poll_timeout_seconds# poll_interval_seconds 28 , LUE
EFERUURKEHT , BEEFEIKRESHERE  YEERRAEERER., SR RFER
F| Python 851 , M= Jupyter £5cA , MEESHIUMEAET EPHNEFEIT.

AR IE RC 8% 2R
Bt , RELHKR , BB AFBEBRAXFERT , MTHI&EHTAR.

# import the module
import logging
from datetime import datetime

# set filename for logs
log_file = 'device_logs-'+datetime.strftime(datetime.now(), 'S%Y%m%d%H%M%S')+'.txt'

print('Task info will be logged in:', log_file)

# create new logger object
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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)

Task info will be logged in: device_logs-20200803203309.txt

BY W HTER
BEGUUENER, BEEXEZZEUYT , YEFRENER , WAL R,

# define circuit
circ_log = Circuit().rx(@, 0.15).ry(1, 0.2).rz(2, 0.25).h(3).cnot(control=0,
target=2).zz(1, 3, 0.15).x(4)
print(circ_log)
# define backend
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
# define what info to log
logger.info(
device.run(circ_log, s3_location,
poll_timeout_seconds=1200, poll_interval_seconds=0.25, logger=logger,
shots=1000)
.result().measurement_counts

BEARER
BALBATIGTRBERA ERNRK

%

o

# print logs
! cat {log_file}

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: start polling for completion
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status CREATED
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Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status QUEUED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0ddc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status COMPLETED

Counter({'00001': 493, '00011': 493, 'Q1l0@1': 5, '1@0111': 4, 'Ql0l1ll1l': 3, '1@101': 23})

& HEEEZREE ARN

RERWAFERBE , WEAETEMIFTR , BT LLEE ARN Effl. £ ARN ID , B0 LARRELE TR
EFEENER,

# 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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