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® Tip
THEFEEMNER AWS | 53 Amazon Braket B{UZEE| , TR —RINBBREM
BV L RESECNEBNEE,

Amazon Braket iRt EFEEEXKBENWREEEN , OERFERERB[NTEDEEMN QPUs, £ Amazon
Braket 1 , BN R FREREREFERK., YALIBEAERNW QCHE , LFEREEETER (2
FERAEERNERHE ) MEMBERPEER . HREL Hamiltonian Simulators , EFEHKIEE
B ERRELE , DARIRMAE LAY B R0 2 B AR

Braket Direct 2IRR AMARRE FIEH AWS, IEMRMLFHNTE, EUUESEEETRELRE
ERAE, ERHETESERED , URREFFIH —NI8E , @%EKA lonQ. Forte HRFTEE
HTERE,

EARES |, RIS T B 1E Amazon Braket F#1TE FEBH =B HRE,

EAREAF :
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£ A Jupyter®Eie A , BATLASE Amazon Braket 12 &£/ Amazon Braket SDK BEREZER., =X
ERTHEFER, BUlEZEE SDKHFREETER., TiB , ¥R L Hamiltonian Simulators ,
B ERSEMEENEHEL. ERAEABTE2E , BULEEEREHE FHTHEE X

B HIERE Amazon Braket APl (2), RIBEEEZENEE  ETFEBEHATS , BEREEEKT
B, Y EREEE QPU SE S LETEE (3)o Amazon Braket [ ZEEFEHTEEEK QPUs
(lonQ. IQM. QuEra, Rigett), ={EFREFEEEST (SV1. DM1, TN1), R{EAHEEE 25 F0 — B R #RE
s, EEH P THE , 52 Amazon Braket TENEE,

BRIEZNE IR , AmazonRaket B¢ REEE Amazon S3 7T , EREFHRER

B AWS RS (4) . BN , BRFEZREHASEESHHEAGRE  TEEFEREREEEBA
Jupyter Z5EAR, B A LATE Amazon Braket £ A # Quantum F# B H LA Amazon Braket
GetQuantumTaskVIRERIRFMEEE FEHAPI,

Amazon Braket B2 AWS Identity and Access Management (IAM), Amazon CloudWatch AWS
CloudTrail 1 Amazon EventBridge B4 , AREAEFINEE, EENR& , URE4HBER (5),
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Amazon Braket fiTE %S

® Tip
THREFEEMNER AWS | 53 Amazon Braket B{u{L Z2EE| , TR —RIINBEFIE
MBI ERESBCHNENEE,

T 5T EE M B2 AR Braket :
B EZ R EE R

FHOERHEER AHS) R—EBRFNE FHEEES , AREZEESHARNKBEEKE TS
B, EAHS F , FAEEZEERBEKNERBEEY , EFERNARS N SEZERIEX
HENTHEEREERZ, AHS REBRERFHRAZNEE K MTARBEAEFEN , SINLEER
HERWERE, ©FERAMPI AT LAUEER Hamiltonian Hl, FiB , BRIEL Hamiltonians 2 B A&
EFEEEL , At AHS T8RS EE LB AERNEEREREMENENET.

A=

FAG1E bra-ket R EZE B T Braket fRTS , ERE FHEHRWEERERRZE, ©H Paul Dirac B
1939 5| A , ARERETFRFENMRRE | tHiEA Dirac XRR%.

Braket Direct

£ Braket Direct , B\ FEZH R RENTEEFEENEAFIE, HE FEEEFER , U
BWITHEEHWES , UREEFIFH —R8E , SN AUHERNFEFEE,

Braket JE&1E

Amazon Braket EE%# A Amazon Braket JESEENINEE |, AIRHESEELINEZES
1T. Braket EEEBEE=EH :
1. EEZNES |, IMAE ST, Python 4 Docker BESiR .

2. BREXNEHHITER , LA Amazon EC2 AE#E , MTHRIEE L, FAREA ml.m5.xlarge #1T
Ege,
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®E

£ Amazon Braket 7 , £#BER A LUBTEFERNEIR. EETUR QPU REFEREES, &
BEH—-S T, FSH Amazon Braket XEHNEE,

SRR AR AR

HEEMOEHTSEENER  YHAHIBSRRUELAR. IBFMER  FoMmSER
Bl
MEXETEY

EFERETFEH (QC) # , tBAERN QC , EFEMI AELTRE (FE ). FEFESR
BRAN  EXRTEBEEEHTULELRHENTRFIIRT. Gates RETFTERNEEER , Fl
RERBIERVBERE,

Gateshot PR 4l

FERGZESENBNEARETSH (FMEFREEENAN ) NEETENRETE. T8 2
Lt , Gateshot BRFIAT AR RA -

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

ERRXANETFEBHREARHE Hamiltonian SRE , EFEBEBRATHENREES H B EEBNTE
B, N-qubit R Hamiltonian BER R ASFEKE LERETH 2" x 2" B, EBEBFH#
B _E# T Hamiltonian #E# |, £ ARG ELEHERER,

A&

RE—E@WE qubit NERMERFAR. EER S AREMASEEETNRXEAREEEREBE

FEFRNERPEANRTE., EREAUURHERCHRAHTSEREZRERAR , FHRFTE

CHARE, EEAERNMERE—#2  ZERVNEREBREZER/ EETIRE , I qubit A9 |0#
M1# EBEREETRED B, RHit , BESUEREERMRNRES B AR ESHE , 5

MERIE, ARMBFERE, SNRPRARENEARGKEBBITREBA , LEBRHAUEE

MEREMREE S RNESRE T8 —€EfBTEFIEE.

Quantum E &

ETERRERRFEABRTER LEENRAE, ETERRETHENFS , ERqubitEFER L
Ry AT | DURGRIBIE R,
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Quantum EEIREE

ETEREERSEEEKES  TEEREKLET , YHEETERNIAELER, YR -—KE
B, ETEENERERMBqubitsEEERN B2 E2EBUER., Braket RHHZE ( FiB Braket FH
API) FZA# (Amazon Braket SDK Fy—EB% ) EFEREESZNFEIVE,

Quantum Ef§
ETEKEBEREE A FHETHRER , fINEB8MMNMUE 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 £EEZHFEE, EXFETRETEEELE 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
( BIEAEE RN W& Eshots) MEMBRPEER, EALIEB Amazon Braket SDK =B

#EFEH CreateQuantumTaskAPHRERB U EFEK, BYEFEKZE , C2HEATY B
BFERNEBERTAAL., EBOLIFE Amazon Braket £ A K Quantum EHEE L SEH

GetQuantumTasks; SearchQuantumTasksAPHRER 1R IEH & 7.

Qubit
EFERPNEREAENEAS qubit (EFNT ) , BUREREEPH —L, qubit SLEEE T

R, TEBTENEREFER  fINESERNERNEFNERE T, EtqubitEEZREN
F. EFSETREE K EFTHNETFRE,
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Queue depth

Queue depth RIESHERBEEEHATINEFERFNESEKEE. ZENEFEXNESHE
AT BT T 3EB Braket Software Development Kit (SDK)= ZE{Amazon Braket Management
Console,

1. BRI RERESFHFULEEXIEFATHNE FEKRR.

2. BRIEFERTIRERIESFER BITHWERRXE FEKEEAmazon Braket Hybrid Jobs,
BENEIERMB®  SLEIESEERBLEE.

3. BAEEBMTIREREENEREE AT ESEREE, EAREETHEN—2B2 Quantum
tasksiZRX EHFEBEIERF , WE PR Priority Task Queue,

Queue position

Queue position RIEZBEEFTIFEFERRESETENENE, TTLUER 5 SEFEHR
Braket Software Development Kit (SDK)=% B & fE#Amazon Braket Management Console.

Shots

EHH*‘;%_%ZZIKEJ:EE%$ Rt EMERMBERTEZR , TREGEENER, E—EBI
ITMAEBARE, RBERAMENERERERFERNRR (EEHIT) HE.

AWS Amazon Braket B9 fiTSE F B4 ER
IAM B

IAM BUR R A FFEIER AWS BRI M BIRFF AT XM, IAM BERATREEFTEAEY ERNFE
Bik. Bl , B LA EREFIR ANFTAE Amazon S3 EEE AWS IRF |, IR FEUSE R
fFRTER,

REEYK  BRFHFUR  FERAKEERNZEFRA, EBEELLFRA , BTGB L ERE
RACHELATEETERMENESHT, S, MRETAFEFDRERETE  FE
IAM BERFIEER TR  MARRTFEIFIE PRRERFITRNER AWS 1RF,

IAM B &

IAM AERZTURENEG S , UINSEREFIT, EFEAE. EAERXIRETURE IAM A
B2H , HERTFHMIRIACHNET., EXART IAM ARE  HMASRELATELACT
BENMAENT , YIEEFACNETFT,

- BEER AV SEFEESTETRR TREIERFIENER , MIERBHER,

AWS Amazon Braket B 758 A1 R4 R 8
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Amazon S3 17T

Amazon Simple Storage Service (Amazon S3) & AWS k¥ , IZBEEERMEANGEFERERT

BFB8 9. Amazon S3 EFEFBIRMERNFAEFTZEM. Amazon S3 EEFEEFRIPWHH AR/ NLERES S

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

PIER, MUERBER. BFEXH , URER Braket E FEKER.

- REER  BULUEREFAIREGYE S3 FEFTERNTFH. MEFMER , 528 Amazon S3 X
T Wy REFE BB

XS 16 BE A i 77

® Tip
THEFEENER AWS | 53 Amazon Braket E{z{t2E:1E , TR —RIINEZTRE
MBI ERESBECHENEE,

i#EiB Amazon Braket , A ABEEENE FEEER K MEFHELERFE, CEERERAENE, &
EE-STHREE, BEHRANEEER,

EAREH :

T FENBFHY R AN B Mt

- BERANWRIEER

AT - B B B AR A OB Bt

Braket SDK Al BEREME FEIRN KA ERFEEEF THEEH. BMNESEEFELLIHTSHE
BHENE , AALIRMH Braket EFEEE T (QPUs) MEFERBN RS NATHA ML, HERATEML
&L USD B , T EESE AT,

(® 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,
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https://docs.aws.amazon.com/AmazonS3/latest/userguide/bucket-policies.html
https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
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 HBEABER

B AERARANERBRREREANRERN, HREBEEEEEA LRENSHE , TREARX
ME. BBREELN , B AEAXNFERSZEANTEXNRTEZERANZFEE, T 5 $H/E Rigetti
QPU LEAMEEMER , WAAKARSES 1 USD, AEFANERNBFHAT - REEREHEAAES 0.30
USD, RMEKBEREAEEREES , EXMAAER 1USD ; Bt , BXBHESFHIT=R,
BET-XRBEEFEB 1USD, —kME A EXASRERFTEHE K EIEIFTENRERAA/L
EHERTR - ZRREEH,

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

- BEREEKR EHTERNERTREEE QPU LITEBRNERTE |, BEFUERERREE R
IREE R A RE R R
[REIEAEFIBEERE

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

- BEBRNEAER QPUs , BENMREBFEBUSEETBHT , ARLEERFTREREE, RME
R IGE A EshotFt BIACAETNIER . Shotit BAEE SV M AR KR 2T HY LA

BREMEERERERAE TR

- IRAASHBEEENN BREFER AWS B, SRERXNVFAEETEREK , FHELBERN
BESE,

- BUMEXENEEXHER LRARKEREABERNEE.

Amazon Braket B APl Z2ZHfEZE

® Tip
THEEENER AWS | 53 Amazon Braket B{uE2 B2, £ —RIINEBBREREM
BB ESECHNBNEE,

Amazon Braket 2t APIs, SDKs Mér&5IRE , AARBY MEFELANITER , URIERNIE
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://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
https://amazon-braket-sdk-python.readthedocs.io/en/latest/#
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/cli/latest/reference/braket/index.html
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
ATEROEEESE , Hh a2 AR Braket HEMEH -

- 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 RiEEES - RIIFTEE AR Braket WAKE 718 (MEGENBEERE ),

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
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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,

1£ Amazon Braket 1 , £E R RGO AR LA TE FERKH QPU SHiEHEST, Amazon Braket 1] 3
&% lonQ, QuEra, IQM# ZH QPU £ ERigetti, =EMREEEES. ZEAREERE:S  UER—ER
RIS RS,

\
ES

¥

NEXEETHRRBREHENET  F2ELETEHRERXE QPUs. FETAKRERERNET , F20]
ETEBREXEERES. TRETTHEENERSRNFE.

e HEZHE &z Type = ARN [ 15
lonQ Aria-1 LEEAsA QPU arn : aws : braket : us-east-1
HEm us-east-1: : device/

gpu/iong/Aria-1

lonQ Aria-2 LEEA QPU arn : aws : braket : us-east-1
HEm us-east-1: : device/

gpu/iong/Aria-2

lonQ Forte-1 LEEA QPU arn : aws : braket : us-east-1
HEm us-east-1 : : device/

gpu/iong/Forte-1

lonQ Forte-Enterprise-1 LFERA QPU arn : aws : braket : us-east-1
HiEm us-east-1 : : device/
gpu/iong/Forte-Enterp
rise-1
[e]Y] Garnet DEES QPU arn : aws : braket : eu-north-
EHiEm eu-north-1 : : device/ 1
gpu/igm/Garnet
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https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs

Amazon Braket

FMBABER

e

[ell]

QuEra

Rigetti

AWS

AWS

AWS

AWS

AWS

REEW

Emerald

Aquila

Ankaa-3

braket sv

braket dm

braket_ahs

sv1

DM1

g

LARIE &
E#m

HHhER
AR &

L&A
HEW

L&A
HEW

L&A
HEW

HHER
AR B

LRER
ERm

LRER
ERm

Type

QPU

QPU

QPU

EN 7k o

IR B

IR B

REERE

REERE
i

#E ARN

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

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

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

N/A ( Braket SDK A
Ry A AR BE 2R )

N/A ( Braket SDK H
MY B AR 2R )

N/A ( Braket SDK H
MY B AE HEEE )

arn:aws:b

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

arn:aws : b

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

[ 15

eu-north-
1

us-east-1

us-west-1

N/A

N/A

N/A

us-east-1
. us-
west-

1, us-
west

-2, eu-
west-2

us-east-1
. us-
west-

1, us-
west
-2, eu-
west-2
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Amazon Braket HBEABER

Hreng HERR gl Type ZE ARN &35
AWS TN1 DFEER FREER an:aws:b us-east-1
HEW 25 raket : : device/quan . us-
tum-simulator/amaz west-2
on/tn1 F eu-
west-2

ZEMR A E Amazon Braket AR QPUs M EMEEMAE A |, 5528 Amazon Braket Quantum
Computers,

REBEM

HAFTEEE |, BT LLTE Amazon Braket TR AN EERSIIZHB S GetDevice APl LB E gt
EEMY  fINEERE, REERMNELERESE., FHERSSESERE , Amazon Braket 8 ER &
S FEME qubits RE 5|, £ SDK B , T EBRNBEHHI REMMENSETHAEENERSNERE
B,

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

device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/svl')
#SV1
# device = LocalSimulator()
#Local State Vector Simulator
# device = LocalSimulator("default")
#Local State Vector Simulator
# device = LocalSimulator(backend="default")
#Local State Vector Simulator
# device = LocalSimulator(backend="braket_sv")
#Local State Vector Simulator
# device = LocalSimulator(backend="braket_dm")
#Local Density Matrix Simulator
# device = LocalSimulator(backend="braket_ahs")
#Local Analog Hamiltonian Simulation
# device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/tnl")
#TN1
# device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/dml')
#DM1
# device = AwsDevice('arn:aws:braket:us-east-1::device/gpu/ionq/Aria-1")
#IonQ Aria-1

ZENEHMEE 16


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

Amazon Braket HBEABER

# device = AwsDevice('arn:aws:braket:us-east-1::device/gpu/iong/Aria-2")
#IonQ Aria-2

# 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:eu-north-1::device/qpu/igm/Emerald’)
#IQM Emerald

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

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

# get device properties
device.properties

Amazon Braket H [& i3 i 24

NEESNRHNTERE , F2H AWS — KRS E,

£ QPU #£ & E#1TH Quantum EE AT LA EZEEEFHA Amazon Braket & H iR, FH
Amazon Braket SDK B , B E FEBRREREEA QPU £E , BERZEWEEE TIE, SDKE
HEAREEN QPU B EiFH T/ERER.

Amazon Braket AIfE T ¥ AR FEH AWS [E1F :

=i &8 [ 15 Braket %2}
BRI (#E B L) us-east-1 braket.us-east-1.amazonaws.

com (1R IPv4)

braket.us-east-1.api.aws ( #

HD )

EEPE (IR #EEEELER) us-west-1 braket.us-west-1.amazonaws.
com ( {£IR IPv4)

braket.us-west-1.api.aws ( %
£)

[ i3 £ i B 17


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

Amazon Braket

FMBABER

Ep =Ry
EEAmE 2 (REA )

BUMALES 1 5% (HiESHEE )

BUMEES 2 (AR )

@ Note

=

us-west-2

eu-north-1

eu-west-2

Amazon Braket SDK 3z #IPv6-only By 48 #%

Braket i 24

braket.us-west-2.amazonaws.
com ( f£FR IPv4)

braket.us-west-2.api.aws ( #

&)

braket.eu-north-1.amazonaws
.com ( R IPv4)

braket.eu-north-1.api.aws ( &
HE )

braket.eu-west-2.amazonaws.
com ( f£[R IPv4)

braket.eu-west-2.api.aws ( %

HE )

[68 350 B2 b



Amazon Braket HBEABER

Amazon Braket A F§

® Tip
THEEENER AWS | 53 Amazon Braket B L 2 EE , EK—RINEZTHIE
MBI ERESBECHENEE,

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 19


https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
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
THEFEEMNER AWS | 53 Amazon Braket B{UZEE| , TR —RINBBREM
BV L RESECNEBNEE,

BtF Amazon Braket B9 B8 20


https://console.aws.amazon.com/braket/
https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs

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. B—TEBRREEPOMEILMEHA Amazon Braket #HRE F AT, BHELAZBUEITERMK
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

21


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 22


https://aws.amazon.com/sagemaker/pricing/
https://console.aws.amazon.com/sagemaker/
https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs

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

S BB 1. B3I SageMaker Al B AREIESTE 23


https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/cfn-console-create-stack.html
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/cfn-console-create-stack.html
https://docs.aws.amazon.com/sagemaker/latest/dg/notebook-lifecycle-config.html
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-sagemaker-notebookinstancelifecycleconfig.html

FMBABER

Amazon Braket

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

£ T 5 S 6 RE L EBFIFFT AR Braket EREAYMTA R, EALURBENFERBABEK.

(@ 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"

24

S BB 2 : 31 Amazon SageMaker Al B1EH IAM B


https://docs.aws.amazon.com/sagemaker/latest/dg/sagemaker-roles.html
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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 ERAREZIEWFEMENR , S BAWS CloudFormation  fEREIERE) 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- 25
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£ Amazon Braket ZEZHNE FEH%

Braket It £ Z &K Jupyter ELAIRIE |, M BB EEZMAMER, Braket ERRAFAALZE THAEE

%=, BERANBEZABEIE | @ Amazon Braket SDK, A Amazon Braket SDK , A LI BEE &

BE, RREBVEFE —ENBT, TPFEEI’9%?—%H%%ﬂ*ﬁﬁ%ﬁtiﬂﬂﬁiﬁﬂ#M‘TJC‘L‘%E%L&

FEAEIF

- BEEENE—@ASH

- NISERER

 Amazon Braket JESEHK A

+ ¥ # Amazon Braket £ PennyLane
« ¥ Amazon Braket 5 CUDA-Q
« £/ OpenQASM 3.0 HITEHNER
- REERIEE

« Amazon Braket B ARE 2 &

- BILEZREER

« f£A AWS Boto3

BEEE—EER

REETANTERZ %  FREAHERTNERR , LURE Jupyter N EBRHTER

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

‘ Q, Search ‘ 1 matches

‘ NamelJamazozraket ‘ X ‘ ‘ Clear filters 1 ®
Notebook name Instance Creation time Status URL

@) amazon-braket-test ml.t3.medium Feb 05, 2024 20:28 (UTC) © InService amazon-braket-test-fgn4.notebook.us-west-2.sagemaker.aws [4

Amazon Braket EEAHTEE STE L HE Amazon Braket SDK R EFrE MMM, %
Fconda_braket® UM FHERL B,

BEENE—EER
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FMBABER

[Z Launcher

|E| Notebook

Start on Braket

Console

A

conda_braket

Other

Terminal

B AREREER "

=

Qiskit and Braket

Text File

B L #ITRERUIEER,

«
. oo

L
Y —.

Pennylane and Quantum
Braket algorithms

M @

Markdown File Python File

A

conda_braket

=1

Show Contextual
Help

%, R Bth 86l Bk, B — B2 Bel MBIER , RRETRANE

BxEA Start, EA Amazon Braket SDK #8403 £ % simpleBRAKETIlong ; SDK ##f , AR ERE

ZRH) Bell ARREE I,

import boto3

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

# Create the circuit

bell = Circuit().h(@).cnot(0Q, 1)

BULERERTRENE

print(bell)

T :# 0 # 1 #

BEENE—EER
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HHHHH
q0 : ## H ########
HHHHH #
HH#HHH
ql : #######E X ##
HH#HHH

T :# 0 # 1 #

FEAREIERR E T ENER

BE ZEETHDFTERNWEFEE., Amazon Braket SDK FEMi A5 5788 | AARIRRERELET
MR . BRPRBSEAEERSZARBPNER , &Z0HE 25 # qubits ( BURR BRIV AREIER ) .

BEITERC AR

# Instantiate the local simulator
local_sim = LocalSimulator()

WHITERR :

# Run the circuit

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

print(counts)

BRZERINELLERNER

Counter({'11': 503, '@0': 497})

LRGBS EERARERMEEMN (004 M 114, MR KWHEZE ( &xSshotidA ) 2/ 00 A 11
ERRERER , WEH.

FERER SRR LT ENER

Amazon Braket thiRtFETE. SRS NWTFEUE , SVILFITEANER, SVI 2—EREMR
RROEBEES K AHEERESS 34 @ WETFERqubits, BULESVIZENEEERM AWS 24
hIREIERE WEEMEERA. £ SV1 (M TN1SEA QPU) LHTEFELEN , EFEBNERSTHRE
BIRF P S3 BEEFREP, MREKREERFTETER , Al Braket SDK amazon-braket-{region}-
{accountID}EALENFERMFIrR., EEE—FTH , 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 , BRAEFEZE—TENR , AT EEBEFER LHTEINEFERE

f5l. Amazon Braket B Ta%éiﬂ?fié lonQ. QuEra, 1QM# FEQPUZ ERigetti, BRI UEZENRERE
B, UAREERS|IFERTH AWS TEAFRITEREN T AMRERNEREEN. TIN5 RIA
#BITHEBLIQVEE,

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

HE , BEFEEFHEXBonQEE

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

BNMREECE , AHTIEEHZH , BAULEATIENBEAEETIIRE , BHEE 7
BIERESEBHWHEE, i, EEUUE WEEEH LRKREEFENTIIREAmMazon Braket

Management Console,

# Print your queue depth

print(device.queue_depth().quantum_tasks)

# Returns the number of quantum tasks queued on the device

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

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

ERHITEREE , Amazon Braket SDK 88#ER (FEERRBRHFA S XK ) » BALMER .run(O)mHH
B9 poll_timeout_seconds SEREF I FERE , ZZDU\T?WJFJ?T\O Al , IREHNREREF A
B, ITREEEERAREAERER , fINE QPU EEEH B EOAERIFHERE, SuLUBIBN
W task.result()ERBREFHE T

# 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)

WA, ERREHNETFEIRIREEE 2R , BN queue_position() HEBIRREEZWITIIL
B

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

BEENE—EER 30
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FMBABER

# '2!

BELNE—RBEFRERER

Amazon Braket BB AR ER I Python BRENFELEEREE FEE LB #, MEEKBTELEE L,
REACHABRAEEFEMEELNER, BLE Braket TR AFIEELZENE, WEHAE
# , 582 E Braket Github JEEERERE,

Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements °

Permissions and settings

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 [2

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) El quadraﬂc

rrandiin ram mraidn o cianifieant adiambana Enr o dababacn ks ann milline aneias

Grover's algorithm

) 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 [2

The Quantum Approximate Optimization Algorithm (QAOA) belongs to the class of
hybrid quantum algerithms (leveraging both classical as well as quantum coempute), 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 Algerithm

Braket TR ARMRE ZEXEPEETREREEZNRA. E1E GitHub EEUNEE SEIEE AV

B RERRERLT RS EYEE

EETLANIBER KRBT Braket EE LR E,
£ SDK HZEBERR

FERUERER, RAETHEE, EHRERNREASEREXEZRENES, TED
BEE WRBAqubits, ERRERTEERERNT

&t 8] LA F Braket FHIARE B

Amazon Braket £ AR E 124,

EAREH -

- FEME

BAE

%, REEARKE QPUs R ERE

o MEFMER , B2

MBI AEEENER A, MREBEELAFEER , KL

SEBMAF
TIRMER , LR EAMAERSZERIAE

BELNWFE —BETEEE
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Amazon Braket AR
- BHAE

o FB)qubitfl B

- BFfmE

- MAER

REME

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

g6 EHRER

& — R E EEME qubits ( BEE q0. q2. qlf q3) WEFIER  HhasEE E— 144
7t Hadamard FE&ER 2/4 27t CNOT FiE, EALUEBMWN printEHERBEBLILERE , L1 5 & Al
iR

# 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  ZEfEE—EEFRENER , ELFHERBENRTHSH, RATUEEELSHHER
BUHHNER K JERXERE , ERERE LHARTERAT.

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

TrHEfEEEEFERAEFNERIEUN[CABHNER, BuLIERAELESSRELFARFEE , Hling
HRy &

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)

FRIEE M E X BAMIE RS
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']

FAELRER A LUERFIUZEEERN HEAMMEIER. Hla, Wil circ.h(@) , #& Hadamard
RIE #T18 =% — 1@ qubit.

(® Note
FMESHMIEENME LTSS L — B+ 5 LA FEREREEHEENER.

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,

g UEXRGI A AEREEXENRERERREE

&R LAE Braket TR ANKERR LMBEEEEAN. AF , UBART A X FERHERNERASRE
B, THRABRELNAE QPU E’\Jﬁ1qubltﬁ-ﬁﬁZF‘aﬂﬁEHQFﬁ1FﬁL‘EEEo
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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}")

BAE

BRAENEE-ETERTEREHHTZIEETER, EXEHF , EHRZTLUER 100 BETFE
B, REEHRZ 100 BFRASHENE-SEHER. WRFUEREERITCEANKEBRERE ,
WEALEFERREEINER. BE , Amazon Braket Local Simulator®l IQM#] Rigetti & X EER
%,

EZ ProgramSet

THE—EEABEH REBNAEASHCERNT S BN ERProgramSet REE

from braket.aws import AwsDevice

from braket.circuits import Circuit, FreeParameter

from braket.program_sets.circuit_binding import CircuitBinding
from braket.program_sets import ProgramSet

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

# Define circuits

circl = Circuit().h(@).cnot(@, 1)

circ2 Circuit().rx(@, ©0.785).ry(1, 0.393).cnot(1l, 0)

circ3 Circuit().t(0).t(1).cz(@, 1).s(@).cz(1, 2).s(1).s(2)

parameterize_circuit = Circuit().rx(@, FreeParameter("alpha")).cnot(@, 1).ry(1,
FreeParameter("beta"))

# Create circuit bindings with different parameters
circuit_binding = CircuitBinding(
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circuit=parameterize_circuit,

input_sets={
'alpha': (0.10, 0.11, 0.22, ©0.34, 0.45),
'beta': (1.01, 1.01, 1.03, 1.04, 1.04),

1)

# Creating the program set
program_set_1 = ProgramSet([
circl,
circ2,
circ3,
circuit_binding,

1D

HEXNESTESHERE —MER : circl, circ3. circ2# circuit_binding.
circuit_bindingBXNEAREAFAENSHREHT , BEYIATHTE. Htt=E&28EZEXA
ZEBN—ETHTE, ESEEARL \BITHTE W TEFMR.

program set ProgramSet (
e T : [cl,
Ci | |C | |Cg|: Ca : c2,

c3,
imi CircuitBinding (c4, [il, i2, i3, i4, i5])]
HEEEE|

8 executions

THE—EREXBEE REBUMER product () F%E , BE—HTHRAEEEIEXENESRETHT
B

from braket.circuits.observables import I, X, Y, Z

observables = [Z(0) @ Z(1), X(0) @ X(1), Z(0) @ X(1), X(0) e Z(1)]

program_set_2 = ProgramSet.product(

circuits=[circl, circ2, circuit_binding],
observables=observables

HREZHES  SHYSESRIESETERNRE. HRSHEEX , eASERASAESETE
BE , MTER.
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ProgramSet.product (
circuits=[cl, c2, CircuitBinding(c3, [il, 12, 13, 14, 1i5]1)1,
observables=[0l, 02, 03, o04]

)
program set
Cq Cp 1| C3
[ | | 1 I T I 1 I T I 1 I T I 1 [ T I 1 I T I ] I I I
04 02 03 04 04 [ 03 04 01 02 O3 O4 01 02 03 04 01 02 O3 O4 01 02 03 O4 01 02 O3 O4

28 executions

THE=EREXGEHIREBUMER zip() 7% , KER THAEBE dNRESHER
#ProgramSet,

program_set_3 = ProgramSet.zip(
circuits=circuit_binding,
observables=observables + [Y(0) @ Y(1)]

program set ProgramSet.zip (
circuits=CicruitBinding(
i : circuit=c,

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

),
observables=[ol, 02, 03, o4, 05]

5 executions

BAlEERBEEGERNB AL FTENABAERFECircuitBinding() , MAR .

program_set_4 = ProgramSet.zip(
circuits=[circl, circ2, circ3],
input_sets=[{}, {}, {31,

observables=observables[:3]

£ SDK FE#E T
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program set ProgramSet.zip (
circuits=[cl, c2, c3, c4, c5, c6, c7],
input_sets=[il, i2, i3, i4, i5, i6, i7],

cq Co C3 [ Cs [ c7
observables=[o0l, 02, o3, o4, o5, 06, 07]
)
(o] o] ] o] ] ][]
04 % 03 04 05 O¢ o7

7 executions

MERNENFMEEANES , 5528 amazon-braket-examples Github FHEXEERL A,
BESERE LHTENE

BAENTHTAHHSREK -SHBEERNYUE. CRAUTEXREFHEERTHATENEEN
%%O

# Number of shots per executable
shots = 10
num_executables = program_set_1.total_executables

# Calculate total number of shots across all executables
total_num_shots = shots*num_executables

(® Note

ERAEXE  BUURBEXETHRERNHELY , XASEEENE-BRNSERE
gA.

BEYTERE , FERATIHIEX R,

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

)

£ ARigetiRER , BHEXNEARSE IR D TR BB FAFFIRFREF RUNNING &, NF
RVER , FERRENEXERIAREER,

DTSR
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T TIRXB R TAAE PRI HITENERProgramSet,

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

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

# Inspect the results of the first executable

measurements_from_first_executable = first_executable.measurements
print(measurements_from_first_executable)

SR A £ SR £ E BIAY qubit S —EF0 K9 qubit, MARAEE FERFMWFTE qubit.

® Note
FERURA NSRS A TEAERDE  FSNEIIOM £E FWDETE,

g5l : AIE qubit WFE
THREXNBEFHEIBE Bell AREEE R P {ERIE qubit 0 RRE DR 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()

# Print the circuit and measured qubits

£ SDK FE#E T
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print(circuit)
print()
print('"Measured qubits:

, result.measured_qubits)

F B)qubitfil B

EER EETEK EBTE FERBFRIgetti , BAILUREMFE A F Bqubitdil B 2RIZEFlqubits AR R E %
B . Amazon Braket =32 A M Amazon Braket SDK A i#BI G EFMEE FRIEE T (QPVU) £EN &
FREER , BEqubits A ERIZIZEREREER,

FEqubitit BT REUE SN ERMATER , YREMBBIqubitBit. TRAEMERERESRZ
RATNEEREERRFENMEERRGT , WTIEEERNER,

T 5 € Bl RE Il qubitsBA FEEL iE

# 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)

'h

INEFHMER , F52E GitHub £EA Amazon Braket &35 , SiEE E B SR EEAK : /£ QPU £E
EBE Qubit,

ESELRERERNETER LUTETERN , SUMUENEER T2 RRERYITER , MF
SETEMBER. EAZEFREF , CUTMUEERBEREREER A IERFEBERD (RigettifE X
B). AREREEMEANERERBABENER LR  KUNEERREEER LHTHRENE
BEE. ZF¥mEURCEMABERELSR  EREFREEREF  EMBRER T2 ERREAIT.

Rigetti, # IQM REXEZF®ZlonQ , EFEXARLERE, CAZFRER , EREREREN
i, SRREEEN EWIUEE , qubits AR EREMAER EXENFRERE, T 5886 BRmmsL
EARTAAFREEXENRERERE,
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Allocating_Qubits_on_QPU_Devices.ipynb

Amazon Braket HBEABER

device.properties.paradigm.nativeGateSet

HH Rigetti , HBEEBERE disableQubitRewiring=Truefdi& F{m:E 4 & 1 A K EIRAqubit EFTEL
R MREBEHFEHEZFESHREEIE disableQubitRewiring=False , HIEFERSRB|AM
BFrEg#1T,

NRAERBAZRZRE  LEFAIEECHN QPU LHT , AISEAER  BFHAXIENREEIEH
K, BEFZETRRREASERESREEY , LIRBRRAQSELRE, FATIHENRES
B, XEZFRENEESSEMATENEE.

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

FERZFHREZEHBNENER, BB Amazon Braket EEEE LIEEW BRI EXR | £ Braket QPU
HE, FERAYMTERNEESEES LTHETIESRERN QKN ER, NMEFMET K F2H
Verbatim #m 5= #5550 A,

(® Note

MREFEH OpenQASM BlonQEEEAER  MELFEKEREEMHNEE
B8 qubit , AIZEEMFERA |, #pragma braket verbatimE %A OpenQASM E£ 7
BdisableQubitRewiring®&:t,

FERAR Bt
EERTERCABMAEESS  AUUBERE  OTHAR.

# Import the device module
from braket.aws import AwsDevice

device = LocalSimulator(backend="braket_dm")

BRLEBMES A EZERAER
1. T LEZEMAER,
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2. RARANEMATR  WEAMEA.

THEFRREREREEMCHANELRERMABRT Kraus SEEMN 5 7E,

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([0, 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)

BT

i

BREVERERBE AR , T3 MEHHIFTR.
g5 1

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

%
g5 2

task = device.run(circ_noise, shots=100)
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MEEZHH] , 5L/ Braket 1T HFUE HEER H 5]
BEEH

Amazon Braket FfY Quantum EREEBA N ERKE B ZMoments, #E qubit # o] LA i85S
HE —FEMoment, Moments WEMREERRHRAEERZH AN IRMHEEEE,

(® Note
RZBETSHERE QPU LHTHERNBIRRRE,

ERNREECRAZERTHNEZEY, S iREml SENERREcircuit.depth , 1T
&P o

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 #
HAHBHHAHHRHH HHtHHH
q0 : ## Rx(0Q.15) ########H#H#HHHHHHHE X #4
HAHBHHAHHRHH # HHtHHH

HAHBHHAHHAHH # HAHBHHAHHAHH
ql : ## Ry(0.20) ######### Z2Z2(0.15) ########
HAHBHHAHHAHH # HAHBHHAHHAHH

HHtHHH #
q2 : HEHHHEHHHERSHES X HHHEHSHERSH AR HBRSHEH
HHtHHH #
HAHBHHAHHAHH
Q3 : HESHHHHEEE Y 72(0.15) #Ad##SE
HAHBHHAHHAHH
T : # 0 # 1 # 2 #

Total circuit depth: 3

RERNWEBRRES 3 (BERABZ 0, 17 2), BB ESERZINEERE.
Moments BB AR S|IE/EH N FH,
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- 885 MomentsKey () , EPIEERKEMqubit& A,
- EEL WERIERInstructions(),

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

MomentsKey(time=0, qubits=QubitSet([Qubit(1l)]), 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(0Q),
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)

BH T LUEIR A RFEFIEEEKMoments,

from braket.circuits import Instruction, Gate

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

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

T :# 0 # 1 # 2 #
HEHHS HHHAH

q0 : ## S #H## 7 #H#H##HHH
HEHHS HHHAH

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

T :# 0 # 1 # 2 #

EREAFE

£ AEEEE , Amazon Braket AJ BRI FREEENZERResultType, ERAUERNATEEDY
‘R

« AdjointGradient EEIFTIREAHR AN ERENTE (METEM ), LABRAEEEEFERY
TEERNMFENIEESEHEBNFTIRE B ZELEE, BREET shots=0 BFEA LS %,

- Amplitude BEE&HHEHBHPIEEE FRENIRIE, SEEARN SVIMAKABIERSS.

« Expectation EEIEEAMHAENELRE , IEAREBENIEN ObservableFEIRIEE, &
BEEqubits ARAERTHEANBEE , BiEEBENBEXESRTEATAqubitshy BE. MRXK
EEBE , BIMEAIEE REEE 1 LiEME |, qubittt E&qubits FITEREME »

* Probability EEAIEEZFERARENER, MRREEBE , EProbabilityEEAIEMA
EffRENHE, MREETEE , qubitsAIREEREECERMENEREE, SEEEESEN
QPUs RR#l A& % 15 {8 qubit , T AEEEEIRG A RKNCIER KD,

« Reduced density matrix qubits ft RFEEIEE B R FRENFEEEMqubits, HERSLL
RREHN A/ |, Raket 8 BBENRERFIqubits A& % 8 i,

« StateVector EEEEERENE, CHEAREERRI LEFRA,

« Sample EEEEE R FEqubit R M AT BIRAIEFTE. NRAEEBE , MITHANEERERE 1 £
BE , qubitiqubitsETERZEE . IREETEE , EEEENEEXESERAERTA
qubitsiy EE,
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. Variance EEIEE B Equbit EM B EH (mean([x-mean(x)]1?)) , X AT AE RN L REHE
=, MRXIEEBE , AIFHREE REEE 1 LB, qubitizqubits FITERZEMAE . Bl , BE
W EEZEXEERTEREE TERqubitsiy HE,

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

FTENETEESLUSERNREMER, HlI0 , RigettiE ESEEAE |, MlonQEE HI1R H%
R, Amazon Braket SDK AFTERRRMAEE M. T8 , RN EEMRNEE K BLAE
SRBEEHEN K RABEREENIETTA, EEHEERRCCETERET , #8
B R Y Hrmeasurements_copied_from_device by ., LE#R{EFE Amazon Braket SDK
GitHub #ZEH gate_model_quantum_task_result.py #& 3 EEAHZREA,

Al EAIE B
Amazon Braket BJ0bservable Bl 7] 3 488 8 435 £ /Y 7T 85818,
BN —E BRI — S 9 EREEME qubite MELIEEMEDZEFRE R IES 2 o #8548

B , B4Rt qubit, Alt , REERNSEREZHEEERTEHR, EXRETUEMEEN £
EZEREEMmqubit , REERAR HRRqubitiRIETE,
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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)))

B
ERTUTERESY, EERESHRAFTERZE —XATHTZR, METHREEHE,
BRTHASEBEATEEREE AR

- RESHE

- HBEEANSE

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

SVI KBS ETHURBENAMBEE  SEZHM Hamiltonian, EEESZH , FEEEESE
(AFEBHEN ) RNEESE,

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

device = AwsDevice(Devices.Amazon.SV1)

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

HEESHERASIBREEESHILER , KEBRITRASH. £/ AITHE
BfAdjointGradientE@ELHRR , EATHSEAIBEE. THEXBHHIREERMTERNGE
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# Will error, as no free parameters will be present
#tdevice.run(circ(0.2), shots=0)

# Will succeed
device.run(circ, shots=0, inputs={'phi': 0.2, 'theta': 0.23})

MSERER
B Braket ERERAGREFEHERER , URE TERMHEMIED

% Ei%iB Braket Direct IR =B REZIRE , 556K Braket X124 | BIELAIBEEHH Braket Direct ,
ARBEEETEREZER, THEREZREAHER !

o RECIFRERE  MELMEER 11 TERR , £2EE , SART. SETANRARKERES
0 HEHRE, B Braket ERXHK A HBEE R BB HIT , K E AR K use-case-to-device
BE., REZESEE L Braket ViEIE , UK ES WA E A4 E Braket THEERVER | filL0
Amazon Braket Hybrid Jobs, Raket Pulse Z#8 tt Hamiltonian Simulation,

. EEEM Braket LM  BEREMLABHEET. TEARHEER  URCEENHS
T,
. HISEBET BT — BT AL BN TEELHE.

(® Note
HRBEEERREREDEEE , RMAEREELE AWS Support, HRIERLARME | £
AILABEA AWS re : Post @385 Quantum Computing Stack Exchange , o AE R BT
5% i[5 25 Y 5 28 36 78 R T Y RS R

« Quantum FEEMEEEEMR : lonQ. QuErafl Rigetti% &R RHBZEREE M AWS Marketplace,
EERREAR  BERERTBEHBE,
- BEE-STH FNEERIESE AWS Marketplace , 5528 HEREE R

« Amazon Quantum Solutions Lab (QSL) : QSL 2 — BB EMTNBLREEK  GiFE FEER
R, BB EERMIREE FEE I FT AT B ar i Kee.

- BHEBHE QSL , FFRIER , ARERBBEANERARGIFAET.
+ QSL EBA#&EBE T B REEHIE  WRAREIR,
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https://quantumcomputing.stackexchange.com/questions/ask
https://docs.aws.amazon.com/marketplace/latest/buyerguide/buyer-proserv-products.html
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Amazon Braket J8 &% A9

AEIREEBEUMATE Amazon Braket PR EBSEEN THEMIBROENA.

BA LAE A T 5 A X7 E Braket PRRES T -

» Amazon Braket Python SDK,

« Amazon Braket £ 5,

 Amazon Braket APlI,

FEAEIHF

- tERBEERK?

- fABFF A Amazon Braket JEEEH

- WA, B, RESHNBHPHEXHE
- EREREZAETHBHIRE

- EAEZH

TERRESER?

Amazon Braket Hybrid Jobs AI BT REEFEBMER: , ANFEERK AWS ERNEFREE
7T (QPUs), BEFXKEERBBFRNVERER. BTEEL , YETHEABRBTERE K RUERE
XfAERANER.

BEEBEEESRFBUTHREBERERE L  ELEREEISIREAEREEERNE FEEER.
BRESER ERXEFEZEUHTZE , Raket SEAIRENBARIRRPIITRER X, EEE
TR | 8RR BARREAE R

A, REREBREUNEFERZIBENER QPU KENRSEXIEFTI, WEKIEF THERET
JhSFEHENEMERCEENATENETER, EHRNBRESREERRAERN , HF—EEFE
BNERIUAREE FEBNER, KEREENEITRETILUSEEEE (QACA), 2LE
¥ eigensolver HEFHEFEE, SAILULFAREREE ZEE  REEHRKAE, FEHBE
B, BlIRR RS EE,
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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

{a] B {E F§ Amazon Braket J8 &%

Amazon Braket RS AR IBEHITEEE FEREEZE , HIINBEE ¥ Eigensolver (VQE) F& Fif
R EEEE (QACA) , BXEE LR ECEMEEERHE FEERE  UREILRSEFRAENN
#E, Amazon Braket Hybrid Jobs 2t =RAFXEE % :

1. 3AE : Amazon Braket EAEBHNREEARECECHREFITESEE R, ELNERHITHE
TEELAFIERNER QPU, EIBTHNERSERE LA TIINEMER Z#IT. ESEH
BAHEEENHTHEREEFE TR, Amazon Braket Hybrid Jobs th X B2 8iwmE., BRI LUE
FAREBESHYRXER , M Braket BfRZ—RER A MARZEENMESUHHEERETRESEE
¥, EMANREAIT R

2. fRI1% : Amazon Braket Hybrid Jobs AIE{L X ENERBERE , YWHERENEELHITRHRRE
BITRE, ERAERMEELZESE  RAEENEEHPHTHNEFEE (EFTEEETHER
2% ) o Amazon Braket EX G EEREERNTA. MBERER. ERAERENBTRREFHTI
EER. #8#ERER Amazon Simple Storage Service (Amazon S3) , B HEEE R,

3. #5848 : Amazon Braket Hybrid Jobs 12fiton-the-flylE & , 303if F BN Bt #6 7T B 5T MR A B ER
# Amazon CloudWatch 1 Amazon Braket £1#24& , BETULUEBHUEE EZNEE,

WA, W, RESHNHEENREH

BRTEBREBEEEEZETHENERZI  ZFHNESEBETUAEEINAANG L, EENEESEEH
#E , AmazonRaket B ERBEEEHREY — Mo MREHNBABRIBITERE RIETHNEHEF,
EREEBEAR  REZHBERNAER LB ESERIIEEMN Amazon S3 L E,

(® Note
BEEZERSHEER , BRERELEHER,

Amazon Braket tt iR B ERESHMIGHENRE , UELEAFHANBENES,

A HEERE Amazon Braket Python SDK FiigffAwsQuantumlob.create REMWEEM S K REER
HEREEBHME,

EAREH
N
o B
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. RS
- HBIENERE

WA

WMAER  FA input_datas|BIEEREATHNBAEZRER , EﬂTH—rﬁIJ\ﬁﬂhﬁ% BeT
&%, FHEE SDK B9 AwsQuantumJob.createEEF E&Einput_datas| &, & Hﬁﬁlﬁﬂ
BERIREEH RENVENBHFERRH"AMZN_BRAKET_INPUT_DIR", & izuﬂE;;m Wi
ERE R A B R ML EES | 5528 Amazon Braket Hybrid Jobs #1#J QAOA #1 Amazon Braket
Hybrid Jobs Jupyter Z52Z4<H #) PennyLane Fl Quantum Machine Learningo Amazon Braket

(® Note

EWAERRA >1GB) i , RRESEXCISERERNESKHE, ERRARME A E R
S LEZE S3 HEE %éﬂ S3 BRMBERENEKBER , REBESNEKBERE
X ZE Braket BR#.

B2 WREEA hyperparameters , B EREEE TFH"AMZN_BRAKET_HP_FILE",

(® Note

WMENAETESHENBALER  REEUHEABEZREEBESHBHFMENR
B2 — &t githuo EE,

s
\\\2}
an
=

BREY  EEEECHEEHRSEEPEANjob-arnER , BFEH
copy_checkpoints_from_job@T, kit EEBREMENERINESTE
#checkpoint_configs3Uri#y , EHEAIEEHE#ITAMZN_BRAKET_CHECKPOINT_DIRMKFIRIE &
BIEENBREPER, BREA None , RRBES —BARESEKENBEHENTSARTNESHE
%

L

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

ERER  CNEEEESRRTEERESHAMRMBEZENER
A "AMZN_BRAKET_JOB_RESULTS_DIR"#HE#EHE| FiEEM S3 I Eoutput_data_config, M
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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

BAIEEHE , AIFEERA s3://amazon-braket-<region>-<accountID>/jobs/<job-name>/
<timestamp>/data. {12t SDK HBIENEKNE save_job_result , EREEELIETHEY
B, B ERTUFENER S E i FRER,

BREE  MRECPECAREE , BUUSEMAREERESYH REMNE &
F1""AMZN_BRAKET_CHECKPOINT_DIR", #&tha Llsave_job_checkpoint®Xf SDK #BIE XK
8

RECERE SRR EREERARELIESEN -2 , IESBEE RS KA THEIRE
3% %] Amazon CloudWatch , 7 Amazon Braket T2 AP E R, NENFEREE LISERNEH |
52 B Amazon Braket JESEH R #IT QAOA JEE X,

REBY

Amazon Braket It BEIRIEE Y , UR{LEAF[MANB LN ES., U TEXEY L Braket EAKY
RIZEE,

« AMZN_BRAKET_INPUT_DIR - i A E ¥ B # opt/braket/input/data.

« AMZN_BRAKET_JOB_RESULTS_DIR - EE AF##ERH % L B # opt/braket/model,

« AMZN_BRAKET_JOB_NAME — &,

« AMZN_BRAKET_CHECKPOINT_DIR - #2 &= 2 H #.

« AMZN_BRAKET_HP_FILE - @ &B2HMNER,

« AMZN_BRAKET_DEVICE_ARN - #{& ARN (AWS BREH] ) .

« AMZN_BRAKET_OUT_S3_ BUCKET - & Amazon S3 1278 , WCreatelobiaRM FATE
EOutputDataConfig,

« AMZN_BRAKET_SCRIPT_ENTRY_POINT - CreateJobiEsk FigEEHEA
#hScriptModeConfig,

« AMZN_BRAKET_SCRIPT_COMPRESSION_TYPE — CreateJobiERH FiEEMN BRIEE
BScriptModeConfig,

« AMZN_BRAKET_SCRIPT_S3_URI - fF &SN Amazon S3 L& , MCreatelobiERM HFF
}EEScriptModeConfig.

« AMZN_BRAKET_TASK_RESULTS_S3_URI - iR EHARSEREIHE FEBE RN Amazon
S3 fU&E,

« AMZN_BRAKET_JOB_RESULTS_S3_PATH - T4 RA Amazon S3 L& , fCreateJobi@ER
B FATHE EOutputDataConfigo
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« AMZN_BRAKET_JOB_TOKEN - i REEKARPEINETEK , EREERE
CreateQuantumTask® jobToken SE M F &,

B

Amazon Braket 2t ZEIHHEXKE , AIG{LERSW AN ENES, SEHBEXREERA
RFTESERWEE LZESHEPMEW, TG REMAER S,

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

EHRBEEETIBENIRE
Amazon Braket B EE 2 E P X ERREEN =EIRE

- EffRIE (TR, WRKEEimage_uri)
- B A Tensorflow 1 PennyLane fI & 2%
- B A PyTorch # PennylLane & 2%

TREHAARSRHEIENEAENFRER,

Amazon Braket 28

Type PennyLane ¥t PennyLane & #¢ EEH
TensorFlow PyTorch

Base 292282985366.dkr.e 292282985366.dkr.e 292282985366.dkr.ecr.us-
cr.us-east-1.amazo cr.us-west-2.amazo west-2.amazonaws.com/
naws.com/amazon- naws.com/amazon-br amazon-braket-base-jobs:lat
braket-tensorflow-jo aket-pytorch-jobs:latest est
bs:latest

EEEEES

Els

TSH

i
Sk
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Amazon Braket

Type PennyLane # & PennylLane EEW
TensorFlow PyTorch
AT « awscli awscli
A E * numpy numpy
* pandas pandas
. scipy scipy
HER e amazon-braket-defa amazon-braket-defa amazon-braket-default-

E

ult-simulator

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

amazon-braket-sdk
ipykernel

=

matplotlib

networkx
Openbabel
PennyLane
protobuf

psi4

rsa

PennyLane-Lightning-

gpu
cuQuantum

ult-simulator

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

simulator
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 FR MFEAMERBERSEER., ZERTESEERAZRA

A, BN ENMRETHE
/fTEHTJ'-F EIJ =

BB —FMBEREEHRES

RBEEEH AWS BE 7 ., SAUERVESEBREERHEREG , 5
BHicreate(..) W, BRI EMARKEREE

ERREEETHNRE
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https://github.com/aws/amazon-braket-containers
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BEHTHEZRENRS (BRBIBTHENHRAR ) , B4 Amazon Braket B2 E 5 MK EAREE
Ho. THIEHERN 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"

image-uris Z A LAEA 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

ZUUERUREIEREREELAMENESE , fINBBEXRFZSEKR/ ), BSHEBEAREHE
BEEMEERE , thI_JE%—IL)\J_?THHBEL)\Eﬂi{b,i%I,fE’Jx&abo EE1E Braket REFEDFEHES
B, CEERHELBANERREEAFH, I  ELEX/ERFRERNER, SULEESREE
EREEEIENESEE., FAESEBNE TR ESEREATHIKHAERATH , TR
NPT -

# 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
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RE , ERBEELEEXNFTHFBRTERNESR , LEECEZWREREEZRER , MTAR

import time
from braket.aws import AwsQuantumJob

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

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

@ Note
EER— 5 THEALY  BSEUBAER,

R, EEATIEARKEZHBARSERIETH -

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)
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® Note

MEMTEBAERALEZETEESREARERIESBOMET, | BSBHU github =
&

#£ Amazon Braket Hybrid Jobs #{Z2REF , QACA St HNAIFEAB S8 , AKX PennyLane
Quantum Machine Learning Amazon Braket 24 EEFERNIERE,

& B Amazon Braket {£ PennylLane

BERELRANTISERNE TR TINEE L, ERRPRETEATER EC2HTREBRELESE
) E8117 MEFRAREEESIETER LHT. BAEBREFERARAEKYERTESEE
E. MEFHMER , BB MEE A Amazon Braket F#,

Amazon Braket A& Amazon Braket PennyLane #A 8 235, Amazon Braket Python SDK F&
BIEREAREENHBT , RENFTEERNEFEE X, Amazon Braket S| E5E 4R SDK BE
i, ATEEERE PennyLane AHEXWERTRENHTHRERENEE L, T8 , BRAEERSEH
PennyLane , RATRHEEEENEER.

ERESERTEREZX

BEETREZARSHERRRREE , IARRETERREBRESEEMA  RLEELRR,
MEZEENESEE TRENSRSEMBEANKE ; At , REBUTHNEEZTERSGREA/HEATM T
HES  EMEBEFIHR,

MEFEEL , HlW Shor By ( EFMEERMMEEH ) = Grover B (Grover €55l ) |, EEETHEHEE
EigtE, At , eMERBENEFHRETETTER , EFBAMATEE T (NISQ) HE,

EREEFEEEY , ETREET (QPUs) AT AER CPUs WHRIRERR , REIREGRERE X
PINESEFE. ERSKENDREER , SRATIMETZ.

FEAEIHF

« Amazon Braket ¥ #t PennylLane

 Amazon Braket Si6|ERR AR ESEEE

- EFRHER PennylLane EHESSHNESEEE

« PennylLane  HBi#E & B # B Amazon Braket {E 525

( P& ) PennyLane # & Amazon Braket 62


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/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
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 HEASER
- FREASEKM PennyLane 1T QAOA JEE %
« ] PennyLane ARIEHESZHITES TIEERH

Amazon Braket ¥ 8¢ PennylLane

Amazon Braket %1% PennyLane , ER—BUEFTES *E'ﬁanfﬁA%Eﬁ%E’JFaﬁﬁiﬁt“ﬁ%ﬁﬁg%
o IRTJLAME AL ZRAE | LXJ'lﬁWﬁﬁﬂ%E@Eﬁd'lﬁs?é&ﬂ% , UEREFILE, EFHEETNRE
bt EERENERALR

PennylLane B ERHAENMEE B[ TESHE , 25 PyTorch  TensorFlow , FIIHRE T ER
HEAEE

+ PennyLane 2R\ & - PennylLane B 8% %27 Amazon Braket Z252A&AH, ZZEH PennylLane 7FH
Amazon Braket 2 & , FFHMELRALFEA T TSEA PennyLane B E,

import pennylane as gml

BESEATHEEREAM, HE , B AREEEFEN IDE £ Amazon Braket £ PennyLane,

- Amazon Braket PennyLane /MR - EEEAEB S W IDE , BRI LF ELR % Amazon Braket
PennyLane A ER, SEBEXE4E PennyLane B Amazon Braket Python SDK E#R , E L&\
LA7E Amazon Braket #5& 7 PennyLane R#{TER ., HE X PennyLane ABER , FEAT
BT,

pip install amazon-braket-pennylane-plugin

T 5 &l REE T 4E PennyLane X E ¥ Amazon Braket % & Y Z 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)

Amazon Braket ¥t PennyLane 63


https://pennylane.ai
https://github.com/aws/amazon-braket-sdk-python

Amazon Braket HBEABER

gml.CNOT(wires=[0,1])

gml.RY(x, wires=1)

return gml.expval(gml.PauliZ(1))
result = circuit(0.543)

#To use the local sim:
local = gml.device("braket.local.qubit", wires=2)

MEHERZHHIN PennyLane WEHAET, , 55265 Amazon Braket #ifl 17,

Amazon Braket PennyLane S\ 12 Al Z A A E TR IS E PennyLane F#) Amazon Braket QPU
MARERSBRE B, TREMEAR PennyLane #Y Amazon Braket 2 F £ & :

+ braket.aws.qubit £/ Amazon Braket FRIEHE FHBEHIIT , 2IF QPUs MEEEES
+ braket.local.qubit £/ Amazon Braket SDK A #8358 1T

Amazon Braket PennyLane M\ EX ZHABRRT. B PennyLane /M MER GitHub EFER
#£E,

W PennylLane MEFHIER , 52/ PennyLane B EH X #,
Amazon Braket I ERAPHESEEE

Amazon Braket BEBRM B EEHHI LR | ELEFTLARTHKEE PennyLane AREARBITESNEE
E. B LIBBEREMRBEE{L A ERM Amazon Braket JEESNEHIZEEA |, HlI0 Quantum L&
F{LEEE (QAOA) S {L & Eigensolver (VQE).

Amazon Braket £1|Z 52 A&k %8 Amazon Braket Python SDK, FAZEHIRMEIELL , AiEIB Amazon
Braket HEE FEEBEREELED, TR EFRRKRBERNE , EEHBEZEBRREIHERENET
i)

B LA AR E I E A E — S HEK Amazon Braket,
B Rk PennylLane &S NESEE X

Amazon Braket B & EHIREFEM PennyLane W& MEE CPU M GPU B AafiiE#iss. LRIIM KRR
EESRTUEEZEANREECNESESRSND , TESREMREBE]lightning. qubitiE#EsS, FH
NVIDIA # cuQuantum 2R ENEMN1ightning. gpuliss S, ELABRIERBIEETEARER

Amazon Braket I ZREARHEETREZE 64


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

Amazon Braket HBEABER

X, PINETFHREE K BLEEERTURENEZE( L EZFERLEPR R, BUAE—RZE
CPU = GPU #1T{E# LB TE L REE SRR

{Eﬁﬁwnmﬁi% BRETVUERERBEEERM QPU WES. Hl0 B9 Amazon Braket BE R R 2R
, WEEARE PennyLane £ A AR SR R TR(LBEER AR,

WRERSBCEESIRAR[REER , EEEFEHehybrid_jobZE Mz EMAEMNEE Python
H#, HFEMMA PennyLane lightning.gpu &2 , BHFEE PIEE GPU #H1TE
fInstanceConfig , MTFHEBRBHERFIR :

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)

:IJI‘H

SREPHIETLSE , LUBHHKRER PennyLane AERE RS EIUR ST
PennylLane RSB E Amazon Braket {585

A8 AR Amazon Braket ByPennyLane /MBS |, ST LAE AR E R BIEEERT S SV1 E#ITH |
FERBEER S ERGTEHE,

EEEEFEABEEREE , BH4AE diff_method="device' #¥EE gnode , MAR
diff_method="'adjoint'. FEZELATEHI,

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)

PennyLane t# B fEH B EL Amazon Braket #5285 65


https://docs.pennylane.ai/en/stable/introduction/interfaces.html#simulation-based-differentiation
https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb
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® Note

B&l, PennyLaneZiEE QAOA Hamiltonians M2 #83k5| , ¥ H ©4 Hamiltonian
DERZEFRRE, WREEEER #1T QACA BfEA SV1 WBHE=R{LIheE
PennyLane , BIZEER K9 HE5|IKRER Hamiltonian K4S , M RFFR : cost_h,
mixer_h = gml.qaoa.max_clique(g, constrained=False) cost_h =
gml.Hamiltonian(cost_h.coeffs, cost_h.ops)

& AR S1EH A PennylLane #1117 QAOA SEE %

RS | B ERBENANE , £/ PennyLane BRI SERZRBEZERNESRER, BUUUE
REEZE SRR Quantum ELIHREERE (QAOA) B, BREE I EER Max Cut &iE
{CEEHENR RS , EESHILETFER , UEABETRAEREENSH , IR RHEEE
R, EHEfF K RTHERR  RMATEEZESHBIELRERR , BYRELBNFERARE
BREEEREBMAERERTINERAEERMBERE, HE¥parametrize_differentiablef®
A True , RGBT LURIEN QPUs LS ERZETEBESHAEHITREMENES,

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.
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)

def start_here():
input_dir = os.environ["AMZN_BRAKET_INPUT_DIR"]
output_dir = os.environ["AMZN_BRAKET_JOB_RESULTS_DIR"]
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
checkpoint_dir = os.environ["AMZN_BRAKET_CHECKPOINT_DIR"]
hp_file = os.environ["AMZN_BRAKET_HP_FILE"]
device_arn = os.environ["AMZN_BRAKET_DEVICE_ARN"]

# Read the hyperparameters
with open(hp_file, "r") as f:
hyperparams = json.load(f)

p = int(hyperparams["p"])

seed = int(hyperparams["seed"])

max_parallel = int(hyperparams["max_parallel"])
num_iterations = int(hyperparams["num_iterations"])
stepsize = float(hyperparams["stepsize"])

shots = int(hyperparams['"shots"])

# Generate random graph

num_nodes = 6

num_edges = 8

graph_seed = 1967

g = nx.gnm_random_graph(num_nodes, num_edges, seed=graph_seed)

# Output figure to file

positions = nx.spring_layout(g, seed=seed)

nx.draw(g, with_labels=True, pos=positions, node_size=600)
plt.savefig(f"{output_dir}/graph.png")

# Set up the QAOA problem
cost_h, mixer_h = gml.gaoa.maxcut(g)

def gaoa_layer(gamma, alpha):
gml.qaoa.cost_layer(gamma, cost_h)
gml.qgaoa.mixer_layer(alpha, mixer_h)

def circuit(params, **kwargs):

for i in range(num_nodes):

gml.Hadamard(wires=1i)
gml.layer(qgaoa_layer, p, params[@], params[1])
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dev = init_pl_device(device_arn, num_nodes, shots, max_parallel)

np.random.seed(seed)
cost_function = gml.ExpvalCost(circuit, cost_h, dev, optimize=True)
params = @0.01 * np.random.uniform(size=[2, p])

optimizer = gml.GradientDescentOptimizer(stepsize=stepsize)
print("Optimization start")

for iteration in range(num_iterations):
t® = 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: {tl1 - 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()
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save_job_result({"params": params.numpy().tolist(), "cost": final_cost})

(® Note

BR T AR B Ak X Rigetti Computingz 4k , WATEBR#T. UFERERKN QPUsBXZESH
ETE

£/ PennyLane AEEEESIHITES T/EESH

ZHMIREF WM Amazon Braket JEEEH LEMAXRE PennyLane AR ESERHAITRES TEA
&, Pennylane #9 GPU B #k#8#E85 1ightning.gpufEf Nvidia cuQuantum 2 E R X B E
B, A GPU RSB CFASLEFE Braket TEABPRE , FAETULEFER, EHERL | &
Mg REBUMMAER lightning. gpu RINEEAR TEER,

# lightning.gpuf QAOA THEEH

ZRUELRAPH Quantum L EIRELEEE (QAOA) €6l, ZEEMABRERSS , &

#devices| BIEEAERAMWESE : "local:<provider>/<simulator_name>", fli , &
@"local:pennylane/lightning.gpu"% &E lightning.gpu. BERBFRMHGESTEN
KEFRGURBEH WX EEHGEH"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)

EHEERL , EBMERER PennyLane AREEM EEEE ST 1ightning.qubit ( BA CPU BE# ) M
lightning.gpu ( A GPU RE# ) ., REESFRMUBITEESH , UFEREHE.

RELCERBITERRESEBRBIESH. FAMELHTERERHIT QAOAEEE :
m5.2xlarge#l p3.2xlarge, m5.2xlarge H{TEREREZXERH A B ELHEKE
E. p3.2xlarge EEHE— NVIDIA Volta GPU #1 16GB iCEE K IR EEH1TEE,

FiERE&E#Khyperparametersty ¥R, BREXBTIAXNEEMT , T EATRNHITE
MBS,

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.qubit"
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# Run on a CPU based instance with about as much power as a laptop
instance_config = InstanceConfig(instanceType='ml.m5.2xlarge"')

= :

# 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
MB BN FEEinstance_configAEA GPU B {T{ER | BiR#Z deviceltBRAHAY CPU
BEHES (1ightning.qubit) , BIFE#EA GPU, MREEEL GPU ABE , B EA
BAR GPU BiE#E58 |

B, SUNBRUMEERSER  XHEES 18 ARMNEL LERA QACA R Max-Cut, EEEIR
A 18 qubit EE% , HBBVNAWIT , RSN ECHEREMS . 2x1argeFTEE L REHIT.

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="qgaoa_source",
job_name="qaoa-m5-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qgaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

A PennyLane RRIEEEHTREAS ITIFEER

70



Amazon Braket HBEABER

m5.2xlarge S{TEBHNFHRBEERENE 25 , Mp3.2xlargeHTERN R BEZ BN
A 12 %, BRI 18 qubit TERRE , GPU HTEB TIRMERM 2 FWRE, WREEF Amazon
Braket Hybrid Jobs EEEME , B A EEIm5. 2xlarge#TERMNE o ER A% 0.00768 USD ,
Mp3.2xlarge#TEAIA 0.06375 USD, EEHTHRL 5 ARBER , £H CPU HTERNE
A% 0.016 USD , SifEA GPU B1TEIRMNERA 0.06375USD , WEHHEEEE !

MEMRT 24 AIEEHEF LM Max-Cut BE , SEEHIRA 24 @ qubite FHERNMESTHEELE
;ﬂiﬂﬂ'wbmﬁ?f]’% M B AR AR,

(® Note
# CPU #TERE LBTIESEBNKELAR 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.qgaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlarge BIITEBHNFEERBEERENA—/NE , Mp3.2xlargeHTREBNAM D E, HR
EREBANBEE , GPUBITERBNIEF2ER, ERESLEMTERNS , ERITEEBERNERAN
RS BTl niEP s, EEHTHEL S AREEE , MLEFR , A CPU #1TEE
BERANA 227072 USD , SifEA GPU #TERBMNERANA 0.775625 USD, CPU AETEERE ,

BEEEFELBEMRHAIT. FHHE NVIDIA CuQuantum XEH PennyLane AH# IE#EESF AWS |, EiB T A
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By GPU # T ER IR TERE , TREUERNBERAMNEENFEATER D qubit 58 (7
R 20230 2@ ) WIERE. ERTAEBEAAMBEZEECESHIBOXRNNBITEE LR
EET , BEAUEBRE FEE,

Quantum #E2EFNERFITERE

MRENTHEAFEEREENELIIERNETHSREE QL) , BUNERERNFTREEE SN
BRITEEH, £QVLH , BRSNS EEFER., EETREUTERTIIEERPLEERE. £AE
HBEIRERE  EETNSBEEN , UEEANBRERK, RARBBEHHE-BEHNMER ,
URBEENEFHREANBER EQULH , BRBESEUFIILSATE  BVFOEREEREN
BIBER, WEFREE  SIREHBEREER IR,

HRAREENENBATECRREMER D Rt AFTEEX | B ERTGETRER S
HEBANBRTIRE., EBAERTTEE, £/ SageMaker B2 8RN &R F1TEXE , Amazon
Braket Hybrid Jobs ] 38 X 58 8% £% ith 5 F§ & #1417 IR 2 SR IR FI 4R

EERTIERFETEREN QML TEEH , HFEARBEH UCI REER Sonar ER SRR ZEN
DENES, BMERERE 208 AERE , HPEE 60 BREMFFEFMEIRENTIEE. 56
ERYFERLS "My RTEE , I "Ry REAE. KW QUL EEIEWAE. BABEENE
TER , URAHE, @AM HERE PyTorch FEENERGREREK. EFERAMER PennyLane
# gml.gnn 12 #HEE PyTorch MREREE S, WFETEEHNFHEN K F2RERMANEFEELT,
WME LRA QAOA &4l |, BRI LAMEA PennyLane H# AR GPU RS HEES KR A GPU K&K Zh
gelightning.gpu , AREE#BR A X CPU B4R KR 3348 LE MY B,

EEREAMER , BuLLUEBRHEBEFSIBMWAwsQuantumJob. createM g EEE EZIETIE, &£
B M EMAERE,

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="qml_source.train_single",
hyperparameters=hyperparameters,
instance_config=instance_config,
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)

EEFAENTTERE , BfEEB N SageMaker 7R EREERE LZESHEPINLTERE , U
ERRFTLIE, Bx, BUEAN EH , ZsndistributedEHERESTEEH I HEZHE
GPUs MZE#TERBAN AT, EEIE., HEHETE Braket PyTorch M TensorFlow BEH &
KERE, dist BEESEANRMAEELIESH , IR GPUs #E (world_size) ARk GPU %
Mlocal_rankB rank# . rank 2 GPU EFEHTEEBHEBE XS] , M local_rank2#1T{E
B GPU W% 5|, Hltn , MRENEHTER , SEHE/ B GPUs BERINER , rankEBELRE 0 Z
31, local_rank&iE#® 0 Z 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 | B LADistributedSamplerB#F E% world_sizerank , AR CEEZTERFH A, It
S EE % GPUs FIERENWMEEER R,

train_sampler = torch.utils.data.distributed.DistributedSampler(
train_dataset,
num_replicas=dp_info["world_size"],
rank=dp_info["rank"]

)

train_loader = torch.utils.data.Dataloader(
train_dataset,
batch_size=batch_size,
shuffle=False,
num_workers=0,
pin_memory=True,
sampler=train_sampler,

BE B LMEA DistributedDataParallel ERIKBAE R LITERIE,

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP
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model = DressedQNN(qgc_dev).to(device)

model = DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])

UEEFERAERFTEREEMENEE, EQVLAH  ZEEREREERIFIMNIFEE, MREE
GPU #1TREMINGS , BFEXRREENEN K MERSEMHEE, ZEHEXEEREN , BR&E
£EEF 0 rank B9 GPU &FEF 5 ED,

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 E R FTENEMIM] . p3.16x1large#H,
TEBER, BULUEBREEHKFH InstanceConfig SIBRBRESTHEEER, BE

# SageMaker 7 B ERTFITEXEANECHAERTETERE , REEHEMEENNES

8 , # "sagemaker_distributed_dataparallel_enabled":REH "true" , i
"sagemaker_instance_type"REABEEFEANFTERERE., smdistributed EHESER
EMEESE. SNEELESTHAIZSERREAEM. £ Amazon Braket SDK # |, BRHEFEN
B F5| 8 distribution, EEIBEXNEHKdistribution="data_parallel" & , Amazon
Braket SDK € BB AR A AMEESE ., MREFEA Amazon Braket API , BIZEETSEMEES
.

REHTEEBNERNFLTEER , fRETURERESERK, ml.p3.16xlarge HITEE+HE 8

Bl GPUs, EE&E instanceCount=1 K , TEEHEHBEETER+PH 8 @ GPUs, EEER
EinstanceCount KR — B , TEEHS I BEIFMERTERPAIRN GPUs, ERAZEHTER
R, BEHTERNSERBEEEANSEMEELER. flin , ELAFEANAESTERN , FTEREAS
BETEBSTRENDOEGE , RAEEERTERRRATENITEESR,

instance_config = InstanceConfig(instanceType='ml.p3.16xlarge’,
instanceCount=1,

)

hyperparameters={"nwires": "10",
"ndata": "32",

}
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job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
source_module="qgml_source",
entry_point="qgml_source.train_dp",
hyperparameters=hyperparameters,
instance_config=instance_config,
distribution="data_parallel",

(® Note
EERBEEKRELF , train_dp.py—REAERNFITRENESIREZRETH. 1%,
REELRB L RAEHBREELECERN , ERPTEETRIEREEE, WRERFTRE
BEEREBEICEELZETBNELATHA , BEEEBETeBEERR , ESE GPU T
EEeERREMARANEREE  EXTFER.

bR Z#E vy FEEER 26 U TEFERIIRERE , BOHPNATRHEEMRA, L6 H
EAMML.p3.16x1large#ITEREDEE 04692 X, WRRZEERTFTER , RERANTE
E 45 7 ERFNER 1 8 epoch ( BIEIB 208 EERF ) BRE K MEAREFNS 20 E£it. EBIE 1
BT EEMN 4 EATEENERFITRE , 7RIAFE6 7EN 1.5 78 , EMENERNA 2.8
USD, ZiB 4 AT EREERENFITRE , BT ERSHATRBRA 30 5, ERGHAKIERE
® !

& Amazon Braket {8 CUDA-Q

NVIDIA's CUDA-Q 2 —EHERERNE , EA&F S CPUs, GPUs #l Quantum IREE T (QPUs) R
HETREETFEEZEMEG. TRER—MNEXREE , AMERABEEBAPEARRESRK
MEFES  BLIERRE. EHEREN CPU M GPU ##EECUDA-QINEE FREXNEBRMNHTHE
Faﬂo

£ Amazon Braket BESEHCUDA-QLFEH Azt EMNEEERRE. EERTRARBRRASEIER
HPEHIT , BREAEXNEAENER, Amazon Braket Hybrid Jobs tHiZ2 AT IER AR,
EA AR RERFTAMAENB/ T ERREG  ARBRIGHEEEFEATEEENARETE
B UEITEEMNER,

Amazon Braket JESEH & GPUs , A& KL CUDA-QHEBHEZEBEE, B CPU B 1E# 548
kb , GPUs AT KIgNEE FRENER B2 EMEAS qubit FTEERRE, £ Amazon Braket ;28 1F
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#CUDA-QLEERA K , FTLEREER, BEEEK IS EESEH M < B ERBARMN T8 RIF &
Ko, EREMRNCUDA-QTEEHFTILAREAEETINHARTHERE K MIARAKREER
REEMRIE.

EERKBER |, 5528 Amazon Braket 4 Github EHICUDA-QAFIEifl| , CUDA-QIZE BB EASE
(BYOC) B ZENEKARSR, FHEECELEEEEN IAM A , LBERK[ LA HEMCUDA-QE
Amazon ECR #FE,

THREXIEH R EEH Amazon Braket Hybrid Jobs #1TCUDA-Qf2\hello-wor1d# &4,

image_uri = "<ecr-image-uri>"

@hybrid_job(device='local:nvidia/qpp-cpu’', image_uri=image_uri)
def hello_quantum():
import cudaq

# define the backend
device=get_job_device_arn()
cudaqg.set_target(device.split('/"')[-11)

# define the Bell circuit
kernel = cudaq.make_kernel()
qubits = kernel.galloc(2)
kernel.h(qubits[@])
kernel.cx(qubits[@], qubits[1])

# sample the Bell circuit
result = cudaqg.sample(kernel, shots_count=1000)
measurement_probabilities = dict(result.items())

return measurement_probabilities

FiREEHIfESEE CPU R #E2E /Y Bell ERE ., LLEHSELNELCEE LD Braket Jupyter EFL A L
7. R local=TruefE , ELHTHIECER , FHRSELNAMIRESRE , LT CUDA-Q
BRARAEMEE. TRARE , BB local=TruelEEX#TEE AWS, EEHE—S TH#H
$52 8 Amazon Braket /B EH A,

MREBHTHEEHEES qubit T8, AEEBRRAEREBER , BALUERIEE
instance_configi¥ERFEAERAN CPU BEEER, TIHBABHERREBWMAIEhybrid_job%
#IEE PERE instance_configiiE., WEXZEHTERBENFMHEN , F2EIZEESETHEH
TERBUAZTESH. NEHTEBEINNEE , 28 Amazon EC2 HTEEBEE,

( #PFE ) CUDA-Q ¥ Amazon Braket 76


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/nvidia_cuda_q/0_hello_cudaq_jobs.ipynb
https://docs.aws.amazon.com/braket/latest/developerguide/braket-build-jobs.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-configure-job-instance-for-script.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-configure-job-instance-for-script.html
https://aws.amazon.com/ec2/instance-types/

Amazon Braket HBEABER

@hybrid_job(
device="local:nvidia/qpp-cpu",
image_uri=image_uri,
instance_config=InstanceConfig(instanceType="ml.c5.2xlarge"),
)
def my_job_script():

HRERESNIEAS L LUE CUDA-Q GPU i F#TTEEH., EEMA GPU &

88 FBEHARBERE nvidia, nvidia #iELl CUDA-Q GPU #E#ESEM R E/E, B2E , BN XE
NVIDIA GPU By Amazon EC2 #{TEIREE, THREXHHERETR GPU REMNhybrid_jobZ M
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 X & H #F1T GPU #H#ECUDA-Q, B UAFTHEZETEHRRAER S
ZEER  URATEEENRE, EETTEESETHRANER  FHEELZESHETTIEE,

RENvidiaRimmgpuViEE, ERFITLAHAEENMSLEEE, FTREMFEA MPI £ GPUs 28
HEITEA , At MPI EEET 2RI, XTEZRTN.

EE | FEBRE RKEEHTE N execution=cudaq.parallel.mpi, THEABHERBERELE
B,

cudaqg.set_target("nvidia", option="mgpu")
cudaq.mpi.initialize()
result = cudaqg.observe(
kernel, hamiltonian, shots_count=n_shots, execution=cudaq.parallel.mpi

)

cudaq.mpi.finalize()

#Ehybrid_job&fEBEH , IHEFREZME GPUs WHTEREE , M THEXTEH KRR,

@hybrid_job(
device="local:nvidia/nvidia-mqpu",
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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 A8y F1THE EE ZE 2 AR Hend-to-end&fl , REW{AIE GPU Rim L#1T
ETENEE  UARYEREE MERARBITEITEE,

EEFEMLEHTIESH

SEREREARE  BULEBRER QPUs EH1TER., REZBZ#EE Amazon Braket QPU |,
#5120 1QM, lonQ Rigetti 2B, THIRNE) BRI WA B FRERIQM Gamet B, MEA A
QPUsHIEEE |, 552 B Amazon Braket 12 &,

device_arn = "arn:aws:braket:eu-north-1::device/qpu/igm/Garnet"
cudaq.set_target("braket", machine=device_azrn)

WNEE Amazon Braket B S EENFFHEEN | 2B ABEEHPHFEH Amazon Braket J2&1E#,
EEi— 5 7 # CUDA-Q , 528 CUDA-Q 34,

f5F3 OpenQASM 3.0 BIfTHEH E

Amazon Braket RE X RFENE FEEMEESEH OpenQASM 3.0, A &SRR HE R Braket
X #EH OpenQASM 3.0 TEM &, Braket ®FBREAILUEEMEA SDK 12X Braket % , HEMH
Amazon Braket AP| 1 Amazon Braket Python SDK E 12 OpenQASM 3.0 FEAFTERMEBE R %
B

REETWEEEZSBRNATK TIEFEBNEEHH,

« EARER Braket £& F2E I MIERX OpenQASM E F1E7
FRXENRENGRER

* {£/ OpenQASM & #E 5

I ZE T fm=fE B OpenQASM

HWEE2 T OpenQASM RERE

AEFMURERSEERBEDENEN |, ELIhEE A4 Braket LA OpenQASM 3.0 B , BAKkiE
— S ERAER
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Amazon Braket LESC T
EAREH :

+ ffEERE OpenQASM 3.0 ?

« {ARfEA OpenQASM 3.0

« OpenQASM 3.0 HiB{ER

o FRGH

+ Braket X EHLE OpenQASM IhaE ?

« BRI EH OpenQASM 3.0 E FEFH
- XETE Braket £E& L OpenQASM

« £ OpenQASM 3.0 & #E A

* Qubit £ OpenQASM 3.0 EF B4R

« {8 OpenQASM 3.0 EF{mZ

- Braket &

- HttER

« {8 OpenQASM 3.0 SHE#E

« {EH OpenQASM 3.0 BIZ4EE qubit

fHRE R OpenQASM 3.0 ?

Open Quantum Assembly Language (OpenQASM) 2 & FIE R R ~E, OpenQASM 2—&EH
HMRBIEEE  BZARFERELENEFEXRIE. F£H OpenQASM , FAETUERNZRFERE
FEEZBEERNE TRHEMAERE. BR OpenQASM (2.0) EHZBEEFERRGIEXERARE
REARER,

FTHRZAHY OpenQASM (3.0) IER ERIMR AN B S EZIEE , HIMNIREBRIEH ., MEFTRFFE
MEBEBIRE  URAESRREAERAENERERES 2BMWEE, GitHub OpenQASM 3.x Live
Specification 32 B &7 3.0 MiREFFMEFMEE. OpenQASM HY K RFAEH OpenQASM 3.0 FfiTiE
EFSSEE  ZZEES AWS 2 IBM. Microsoft # University of Innsbruck B &,

A fEFH OpenQASM 3.0

OpenQASM RHFREXRRE , BRIFRBREMNEERHEREEETEN  BHFEESHAZ
BEFERKENRT. ¥ OpenQASM Y Braket XEE —FHERAAFRBRRERNE FEEEZN —H
FE, BOERAEEZEARBTFEENEZENENER,
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MRIEIE OpenQASM 3.0 FEHREMERE , B UAFRECILLEE Braket BEFER , MARTEE
HELER, MRABNHABABHUESIERERESHAAE=AENE , LXE OpenQASM HHY
/iﬁlfsﬁ%o

OpenQASM 3.0 HiEERF =

% Braket X #& OpenQASM 3.0 , ATRRHE B PR TEMHREIN G, ERTERETAZER
EBNEFIELEES L F A Braket BTHIEAERME |, BRI LA Braket £ OpenQASM #1TAPI,

B LUEBEZIRH OpenQASM FHRIEGFIE LAREAERNEE R EIT OpenQASM 3.0 X , H
FRELUA B A S ERRIRMH4E Braket LHEBEMNH N, OpenQASM Braket FAE L AIUEEZE
OpenQASM 3.0 WE=FRXE, NEMWHEHEAI S MR A MMIFZ OpenQASM TR EEHE
Braket £/,

FeRIRH

# E 1 Amazon Braket L{f#F OpenQASM 3.0 , &2 ZE#EH Amazon Braket Python Schemas 1.8.0
WR# Amazon Braket Python SDK 1.17.0 iR E HARA .

MR R E—IXfEH Amazon Braket , BIZEEE{F Amazon Braket, WNERBA , F2E A Amazon
Braket,

Braket X £ HL OpenQASM Ih&E ?

T —E&i% & Braket X HEH OpenQASM 3.0 EREFEE, BRIRRF pragma 18 Ro

TR :

« XER OpenQASM &R FEH

« XEH OpenQASM BiR

» Braket OpenQASM pragmas

« Local Simulator £ OpenQASM KB ThBE S 2
« £ OpenPulse X EWNRIEMTE

Y #EH OpenQASM &R ¥gH
Amazon Braket X #E T %1 OpenQASM & #HEA,

- FEEEYARN (EBRNER ) qubit 35| :
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Amazon Braket HEABEE
* cnot q[0@], ql[1l;
* h $0;
- FHEBSEHTRAREEREAE !
« rx(-0.314) $0;
« rx(pi/4) $0;

® Note
pi & OpenQASM RV AEES , BLAESHERE.

- BERHFEY (EEEBIOM OpenQASM imERRE ) AFEARLRER pragmas REE — MR
fafa o] #RE , LB — pragmas &R :

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

S EH OpenQASM R =

Amazon Braket & T %] OpenQASM BRiR =,

* Header: OPENQASM 3;
- BRIURES :
« bit bl; (MER creg bl;)
« bit[10] b2; (#HEM creqg b2[10];)
- Qubit B :
« qubit bl; (#HEM qreg bl;)
« qubit[10] b2; (#HER qreg b2[10];)
- AR - q[0]
« B A : input float alpha;
- B 1R #Equbits : $0
- HEFXEBENREEMERE
- h $0;

Braket 2 £ L OpenQASM Ih&E ? 81




Amazon Braket HBEABER

« iswap ql[@], q[1];

(® Note

&R LATE OpenQASM BMFN R EBM P RIREXENFE ; FHELRETTEREE
£

- BFHREARX, Bol , RAFXESRGERBRTE. BFHRPqubits FEREFEMER,

#pragma braket verbatim
box{

rx(0.314) $0;
}

* qubits SEEqubit® 7725 LY R 2R B iR,
- measure $0;
* measure q;
* measure q[0Q];
* b = measure q;

* measure q # b;

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

- MAPNE
* #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
- FEREA pragmas
- ERTUENERER

Braket 2 £ L OpenQASM Ih&E ? 82



Amazon Braket HBEABER

- REEMGE : #pragma braket result state_vector
- REFEM : #pragma braket result density_matrix
- BEEE pragmas :

- B#5WE . #pragma braket result adjoint_gradient expectation(2.2 * x[0]
@ x[1]) all

- ZERERER .
- ¥RWE : #pragma braket result amplitude "0Q1"
« W3R : #pragma braket result probability q[@], q[1]
- ERBIENERER
- HAXE : #pragma braket result expectation x(q[@]) @ y([qll)

« BE® . #pragma braket result variance hermitian([[0, -1im], [1im,
011) %0

- #ifj| : #pragma braket result sample h($1)

@ Note
OpenQASM 3.0 B2 OpenQASM 2.0 EII#HE , HLtfFEA 2.0 BN 7 LL7E Braket L#
7. 7B , Raket XEH OpenQASM 3.0 ThEEE — R EFEEZZEE |, 0 qreg vs cregf
CIUbit vs bito. iﬂﬂgnmﬂiﬂ,ﬁiﬁ lzllttﬁ'ﬁgL)\IEEEE’Jnnlfgszw_bnn/ °

Local Simulator £ OpenQASM HY#E S IhBE X 12

LocalSmulator S EHEPRE OpenQASM IhEE | ELINEET 24EA Braket B QPU SFEFEE KM —

PRME, THIheeEEEXE LocalSimulator :

CBERCS:ED
OpenQASM RZERE
BirRRE

EHILIE]

bS]

QASM R
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- FHITERF

MESMERTIEOEH , FLMLHHFETS, WETEN OpenQASM ##s , LB OpenQASM
B

£/ OpenPulse X EWWIREFIE
X #EH OpenPulse ERIFEH
Cal B :

cal {

}
Defcal E## :

// 1 qubit
defcal x $0 {

}

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

}

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

}

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

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

BRI
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// prebuilt
waveform my_waveform_1

constant(le-6, 1.0);

//arbitrary
waveform my_waveform_ 2

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

BRIRERELEH :

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

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

defcal my_cz $1, $0 {
barrier q@_ql_cz_frame, q@_xf_frame;
play(q0_ql_cz_frame, wfl);
delay[300ns] q@_xrf_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(q@_ql_cz_frame, 2.183093190874712);

bit[2] ro;

my_x $0;

my_cz $1,%0;

c[@] = measure $0;

EEIREEA

bit[2] ro;

cal {
waveform wfl = {0.1 + 0.1im, 0.1 + 0.1im, 0.1, 0.1};
barrier q@_drive, q@0_qgl_cross_resonance;
play(g@_ql_cross_resonance, wfl);
delay[300ns] q@_drive;
shift_phase(q@_drive, 4.366186381749424);
delay[300dt] q@_drive;

Braket 2 £ L OpenQASM Ih&E ?
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barrier q@_drive, q0_qgl_cross_resonance;
play(g@_ql_cross_resonance, wfl);
ro[0@] = capture_v@(r@_measure);
ro[1] = capture_v@(rl_measure);

B IR REH OpenQASM 3.0 E FEHE

& LAE A Amazon Braket Python SDK, Boto3 2 AWS CLI , #& OpenQASM 3.0 EFEFKRERE
Amazon Braket £ &,

TP

« OpenQASM 3.0 2 & 4l

« {# Python SDK 23 OpenQASM 3.0 B 77

« {#H Boto3 23 OpenQASM 3.0 & F{E#

« £/ AWS CLI 3 OpenQASM 3.0 1E#

OpenQASM 3.0 F2= &4l

EEE T OpenQASM 3.0 17 , BRI LA %R GHZ ARAEREZ OpenQASM 3.0 =R (ghz.qasm) B
%, M HEHIFTR.

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

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

h qle];
cnot q[@], q[1];
cnot q[1], q[2];

C = measure q;
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{#F Python SDK Z3I OpenQASM 3.0 B F1E#

&R LA A Amazon Braket Python SDK , #§ltiZXN R ZEE T 5EZXIEH Amazon Braket &,
FHIE A E B Amazon S3 EFEETEME Tamzn-s3-demo-buckety BMX AEEH 2K Amazon S3 f#1F
Bl E M,

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

# Import the device module

from braket.aws import AwsDevice

# Choose the Rigetti device

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

program = Program(source=ghz_gasm_string)
my_task

device.run(program)

# Specify an optional s3 bucket location and number of shots

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

s3_location,
shots=100,

{# i Boto3 1 OpenQASM 3.0  F1£i§

& A LAEA AWS Python SDK for Braket (Boto3) , £ OpenQASM 3.0 FHEEVEFEHK , 0T
SIEBIFT R, T IR ERSE ghz.qasm , L GHZ AREE | I EF R,

import boto3
import json

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

my_bucket

with open("ghz.gasm") as f:

source = f.read()

action = {
"braketSchemaHeader": {
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"name": "braket.ir.opengasm.program",
"version": "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=7json.dumps(
action
),
deviceParameters=json.dumps(
device_parameters
),
deviceArn=device_azrn,
shots=shots,
outputS3Bucket=my_bucket,
outputS3KeyPrefix=s3_prefix,

8 AWS CLI 23 OpenQASM 3.0 £7

AWS Command Line Interface (CLI) t2 AT A ZR$E 3 OpenQASM 3.0 F2x{ , I~ HI £85I 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"
b
"source": $(cat ghz.gasm)

} 1

B WIRAEH OpenQASM 3.0 B FEH
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< & [ Braket & & £H OpenQASM

HMZE OpenQASM 3.0 HIEEE , action WU X EEIB GetDevice EIEMFTEIME , 21T 5l Rigetti
A lonQ KEEBIFTRo

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

"name": "braket.device_schema.pulse.pulse_device_action_properties",

Hpulselt @1,
// Rigetti
{
"pulse": {
"braketSchemaHeader": {
"version": "1"

iy

"supportedQhpTemplateWaveforms": {

"constant": {

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

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

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

"supportedFunctions": {
"shift_phase": {

"functionName": "shift_phase",

X ETE Braket & & £# OpenQASM
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"arguments": [

{
"name": "frame",
"type": "frame",
"optional": false

I

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

}

]
},

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

1,
"supportsLocalPulseElements": false,
"supportsDynamicFrames": false,
"supportsNonNativeGatesWithPulses": false,
"validationParameters": {
"MAX_SCALE": 4,
"MAX_AMPLITUDE": 1,
"PERMITTED_FREQUENCY_DIFFERENCE": 400000000

[

ERBE AR T HIEE -
EEE

X ETE Braket & & £# OpenQASM
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BRYEEERENEBEBME /N , RPA QPU LEEWHALRENT (extern) KEEREE, EHEHR
JIHMEERERSEEAERRIMNOpenQASM 3. 0BXTEAETATRNEBIRT, EEENH
b B 2LE

- E#EE D (portld)
« 1£ OpenQASM 3.0 FEERBFIFNERIEE R,
- HE (HM)
- EEENAE, UEEEZRBERRE (A0 W), MAIEEERERRE (5@ %)
- BEEBHA (portType)
- WEBBESENWERERE (S, RERE, EEE - RERE ).
. Dt (dt)
- RRETERELE-SHHREBLSRNEE , U REN.
* Qubit BR5¥ (qubitMappings)
- BISEEEEMBBN qubit.
« HMER (centerFrequencies)
- EREBELFEHAAESIEAEERERNBE R OEAREE, NEFEHEA , F2RAERE,
- QHP % E B (ghpSpecificProperties)
- EANME , FHERAEEE QHP BEEZRENR AR,

-2 -3

HRE QPU LEENFAERENATER | URSBRNEBEE. LEBPIIHNAMEERBSERER
ERRXHO0penQASM 3. 0BXFHHEAEERBERNRIIFT. ERNEMEEIIE
 1EZE ID (frameld)
« 7£ OpenQASM 3.0 HELE ABBI TN LB R,
- E$EIB D (portld)
- ERNMEEEEELEE,
- ERNERIBEER,
- HBEE (centerFrequency)

- THRNBERBIR L. —BRME , FRRAERBAEBGPOERNEBEER., Bt , BRFRER
BFEFLERNEEZERN. BFUERFSHPRIEARE,
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- R (FEER)
- ERNTARVBRER,
- EABEHY 8 (associatedGate)
- EIEEXBEBBREE,
* Qubit BR&¥ (qubitMappings)
- BIEERXHBAEBBR qubit.
- QHP % EB M (ghpSpecificProperties)
- EAME , FHERAE QHP KREXKNR BB,

SupportsDynamicFrames :

HIRR B LUEIB OpenPulsenewframeBEI7E calm defcal BIRHPEE K. MRER false , Al
Rt e BN ERAZEEBTIIHNEE,

SupportedFunctions :

BR T8 EOpenPulse NV MBS B, SIBBEANBEER I  RUREXENRE. BREEE

F OpenPulseEEIHI &3] , 5528 OpenPulse # 1%, Bl , Raket X & :

+ shift_phase

- BEENRRERLAEENE
» set_phase

- BEBNEERREAEENE
» swap_phases

- RIRERAE BRI
« shift_frequency

- BEENBRERLEENE
 set_frequency

- BEBNERREAEENE
- B

- BRI
 capture_vO

- BEIRFAE LV EER TR

X ETE Braket & & £# OpenQASM
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SupportedQhpTemplateWaveforms :

HRRE L TANELRERER  UREBEBNSIBMNER, RIZFER , Raket Pulse BEAER
B LRHEFELEZENREER , a2

EH
Constant(t, T,iq) = iq

TREFEHRE , M iq REMNEF,
def constant(length, iq)

= H7 3
CGoussianic r oA | 748 - )

S |2 (3 (5)) - za e (<3 (%)

TREFEHNRE , oREFNEE , ARIKIE, WRZaEHK BREA True, SHERBUEHARSR
B, UEERFNRENERESENRE  MEIAZKAE.

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

DRAG SHX
DRAG Gaussianlt 7. 0.0 A | zaE (0

e () [exp (_% (t—jf) ~ ZaB xexp (~} (@2)]

TREFENRE , o REHHNEE , P RABSY , ARKIE. WMRZaEH RES True , BIH
Adiabatic Gate (DRAG) Gaussian ETHITEBRERBNEMARLE , LETRFENRABINER
RERE , BERSSZETARAE., FE DRAG REHFMENR , 2B A KE Simple Pulses for
Hil R 55 IR M Qubits PHYEIR.

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

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

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

A x

Hp L RRE 6 WERFENEE , oEE2HLAMTRINERE |, t1=(L-W)/2 M t,2=(L+W)/2AR
RiE. MRZaEA REA True , SHERBLEFARRE  FEERFTNEANERBEENRS I
EIAZRAE, FTHIAFEXREFAEBRENRMRA,

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

a=erf(W/20)M WL Eb=erf(-t,/0)/2+exf(t ,/0)/2 »

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

SupportsLocalPulseElements :

HRREB AU Edefcal BRRAAKERME TE , FlaNEER, EEINRE, MRELS false, Al
AEcalERFERTE,

SupportsNonNativeGatesWithPulses :

FRABRMPRAEUTURTEAFEFREREEREERNESER. Hln , MRREdefcal ER AFEH
B qubit EEHEE K SRELEEXNPFERAERLERE , fINEE, S AEEENRETRIIFEER
EnativeGateSet& @M FE,

ValidationParameters :
HARE TEZBERRE , 25 -

« BRENRABR/EAIRIEE (EEMNELRE)
- REHDOERNFZAEREET | LI Hz BE(NL

- BOORERE/FERE , UV REN

- MEREAFHERSE LR , UV AEN
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£/ OpenQASM X ERIRE, BRMEREH

EETHEEEEZEWLE OpenQASM 3.0 ThEE , WA ELEEhaE@E A action M FSE
braket.ir.opengasm.program&i#, 520 , T %2 Braket State Vector #i#E2s AI AN ERHE
MEREESV1,

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

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

"version": [
"1.0"

1,

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

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

cy,

cz",
Ilhll’

i,

"iSWap",
Ilpswapll ,
"phaseshift",

rx",

ry-,

rz",

S,

"si ,
"Swap",
0

’
ngqn

’
VAL

’

vi",

X,

xx",
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IIXyII ,

Y,

Yy,

1,

"supportedPragmas": [
"braket_unitary_matrix"

1,

"forbiddenPragmas": [],

"maximumQubitArrays": 1,

"maximumClassicalArrays": 1,

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

zZ

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

X,

Yy,
"Z",
Ilhll’
Ilill’
"hermitian"

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

I

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

X,

Yy,

z,

X ETE Braket & & £# OpenQASM
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iy

Ilhll’

Ilill’

"hermitian"
1,

"minShots": 0,
"maxShots": 100000

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

X,

Y,

z,
Ilhll
7’
Ilill’
"hermitian"
1,

"minShots": 0,
"maxShots": 100000

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

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

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

X ETE Braket & & £# OpenQASM
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5 OpenQASM 3.0 HE#EEHEEA

EEFEH OpenQASM3 {E#EHEA |, B LAEH pragma IERRETIBHMAEE 7, Hlin , &EEEE LA

RMAR GHZ R HARAE |, B LR T3 OpenQASM £,

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

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

h q[o];

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

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

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

C = measure q,

THEERMFTE X EBMN pragma BAEE FHRIE,

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

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

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

#pragma braket noise two_qubit_depolarizing(<float in [0,15/16]>) <qubit>, <qubit>
#pragma braket noise two_qubit_dephasing(<float in [0,3/4]>) <qubit>, <qubit>
#pragma braket noise amplitude_damping(<float in [0,1]>) <qubit>
#pragma braket noise generalized_amplitude_damping(<float in [@,1]> <float in [0,1]>)
<qubit>
#pragma braket noise phase_damping(<float in [0,1]>) <qubit>
#pragma braket noise kraus([[<complex m@_00>, 1, ...], [[<complex ml_00>, ], ...1],
<qubit>[, <qubit>] // maximum of 2 qubits and maximum of 4 matrices for 1 qubit,
16 for 2
Kraus iB& ¥
EEEL Kraus BE 7 , BAUZE—EFEREE , BEENSETEINAERMKEN,

£/ Kraus BE 70§ |

ERETHEE

BHEE

99



Amazon Braket HBEABER
- WEIEqubitsTBBIB 2, BEEARTH B A ERSRELLRH.

- BIBBEENRENER 8B, ERTEREEH 2x2 FEMEEK.

- BEETHEE 22 M-l 5 SRR 1 4 EERqubit, 2 8 16 MEEMRqubits.

- FIERMUNEEDBET S EANERRE (CPTP),

- Kraus EEFWERRHEELMEEZME S 5 4EME,

Qubit £ OpenQASM 3.0 EFELAR

Amazon Braket X #ERigetti# & £ OpenQASM R EBqubitR~E (WNFE—STH , FSHRLE
H), BSEE qubitsBERAE S ALK MBEEAR , BRRqubitsTEMMEE LiElE . HE , R
HAEAqubitiEf , RigettiBIZEE AR A PARTIAL rewiring R,

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

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

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

£ OpenQASM 3.0 & FimE

B8 Rigetti, ¥ SHERHNETFERLBITEFERFIonQ , BAUEREREFRTERBESRH
TIENER  BEFRETEMB R, WHRBAZRFRF. £A Rigetti KE , B UBHEIEERFZNE
B, ERERREER K IRAREETNRHERS. FEEREERNRERD , LEEEREEIA
ERRERME, BA, lonQ EXERFEETHENZZREZF  AUERTNESEETHRTEARFHRE
%o

£/ OpenQASM , AR ERNIBT A REBEIEE —FFE=W pragma , RAETZERIVEKRER
ZFEXREL, THEXNBEHH REBWMMER #pragma braket verbatimigHHRER M B E,

OPENQASM 3;

bit[2] c;

Qubit EHECLR 100


https://github.com/aws/amazon-braket-sdk-python/blob/0d28a8fa89263daf5d88bc706e79200d8dc091a8/src/braket/circuits/noises.py#L811-L814)
https://github.com/aws/amazon-braket-sdk-python/blob/0d28a8fa89263daf5d88bc706e79200d8dc091a8/src/braket/circuits/quantum_operator_helpers.py#L94-L108
https://github.com/openqasm/openqasm/blob/main/source/language/types.rst
https://github.com/openqasm/openqasm/blob/main/source/language/types.rst
https://pyquil-docs.rigetti.com/en/v2.28.1/compiler.html#naive
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#pragma braket verbatim
box{
rx(0.314159) $0;
rz(0.628318) $0, $1;

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

NEERERFREEFNFHENR , BRESFHINRKEERK , 552K amazon-braket-examples github {7
FERRMHNZEFREZEHERLRR,

Braket ¥ 4&

OpenQASM 3.0 EF Al E A |, 3t B AT BAfE Amazon Braket TR AR EE, £ £2A L, %
OpenQASM 3.0 FRRRXEBFEENRKERERIAEE FEBNERER.

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

fNEEE Amazon Braket EBA%ASEA OpenQASM M EEHIERE A | 5586 Braket HZ R GitHub,

2 OpenQASM 3.0 ST EHE

£ shots=0 ( %4 ) BXTHITHE , Amazon Braket TERBEMAKERSI LNHEEE, E2E8
FABEERAERERN, FEETEEENEE , B URMEER pragma , T HIEHIHE
XIEFT RO

OPENQASM 3.0;
input float alpha;

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

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

Braket £33 & 101


https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Verbatim_Compilation.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Getting_Started_with_OpenQASM_on_Braket.ipynb
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b[@] = measure q[0];
b[1] = measure q[l];

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

&M T BAE pragma FiEEal1ET , MARHBEIILAEELS . ERRBIIENMBEiInput
YA ERE  ESHABIEKRE , EAREELNENEE, EHERT , pragma FRREET 55
PRERR.

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

Amazon Braket #J OpenQASM 3.0 B EMETHAIERE K SFE/EEEHEF. REEM. Hermitian
ASAEBMAISUmERRIER, EEFERAREFANKSEERE FXETRE expectation( )EE
W, MEXEREEETHRINSEFRASEBITEEN qubit.

£ OpenQASM 3.0 BI24E qubit

Amazon Braket IR AR E O BAE B IR M A E B R E R X BEIR X OpenQASMER , HAH]
PUEE M B2 ERRM qubit 75, LIEEERANIIE , IZEFEEEEEEMNME, §
m, ZEATERBHEF , BAURYE qubit ERL , WIBFLAEE —E qubit, AFFREE @
qubit,

partial_measure_gasm = """
OPENQASM 3.0;

bit[1] b;

qubit[2] q;

h q[o];

cnot q[@], q[1];

b[@] = measure q[0];

FEESIF |, RME—EEEME qubit q[0]1F WETFERKq[1] , ERMIAEEBAESE —@ qubit
HAREE, ER AT FMEMKDLO] = measure q[0] , ZITEHE qubit [0] BIREE | WiEERERE
BEMT b [0] A, BEHTHIBRERS , KM ATLE Amazon Braket FREH A EEARRE 6 2 48
w3 FHT T IRERR,

from braket.devices import LocalSimulator

local_sim = LocalSimulator()

BIZ45E qubit 102
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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)

FBAUBERBERAXENIHE , FERREHLBERBMRN
requiresAllQubitsMeasurement ¥ ; 2R ZE False , A EI 9B E,

from braket.devices import Devices

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

£8# , requiresAllQubitsMeasurement® False , RN IEFTHE qubit LB E,

RRERINAE

ERINGEREANFRNFNR , EAMEREHIIENEIR., ¥R QuEra Aquila FIIhEE , BLEEE
£ Braket XA ERFE T ANERMIIEE,

EERFH QuEra Aquila W EBRINAE -

1. BB E Amazon Braket 12 H |, REZBENABAIEE A Braket Direct , RAREBEZERIIBEER,
2. BENBEFIETIESERNES,
3. RUIEEHNFHFMENR , UREBFEIEALINENNVE

EAREH

- 77EX QuEra Aquila B A #1457
 1#HL QuEra Aquila FH) & 10

. T?HX QuEra Aquila |t SRZEE4
- QM #E F N EREER

%II

7B QuEra Aquila LRy A BE44 53

Local detuning (LD) 2 — WY RFEIMEKZEHIEAL , EETEINZEEN. LD MuSRBEAT BT
W ZEEEREE qubits , BRT i —E B A Rydberg-Rydberg BB/ AEBI AR ZIA , BTRE/
qubit B FEH Hamiltonians,

(ERE ) RRERDEE 103
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PR IR 4

FUARMUNZERXTLEE AHS BX BT , EEEXBEPREEN, &
HAZRRMUNEEFILAUERENER , BRAESHIRIERE, 1A,
AEFERUNSHEZIINRERS , DEBKHEREBM - P Braket SDK 1

flaquila_device.properties.paradigm.rydberg.rydberglLocal,
PR :

BTEAAHAZRUNETERR (IEEANMEEZHETREARHTE )  KESBERL
Aquila BIEMEERERFIIHEN T2 REERN -3, NRFFE , ZEEKER AHS FHEINEZH
LR SR 2 FIVAS

Analog Hamiltonian simulation Spin terminology
qubits 4 50 oo ok 4 50 4 spins
global driving field - amplitude —»
(time dependent) transverse
- <”X", ”Y”) ﬂeld
phase —— v e v v v v v
(time dependent)
detuning —
(time-dependent)
) L longitudinal
|Oca| detunlng > <u n) f|e|d

(time-dependent)

g4 -
1. BEREERAE DTG @RS R E

B SRR B4R 12 7Y iR 1R A PR B quibits Y ER B SR RSV R MBS AE E] | B BR B4R (v AY SR B 405
REVEME qubits RSB EE MM O MAEE, BREAMERMUNZEEG , TUEREE
BV R E R

2. RfmIEF a4 1aIRRE

17EL QuEra Aquila £ #9244 5 104
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g ERAEA Rydberg R FIEEEREER , mEUNMERRFERKE 22 SirREERE , #1H 9-
atom UM P REFHHE . EEBIRR , PHFARRVSEETRE  MA AHS BEXE
REEERRRLSEFFERER BN RREESR,

3. R MERELEE

BRAREF HFAEEBIE (MWIS) BERIMAE Aquila EFR MWIS RfE, AEARBVARE
SEVHEBRSY EWEE | Hi245MH Rybderg-blockage M REH., RFE—MbEARERL |
WEHBEARBTARE Y |, TEREERAE MWIS Hamiltonian i EAREE | USHKEBENERA

=

ZH! QuEra Aquila EHI &4

RENEMBIETREESERSHNEME, BTIIE , BN AHS BXWRFHEHI T E
Aquila —RRZHEELASNEY y o EEMBANRE

BR I 46R 44
BB ABES 0.000128 AR (128 um),
BRI -

EEMIRFRANERMIIGER  KEBMER LETRHNIIsEMGetDevice RSB BRI ST
EN—MRTR, 8 AHS EXFEABE —MIENRFHESIE | EXERAERSEM. £EKE
Rpre_sequencefVEoH , B RIRIEFARN 0s BE WM , EMBRENESTEXRNBICZHHNEE,
HHRREEFHZREFHNERIIPREK,

17EL QuEra Aquila RIS 21T 105


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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&l :
1. BRI 1d # quasi-1d BEF

FEFEMBERITURRIESHE T, BBERABOFITR Y, AHEARFIELERENEREK
YT ERE.
2. FRANELMRETHTEBNESEH

Aquila FHVEPIERAFTEFEBBEINARSNATHES  EBE—ERFHI P RERE
BENRANSIRER, CREZTAES , TUREEZEIAR,

17HY QuEra Aquila LRI R34 ]

RELRMYREATREEERBERS  EEEEENEM, £ AHS BXF , RFUEMIIBES , 3L
RONEERESR. FAMERFLHN y ERLEAT (HEERS ) K HEEARKPNERS
B (TREMI ). BHRENEMEINE , INWERFTIBEGRED  KMELERZNR T
B, HAKEHRTEEERF cBNRIBEESERER , BEAFEUSR , EPERFE FEAR
L EEITAVARAES , BEGEIEZNHMR=ATBR.

PR IR

REREMBNR/NERSIBES 0.00002 2R (2 um),

17EL QuEra Aquila L HI B B34 106


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/03_Parallel_tasks_on_Aquila.ipynb
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BRI -

EERFRALERMEIER  KEBMEER LB RN IIENGetDevice P SEB R RS ER
—fi TR, B AHS EXEABH —MRUENEFHIKE  EXxERFHEEN. FEFEEEHE
Rpre_sequenceMH T PR IEZFFAHN 0, EMEEINETRDB RIS, LHREER
BRFZRFHNERSIRREK,
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gl

1. BB P FEEWIEERIEF
EEFNERIBEATELERR  HPSEBEERELRFHMEBELRE AT H, EEFENEH)
BRZAKE. NEFM Kagome ik , Uk —EEEZF,

2. AN TR
EAHS EXH  ZERBERFH BENEHRARES, FRFENERIIBEAFEBHMAR

TRERFHEHABRENED K RAERETFEENAENERTZH/NER FEE R HR4H R
#l, EEFENHFREETEA#KRERN Shastry-Sutherland #&F R,
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IQM &E LM E)REE ]

QM ZE FWEREERATRMAPERAE (MCM) MO RIERE. ELHEAREFMRASNFEE
ABBEEERHANEBVNETEECRAYRNERE FEREE, KERNDIEAYRRRETER
%, REEFRME , URTRE FHREENERISERS

EWMER

« measure_ff : BEERIEREFAAE , BE qubit, YEAZREESBHERELE R,
- cc_prx : BEEERESNEGR  RETHECERCESBEBBNERIE 14 MERFEA,

Amazon Braket &8 OpenQASM, Amazon Braket SDK# 3 iE B)#E &} Amazon Braket Qiskit
Provider,

PR IR

1. measure_ff ERHPHERCESW|I AR M,
2. cc_prx XEFAMHENEREES8neasure_ffE 28R4,

3. BEE—BKe , ¥ qubit WO ETEEE RAEH — 1 qubit #3=4 , ER2EBHH S — @ qubit BHl, £
FENVERS , B ETENZREEH,

a. Blgn , 1R qubit 1 B qubit 2 #& , AIFEEHERER P H qubit 3 #Hl, £ qubit 1 F qubit 2
ZBERAEFENXELEAERS. Qubit2 ATLAEB qubit 3 ( =% qubit 1) #2H |, BRIETE qubit2 £
BITEBER.

4. BEEREERAZHBEESH qubite IQM Garnet A Emerald #£E 1Y qubit BHEM A T IS &
H,

5. EEELINEENERAMEBUZFARNRER, EEH S THEIFER |, F28EH OpenQASM 3.0
HITE FiRE.
PR& :

MCM ReeAREXPAVRIERES. MCM &R (03 1) FTEEEBERPED,

IQM & FW B REE R 108


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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EBEEGSERMEIQMEER qubit 74, Garnet 20 qubit £EEE 2 18 qubit B4 , ™ Emerald 54
qubit Z£EFE 4 & qubit B#H.

gl
1. BB E B ERHEST Qubit EEEA
BEERGRERREN MCM T EE—SBHTPRA qubit EEFER., ETRPDERREER , I
WEETHEEERFEAE,
2. TEfU T HIERE
BRRSRUEIVIHEER  YRBIEEREAKSERE, REFTHAEFEHEBEIER.
3. EEER
MEEEFERAABE FREMN MCMs NEREARER qubit AREE. Gate Teleportation B qubit

ZEEERE , MAFEERE quantum R, ELERE=-EABRFAIAP REERTFEX  BF8HE
RRE, WAEBAERNE FESNE TFEHR,

4. AR BT REER

PREERTEBEREBMNANRREME  UREAERERE FREPNMEA. L EERRE
qubit RFRERMRR TR, MABEHEAZRENREENRERG,
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MEEREBEERAVFMEN , 528 Amazon Braket EFCA 17 E A H £ 51,

Amazon Braket - B9 iR &z &l

IRE 2= H 8 FER T qubit WELLFASE, EIB Amazon Braket LS ERE | B0 A FEEUARE 24
Thee | LUMERAREIRRRER, &7 LUEB Braket SDK, f#H OpenQASM 3.0 =X E #2i%38 Braket APIs
FEHARE R4S, B% , NB1E Braket F ARIREE 1M — LIRS,

AR :

- BERE

- R

- FRNEZENAS
- f£/ Hello Pulse

- EAREFRELERE

(=1
L

BERR-EHREHR , TARBARETEANERTNRE RERESESREAENBHEARERN
BREEBEFEAR LEE, BAREBE qubit i , REERE qubit WEIRER, BRUB 6 UK

BRI EHNERE. EBraket Pulse # , 28 & %HY/JE#‘“*E RERNER, REBEME , B

BEFELEZNE , RAERERPITERCTNZE

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)

( P& ) Amazon Braket £ ARE 24 110


https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/experimental_capabilities/dynamic_circuits
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EEE

EEER -BERRBMR , AKRESH qubit WET@RA/MLERTH, CEPRERUERRMERET
DB EBNRE , JEENBE qubit, ERENBHARAKEEREBNE—FH, kFHBER
M/ EEEE  EERMATUAERKENBHARE.,

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

BRI

R -EREAKNES , AARERHESRE FRHFN , WEBE EREBFENFAR. ELE
BEMBFEENEARTEARRBEXEELSE , EREEENER.

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

Braket Pulse RIRERNKLENE , BEBHKE. SHKE , WK _E8EIE (DRAG) KFEHITT
EBR, BULUER sample NEREUREESR , UGSUREMWR , T HIEHIFT R

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))
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—— ZaE = True
0.10 A ZaE = False

0.0 0.2 0.4 0.6 0.8 1.0
Time (s) le—7

FE#ERRE BN S HE K FGaussianWaveform, FHFIiEIE 100 ns WAKERE. 25ns WE

B, UK 01 WRIE (EEEN ). BREUAREREEAT L. GaussianWaveformiZFZ Mk &
zero_at_edges ( Bl ZaE), 384 HTrue , 5| ERBESHIERE , 2 t=0 M t=1ength A E
NRE K WEHAZRHIRE , ERAEHEEanplitudes| &,

FRNMERENAS®

FERABERETANELERIRINERERE, RACKEHENRERESS LBRIRFR I ROH
#lo

Rigetti #1&

Rigetti EEXBEEAEZMN L , HERMNE R EREAEMBEREE qubit ITHIE, HREFRE
q{i}[_aq{j}]_{role}_frame {i} R¥EHE—1@ qubit BF , {jIRIEE =M@ qubit EF , LABHFEEH
REAME qubit BB , W {role} RIEFHEHNAR, ABWTHR

- rf REEE) qubit 0-1 EIRMIEZSR, IRESLLALEER setM shiftHEBUREANBERNBRNOBRE
MRS, FENEEAKRERAFKR EBRNETRE, ERSRAE—NUTHNEAEN
BHE, MEFHMEN , 5528 Krantz et al. M Rahamim et al..

- rf_f12 LR | tfESEL 12 Hi 5B E,
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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
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« ro_rx ARZEBRMEHATHKEERE FN S HERN. BEURFEHNER, MRV TESHESHEL
RIE, ©FEB FMHcapture_vo , BRT EHREBEIF2HN , TEEFEMEIE,

« ro_tx ARRIREREHAT. EEIRER.

« cz RRERBRENEK , IMAE qubit czFE, BRfFELEREEBHNAMERE —& K TEERE
ERREMBERS , FEREREBENRETAGTEEN TR qubit, MEBERFINFFEE
# , 582 [ Reagor et al., Caldwell et al. 1 Didier et al..

« cphase 2FRIBRIEMNEE , TRAE qubit cphaseshiftBE , WEREE ff EiEE, NEREM
FINFFHEN , F2RAE zBRA,

o xy ERBRIENEHE  TMAENMT XY0) BE , WMERE ff EiZR, NEEESREMSE RN
AEHR XY RENFHER , F2EczZERNERM Abrams &,

EUffEREARERNTRER TR qubit KWIERE | FIEHME qubit HEIRERE) A& BR & LR IR
ENAREREERERBENEETIR. Fit , LA EBKERINABIHEEAR qubit IER
R BR,

R

Rigetti £ ERMABBEENERENEZIEFTE, BRESWEREN , qli}_{type}HEA (i} 2

18 qubit 5RHE , T {type} RIEBEZFENER, FIE , YWIEMHE qubit #E —HTRAERIE, EiF

ERNERNMTR

e rf RREHE— qubit BN IFIENE. CHE rfH of_f128%H0H. ©UERHXE qubit 58
& , REFRTE gigahertz EIE R1TH

- ro_tx ARBSTRERIIUERSRNBEE qubit WEEHIRSE, BRFARINR/EEALHE
2,

« To_rx ARERRBEEEE qubit 2 BEURZESIMEARR.

- ff RRBERESE qubit WIREBEF,. RATUACKRARE FWER, RERTATSERAR
B qubits F EGfFEEER, EEETAREA qubit-qubit E8) , AASHEBNE T EHEE

EHNERBE.

MBERBNFHEN , F2E Valery &,
£ Hello Pulse

AR , 8887 a0 E 84 ARigettist B LAY IRE RERMEBE — qubit BFE. KEHMUE
FZE qubit &3 Rabi #x#& , WEH 0 AREM 1 AREEZ B qubit, FEiB ER ERY AR & B B
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https://www.science.org/doi/10.1126/sciadv.aao3603
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.10.034050
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.97.022330
https://www.nature.com/articles/s41928-020-00498-1#Abs1
https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.3.020337
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EX , Rabi #xB A LAFTEE — qubit B8, FiEE , RAKRERE pi2 RENFEREGRE K ERA
REEEREMTFINERELR,

BE K BERERERFY , 3BEA PulseSequencefdil,

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 | #£/8 QPU B Amazon Resource Name(ARN) #11T{E &L #HY Braket £&B, THRENBEHRME
H Rigetti Ankaa-3,

device = AwsDevice(Devices.Rigetti.Ankaa3)

THREFH T SMETH : BHRORENRE qubite IREFFBETAERELHE. BRT —LHHR
W, BlIANEEE AR | SLHISMR AT AERE qubite EEBIREF 28 , B4 EREEIA AR
%o EREERAMNERM Rabi fRBAVARE , MBEEEZRARNAE qubit AREE, LLBBHIFERA qubit 25 KR
%, MEXRNFEET  F2RELNEEENFE,

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

BE  BUBEESHEETBERNER,. BERRATEREGEREN qubit TA., B8 XHSEHRTE
REWKEE. EARERFSFreeParameter¥ XM Braket , MARERFITHEBILITEFE. EAILL
FREESHELBEENRERY —X , AERERTRENE AERNTHRNREF Y.

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

&, BefinE—eMAREF5. EREGF5D , SERSIE LplayBRIBEENRE , L1EE
B t&capture_vORIEiRAE,

pulse_sequence = (
PulseSequence()
.play(drive_frame, waveform)
.capture_v0@(readout_frame)
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FREERFRE , YEEERXE QPU,

start_length = 12e-9
end_length = 2e-7

lengths =
N_shots

tasks = [

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

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 B 2RI ER SR RTE 0 MREM 1 MEZBIREN qubit IREFRE, BBEERF | BT
EY Rabi 8% |, WHFAMRKENRE , LEBEZREN 1-qubit BE, flIn , RTESHNER G | BEIMEY
A 154 ns, EIL , pil2 RIEMESYHEERE = 38.5ns WIREF 5.
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{#F OpenPulse B Hello Pulse

OpenPulse R—EBAREE—REFEENREFBRZFINES , 22 OpenQASM 3.0 HRIZFH —
%o Amazon Braket X E £ OpenQASM 3.0 FEE/TviOpenPulse EREEGHIRE,

Braket £ OpenPulsefi BEBPB R T E , MEREE TP RIEMRE. OpenPulsexx &L
defcal( "ERRIE, NER ) EEFAFEIETRE, BBRELES , BUUEREBRNESIX
EHEERERESHWEE,

B LAE A PulseSequence T 5l an S #24R Braket 8 OpenPulse 23,

print(pulse_sequence.to_ir())

&t ] LAE #2248 OpenPulse X,

from braket.ir.opengasm import Program

openpulse_script = """
OPENQASM 3.0;
cal {
bit[1] psb;
waveform my_waveform = gaussian(12.0ns, 3.0ns, 0.2, false);
play(Transmon_25_charge_tx, my_waveform);
psb[@] = capture_v@(Transmon_25_readout_xrx);

}

FRIERIEEMLProgram . A% , BEINERE 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)
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{5 F A& 17 R £ 58

MAAEBEFTERVAERE QPU XENFRERMENFEBEARE. RE TS AEREMEFER
iE 1E|T¥HYb1Fﬂ—Ja%Eﬁﬁnkaﬁ1%§EQn+Eﬂ¥E’JFﬁE FRRERBEOVEAME |, FINBBEFISE
& EH’JHJTHEI ITEMAINME

Amazon Braket X ## Rigetti MR R AR EIRERE.

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
ERHEBEEMRE QPU , BEEXT R —IR, Braket SDK A REHBHATHIMERIE.

device.refresh_gate_calibrations()

EEHIEENRLERE , §ltn RX 5 XY BiE , SEEEEGateWHFNREBH qubit, HIZ0 , &7
LEE 0 LEAM RX(11/2) qubit B AREE/E,

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

pulse_sequence_rx_pi_2_q0@® = calibrations.pulse_sequences[rx_pi_2_q@]

BRI LAER filterREEY —HENERHRIE, BULUEEREFESR FEQuUbitSet, THRERE
SEVYMME , HhEE RX(11/2) M 0 qubit WFATERIE,

rx_calibrations = calibrations.filter(gates=[Rx(math.pi/2)])
q0_calibrations = calibrations.filter(qubits=QubitSet([0])

B, SUNEBEZBIREEREHISHFEERFENEFE. Hla , FEBTIER.

AN 7 BUR E ME T
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bell_circuit = (
Circuit()
.rx(0Q,math.pi/2)
.rx(1,math.pi/2)
.iswap(0,1)
.rx(1,-math.pi/2)
)

A LLEB G PulseSequence I FHEIE R gate_definitionsE#EF 5|8 qubit 0, LARE K
BETrxEERERBMITE. ELKE GateCalibrations ¥ pulse_sequencesty BHEEF
B, FIEREENHEHNSUE FERREHENRERERK,

nb_shots = 50

custom_calibration = GateCalibrations({rx_pi_2_q@: pulse_sequence_rx_pi_2_q0})

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

HIOEZAEE R

FHOEZHIEER (AHS) REFEEMNHEES , BERANETFEREREGRANEZE, MFAR—E
BRREE  EFESEER— X REEERARLME qubit, AHS BX ERAREN EZHIEREAANZERE
HEKSEFIER. RMEM Hamiltonian ERBEHERKEMATINFE  SEEAIREEERRE
BB REEE, ¥R N-qubit & , Hamiltonian T R E R 2" x2N E A EER R,

RESTHNIT AHS B Quantum £ B B HEBFHAREAIRHE 28 , £ BF] Hamiltonian TEILEF
R ERES, flm , HE-BERMUNIRENARES . AHS @F3FEERERAZEBN
FREFEFRENBENDEEYE , fINEBREVEYNEREFLEH, EMEENETREEETR
(QPUs) , N3 E #9 Aquila &£ EQuEra , BB AMER AHS R AIIEE , AR5 X RERE
VB FEHELEZEEBRNEE,

EAREAF
o AHS &B4F : $1TEHE —EFE L Hamiltonian &
« f£/ QuEra Aquila RXELERER

AHS &% : 178 E — @ L Hamiltonian &5

AERMHABRHTE —EE L Hamiltonian R EA.

(ER ) BhEZREEREE 118
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https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics)
https://aws.amazon.com/braket/quantum-computers/quera/

Amazon Braket HBEABER

FEAEIH

- BEEfEEE

s

- B8

- ERR{

+ AHS 58l

s EAREIERR T
- DHERRER

» £ QuEra B Aquila QPU E#11T
- ZH QPU &R

- BASTR

BB g

HRFFZEBN FRENEXES , BEASE—E/UREENR (SERERALUR "AL, |14
MIETL #ARE ), AR, BHEERKERE - LARELHMEM BN EBRR, EILEH
B, B RENAEFEFRBNNEEIEF , EPEREEEERMER G 6.
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25

BOREA—EPERFRARESREE , M "TELE) M "ET. EEARERS S B SUREAY Rydberg
REEHM R F Ry et ARAEE TR TS, Bt , RMEY 2 X¥E5, BATLUEARA THEXBERES LikhE
BIRMER.
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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
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le—-6

_.
—
-
-
-
—
=

le—-6

BE)

EEEFNEUEER  BMAESEEMEEEcEEEEE, ML LFER van der Waals 58 , EZH
FHERFEE (HUWRE AquilafIEEQuEra) REEE, FEARENRRKZE , LEEH Hamiltonian i
FBALIABANKRT , BiBFTERES (, k).
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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
BAMERET AHS SHBINE SRS , WE B L EBREERBER T, ke ER-BEEBA
"Rydberg #3H KRR,

=453 [

£ AHS BB , FTARE (/R ) WHEU "AT, RERKE , ERFIENSHEER. BT
I EEREHERNEER , BAEE-—EREAKNESRRMN , TRESRELREIRGEERS
ZERMRE , Hp "EA RE/REFRE. BEMN Hamiltonian TABAR

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

Hei DLR(t). o(t). A(t) RRFBEMBEKNSEIRIE (tt#BA Rabi 58%), R , URFEFERENER
WA TR, WM S_ Sl L #1|and Su =(S- ) =l 1##L | D BIREEE k WRENIREEEF M
Nk 1 @ O#HE Y| REZEIHERINESE 7, BEMMN Vue o —BubBEFTEREEN " T, M T[m
Lt AREE , M A oS "L, AREHEETRER.

HERART AU RIENERANEWEE  FEATIEXNREEESML,

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

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

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
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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

HRLEFIRD (DR 15 X5EE ) , HILE AHS 88 QPU L3728l , FPI AT AIERERT 7 Braket
SDK Ky A# AHS ##Ezs E#1T, HRAMIERERSAEIB Braket SDK EHE , Rt REBH IR
B A A EREHIT.

EER , BT ERREREASE (HlW100 8 ) , AAXEERESERE FARENKBE
2 WRSEKRERIER ; Bt , BNEHENE AR BHENEAITRRE,

AHS #&%F : $ITEYEE —{EFE . Hamiltonian 18 #E 125



Amazon Braket

FMBABER

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 REEREES TR, UHES R EEAGIRE (TR "dy R7 downy |
R Tups & Tes RARZENMAY ) |, A ESEABEREPRENRE.

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 &

AHS &3 . FITEME — B L Hamiltonian 1 #E
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print(counts_simulator)

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

counts U TFTRFH A ARFEERESRESEREABHNAE. BRMALAUERAUATEAGSERE

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')

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

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

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

4. F-ESERNREREPREIME "ML, B EEIRA 1. 2. 2, EMET van der Waals

EFthEaxE (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")

ATEAHS EXESQuEratss , BMIEFEMNBREAFEE , UAFS Aquila QPU RAFFHE
BEELR. (ELERIHBEBPES "HBFTE) NEESHEMEE., BRMUTNEBEER
ZRaquila_gpu.properties.dict()FH#ITREFEM. WFHFE Aquila ThEEMFERWFMEA |
S/ Aquila ZRAE . ) WA TP discretizeFERBAITHIRME,

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

EEH#—5 7 # Rydberg W, ¥t Hamiltonian #E#EMAquila & , F2EARMNEHIEEA,
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1. BREMN S 1L Hamiltonian Aquila
2. AHS EX 28
3. AHS BERAA
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4. Aquila THEES &

ARG :

« EEWIEX

- Braket AHS B EH R

+ Braket AHS E##E REE R
- QuEra R EBMEBIER

REREX

RE BAquilatEs [REQuEratE B T % ( Bk ) EZBEEX :

N N N-1 N
H(t) - L=1 Hdrive._l.: (t) + zkzl ch»cal detuning, k (t) + Zkzl z}j:k_l I’i‘dw,k,ﬂf

® Note
FRAKARRE —EEREIEE , 1iEIB Braket Direct F3RKEE,

where

* Harvex(®=( /2 JPEG(1)®®US_+ "1y JPEG(t)e ™Y S, ) + (=giobard(t)ny)
- DLR(t) 2K S HEEIFIE ( HEA Rabi $5%= ) | B{IA (rad/s)
. o) EEBAKN SR | NAESSEY

« S_k M ., Sare & atom k WIEEREMBEAERE T (BIE |1 #=|g#. |1#=|#, EFIR S_=|g#
#rl, S.=(S_)T=|rtg))

* globalA(t) R TR

* ng =& atom k Z Rydberg AREERIZFEE T ( BN n=|ri#r])
* Hiocal detuning,k(1)=-tocal2(t)h kNk

* ocalM(t) RAMIAREBHNFBMKER | BUA (rad/s)

« hy RIBAEKER , MR 0.0 M 1.0 ZENEEEHT
* Vydwk,=Ce/(di)°nicn ,

« ¢Cis van der Waals & , E{UA (rad / s) * (m)"6
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« do REF kM| cEHERESERE , LORK/EN,

{£ 1 #& AT LAEIB Braket AHS R iGBHREHI T 528,

o 2-d BFHET (B k89 x FISEAE , Blum BEM ) |, Bk, =1, 2, . NZSIRYEFESE d
« LA (rad/s) AEMNARFREIMEMKME. £15 Rabi 8%

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

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

* ocaldt) , BEMREEENEMEGYE (248 ) BE, BUS (rad/s)

« h, B REBIREEN (FE) BUEEKER , TR 0010 ZENEEEHT

@ Note
FERERLEFSRNEF (B1S.. S.. nEEFEEEH ) =X Rydberg-Rydberg B EIZRE
(C) s Eeo

Braket AHS R & B iR

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

® Note
MREHMRF RRAAKFEINEE , localDetuning=[JFEE T HEHIHER -

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

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

),
pattern='uniform'
)
)
1,
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')])

f# /A QuEra Aquila 2338 HHER 134



Amazon Braket HBEABER

)

JSON ( #ifl )

® Note
MERIBHIRE KRB AR ThEE | "localDetuning”: [1FEETHIEHIRER

{

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

I

"setup": {

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

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

I
"pattern": "uniform"
I
"phase": {
"time_series": {
"values": [@QE-7, QE-7],
"times": [QE-9, 0.000003000]
},
"pattern": "uniform"
},
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"detuning": {
"time_series": {
"values": [-54000000.0, 54000000.0],
"times": [QE-9, 0.000003000]

},
"pattern": "uniform"
}
}
1,
"localDetuning": [
{
"magnitude": {
"time_series": {
"values": [0.0, 25000000.0, 25000000.0, 0.0],
"times": [QE-9, 0.000001000, 0.000002000, 0.000003000]
.
"pattern": [0.8, 1.0, 0.9]
}
}
]
}
}
FEMRL
EXMA type description
setup.ahs_register.sites List [List BFHRETFR 2-
[Decimal] ] d EEEE
setup.ahs_register filling List [int] £/ 1 ZELAR
BRI RN RF |
A0 ZEEEhE
hamiltonian.drivingFields [] .amplitude.time_se List [Decimall] 5 2 4 18 H B
ries.times 2t . Omegal(t)
hamiltonian.drivingFields [] .amplitude.time_se List [Decimall ERE)HRIEAVIE , Om
ries.values ega(t)
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R

hamiltonian.drivingFields []

hamiltonian.drivingFields []
times

hamiltonian.drivingFields []
.values

hamiltonian.drivingFields []

hamiltonian.drivingFields []
ies.times

hamiltonian.drivingFields []
ies.values

hamiltonian.drivingFields []

hamiltonian.localDetuning [] .magnitude.time_se

.amplitude.pattern

.phase.time_series

.phase.time_series

.phase.pattern

.detuning.time_ser

.detuning.time_ser

.detuning.pattern

type

str

List [Decimal]

List [Decimal]

str

List [Decimall

List [Decimall

str

List [Decimal]

description

B B IR 18 1Y 22 AR
3 , Omega(t) ; &
ZA= 'uniform’

B BB R Y B ]
25, phi(t)

BB ERRE , ph
i(t)
EREERMNZEEER

=, phi(t) ; HER
'uniform’

5 2h 38 A Y B ]
2} | Delta_global(t)

ERENFERAE |, De
lta_global(t)

SR B R ZE [
#3 |, Delta_gl
obal(t) ; AER
'uniform’

Delta_local(t) Zs#

ries.times 749 B2 S Y BE AR
SERET SR
hamiltonian.localDetuning [] .magnitude.time_se List [Decimall Delta_local(t) 2=
ries.values T EIE E RV E A
HSEE
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ERXRN type description

hamiltonian.localDetuning [] .magnitude.pattern List [Decimall IR K/
A i 3B AE 4K
%, hk (EY

FE setup.ahs
_register.sites FHY

YhE )
Gak-f g oy kv
BEXRA type description
braketSchemaHeader.name str BN AR ; LHR braket.
r.ahs.program'
braketSchemaHeader.version str FEB R A MR A

Braket AHS 54 R B ER

braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuantumTas

(gHl)

AnalogHamiltonianSimulationQuantumTaskResult(
task_metadata=TaskMetadata(
braketSchemaHeader=BraketSchemaHeadex(
name="'braket.task_result.task_metadata’,
version="'1"
),
id='arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890abcdef",
shots=2,
deviceld='arn:aws:braket:us-east-1::device/qpu/quera/Aquila"',
deviceParameters=None,
createdAt='2022-10-25T20:59:10.78872",
endedAt='2022-10-25T21:00:58.218Z",
status="'COMPLETED',
failureReason=None

)I
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measurements=[
ShotResult(
status=<AnalogHamiltonianSimulationShotStatus.SUCCESS: 'Success'>,

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

Iy

ShotResult(
status=<AnalogHamiltonianSimulationShotStatus.SUCCESS: 'Success'>,
pre_sequence=array([1l, 1, 0, 1]),
post_sequence=array([1l, 0, @, 0])

)

JSON ( &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"

}I

"measurements": [

{
"shotMetadata": {"shotStatus": "Success"},

"shotResult": {
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"preSequence": [1, 1, 1, 1],
"postSequence": [0, 1, 1, 1]

}
.
{
"shotMetadata": {"shotStatus": "Success"},
"shotResult": {
"preSequence": [1, 1, 0, 1],
"postSequence": [1, 0, 0, 0]
}
}

1,

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

"braketSchemaHeader": {

"name": "braket.task_result.quera_metadata",
"version": "1"
iy
"numSuccessfulShots": 100
}
}
}
FEMMN
ERE RN type description
measurements [] .shotResult.p List [int] BEFEENFIEPREVLT (8
reSequence BREFLE—E)  MRUHA
z= R0 ; MRWMECER , A
1, EHTEFEENREFS2
HRIE
measurements [] .shotResult.p List [int] BEEENFRAEMT : MR

ostSequence

R FER Rydberg RAESR G B A
e | BB 0 ; REFEREMR
B, AR, ERITE P EERNR
BRI REIE
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o A £

ER 4 R

braketSchemaHeader.name

braketSchemaHeader.version

taskMetadata.braketSchemaHeader.name

taskMetadata.braketSchemaHeader.vers
ion

taskMetadata.id

taskMetadata.shots

taskMetadata.shots.deviceld

type

str

str

str

str

str

int

str

description

L B Py
28, 4AH
= 'braket.t
ask_resul
t.analog_
hamiltoni
an_simula
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
ETER , 8
RETHER
ARN,

i

BFEBNE
RHE

BTEBUT
PIERNEE
ID. ¥R AWS
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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

B HREE
ic; BXMAE
= 1SO-8601/
RFC3339
FEEKR
YYYY-MM-D
DTHH : mm :
ss.sssZ, FAEX

EFEBE
RS ERER
it B &E
= 1S0O-8601/
RFC3339
FEEKR
YYYY-MM-D
DTHH : mm :
ss.sssZ, FAER

ETER

Y AR A8
(CREATED.
QUEUED. RU
NNING. COM
PLETED. FA
ILED), FA3RA

72N\ 0

BFEBHNX
MRER, &R
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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
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https://boto3.amazonaws.com/v1/documentation/api/latest/guide/quickstart.html
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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
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- SR 1 BRESRH AWS CLI profile
« SEB 2 : B Boto3 T/EFEERYIM
« S 3 : % Boto3 TYEREERBf A Braket AwsSession

SER 1 BREAH AWS CLI profile

BEANHNESER | RPMARNEAE , URINAREFEERRERE, MEELTENEN , F2
B :
- 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 .

B 2 : 1 Boto3 TERERYH

B EEY Boto3 TR , FNATHIEXBHHA

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 W5l Bregion , FRREEZAIEA AWS [Ei5 Amazon Braket B H A — & #Y{Eus-
west-1, il us-east-1, %,
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SE% 3 : % Boto3 LYEFEERBF A Braket AwsSession

T BB RE A E1L Boto3 Braket TAEFEER , WHAITIEER{LEX TEFEERPRVERE.

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(..
) T ) . ZREBHETHAMEAPIFIUA T LAFEHESREFIEES B CLI SR EEMEEHN IAM EAE
Flprofile,
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£ F§ Amazon Braket BIEE8HNE FEFKE

Amazon Braket Rt EESNEEE FERERS  HHETEREFERLFTEFEEEZAE
TRAEMNER, GEERSEERMNERRBMEREM , A& Amazon Elastic Compute Cloud
(Amazon EC2) % , LURBEERSNAEE (HPC) ERRE L EBETERNER, BLEERT
FEREIARBRINRELLENEFEARES,

£/ Braket WSS K SUUBKAEZETERMEEE MAZERETRENRHMNR, EF
RERRBEERTEER R  REFETRENERIEERNE FREEZNERBERRN,

Braket SDK AIE{LAS B FEBRXIEHRFNBE  REEFERSY | fINERBENMARE
LETHREFREENTA. B LUEA Amazon Braket B EBIIRERESERNEFEE T
%, E-—SREARNBINEE,

EIBTE Braket RER LAKIEENEFER , B UESESNER. BEENEEX  IERHE
el AZEHNBCERETER L. EEABESHEEE,. SESRBRERK  YHREAMNEETE
EEEMEHE,

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/svl

« Tensor fBMEEEES , TN1 : arn:aws:braket:::device/quantum-simulator/amazon/tnl
o KRHIEHEES : LocalSimulator()
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® Note

A LAEUE QPUs MBEEEEIESCREATEDE A MMM E 7115, Er LA FEEE &3S
QPUs , &= HEUEQUEUEDER MENE IR, = , QPU QUEUED E FEBT AR
QPU 7] AR R THEUH

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,
CIEBESENEER (&% 25 fBqubits) EETRIEREERFT , EREURREH Braket EFCAHIT
BB = AN IR IR Y I B AR A%

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, ©
FEBEEEEMA (&S 12 {Bqubits) B/NERE EHIRFERRERET , EEEURR AN Braket EZAH,
TERNAIRIENERIRE,

BRMERVTBENEBCERSFHEMARE  KERBEERE RNEAER, ShabUSMFIR
FEREZERBERNEE qubitsM FE , ELER SERFHIT , BEREETHEMA.

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, TEZENREFRAEIIT. CTARER AHS BEXHNER. CFEESENEEM (&S
10-12 R ¥ ) LETRERBERE , ERBURREN Braket ZERR A TEB R AAMIRENEBRE,

AEERSEYEEE—ER—BBEN. —E (Ef— ) EBRUNETER TSN AHS X, W
EFFMMEF |, 7526 Braket AHS 285l Braket AHS F2UFEEIEIR,

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
BHENEMRETE , STUFER 34-qubit, ZEMBTEER ( ERRE = 34) KWFE 1-2 NS
BEER. ERall-to-allFENERFEEE SV1. EUAREREOEHIRIEMESFEAELER.
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SV1 TR LRA 6 NF, HFERE 35 BAETEFER , LUERFHEZ 100 8 ( 7 us-west-1 H
eu-west-2 4 50 @ ) WITETFERK,

SV1#ER
SV1 RIBIEEN HE , WUERHTHERshots :

- &iffl : Shots> 0

- FEHj : Shots>=0

- BEHY : Shots>=0
- HE : Shots>0

- ¥Ri@ : Shots=0

- BEHEE : Shots=0

MEBROFAET , F2EEREE,

SV1KEFWA , EEREHNTENER K MEARJUFTHITZEER. AITHESMHERERERLE
B, W BEE2EBEREqubits, B BEHHATRENE EshotsRN. BEE—DTH , BEHLE
B,

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

#EREMEESRRR (DM1)

DM1 2— M, BUM. BEEMEER. CTNERSS 17 @ WERqubits.

DM1 BYBU{TRERI LR 6 NS | TERRA 35 EAATRTAES , URAS 50 BALTEFEH.
DM1 &R

DM1 RIRIEER BB , THURH TR Rshots :

- &ifjl : Shots>0

« FEHA : Shots>=0

- BEH . Shots>=0

« ¥ : Shots> 0

- BRIKZBEHEME - Shots= 0, &% 8 {@ qubits
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NEERNFRES  F2REREE,

DM1 KEAH , cEREHNTENER , MEATNFTHTZSEER. HITRHESRRERERMTE
B, ¥ BB ERBERqubits, B BEHHTRHENZEshotsR)N. BEEE-FTH , FSHRLER
B,

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)

N1 R—EREE. aRENREEBERE. TN1TUERSE 50 Equbits EEHREA 1, 000 =
BONBEERER., TNSFIEARRRER. EEXMEENSER , AREERREBNHEME
B, IMEFEIEER (QFT) EX. FUMERBRTNIEE, 8%  EREREEABIINERNE
BOEE R , Fit TNIAIAFEE T —ERERMBTERE , BAKER R, MRBEGKAEREERTN
BEHTEBRS , TN1 FT2ERWE.

TN1 HETRERH A 6 Mg, HRFIAHZZ 10 @ (eu-west-2 HHY 5 @ ) LITEFEHK.
TN1 &R
W HEPE R — RIIE TR R, REAFFIEHEIEIER , REIHEREZETERA 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 IETESRIEEERIshots , AT WERA "EEJ TN1.
- EZEEFEK LD EI KRB shotiE#,

BA A A HR 18 Bt am

RBREFRNEFESARRERERARTEREEZEANF, I cBSEARNERRP , LEREE
BEEBHTER LBTEE. WAFEAMAERBERERNEREE c BBEFMBNAE, B
FEEERFEE-NERMERED  MRARXNERRTURNBEROCREER , WL ERBRERMR
FNERIATRE. MBAMMEBERREENERRTE , EVHSEREENNRENE  BESTEIE
%, WERBABERRNMERNELRABLESERNFMES  FFS LA Amazon Braket
BEEBHTRESEBNHEH,

PennylLane §Y I EEKEES

BAILAE A PennylLane BB EE 25 /E A Braket LV N EREREES, £ PennyLane HIBISHEHEES |
B AEREREEEES L , fINETEEN , AERNEEFTEBE, Lightning.qubit £ 525 A%
B Braket NBIsf{ A% EFEA , X MARNBRIERESRFEA , M Lightning.gpu EERAFEHRAEEE GPU
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HITEEMN A EIRIE RS HIT, MEMEMA Lightning.gpu KIEEH] |, 5528 Braket Hybrid Jobs E5EAH#Y
AR IEEEER

EE# Amazon Braket & ##88

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

FEAMKR RSN EE RS 2 BETEE (SV1. TN1, DM1)

AEERRN NIRRT EARRENER | FIINARITRESRN Braket EBRCAHTER, BFE

BHRRE AWS ElRFHT , EEREIBUARNAMIRE, BREEESRCHEBANERETRE
it , EBEEFERIEFERHRNERN—LEEENER, NRIRHFZETFER , EARRTHE
7, EREL—MUEERMY , THESI GBI SRBNMHNTRE  SEBAHANESR,

HRRE

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

HRMFIREE

« ERADR 9 8 Bqubits , FEEAAEERS,
- £/ 9-12 BFqubits , FERIBE T EE FBFEEES,
- EHEIR 12 @ Bqubits , FEFEH DM1,

TERRRE R EAE RS ?

SV1 RERNREMEEKR, CERFEFMENTRRINY , IRFERAERFEFERAERE. ©
R TFRAE RN , BMERIFEFTTRNATEN. BFERNSVIERRIATHESRESRTIRE
HERMEE M,

TERZEREMEERERR ?

DM1 BEREAHINETER. CEFHARRNTRRERLERE , Y KFEASHHBENMEARE.
RRBPEEEGSERNTREFRENTEES. RTHEEFERREHBRERER , W #E
EEREEER qubits,

TERREMRIRIESERR ?
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb
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TN1 REFERREBABBILEF.

- BPAVEIREH 8 FRED A qubits.
- BFEMNREAREEZBIER,

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

o JRURPEER - HULMEERT , TN SRH-—EURRRNAXEABEELN G ZE , HhaEEsSEH
B, UELENEHENNE, FATFE , EETIMER , BA SERALERKTN1HITHERER. ©
EEMRE R , WRFEHRRS , RERBTETHTE MR, ERFARER  SERREHEHR
REVEI Ao

o WP ER - WEBREONERERTETNATRER. BRE—RIEEFREEK, ELFRENIEF
HEENHERRANEE., it , BRERSATK , UEHBREHFRBERNERERE, ERERME
BREFWERER , SREASENFEE—BTNIKE , MEEERNER.

TN1 B E AR ST

BEZ , EUUKRERTN1BRENTHNEHEETLER, ZEATEREBHNETF , EABEERKD
BB H, EERASHNEE, EEHERBENETH , EFLETRRERIET BRI
#Ro

R TN RBITEREER , MFRERTHHENEESRSKENE K MARLE®RE, ETER
BL, REZRKETHE A TUREEESE®R. AL  BREREHESNENRA,

FAAERR HEAENERERARTNIE—EN TRA, . CREEREEHEESLES,
BEASEERENHEED

SV1 FEBEESREAETERBEEFREHE qubitsi FMENBERR. —MMS , IENEESEER
ERERMER , METEURR BB Eshots, SV1 BEL TN1 28 LU TR B E Rqubits,

SV1 HRBREMqubitEF , RETRESEE  RACER LERTFE UMY , BIEFEERTEL—
B, TERYEMLEERTAE, it , ¥R30-qubitiffh , SV1 KEFE 2730 EiE4E, HRCIEEMN
7 BRFlqubits , AmazonRaket SV1 #E#E2RHIRE| A 34, B LAGERKE | BIXA FEBE qubit B
SV1, BESEBEMEE,
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HRFZERIWEE , TN EEREET AL EANWERSV1, S N1 RABFENESE. ©
EXregft—RenEREASRNES K MARSRERIRERFAENERE. RAUER  vEFE
HERE , DI EEFEN T  EMEEEFENFIERER

R TN1, qubits¥l FEMNHEREE , EBFNEREERR, 0, TN1 FESERFERERERE
SHOER (BF) (7, S#EREEqubitERIESKITHMIT qubits) , ARER (HEE) EF
BUSENER (BF ). NEBBEETN1RRE 5 qubits fEqubits AZNRY E 2 E 1T EEqubitiEFE.
MRRZHUERUUSBAEBHENRR , SINELERKR , TUAES, ENRER —WEERT , A
SEMEMTNIBITI(,

B PR F TN1

TN1 RETRELLSVIBNAEREMESE, SRELEFR  SEERBEERBTNIRLER | TR
REA FAILED , RATYMERREZ— :

« RARRE - WREFAEH , ARBKRIBRHFNEAERR , BERFHEER., TN1EEIHTH
. WU RESERELLITHEERFAL : No viable contraction path found.

- WiERERARE - #REERS , TN IREIEAERE  BFEEERAFERER, BEER
AT, WHEERRE , RAgl8e , METERERZEBTNIERLE, B tgFIELUTHER
#E . Predicted runtime based on best contraction path found exceeds TN1
limit.

(@ Note
BIfERBITUHE B /EE S FAILED AREE , TN EEEUER BERREERER.

RN BMATRE BEURRAshotzt B, ARFMNERT , TN1KER B ERMEBUR Rshotit B, EEAIEE
A EBDH BET S #shots, flEn , BATLUIRRER 100 @ B8 FEMKshots , REBTNIHEST
AHE , BHMRERL 10 BEFER , ARESREET. TEEBRT , #EEUS 100 A5 |, &
A Hshots A HEEEERIER 10 HE FEH 10 BEFEH , Y EREESHER.

REEKRE A BRE—EFEALME shots ( Al 10) AREHNERKERER , U THRENERY HE
ETN1 , RRBEBEHITESHEN shots.
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® Note

T2 B W e P ER 9 R E R B LA/ B NN ZEFEBASR, 6140 |, 2-qubitFliB R E 4x4 B, EREHE
ARXRENWEHERENPREEREAN. EBEEFEHXRS BTN, EIt Amazon
Braket N & EHIFE B MATIKHE,

A Braket BESHURACEBNTSAEE, LTRMIEERENELTR, NBLTRHNLE
%79, BSBEREEA.

Amazon Braket £ & FEFE &4

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

TR

- BEEE

- BREHIEFER
- BRR2HILEH
- IBXE shots

- BIREHFER

BEERE
Bt , BERYEEEFERNEE. WHEAIFRBPMNMREREESR 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',

'phaseshift', 'rx', 'ry', 'rz', 's', 'si', ‘'swap', 't', 'ti', 'unitary', 'v', 'vi',
le’ IXXl’ lel’ lyl’ lyyl’ lZl’ IZZl])
('supportedResultTypes', [ResultType(name='Sample', observables=['x', 'y', 'z', 'h',

'i', 'hermitian'], minShots=1, maxShots=100000), ResultType(name='Expectation’,
observables=['x"', 'y', 'z', 'h', 'i', 'hermitian'], minShots=0, maxShots=100000),
ResultType(name='Variance', observables=['x', 'y', 'z', 'h', 'i', 'hermitian'],
minShots=0, maxShots=100000), ResultType(name='Probability', observables=None,
minShots=1, maxShots=100000), ResultType(name='Amplitude', observables=None,
minShots=0, maxShots=0)])

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)

# 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
FREBSHATY  BEIREFEUEELELHTEFEEBL, EUBERT , £EA SV, £EX

-
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FIEE % , AmazonRaket B RBEABREFIEERN Amazon S3 UE. BRT ABEESRZN , FiE
#Es3 locationHEENESIH,

(® 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
MAEBHTHEER, WEERF , Raket EHDEARAERREHRENENREESR  LUBERESH
EHER,

(® Note

BR T A& B #k 2 X Rigetti Computingz 4k , WATEEHT. UFEAERHN QPUsHBXEZH
i+ 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.,

« ¥ shots =0 , WIS SHTRNER  IECMEERERM true B, ( TEAM TN1, )
- B WIES\Eshots , REWH D MM EERSHFEBREEE QPUsHshot# . QPU £EEE AT

shots > 0,

NEEBEETEBNRAFBREEN , 52 H Braket Quotas,
A E R

1T Brmy_task.result() , KEFBRE4ASEALEETEBRURESRNSHRERARR

« poll_timeout_seconds REFEFEESEMN = QPU £E LHITEFERKK  BHETFEIERE
ZHNMWE, FEEREAR 432,000% , Bl 5 X,

- EE : ¥R Rigettifl & QPU £&lonQ , EREATLERNEE. MRENBAREAE , BT
EEAERAFEANERER, §ln , § QPU BEEAK , SERAEREFIERR,

- poll_interval_seconds EWHAEFIKNER, CEECLEMEERSIMN QPU £E&E LH1T
2 FEBEFFI Braket APIAEUSARRERYSER, TAERELR 1%,

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

HREEIETE ResultType , At B AL RERNER. FRELSUFEEZERNIEFETR.

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
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500 ~

400 -

counts

300 +

200 A

100 ~

101 000 111 010
bitstrings

ERAAEERERAEE TR

BUNEEKE FEBEEIAMERR | UETRERERGT AR, LERSREEENERIRESR
1T, AWETEEEE Amazon S3 LB, HREEZEENTFERPEIHE. "EEAEERS L
MITEFER , BHEEETE shots B,

® Note

qubits ZNEEIEEREE AT AR BN T ERE MR KBEBURM Amazon Braket Eo AN #TEIEER
o AN M T 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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FMBABER

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 ED EREERNARBEEERERER I EHATHRER , HPULUIEERE qubit 75 , BEE

AHDRAE

Bign , EUATRENEBF , EUSELE qubit ERF , ¥R

ERNBERERAESE —E qubit

# 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

BA% EH BE qubit WmeasurelE T HIBE

18 Amazon Braket £ E& AT LAEA Quantum EEHLXERIE | AEEEESRI . $XEBHNEE
FEEEEES (TN1 = SV1) LT ETEREFHER , RACHUARTEESEBEFEH. ATH

B EREE 7% , Amazon Braket 1255 &= 52 4,
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BREEBAREFITRBEF IR, fln, MREVEETEE 10 BAEFEBNFFE , BELETHE
HANERBLEY , RFERALREER, Mit—R , ERFLFIEEEFERTX , BRKES —E
£

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

WMEFHMET , 5520 GitHub = Quantum £ #E X EE F# Amazon Braket &l , a2 B
RREEERMNEH. 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

AHETEBHREENRER AN —LIEER .

- REER , EFEBHASERMERNIAKRE FEHK 3 KXo

- —HREBHMITHEFER , A0 qubits B 34SV1 |, TTREEELE KRERAS, FBHE—HEFEEZ
Bl , AT AR Erun_batchigikE. RMTEZERA TN1EE run_batch,

- TN1 AR EA X BEREBREIBHRA (WFFMEEF  F2E TN R, BBEFATUHEER
BAF | HtRMEBEFER BEASHOREERN 'max_retries' BB ERES 0 TN1 ( 5528 Quantum
ERBRERE |, 5 186 17)o

Quantum EH IR EE R PennyLane

E &7 Amazon Braket £/ PennyLane & , 5FEBE#TERE{L Amazon Braket #&Eparallel
= TruelFEE RAAHREE , T HIEEHIFTR,
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https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186

Amazon Braket HBEABER

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 UAE-SHERERBDAFHEFE  WUBFERLINEARR. MRFEHRE N E@A
FH AMRRIENBEFER. Fi- BEFERHEEERSE i- @AW AFHRHTHER,

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

A EIR B EE Amazon Braket F R MFATESRNEBHNERAZRAZRA,
BRI LAME R T 515 X 1ZH Braket RGBSR -

* Amazon Braket Python SDK,

* Amazon Braket £ &,

* Amazon Braket API,

TR :

- BEREXBERBRESERET

£ Amazon Braket BEAEBHITESER
- BUBHE—BREEH

RELZNEHERER
ERARESRENEFREESER
FERAEESEENERE RS TR

HAREXNBESBSEBNIT

Amazon Braket Hybrid Jobs IRt RS EFEMEE LN ZEWHH , £S5 Amazon EC2 EE &R
Amazon Braket Quantum Processing Unit (QPU) B, EREEBHPELNEFIXKEGEAREFE
BWEEIERTS , RSN EEEZTFTEREFERTIPHREMPE. SE QPU ZSHEEMBIN
BEXNEHTY , BREMEERBREHTEBREREE.

EAREH
o A Python BRIBEIESER

« REHM Python EANFRRERTE
- BERREFEEBAESERITHEE
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- BEEAEBEMHEENKEER

A& Python BRNBEILES TR

BT LAB 1T A Python 2R IEM A Amazon Braket ;B &1EH. B LUEIBEAehybrid_jobZ&iE
BEEEEXBRHATIHEE , UTIEXNBELIMT. HREFIRE | BULUERZFEARE Amazon
Elastic Container Registry (ECR) HJ Bi] &85

@ Note
FEERE X & Python 3.10,

B LAEAehybrid_jobZE&f1E B REFEK S, Braket Si$EMIEE ANRENBEIR S Braket BE

EBHEELECH. A% , BEAEHEEE Amazon EC2 HTHEENEMBEEAUA KB, B LIER
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}

R BB —AiR Python ENB — I HBREMBEAER. T8 , KHHTHERNAFELESANEHZ
HAR  MARRBNER. BEERRTHUEBEIGER , M job.result().

job = run_hybrid_job(num_tasks=1)
result = job.result()

@hybrid_job #HEEPWEESIBSEEESEBEIELEFINEE - THBERTASV
Higss, EERES QPU BEIER , EXARREETEANEE ARN FFEEHEEPIEEN
ARN, ATHEER , B LUEA HBEIEXEE get_job_device_arn()R#EE FELEWEE
ARNehybrid_job,

(® Note

BEESEXRELEHE—PENRBERE , RATEE Amazon EC2 LB BRHR/LERE,
I, HRIEEENITEES , fINE—SKI—HER , cHEREUAELEAE FEE,

HBBH™
run_hybrid_job() HEEHRA 3l#num_tasks RIZLFBIUNEFIKHE, ESEBSHB S
HEAESE,

(® Note
S HIE Braket TEAHBTRAFHE , RHA 2500 fE>* T,

EENR&

£ run_hybrid_job()EEF , RERBEEEZNWIEESL iB#klog_metrics, EESEBHERKE
BETKRSIZERTH Braket TRAEHEH., B LUER B , EEBARNEXKHTHE , £ Braket
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PUASIE MEERIT F BB it IE HE B FAER A, EIREHIERIERRRE "HE,  RHREREEVE —EH
£,

FREAE R

BEEBTRR , BALER job. result() HEESEKER. BERAXPWEANHEHEH
Braket BEIfiE. FEE , HBELNYHLEARTE , BESETEETFIL. Hlm , A TREXS
BUREFEH M KAV B,

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 , WEAERNZRERHEBBHE, SHEERELRA S BTN ETERE, 6
m, ETRHIERXED , EHEBES "my-job-name",

@hybrid_job(device=Devices.Amazon.SV1l, job_name="my-job-name")
def function():
pass

EN -7k

AEEKRFB SIBFMEE LM IER local=TrueRETL, ESEAKEHRENIRLRETH
TREEX , HIMEMERHEN, NMEIKIEEFEENELIEFT., BRZHEH MPI Ei
BERG] , ABEFK T LAFEUAER Braket IRIEEH, TIHEXBESEAREEMA SV1 BEB[REIAR
BESERK,

@hybrid_job(device=Devices.Amazon.SV1l, local=True)
def run_hybrid_job(num_tasks = 1):
return ...

TEMBHMESEKIEE, MFRIBFE , 552/ braket.jobs.quantum_job_creation 1#&4H,
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ZRHAb Python EHNMRHRENR

BT BTHTRBRE | LEALREN Python B4, B LlfEMArequirements. txtiER, &
HEWEE | HEEA (BYOC), BEMA requirements. txt BEBTHTHRE K F2ETY
BB,

@hybrid_job(device=Devices.Amazon.SV1l, dependencies="requirements.txt")
def run_hybrid_job(num_tasks = 1):
return ...

flin | requirements.txt ERTUAETESEZHNWEMENH.

giskit
pennylane >= 0.31
mitiq == 0.29

®E , BUUREEHFBBEES Python FE , TR,

@hybrid_job(device=Devices.Amazon.SV1l, dependencies=["qiskit", "pennylane>=0.31",
"mitiq==0.29"])
def run_hybrid_job(num_tasks = 1):
return ...

HitF BB UEEAREEBE , i UEEE —&E , T HREXBEHIFT R,

@hybrid_job(device=Devices.Amazon.SV1l, include_modules=["my_modulel"”, "my_module2"])
def run_hybrid_job(num_tasks = 1):
return ...

BERRBELREABS TS TEE

ExE@ AJHEER

BIDRESEKE | /A LUEBEE Amazon Simple Storage Service (Amazon S3) 78T 883K
REtw AJNERERE, SIS EARKIRRE , AR Braket EEBKER LBENR 19 s3://
<default_bucket_name>/jobs/<job_name>/<timestamp>/data/<channel_name>

Amazon S3, MREIEEAKER , BEERBERES "WAL . TIHEXBETRRELIEER B
numpy & =Rdata/file.npy,

@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
%

BERBEEZE 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
&R, BEN TEBBEXRE EBEMEAget_job_results_dir(),

UTREAREAABEH TERENHEARENZ/D THEEEM

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()

EE—EREEHED , save_job_checkpoint() EFHEEERECERNFZHREN , BIFETE
X, BREHESETRILAYNF. BERBEHFEMN Python W , 140 numpy FE% |, &ATEAER
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E data_format = PersistedJobDataFormat.PICKLED V4, WRERESEES "HEL, B
FERRT , LUREEKHKM<jobname>. json T NERBBEVNEEREEER

EEBVHMNESERURREREE K BATEE
SE , copy_checkpoints_from_job=job_arnH A job_arnR EFEKNESER ARN, A% ,
HIIER M EBload_job_checkpoint(job_name)&A .

BENTEEMEENREER
EZERIH

FAXMEBERIEREVNESIKRFRALH - cMSEERNEFERTARHNT. BAUFER
Braket Management Console={ Amazon CloudWatch B8 B AR ERE, EREEEEZUHT
iF , Raket EE A ERN AR MREPHTEE L , Y EEEEZTRRHEEGE R,

PITRBBRURSEE

BEEBALRAITREBEAEFEREEENIE, BXHETRE  BEREFEB—HETE
%, HRE QPUsBRIEFFE , HIREFEEH QPUs ETZRAREBEFUTHEETEREENRERS
BITRIUREEZZB R,

i A A IR E TR ER

£ QPU L#TEEER <A , BRELEERESR SV1 E31T , SR HNARKRNIT. HR/NRE
AR, BALNERATEERINT | DETRERBEENEE,

EREAEERE (BYOC) HEERM

ERBCREFPHEENEBREMRKY , LEYTERNER. EBKMAERENAR. HARENRES
RAERSFT , AR LBENERANRAZE[E.

ZHITEEE 0 S B RR

EERTARER K FERBERAREN MPIXE K #E-BEEBPHNZENTER LHTARIER
2. MFEFMENR , FSEA ISR

ERSHER
BRESABREXNSBERSERE QPUs LEBRS , FAZ2HGEERAEZEENHITRE,
EHRER

HRERFEBHITHESHER K BREEHRFPREZNHEMRE
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MEE—SHEG, FARGMRZEER , 5528 Amazon Braket 4l GitHub,

{8 Amazon Braket JBEEEBHATESERL

£ Z#FH Amazon Braket BAEKHITEASER , BHXELAEREEE, B UREEELIESE ,
AT LR IZ A Amazon Braket Python SDK 2 PennylLane REZT. MREEEFHEM ( AHRE
WHRIGHEB ) BXNE , B LA Docker EXEEHCHWEHITRSHRMEG , HhagsESLENE, WEFHM
B, ESEEREZBE2NAES (BYOC),

EE—BRT , #TREMEH Amazon Braket B BESEBAPI , ¥ EEPREEEE LIECERSBES
ERNREEAKECANBEEETEE K ARNKBSEEARERRE, SLEAXRENHEREEARKS
BEARG, EEREELEBHTREMEE , B£ULGEE QPU, FEEEERS (5l SVIDM1E TN1)

RERESERATERES, BBEEEESR QPU , R EREEKERSHRREBIEIT API F
n, FARBRERSRE  SRSEAREEEELIESHHERNAESET, PennyLane P EERZEA

RARFELBRENESEERS , HEFEH, MBELFERAANHE PennylLane iR BT E BRI HITE
G, BAUEEHTEREE  URESEEFANBTERYE. NESEEENHEBAX , F28
Amazon Braket EEE M,

A= Amazon -
CQ) CloudWatch | Amazon 53
— P~
‘ 1
| —
E Amazon Braket
AL 1-314 QP

Amazon Braket

Amazon Braket Console -
: | f{¢=}:t On-demand

Amazon Braket Hybrid TTTT Simulator

» pE— Jobs API
w Amazon Braket
User o ‘ Jobs Instance TT Embedded
L N IR (IR | Wi Simulator

Amazon Braket Notebook/
Local IDE

MREHNBEERERREELANRELS , Amazon Braket BV HIRRHITESEH. CERBEEE
BHITER (SN EAPIFUPEFTHTERER ) . MTEEE, BEREA Amazon S3, BUK
BHER. LERRATRAREAFTINEAENER.

SRETREET (QPU) WA TREEBEABZ IR, XK , FAEEEBIEE —BEAERKE
QPU L#1T. I AREBHATHITHESEREEE  UEaBBAHNRS, MRENEEZEEER
QPU , B BEEEEES L AFIE QPU WEKITS, Amazon Braket @B FFEMESERHTE
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https://pennylane.ai
https://github.com/PennyLaneAI/pennylane-lightning
https://aws.amazon.com/braket/pricing/
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B, UERELHTENEREY. BRELPE , LNESEKEEBXIEFER , EXRTEEER
PHEFERERE LHATIIRIEM Braket EFEB 2 BIFT , BIEREBE FERSREDER
RXR—IREQPU, —HEGEHRTHK , EBHER , EXRTE R?ES'Z'H{EFHEE’J%}%O

(® 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
MREEEFA GPU B ITERE , K 1E Braket EERAEF — B GPU BRI E
RERIEREES (Al lightning.gpu). MRERFHF —E CPU B AHiEREE ( Hl0
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 BAREXBELESERIAT.

TR :
« BRTERTA
- BUIWHIT
- ERER

RRERT A

HITE—REESEK2E , BN ERELEREHNFULREL TS, EEHECHEEERNETT , 3
¢ Braket X1 & £ AIMNIBEPIBENEF A, Amazon Braket WEF A BB EE A B EBRBEP—ERE
AGRBREEREUFITESERNETT , S5 BBV ERAE  WEELEREELEACERARH
TREE®.
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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. NREEEMY , &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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MRERBERARAVTESEBFANAE , EEWI-AFAL  BEERFIZAG. BIREIER
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.]

MRABERWEL , EFRIEBUFAS.

oy
52
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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. ]

MRELRBEATHEBNA , AISHEEEFR. EHBERT , FBEENALEE AWS EEE,

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

—BEBEAYTEEERHAINAE B AULREETT. %18 Braket EREHHIEARE D RE
BEEETHR. CERTEEEHTHERE  YSBREE L —HoNEREENE FEK. BRTE
EEESHBN , CEURAEMERMEER, BEELZESHBREMKEBARREE. EANEE

RESERRBE , EERREATHTHE —EERIEH.

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

job = AwsQuantumJob.create( task=device.run(bell, shots=188
device=device_arn,
source_module=...

— =
o —

Algorithm

Script
Entry point and
other code

Create job
Track status
Analyze results

Quantum Task
run on
quantum device

User

Braket notebook / Console, Job instance Quantum device
or local IDE

B, FERUATEREETHRNELREGS  ZETHSEL AEEREBL 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 ERARAKIRIEN B ol TR & , A algorithm_script.py 7 ILIE
2R, algorithm_script.py EREH start_here( )EAFTEINEA S,

EE |, 788 algorithm_script.py #E BRI B &P I Python f£3R, Python £ieA&, HIETHEEM
BEAEK K YEEBFMAERLERE , fMNZMAREBHRERERER, HIETHBELFTEREE
BEAEKETBNETERE,

(® Note

ME MR E L AAE B 88 Braket EOAH L EERNFMEER , Hlm
algorithm_script.py % , 28 H Amazon Braket Python SDK #{T&H 5 —EER

EEREEANE—ERHG 6 LSLUEERFZLAEE, ERTCUBEEENETRE, EESNERET
BREET (QPU) ABE , #ETIESHdeviceFIEENHENSARIBREENER , Y IHEE
ERTEMARESE f£HAMZN_BRAKET_DEVICE_ARN,

® Note

BREFERBESER AWS EiF 19 A A EE, Amazon Braket SDK € B B)iZHuth 218
AWS EiF, a0 |, us-east-1 FEVBSEK TR lonQ, DM1, SVI1H TN1 £E |, BFEE
{# M Rigetti £E&,

MREBZFE FEMMIERERR | Al Braket SHRELNESER , UBTHEFBRIEFFINME
B IR,

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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S8 8wait_until_complete=TruefREFMERN , BELNEBERTHI R EBEREKNE@
. BWEZESEFINHELTIIEFN®EL.

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

188


https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.aws.aws_quantum_job.html#braket.aws.aws_quantum_job.AwsQuantumJob.create
https://github.com/amazon-braket/amazon-braket-examples/tree/main
https://github.com/amazon-braket/amazon-braket-examples/tree/main
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
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ERER

E , BALAHE Amazon CloudWatch FER B . HEEEAMY , Rl TEFHEERERAALESE
FHAFEHARSIER | BEAFEHE aws/braket/jobs , AR BELSEKEBNVBEFESER, &£
LiR&ifFd | B)B braket-job-default-1631915042705/algo-1-1631915190,

CloudWatch

Favorites

Dashboards

v

4

Logs

Logs Insights

4

Metrics
All metrics
Explorer

Streams

v

X-Ray traces

v

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>HERABRNR jobs/<jobname>/<timestamp>H &+, &AL
{# /A Braket Python SDK B /B &{E#code_locationt , I8EEFEMN , UREEHELRBH S3
g,

(® Note
It S3 EFATEE A AWS B EBETRMRERE F,

jobs/<jobname>/<timestamp> B#3BE—EFERK , HPETEmodel . tar.gzBRFHEAE
srBENERY, BEE—RB8A WB&script , EF @& source.tar.gzBRPHEELIETBK
M. LEREFEBNRERVUREA HWE&EDPjobs/<jobname>/tasks,

RIEFENERER

FBUURFPEELETHRELENER , MERBEERESHIESEHEYW 4K Amazon S3 HEY
BHERE (RS modeltar.gz Y tar BfEERD ) hEAELEER,

RELWEBRER 190



Amazon Braket HBEABER

B LA JavaScript ¥IHRECE (JSON) RAREFERRP, NMRENMELZEZFILAXF ,
MEEAMLESINER , EUEAN BE , LEARENEREXFIL, NEFEESN  F2H

braket.jobs.data_persistence 148

EERTFESEBNER  FRUT U #ADD BN THEEREE 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(0Q, 1)

for count in range(5):
task = device.run(bell, shots=100)
print(task.result().measurement_counts)
results.append(task.result().measurement_counts) #ADD

save_job_result({ "measurement_counts": results }) #ADD

R B LUEBM AN E #ADD print(job.result()) FHEMNTREREBESHBINERLE
%,

import time
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

print(job.arn)
while job.state() not in AwsQuantumJob.TERMINAL_STATES:
print(job.state())
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time.sleep(10)

print(job.state())
print(job.result()) #ADD

FEHESH | BB wait_until_complete=TrueREBE M@ H, BT LE HEFIB T LETE
5, ERHTHESERER , c2RHEBIT M job-arn , EEE 10 P — B EBHME |
EZEEEHKA ALLCOMPLETED , v RSB REFERNER. FSRELUTEHH,

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, '@0': 47},..., {'00': 51, '11': 493}]1}

ERREXRETENENRBESER

B UEARERREESEENIEREEE, L —HNEEEESBE SIS | A LAFIELLT i
£t #ADD SN TREIBRERER,

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)

ELHTRESERE , c2EREHBESPNWRESEBR AP LATERR /opt/jobs/checkpointsi%
BE IR <jobname>- checkpomt 1.json. BRIFFLBRESERFAZRKER , FRAREEBESHBRET
g,

NREBERENREESABREENRERB ARSI , BEEIESHEMEA from braket. jobs
import load_job_checkpoint, EHANEE LIECHNBENT,

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

BALLBEHR R , BUURBEAZE WASEE BB Ccheckpoint-1,

@ Note
checkpoint_file_suffix X ARSI EE L BRERFIEENER.

EHNHREFETHEEEE L —EEBSEKjob-arnky , A EM #ADD M EFERFAIT,

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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)

EATHEXZENEEESNER
BERIHOBENIOER , RARL TR CARANLRILE OF, RAHL2— A

B 1TIRFTEITE Amazon Braket BEEEKHPFERNERTE , EFEEMFH Braket REBHITE .:.1?&5%

MEMERME. MRk , 57 Amazon Braket ERLAHTEBHREFNAFRAE EMTESNER

1§U§U§HEFU*H|§:R§J:’*“*H§°

EAEERD  SNURETEREEEEREKE  BEAEEXTEHHEERY Quantum EEE T
(QPU) #8117 B , TEREBUEEER.

EEMFAARBES | Fi& B AwsQuantumJobBER A £ LocalQuantumJobEMLE, 5l
m, FEEREBVENE—(BESEEHTES  BEEABIREESEEESE , TR,

from braket.jobs.local import LocalQuantumJob

job = LocalQuantumlob.create(
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",

(@ Note
8 & L% £ Amazon Braket E5EAH ) Docker EELR KB AMIRIES | FREFEALLTH
BB, IBTAILLTE Get Docker EE E#H %% Docker HIEREA, A\ , AEERX PR EFFES
2,

ERAARESRENEIRES IR
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£ Amazon Braket $i{TIEHNE 715

Braket Rt T EAEEMNEFEMNZTLHEEFI. BAUE lonQ. IQMHA FERFEERE FEK
Rigetti , SA X% % QuEra ZEUE L Hamiltonian Simulator, &t A EEFELAEE | A EEEBEBIHE
FER RS FEUE,

« Amazon Braket T A REEBEANAMRE |, HEHEEY, EBNERERNE FEK,

« &E® Amazon Braket Python SDK AR EER A RRMNHTEFER. BHEEHTBEBELREN
Amazon Braket £ A1FHL,

« Amazon Braket AP| TJ3%i8 Amazon Braket Python SDK F1E i &%EFH., APlI NREEREBLUERR
AAXERAEFEENERARER , B liEEry ,

S5 b B9 S ) R 8B AN{ATAPIE 2 B Amazon Braket Python SDK BA& Python SDK for Braket (Boto3)
e {E A Amazon Braket, AWS

A8 Amazon Braket Python SDK KIZ¥#HE

% Z{# H Amazon Braket Python SDK , F85£Z& % AWS Python SDK for Braket (Boto3) , LA{EEE i&@FA
AWS API, #&E]LA#& Amazon Braket Python SDK {8 AR E F%& F 2 Boto3 WERIZEE,

« Boto3 22 HiE FTEMSRE AWS AP, ( F8EE , Boto3 2E @AM KE Python SDK AWS API,
RZE AWS fR#& X1 Boto3 M H, )

- Amazon Braket Python SDK @2 AREFEKNER,. HE. RE. FRERNHMITs WEKBE
H, BREURENE  SHEEAKRETERATENER,

- Amazon Braket Python SDK AIZERZEFEAFR , ERASAATEASTEFETEMENMEEEN
MR

- MREFEFERHERAR , B LUEEHEY Amazon Braket Python SDK [EA{Ef] Python 15 : 1.

Z 4t Boto3 Z#% , i Amazon Braket Python SDK B2 E 7N T BBMBUN TR

1. (R ) ARENETE,
2. EAEZRATER SDK &l
3. IEE QPU ZiEHE=R.

4. HITERILER,

195


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

Amazon Braket HBEABER
5. #ITER,
6. ERER

ANE P S R BHE P R S E o

MEEZEH , FS M GitHub £#Y Amazon Braket EHIREFE,

FEAEIHF

- BEFEBKRRXE QPUs

B E FEBMEHIT ?

- EEEH Amazon Braket BEEH
ERARE

SHEs AR R AR 5 T

KEFEFERRXE QPUs

Amazon Braket ATREFRBEAIMTE FEBNRE, SALERNRIEFER  LAUREET
EBHIR,

QPUs

A LABERS [ QPUs 12X 2 7175 , (B{FH S Amazon Braket T ANEBEE TETRNEETH
BRRET, BUERAEFEH ID HRETFTENER K BF2ET—.,

* 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
* |QM Emerald : arn:aws:braket:eu-north-1::device/qpu/igm/Emerald
* QuEra Aquila : arn:aws:braket:us-east-1::device/qpu/quera/Aquila

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

A LABUH QPUs MBEEEHESEN CREATED MREEMNE 711, B LS+ FEEEEER
QPUs , &= HEUEQUEUEDER MENE IR, = , QPU QUEUED E FEBT AR
QPU 7] AR R THEUH

AR :

* lonQ

- lam

* Rigett

* QuEra

g5l KB FEBRRIZE QPU
REFZNER

lonQ

lonQ RFELREERERA QPUsLIEE FHIREMAER, lonQ'siiEQPUs REEHE IR 171Yb+
YL ZEERETETANURREERFHRZEAZR,

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 HERAEEMEREREZSHY , ISHTEEHEN 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://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.circuits.gate.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-constructing-circuit.html#verbatim-compilation
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QM

IQM quantum REFZERBEE ¥ qubit WEARBEHEREE, IQM Garnet & 20 qubit & , M
IQM Emerald 2 54 qubit &iE., EMEREHERFBRAE , LBA Crystal BRRFAE,

QM £EXE T 5 E T FE,

"ccnot", "cnot", "cphaseshift", "cphaseshift@@", "cphaseshift@l", "cphaseshiftl10",
HCSWapH’ "SWap", HiSWapH’ "pSWap", HeCIH’ ncyn’ HCZH’ "Xy", "XX", nyyn’ "ZZ", 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'
'S" 'Si" 'SWap', Itl’ Itil’ IXI Iyl’ IZI

’

’

EIBZEFRZE , Ankaa-3XETIIRERE,

rx', 'rz', 'iswap'

Rigetti BE 2 7RI REEHT x FE , BES +1/2 = +11,

Rigetti & ER MK ERIZES , T EAnkaa-3RFE—ETHERNALEERZRE,
“flux_tx', ‘charge_tx', ‘readout_rx', ‘readout_tx’

MEELEKRNFMEN , F2REBNEEENAE,

QM 198



Amazon Braket HBEABER

QuEra

QuEra PR FREE , THTHEILEZZREEE (AHS) ETE%. ELERHARKRESEEL
ERHAERKEE qubit E’JHvF“?I*EﬁEs%EJ,M

—{@A AT LAfEE E Hamiltonian BN SR FiREELRENER , FZEEHS qubit TFI|ANEE ,
LAR 2 S A B B R AN Z2E B4Rk 4. Amazon Braket 22 A2 |, &8 python SDK B9 AHS 48
B#EEERERXbraket. 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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https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
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FMBABER

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

gfl . BETFEBRERXE QPU
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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
FRABRAMEMARNES, EUUERULTRENERS , AN D T Rigettifl IQME FEEE
ENEFEREZF@E L,

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,
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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 F#EAMNEEEEH , B AEFHMEHN T ARRMNEERE, I, EE
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. F BT REREE N EESSFUEEBRIEFHITHE FEBER,

2. BERIEFEKITIREREEFFER HITHERRE FIEHKEEAmazon Braket Hybrid Jobs, &L
FREEB LEE 2T,

3. REABTIREREHNERE LHFATINESERER., ERARESEHEN—E2Quantum
tasksieRW EFEEIERF , L PHEMEPriority 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 RIEZBEETIFEFERERESEBNENE, WTLUER 5 SEFEHR
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
EREUARBRZARREBFIERR, MRETEEFEFEETH , BIBERE SNS BA,

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

A EFERBA A7 Amazon Braket P EIEE S RERK.

&R LAE A T 31 5 X7 EL Braket HHVERE AR :

» Amazon Braket Python SDK,

« Amazon Braket £12 5.

 Amazon Braket APlI,
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https://docs.aws.amazon.com/sns/latest/dg/sns-getting-started.html
https://docs.aws.amazon.com/sns/latest/dg/sns-mobile-phone-number-as-subscriber.html
https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples
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

Amazon Braket HBEABER

FEAREH

- BRERBESEBHTEEUMTIESE
- NMAEBUEREER

- FRAZSBHEERMEREXNER

- FRZBECSKHER (BYOC)

- BEEFEA BREEEBES API

RERSEBHTEBUATELTR

RIBENEEL , BURETRNER, BIEFEL , Amazon Braket 7Eml.m5. large#T1EE L3
TEWEELESE. T8 , ZBUNUECEATIEANERES BB LRSS EHFET BT EEER,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"), # Use NVIDIA Tesla
V100 instance with 4 GPUs.

)I
MREEEPITARER  YERBEAETEEAREE | BHBAE PEE instanceCount I

TRER/AR—fEInstanceConfig , UERZEHITER. LREA 5. B0 , BALUERE 3 EHIT
@88 , W RFIRo

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3), #
Use 3 NVIDIA Tesla V100

)I

EXERZANTERR K FEBERAENTITHRSBESER. NFTNFAERL QUL F1T{Li
HREPINFEET , F2E T HIEHIERZA,

TH=ZEERRIHEE, SHEEM GPU MEHAITERN T AHITERERNRE,
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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 HBEABER

® Note
EEMABEEENAREREEHNTEBELE , 5528 Amazon Braket Quotas B H,

BREHITEE vCPU sci=ie (GiB)
ml.m5.large ( 8% ) 4 16
ml.m5.xlarge 4 16
ml.m5.2xlarge 8 32
ml.m5.4xlarge 16 64
ml.m5.12xlarge 48 192
ml.m5.24xlarge 96 384

=M AEH 1T ERE vCPU iCiRER (GiB)
ml.c5.xlarge 4 8
ml.c5.2xlarge 8 16
ml.c5.4xlarge 16 32
ml.c5.9xlarge 36 72
ml.c5.18xlarge 72 144
ml.cdn.xlarge 4 10.5
ml.c5n.2xlarge 8 21
ml.c5n.4xlarge 16 32
ml.c5n.9xlarge 36 72
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B AEHITERE

ml.c5n.18xlarge

GPU fniE#h 1T &
e

ml.p3.2xlarge
ml.p3.8xlarge
ml.p3.16xlarge
ml.p4d.24xlarge
ml.g4dn.xlarge
ml.g4dn.2xlarge
ml.g4dn.4xlarge
ml.g4dn.8xlarge
ml.g4dn.12xlarge

ml.g4dn.16xlarge

(@ Note

vCPU

72
GPU vCPU
1 8
4 32
8 64
8 96
1 4
1 8
1 16
1 32
4 48
1 64

LIE# (GiB)

192
;CiERE (GiB) GPU fCiEa

(GiB)

61 16
244 64
488 128
1152 320
16 16
32 16
64 16
128 16
192 64
256 16

p3 MITEETEAR us-west-1, MREMNBSEBBEEMEFRN ML EERE | FEAS

— &,

BETERFER 30 GB WE R (SSD) TR

&, BR , A LIERRRE HE T N RARERM

FH#instanceType., THIEHIREB NG FAFEZREIEMNE 50 GB,

from braket.jobs.config import InstanceConfig

RERAGEBHTEBUBITESTS
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job = AwsQuantumJob.create(

instance_config=InstanceConfig(
instanceType="ml.p3.8xlarge",
volumeSizeInGb=50,

),
),
£ PEREERMIFETE AwsSession

FALBEWAwsSession#TARE 0] ARGV EM | Hlusesn AR TEER Amazon S3 f#71F
Bri@iEE BETINE, BIFTER , AwsSessionEBTELIREMN Amazon S3 EFErEE"amazon-
braket-{id}-{region}". 718 , B LLEEFEER BB STERH Amazon S3 #FETEN

BEAwsSession, EAEALLEZE ML AEAwsSession¥IHFE A AwsQuantumJob.create()5%

FiERREM aws_session 28 , 1T HREXBEEFIFT T

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

WMAEBUHERER

LA RETEIEERIFRIGRENESNER. ETUE TREHEAEXBRTHK.

EEEFERATECHESASR  FHESEREMENZIENESESR , ARRBET NIRRT

ENEUH RS ER.

WABUH R SR
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Amazon Braket X Amazon Braket » Hybrid Jobs

Dashboard Hybrid Jobs (4) &) Actions a Create hybrid job

Devices 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)
- =5 “ == 83— nt L 3 79N =
BRMEREVH , FEHRETRE B ARUT@ARE , ARRIHEE.
n n
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 X EHFE QPUsH S 8imEZE. EURLRBEER —X , MTBEREEELZINER
REER , WRAPHEESERESRHBNENAR ., EATUAERZTESEENHTRE , RAER
FAEBESREFTHREER. AFKSHIEBRRERIRMZENH D —@ QPUs 4% Braket B&
F#%. BSRERRBHTHREER  Raket EEMEERREHEAREERREMENEFTREESR ,
DR @mENER.

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
TREERR K REEF-—XVTHESER. ETIITH S EEERARENER  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

BT IRE Bk ZE X Rigetti Computingz 7k , WATEB#IT. SUFEAERN QPUsHZESH
TN

EREECHESE (BYOC)

Amazon Braket Hybrid Jobs IRt =EFEEREN R , ARETRAREPHTENR. WERHEH—E
ABRZELNFERARS , EREEEUREEKERRMEEZESHE. AU REEEZESHRIER
# requirements.txt BRI ERDWMEAKRMEPip.

MRELABMIZIELNEARS , FEWNREEEEREM , A Braket Hybrid Jobs XEFERER
S BiTDockerB M GHITRENER , IBH LB SHNARE (BYOC), BEHREEREESLEEARM
HYIEREZhAE,

TR :

- IREEECHNERTAERNIRE?
- BEBRBENES

- EEBCHNBRTHIT Braket BEER

SR ECNERTALERRRE ?

HIZRECAES (BYOC) #El Braket Hybrid Jobs , BB RERESGZECHNEE K BHETH
FHECHER, BBENESESER , e —EARTLUERERNEYE K MEETKTEBYOC
DockerZ{& - Amazon ECR L& - BETH & URI B,

® Note

MREREFELEALNFEIRENEM Python E4 (BELR 108 ) , BYOC AIEERRIE
RIEE, flo, MREEANRZ PyPi.

EEEBRT , ZAERAE+P —EFELEEER Braket B , ARTEEBRIE
#requirements. txtiERTEERRH T, EREEHEN , L EEpipTEEBTEEREANE
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o MRBEREAEEN  AEBNHMTRETRENIEEN, BE Python , MIREBER , RELE
RARAFHRE RS TEFENTELZERS CUDA R,

BB EREBETHERIE Python FS ( HlI0 C++ 5 Rust) , I EEHEIB Braket HERER
SR EAME A AY Python R A K , BYOC BB, MAHBTIIER , ELRTHARE

- BEANRBEARESR A MALFZEQREARSRIZXESR , FPTHE, £/ BYOC,
&AL FEDockerfGHFRMARE S L YIS ERTRESRNENR.

- WEEFERATALRAERNEE, flin, BAEELEERSTE SSH €8 FAEFIMNFAE GitLab
= GitHub #EE L,

« BRERKAKRBERE Braket RENBRTHWAEEREN. HREBLRE , BYOC TRBHERES
ERRBNRAERE,

BYOC L A[ZEIEFEH fﬁkﬁ*EEDockerﬁﬁﬁﬂEEﬁ%%ﬁ‘ﬁ%% , B BET SDK SR EEIRERKER, &
A] LA7E Amazon ECR A E&EE & BV 7F Al R B 1T LR 1,

® Note
EHRETREERANERRE,

BEARNES

EAREP , ERAstep-by-stepfE™ , FRFEFEEbring your own container (BYOC)#1THY Braket
Hybrid Jobs - S, BR , URFESELETE. ERNIR , URMEMIITEMN BETDockerift
5. MEERRGINES :

1. #DockerfR P R EAERE | WHEFEKHEMLR Python EEEE TR,
2. fEM3E Python FERBRREEESHRERESER , 3 x86 LM CPU &,

HRES 2, ERBREAEBETREAEM.

E Braket HI{TENESEKE , ©EREERMN Amazon EC2 HTHERBHEMER  REHNT
Dockerf & UR| B A IS EM ARG | UEH BV T, 8 BYOC WaekF | Bu LIS EFE Amazon
ECR @ FERFEENIREG URI , Mt EEEEEFEERFEIE, Braket Hybrid Jobs &% BT RIG R
HITER,
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https://docs.aws.amazon.com/AmazonECR/latest/userguide/Repositories.html
https://docs.aws.amazon.com/AmazonECR/latest/userguide/Repositories.html
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BEWEERESEKEERMER 2DockerBEFIEN B ETH. MRZBTARRBRENEE
Dockerfiles , 552 E Dockerfile X4 Amazon ECR CLI X4,

FEHEX :
« Dockerfile fy E B {&
(EA) BRBNAREAMETH
- B/ REMENBRBINAERIESH Dockerfile

Dockerfile B9 E 7R {5

MREEAZE Python , 3 B E7E Braket RN BRPRENKE LRERE |, AIEEMRGHN
BIEBZFEER GitHub #7FEM Amazon ECR LY E A —1{E Braket Bes %, EFEZE[E Amazon
ECR E1TH 75T , TreiRBM GBI BEMBR, a0 , BYOC Docker HEZRME—ITRAILLZ : FROM
[IMAGE_URI_HERE]

EE | EEHERMW Dockerfile , LZHE MR ELEFHIEET AN EE, HEREREN Braket REHKZEE
SHENBSEEALESTE  RLEETFEERBOERETESESXIESE.

MREEEMFE I Python 5ES , Hli0 C++, Rust H Julia , RENMREEE A IE x86 CPU £ER
ERG , i ARM , B EEEEFERLAERG 2 LEBE . BALITE Amazon Elastic Container
Registry Public Gallery H{Z|FF ZEH &G, FHELBFERAN CPU ZEN GPU , IREERELRE
FRAK GPU,

(ER ) BRENBTREARETH

@ Note
MRERAAGHAREINEEFALZER Braket B , BT LARGBAHE,

EEERESEEPHITIHE Python BXIE , FEXERDREARN Python TS, i

i , braket_container.pyAmazon Braket Github E# python {555, &R Braket L E BRI
GRARMEBEELZECSRAURETEEREEHNETR. SREARESHBEILEAMEA Python , B

A LARREDJE Python EESTE, ERAEEMNEFIP , HALUFE Python EEEIE SR Python 772
FHREMNEFRE ., BBERLLEE , &0 URBAE A RIS S IEREEE Python EEEETEE. I
m o, A LME R thekick_off_customer_script() EE , BIBEEIEREREE Rust BF.

BB A LURIZR B 2 W braket_container.py. TEZBSBAER. XRHEFMNEMXENESR
£ Amazon S3 EHREIBHBF , LEREENRREH,
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https://docs.docker.com/reference/dockerfile/
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html
https://github.com/amazon-braket/amazon-braket-containers
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://gallery.ecr.aws/
https://gallery.ecr.aws/
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L274
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L274
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L139
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F ZEFFENHREBNARIEST Dockerfile

(@ Note
MRIEERATALZEER Braket REEMERDockerER IR , AIRR/IETHREFHE,

MREEL—ESBFEITERBHNARESTE , ITEKEERIASD , WiSRESEERS
SAGEMAKER_PROGRAM braket_container.py , i E G B EF AR EABESBHN RS,

LA RDockerfile a[ & GPU MEEHKH1TEE LA 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

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 \
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openssh-client \
openssh-server \
ca-certificates \
curl \

git \
libtemplate-perl \
libssl1.1 \
openssl \

unzip \

wget \

zliblg-dev \
${PYTHON_PIP} \

${PYTHON}-dev \

RUN ${PIP} install --no-cache --upgrade ${PYTHON_PKGS}

RUN ${PIP} install --no-cache --upgrade sagemaker-training==4.1.3

# Add EFA and SMDDP to LD library path

ENV LD_LIBRARY_PATH="/opt/conda/lib/python${PYTHON_SHORT_VERSION}/site-packages/
smdistributed/dataparallel/lib:$LD_LIBRARY_PATH"

ENV LD_LIBRARY_PATH=/opt/amazon/efa/lib/:$LD_LIBRARY_PATH

# Julia specific installation instructions
COPY Project.toml /usr/local/share/julia/environments/v${JULIA_RELEASE}/
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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} \
&& 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

WEHETERIEHIT BENESE AWS |, LIRS EMHMBEBRRIERE, fli  FEiBERSE
A EENEMELZEERNBMIT license,

MBEBREELSHELNERRE , HIMNFEEREFE GitHub = GitLab REEFHNRERE , 52 EDocker
MG HRERA SSH £ RKEFIE, Mkt , FEEEEDocker ComposelFfEA |, BASLFF Docker 77HL
HEBAEN TS T 0 SSH, WNFEFMERN , 5820 Docker FZ £ A SSH B EFIFE
Github f#ZEHR.

EEM L {EDockerfR &
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https://www.fastruby.io/blog/docker/docker-ssh-keys.html
https://www.fastruby.io/blog/docker/docker-ssh-keys.html
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EFAEMESEMN Dockerfile , BMAETLUMKBIEBRIE VTS Amazon ECR fFE , IREAREKXEF
ENRE, fLlEE, ERARMBGYBE LEETHEE,

BEEBHEE, ERMHEEMREG, NF BEMNTERBPdocker buildf—L&ifl , 55288 Docker
BEXH,

HR ERERNSEHIESR |, EAIBIBT

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 B 24 B1EFAHE Amazon ECR ffZESEE ., RIFETESR , A8 Amazon
ECR EETZRMHY Braket Hybrid Jobs IAM role 5y {E o] £ 1th 2 fiF F #8519 f5F F & 1Y SEEVZ EY
B, flnipEESBE, EXERERTEERERETEENGTT. —BMs , AT IRTFEELER
RGN FEFERAENAMAL K MARAFER WEM Aimage URIIZEEM.

IS EHCHBRRPHIT Braket BEEEH

EEFRALECHAREILRAER , AwsQuantumJob.create( )& A image_urilgE/Y 5| P
W, EALAER QPU, FEEEESS | 7 Braket Hybrid Jobs IR EFKEIESS F AR TRER
B, RMERELE SV, DM1 , ARBEEEMN QPU £#1T. TN1

EECEREER EHTRENE , BFEH KIEEinstanceCountEBEAM instanceTypeM
InstanceConfig. FEE , MRMIEE instance_count > 1, AIEERRENERBITUESZE
FHEHT, BRLLEENHTERSELRA S5, AW :

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
image_uri="111122223333.dkr.ecr.us-west-2.amazonaws.com/my-byoc-container:latest",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3),
device="local:braket/braket.local.qubit",
#...)
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https://docs.aws.amazon.com/AmazonECR/latest/userguide/repository-create.html
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https://docs.docker.com/reference/cli/docker/buildx/build/
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Amazon Braket HBEABER

® Note
FA%E ARN EMRERAEERESERPEERNERSE., TEINEXEE/RER
device = "local:<provider>/<simulator_name>", Fic{¥ , <provider>#l

<simulator_name> ReEHF&., BF. _. -M . K. FHRRFIA 256 E=F T,
MREFTEER BYOC BR{EM Braket HBREHEVEFIHK , CEZSRESINESE
JEAMZN_BRAKET_JOB_TOKEN#sCreateQuantumTaskiE R+ H jobToken &, MRR
B CAETEBRTEEBERIER , YA—REBIE FEBTE.

EEER RS EHEE AP

B LAGE A E##ZE Amazon Braket BS TR 2 BEEIAPI, T8 , APIEEMER i, EEFEHE
SREMER S E,

(® Note

H P RZUEZRIEMEH Amazon Braket Python SDK E2 Amazon Braket B EE., ©iRMEA
ENFERENRE , HBENESXEBRIHIT,

AEFRZERA NESB AP, MREREZBHEH AP, FiclE , W EAREAEHM |, WERITET
ZRARBER , BENESNEBEUNIT.

EEMFEH AP, BHWIRFEZEESESR AmazonBraketFullAccessSEBERN AR,

® Note

WMEMAFEHR AmazonBraketFullAccessEEBRMEAGMNEMET , F2EMHA
Amazon Braket EH,

o, BRE HTAC, LAGKEERR R, BT Amazon Braket TREEVAG., EAFF
IMRERELNBTACRKRSIER , AREEBRIRARAE.

Createlob API ZEREEREEBNIELES . HEMEA Python , B EE ZESHEREMR
#tar £, B4 inputtar.gz /R , RARPITFIESH. EMA/ER (<) PREARHD , UFE
BENRFEFANEE RS EBRBEE, BRNGTENEAR.
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from braket.aws import AwsDevice, AwsSession
import boto3
from datetime import datetime

s3_client = boto3.client("s3")
client = boto3.client("braket")

project_name = "job-test"
job_name = project_name + "-" + datetime.strftime(datetime.now(), "%Y%m%d%H%M%S")
bucket = "amazon-braket-<your_bucket>"

s3_prefix = job_name

job_script = "input.tar.gz"
job_object = f"{s3_prefix}/script/{job_script}"
s3_client.upload_file(job_script, bucket, job_object)

input_data = "inputdata.csv"
input_object = f"{s3_prefix}/input/{input_data}"
s3_client.upload_file(input_data, bucket, input_object)

job = client.create_job(
jobName=job_name,
roleArn="arn:aws:iam: :<your_account>:role/service-role/
AmazonBraketJobsExecutionRole", # https://docs.aws.amazon.com/braket/latest/
developerguide/braket-manage-access.html#about-amazonbraketjobsexecution
algorithmSpecification={
"scriptModeConfig": {
"entryPoint": "<your_execution_module>:<your_execution_method>",
"containerImage": {"uri": "292282985366.dkr.ecr.us-west-1.amazonaws.com/
amazon-braket-base-jobs:1.0-cpu-py37-ubuntul8.04"}, # Change to the specific region
you are using
"s3Uri": f"s3://{bucket}/{job_object}",

"compressionType": "GZIP"
}
.
inputDataConfig=[
{
"channelName": "hellothere",
"compressionType": "NONE",

"dataSource": {
"s3DataSource": {
"s3Uri": f"s3://{bucket}/{s3_prefix}/input",
"s3DataType": "S3_PREFIX"
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1,
outputDataConfig={
"s3Path": f"s3://{bucket}/{s3_prefix}/output"

1,

instanceConfig={
"instanceType": "ml.m5.large",
"instanceCount": 1,
"volumeSizeInGb": 1

I

checkpointConfig={
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints",
"localPath": "/opt/omega/checkpoints"
.
deviceConfig={
"priorityAccess": {
"devices": [
"arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3"

},
hyperParameters={
"hyperparameter key you wish to pass": "<hyperparameter value you wish to
pass>",
},
stoppingCondition={
"maxRuntimeInSeconds": 1200,
"maximumTaskLimit": 10

}I

BUREEK®E , BALUEIR GetJobAPIT FEAFIRESERFHEN. EERH
fTcreateJobEXEH Python THEMEIEGEESNEBFHMER , MEMNEHIATR , FEATH
Python ﬁ%o

getJob = client.get_job(jobArn=job["jobArn"])

EEBUHREMET , CancellobAPIFEfE A EHAmazon Resource Nameky () FEAY 'JobArn',

cancelJob = client.cancel_job(jobArn=job["jobArn"])
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IEAILAE A checkpointConfig Z8create]JobAPISMEEIEES HW—2 5.

checkpointConfig = {
"localPath" : "/opt/omega/checkpoints",
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"

iy

(@ Note

localPath checkpointConfigFeEA FH{E—FE B KRB : /opt/ml, /tmp. /opt/
brakets{ /usr/local/nvidia,

e~ E

HEUREBARTNEEENETRE, BUUALEHHERE  UWERY TR IEESHRRNER
ITHVRFE. FRRTHA 1 NEREERA , RS WRA 48 MREUH | EREINER, BUNEZERAK IR
MERERLKEFERNESEBHEATS , IEREHFRITEER,

#|ERIBTE Quantum Processing Unit (QPU) L#IITZ L EFEBNES TR , EREE T R AEL
RARENSERE,

THHREAHEKITHRE -

+ lonQ #Y Aria and Forte

- Rigetti B Ankaa-3

« |IQM B9 Garnet 1 Emerald

« QuEra B Aquila

® Note
fE lonQ REEAERRER , REFEMHIRE , BEREREEEDFEE 500 EFEE.

IR ERARE
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-error-mitigation.html
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MNAEARENEARKERTN , TRLHEETRAGNER F TR BMARKRBNERNT. HER
REREEXABNESESR  LIFFTEFHHUETFEBNTI. AREEREVERERENEBEFN
B, ARAETHEEHEERE LHTEERE.

RMRBECENEFRARTRORNRL R EE | UERE LR EEE R R, EHTE
LRRERERE  BERESENBEREHLERR  URRETURRERIBMAALAN. B
AEEBEBMATEBE , INERTFEM ELATDETRIFARE , AP CRBEHRE,
A

. WARIRE

. ERBMINTE TR

. ERBEMITEE RIS

. REBEREEREMEER

. BEREFHERENRS

MR E
BEERVRE , FHKE T 515 HBHE Braket BRK :

1. BARX Amazon Braket £# A&,

2. ELBIBE K IEZ Braket Direct , AR EREERF , BRERHZRE .,

3. BB ERENEKE.,

4. RUEEHBIEEN K SREBNEFBH., FELRUEEPRENENRE FEH .
5

EEFRMIESROENENT  RUEAESHT TEESRYTAMER. in  FEOR
ZEE. HBERHEERAAEYIR,

6. MREFEBERDRE R Braket ERERETREEFHTHERE , TEEETEMRHERT
YR B R L

BB LRR T IS REERAIRELRE -

1. BARX Amazon Braket £# A&,

2. EEIERPEERE K ARERELERENEE,
. EREERY , BEFEEEE.

4. FEBELAEFTNISER 4-6,
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RXKRER , £EWFIRE Braket RN EFEH  HHESRIRENRESR. BARER , &
#EBE T B EIRE ARN,

® Note
REEZKEIRE ARN & |, TEERFLZNRE.

REURD 1 NEHEERM  RERETRSFFANNRERERS ( 2REENERABHER
@ ) . Braket MBS HEMBRE ZMNEED ZEAMEEN.

B ARR AR ZER TIERERREB | B Braket BBEE BN E FE A BEMABILE | LA
Braket 23R 30 7088 TEREER,

EREBHEHTEFER

REVREMBERWRE ARN £ , EUUBYERZHBHTHE FEH. SEEEEERE
QUEUED ki , EREHR BB AL,

(® Note
FHER AWS IRFNEEREN. RBEIURE AWS BIIRS T REE R SRR E ARN,

(® Note
EARE ARN EXWEBNERRECITERYE , ERRABENERSEREZHBHT.

A LAE A Braket, . QiskitPennyLane = E##&EL boto3 (£ Boto3) Python SDKsRE I & F{F
%, EEFARE , B4 EBHEA Amazon Braket Python SDKHY 1.79.0 iR EH R4, EALUERAT
SR IR EH EHIH Braket SDK, Qiskitfit FEEF MPennyLane A B#ER,

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

f£FDirectReservation AR EIEEHITER
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-reservations.html#braket-create-a-reservation
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https://github.com/amazon-braket/amazon-braket-pennylane-plugin-python
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EENHIRREZAMITERNEE S L2FHADirectReservationAAEEE, BBIEELMNBE
HEENRE ARN , AR EE S AR Python withFRAR B WA BN E B BEFIES
1To

B, K ERETERVNEKE. AREAREATLEBTER.

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

bell = Circuit().h(@).cnot(0, 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 LAE A PennyLanef Qiskit AR EREFRIEFEHK , REDirectReservationR®E
EREIUETERBERERFARERT, a0, FiB Qiskit-Braket B E , WU UBITER , WOFAT
o

from braket.devices import Devices

from braket.aws import DirectReservation

from qiskit import QuantumCircuit

from qiskit_braket_provider import BraketProvider

qc 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&t , THREXNBLEA Braket-PennyLane A ERERZHPBEHITER,

from braket.devices import Devices
from braket.aws import DirectReservation
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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()

FHREREARR
gE& , BUNERATIEXNBFHREREAR,

# set reservation context
reservation = DirectReservation(device, reservation_arn="<my_reservation_arn>").start()

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

EFRFEEAEE —EARFRPIHATARN Jupyter FZLAX , A RBEEBKEREPHT.

® Note
BE.start () PR FEEZIANIT X,

BRNOIEFRER | ENME Jupyter FRA , AIFULTARKARBELRBEEN,

reservation.stop() # unset reservation context
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® Note

REBEHENFRNERFE (BSHEELRE). reservation.start() M
reservation.stop() FETRHBHKRLERE, EERBUAFTEREE FEBUEREH
BTG E. BEFETEFEEENRERFE,

BYEREHBEEERSE ARN

EREBVBELEBN S —EHEREMNU KABEERE ARNdevice.Tun(),

task = device.run(bell, shots=100, reservation_arn="<my_reservation_arn>")

LG ESEESE FERKERE ARN B EH | RERSHEHNIT, SHIEE , BKE ARN
BELHEERENBATNEEER. A, FREE Qiskitl PRV KEHPennyLaneRE £
IEfERRE ARN, ARNELBEINER K BREATEMEL K.

IE#EEA boto3 |, FHEERMIEKKEERSE ARN ARSI,

import boto3

braket_client = boto3.client("braket")

kwargs["associations"] = [

{

"arn": "<my_reservation_arn>",
"type": "RESERVATION_TIME_WINDOW_ARN",

]

response = braket_client.create_quantum_task(**kwargs)

EREHERITEESNER

#& Python BHEMERBEEBHTER , BANEBEEreservation_arnBBF oI HEREFHITE
EE%. BREEKPHAMEEKHSERARE ARN, EENRE , WESEHreservation_arnRg
ERERBEMEIERER.,
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® Note

EREBHEHTHESEBRSERERELHIBITRAEABER, ERAEATENRES
Braket KB EHIER. MREFECMHEAESEBTHREFTERBNAIRE LRTES

#DirectReservation® A .

THEABRENAEREBFATESNER,

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(Q, 1)

task = device.run(bell, shots=10)

HRER Python IR BHEANER (B2HHARAEEEPEILNE—FEEESNEEK— ) , &
AIATE R M EEreservation_arnfIBF 5|8 , 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>"

REBERESHETEER

REGERE , ERTEHRERENEAFIE. EALKRBHFAFINEARGTEREETEE W

Nls

/Ho
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® Note

REBEREFER RUNNING IRENEAEBHRESEUE. RMIBBEERRESR | £75 Er R
RENMEFRBER,

BIERGERE  PINGRERBCEBNFEER 2 , EASEREFARBANEREEFT, F
o, M{Bback-to-backrEEWABERIRE , ME—EREFNVEASTEABHSEBHECE. EMAF
EEF - ERFEPRE.

® Note

BAEAR AWS IRFWEREERFR, AIERERFERAENRE , HtEFUEEERATE. B
L, EREAREAM  HEEARNEERERENERM.

HHREHERANRE

BULESENRERBKEED 48 NEABUERE, HEEUE , FUBUEB RO EBEKRIINRE
P T B,

HRENHRE  E4ARCERENRE , RREUHNERE,

B AR e R R A0
Quantum 4R R — 1 SFEME R T B P B BN B,

Quantum REEXFREHRANTE  EMEEHNTHEERE. HABHE FES O BBERGEE

RITHE,BENETREZRRN qubit BENMEHRBSNERR, ATHEEHARRERBE , f3
ABEHEBESE , ARSHABRTEENERNE., EEFEZBARTHERER  PREASTERMNR
FEFAR BB R R EESERA R

FEARRH
* lonQ £iE L AYEHRRERR T

lonQ 5= B L #Y 88 RRAR AR 3 i
HREMLFERTSEEREYR  YRSHABERRYERR.
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® Note

HRFA lonQWKE : FABFEEER , 5100 BEFEBERS , LRED 2, 500 fEiER
EREBNEE, YREERE  RAREENRS , BHEREFEHEELFE 500 EHEE.

= A

lonQ REERBRHBNERERT .

RESHERRSFIZELE T , ELLBFEARTEN qubit FIIRERFTRNRED . EFRD
REMERNTE | fINRERERENE —HEN qubit, TEREATENEREE  BRITES
EREFRFRE. EEELHNNENER , URIESZE qubit MIFIE.

NEERREVFEER , FSREBWENME T BN,

(® Note
EREREZEDERE 2500 EFHH,

BAMERATHIRABEINQEE LHATERERFEENE F1E% -

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()})

result = task.result()
print(result.measurement_counts)
>>> {"QQ": 1245, "@1": 5, "10": 10 "11": 1240} # result from debiasing

EETHEBZAE A LUNEFETFEBNAERENEMNEREE, MESERNABHENHER
BAE—5M. ERPEENETMEREE , fINFEHE , B2EAREREFTBRAE.
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#HAL

BETUEFRERBAGRICNTERREEREATENIEME, RILELRSESENGER , X
BRT-—INER , AIRSRPBERNAIERER, NFEFMEN  F2REEHBEERE TSN
o

EENRE , RILERRBESMNERARE  ERLBSHRRBNFSTURRE, MRIBERE
2, AIREE I AR 2

BT LATE GateModelTaskResult Braket Python SDK # B additional_metadata #{ZH IR
bt MmEFEIE, FiE , fIECTSERNENE  MEAEERENZECHEES M, TIEXNBHE
BRI ERFCBRIFE 2,

print(result.additional_metadata.iongMetadata.sharpenedProbabilities)
>>> {"QQ": @©.51, "11": 0.549} # sharpened probabilities
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Amazon Braket #E2 BT

FRAREPHNRHERERNBRA R , LUHBI#EIR Amazon Braket BRI,
EAREH -

» AccessDeniedException

« M0 CreateQuantumTask & /ERF 2% 4 #8552 (ValidationException)
- SDK IheefE LBk

- B ServiceQuotaExceededException , JESEH KK

« THEFEERAHITEEFFILEE

- WEEZE OpenQASM

AccessDeniedException

W RIEE A A= A Braket BUZ] AccessDeniedException , AL S ERE S RA®EEFIEN
[= 15+ B A = 4= A Brakets

FEEERBRT , FHEENRE AWS EEE |, LT TIMERFER !

- MREERIENESNSERE,
- MRFBEXFERANAEARFFFERA Braket,

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-..
EREZRENRE AN s3_folder, Braket TEAEBEE A Amazon S3 REFIHEBEMNFE.

MRBAPIEEZZE WU EHE Ll F9855S : Failed to create quantum task: Caller
doesn't have access to s3://MY_BUCKETEBRELEEBAREEE Amazon S3 fEFFEK
&®s3://9,
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SDK Iheefs LiEE

&Y Python fRZA 4B A 3.9 REFRA, ¥ Amazon Braket SBEEEHK , RFIBRZAFEA 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

MREEIB B RERFRENLTE FEKRE , BIEHE Amazon Braket REERHATEFEBHES
ERAREERY, MERBRFNFMEN  F2HELEEE.

MREHERFANZEESNEBFERBER[EENTLITES  BTREBILER.

EECEHEBPERESREBNATEFEIBEE , BFH search-quantum-tasks APl , 20T %
X IBE BT T

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

& AT LAE A Amazon CloudWatch 1R RiR et ¥ 8 EE I W E F1E% : Raket > By Device,
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FEBRYITELHER

1. BREMERBRENAITEFIBRHENRKELE, EEERANRSVIEE,
2. EEEABPMServiceQuotaExceededflARiR , REER.

THEELAHTERPFLER
MBERAN L TSR | FERTHBE -

1. BEEY TS WWIEMETA T HEAN R,
2. FILIENELAHITEE.

3. MIBRIGHY ERCAHITEER.

4. EFRTRINBEWEL TN ELCAHAITER,

5. BERLA LBEMATHEE.

HFER2 E OpenQASM

REFRMHAERA OpenQASM 3.0 i& BI$ERR I 7] 88 P AV 58 SRR 4 1R

ARG :
- BERRKXIER
+ JEE#BqubitsiiFa
« BEEBBEqubitsEE E#EqubitsiEEa
- EHENERERqubitsPERERERMNAE
- BB &R qubit 5 M BR I HY §5 32
o RHIBZEF pragma $ERH H R
- BFHRRD RERIERR
¥ iR D BB qubits§EER
« &% pragma iR2 "braket" $E5R
— qubitsEEERR R 5| #5358
« M{BqubitRiEqubits § HY B B8 R B AR 85 58
s FHRERFRIERES

T EELRAYITER T FLEE 234
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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

FEEIEEtruePrequiresContiguousQubitIndicesiREA WEEBqubits EFERATEEN 88
S

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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EHENRERNERqubitshERERERMNAE

AREMEBEXPqubits ARIEMNBERERN FERIER, THEXRSELHER.

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 E 7 M qubitaE i BR By 85 38
RAH—EEGEMA—Equbitiif. THRXBREEHES,

OPENQASM 3;

qubit[2] qO;
qubit[2] qi1;

WEABEELHERAL ;. [1ine 4] cannot declare a qubit register. Only 1 qubit
register is supported.

K HIRZEF pragma SEERY H 1R
ELFRIESBSLEMNLEZEFE, THEXBEEERR,

box{
x(0.5) $0;
}

WEABEELHERAE  In verbatim boxes, native gates are required. x is not
a device native gate.
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Amazon Braket HEABEE
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];

}

HEXBEELER : Physical qubits are required in verbatim box.

& pragma R4 "braket" #5532

BBREZRFEPEE "Hf) . THBRXREELRR,

#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;

BEFHRRDREREER 237



Amazon Braket HBEABER

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

M {E qubitf B qubits 2 By B B8 R E AR $E ER

EEFFAEE qubits , FEAME qubits IEREBFERE

#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 238
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MEXEH OpenQASM IhALHISHEEH , SBREAMIEHEE £ OpenQASM KM AL L EETE.

%II
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Amazon Braket &£ M4

MERZE AWS RERESBEIEF. 5A AWS BF , BuUZHERNERFONMERESE  ELEER
RTMEREZLHBEBNEIRMEE,

ZEMRE AWS BECENWRAERE, AESAEAREERARRNEZLHNERFNE SN

- BIRNL LM -AWS ESRERE PHIT AWS RIEWERRE AWS i, AWS Bt AZEHAR
SFERANRE. EFAAWS §HRFTEIN—BD , FE=FERAESEPIRNBIERMALZEHNEN
M, ZEETHEHAN Amazon Braket W& RETE] , FBSRBAWS SHAFTEIN RIGEE,

- 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,

ERRE T
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MREFEFNEFME S3 AFHETER 00 RWELEFEBNGER | ELREBRCHKMER ID MK
ZEFHRBYEMDEER, FHLHE 0 RXAREFERA. EALUEAREFNEARENELER.

EIE¥ Amazon Braket F912EL

ARERAFIT Amazon Braket HRFFEEAENBCEIMATNFTT. LAURT (HELB ) &S
PREAEAERACHAENTA, BEERM , FHEER Amazon Braket BUREEZ Gk F F X
ERERAE , WELTJBEFR,

R FERIRY |, BAERA Amazon Braket, & ERA Braket , BBLLUER (1) EEEH IS (2) £
8 AmazonBraketFullAccess BURMIEAER ARG B A , W EHE I Amazon Simple Storage
Service (Amazon S3) EFITEHFFT,

AR :

« Amazon Braket &R

- FRFAHE

« AWS Amazon Braket ) ZEBUER

- REEAEFIRERE

- REFEAEFIRESCAHITERE
- REFEAEFIRRE S3 RERE

Amazon Braket &R
Braket 8 2 —BEAMNEIR : quantum-task Eilf. Itk AWS EREENERER (ARN) TR :

- EJREM : AWS : Service : : Braket
« ARN Regex : arn : ${Partition} : braket : ${Region} : ${Account} : quantum-task/${Randomld}

FLANA®

& 0] LATE Braket £ noteboook EIRFEHE!, EFC A2 Braket AJ AR K Amazon
SageMaker Al ElR, & E#H Braket fEAZERA , BAEIBELBHEES B 1AM A

AmazonBraketServiceSageMakerNotebook,

BEEVERAS , ELAEREAEESHUHER NI ARBKRNAE,

EIEY Amazon Braket BY1ZEY 242
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JSON
{
"Version": "2012-10-17",
"Statement": [
{
"Sid": "CreateTheRole",
"Effect": "Allow",
"Action": "iam:CreateRole",
"Resource": "arn:aws:iam::*:role/sexvice-role/
AmazonBraketServiceSageMakerNotebookRole*"
}I
{

"Sid": "CreateThePolicy",
"Effect": "Allow",
"Action": "iam:CreatePolicy",
"Resource": [
"arn:aws:iam::*:policy/service-xole/
AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-xole/
AmazonBraketServiceSageMakerNotebookRole*"
]
},

{
"Sid": "AttachTheRolePolicy",

"Effect": "Allow",
"Action": "iam:AttachRolePolicy",
"Resource": "arn:aws:iam::*:role/sexrvice-role/
AmazonBraketServiceSageMakerNotebookRole*",
"Condition": {
"ArnLike": {

"iam:PolicyARN": [
"arn:aws:iam::aws:policy/AmazonBraketFullAccess",
"arn:aws:iam::*:policy/service-xole/

AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-xole/
AmazonBraketServiceSageMakerNotebookRole*"

ERANAR 243



Amazon Braket HBEABER

}

FEEVAC BMEREVECAHEHEVRHUHNTE  SSENEEEAREN, ECDERE
AmazonBraketFullAccess B3,

BIUfABeR , BullARKBEBNWMEELAEEFAZAE,
AWS Amazon Braket B9 S&EBE

AWS SEHEEH AWS AWS SEREEYHEENBIBNESEALSEARGIEMTT |, LUER
A AR A EIRIGEAE, FEANAE,

aclE , AWS XREBXRTRIAERTFRECARFNFERRETT , HAELFAIAHAE AWS &
FER. RMEREERECARFIEBNEFEEBER , MEE-TRDFFA,

RIEEEE AWS SEHREPESENHT, IR AWS E3 AWS SEHREPESNST , IFHE
SRREZNMETESY (FRE. BEANAR )., AWS RE EFHN BEREHHN AP BETHE
E RBEAE , AWS REJEEEH AWS ZEBUR,

WEFMER , F2EH (AM E£RERERE) P AWS ZEEXE,

FE

- AWS ZFE B : AmazonBraketFullAccess

- AWS ZEHZE : AmazonBraketJobsExecutionPolicy
« AWS ZE K : AmazonBraketServiceRolePolicy

- AWS ZEBEM Amazon Braket E#i

AWS ZEBE : AmazonBraketFullAccess

AmazonBraketFullAccess BI3R &3 F Amazon Braket B24ERIFFE] |, SR EL(EFERIFET -

- & Amazon Elastic Container Registry T #& 2% — EUA T &AM Amazon Braket Hybrid Jobs Zh&g
ARG, BRIV ARSI "arn : aws : ecr : : repository/amazon-braket",

« {RE AWS CloudTrail B& - $F¥FrE#EIR, BBMIEERTHAMELER., BEEEEHR RGN
BRI HEESEH LB, AWS CloudTrail B iE RS SEBIRF P4 FTHE Amazon Braket API
SEENED 8%,
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- FAAGEREZEHER - ERFHIRIBREEEARE, RBEEACTAURREER AWS &R, BR
82 Amazon Braket FRIEEH. 1A |, #& IAM B E&EIEZ Amazon Braket CreateJobAPIN: 2 37
A WA5EIE A AmazonBraketFullAccess B EEZEAE,

- BV AREE, AXEHNEHAEFEE , MHEBRFNVAEAFGER - B, FHRABERS S
Amazon Braket A2 EEH . EHESTKAFZHALNIEE, I SEHEMN Braket 5§ , ¥ i
B BER, £ CloudWatch FRERREE R,

« 1£ Amazon S3 REFEFRIMEUNERER , W HFERTFIE - EERY S3 fFire , Fid
FIRF R S3 fEFETER |, WAAYWHBAZIRE P& BEBEA amazon-braket- WEAIREFETE |, I
WHPESYH. Braket EEELH T , T2 CREEEFIKERNERBARBTIR | Xk
REEFIrREREM.

. &5 IAM B8 - 1% IAM B8E5EE Createlob AP,

« Amazon SageMaker Al Eio A - B M EEEE A E R SageMakerEL A HTER , RIEA
"arn : aws : sagemaker : : notebook-instance/amazon-braket-",

- BEIRIEHIEE — B EE . SageMaker Al £ZEAFH] Amazon Braket Hybrid £#% , BN ERT BB
IR AR F R B,

- BREMEE - ERXIFEHZH , TREALREE FEREL,

EERBUBERNEFT , F28E AWS ZEBEKSZF M AmazonBraketFullAccess,

AWS ZEBE : AmazonBraketJobsExecutionPolicy

AmazonBraketJobsExecutionPolicy BUER &% F Amazon Braket BEAE R ERNHATHRHT , W0
TFr7R :

- & Amazon Elastic Container Registry T#H & 25 - BEUM T &AM Amazon Braket Hybrid Jobs &g
HASRRBRIETF T, REIMBEFEER "arn : aws : ecr : * : * : repository/amazon-braket*",

- BYAFHEANRFEHNERAGEHEAE  UHERFHNAEAFER - B, FHRABKRIIRSEF
Amazon Braket AEMWEE#HKEN . ERESTHEEFEHEALNIEE, ESEEMW Braket B ,
rMEHGER, £ CloudWatch P EREER,

- BERFEFE Amazon S3 BEETEF - JHEIREFH S3 REFTE. BYHBRALHNIREFL
amazon-braket- BIEMNFAFEEFETE , WREZHEPEEY 4., Braket EEELT , T84 ES
EREEETFIBARNERHMAGEIR  YRBEFEITEEREM.

. EE IAM B8 - 15 IAM BEEEZ CreateJobAPl, B&M%BEZE arn : aws : iam : : *role/
service-role/AmazonBraketJobsExecutionRole* &3,
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EERBRNBERNETT |, 528 AWS ZEBESE M AmazonBraketJobsExecutionPolicys

AWS ZEBUER : AmazonBraketServiceRolePolicy

AmazonBraketServiceRolePolicy BIER &R F Amazon Braket #REMEFT] , BREELEKHEFT -

« Amazon S3 - FIHEIREHFEFETE  WEYHBRAREHREEHES WEMREFITE , IRPE
BYHRFFTamazon-braket-,

 Amazon CloudWatch Logs — 5| i M2 AFHEFE. EUMBEARSER , XAEEHHMA S Amazon
Braket 23K BEERHEMET A,

NMERBEGACNFRER , 52 H Amazon Braket [RFEEAE,

EERGIBERNETT |, F28 AWS ZEBEZE P M AmazonBraketServiceRolePolicy.

AWS ZEBERM Amazon Braket E3T

TRIEHABELRBEFHER Amazon Braket AWS ZEBKREH N FMEA

g8s Description HEHA
AmazonBraketServiceRolePolicy - &R~ BE#% "aws : ResourceAccou 2025 %7 A 11 H
EERE nta : "${aws : Princip

alAccount} R EEFIEE
Amazon S3 F CloudWatch B&&
BE,

AmazonBraketFullAccess - Braket Y58 ¥T38 Tpricing : GetProductsy & 2025 % 4 A 14 H
BEFEIEHXE (=

AmazonBraketFullAccess - Braket 95  BE#4% "aws : ResourceAccou 2025 3 A7H
BFEECR nty : "${aws : Princip

alAccount} RHEEHIEE S3

Bk,
AmazonBraketFullAccess - Braket B958 ¥ servicequotas : GetS 2023 £3 A 24 H
BFEECR erviceQuota F cloudwatch :

GetMetricData E1{E.
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Amazon Braket

FMBABER

gE

AmazonBraketFullAccess - Braket 5

BIFEUBR

AmazonBraketFullAccess - Braket B 5E

BIFEUR

AmazonBraketJobsExecutionPolicy -
Amazon Braket ‘R & EF KRS TS
THER

Braket EFRIEHIEE

[REFERAEFIREERE

Description

78 s3 : ListAllMyBuckets
A R AmEERN
Amazon S3 fE1FETEE,

Braket 5% T AmazonBra
ketFullAccess B9 iam : PassRole
Fn] |, LA8E& service-role/
iz SN

Braket EEFESEHHITA
& ARN , LA8%& service-r
ole/ B&,

Braket BitRIEME AWS ZEH
RWEE,

B

2022 £ 3 A 31 H

2021 £ 11 A 29
H

2021 11 A 29
H

2021 £ 11 A 29
H

EERFI4SE Braket EBNFEAEFR , LA LUSERF TBRFTEEREAMAE,

THEMER A RIRS

« CreateQuantumTask - EBERERE LBV E FEK,
« Createlob - ERERERE LBIESERK.
- GetDevice - IEERBMBIEEXENFEMEN.

THEFIEREFE B9FFE QPUs AWS RS 123456789012,

JSON

{
"Version": "2012-10-17",
"Statement": [

{
"Effect": "Deny",
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"Action": [
"braket:CreateQuantumTask",
"braket:Createlob",
"braket:GetDevice"

1,
"Resource": [
"arn:aws:braket:*:*:device/qpu/*"

]I
"Condition": {
"StringEquals": {
"aws:PrincipalAccount": "123456789012"
}

(@ Note

RBERPHEBRbraket : GetDeviceBifE , LAEIB Braket iR & RUA LR &Y & BB AR
FEUE , fInRET AL, REERNEE.

EERBUEND  FEZREEAMazonWERMTES (ARN) XA L —EE6PRE TN FH, thFH
Rt BIR{E. £ Braket 7 , RERREAUFULHITE FEBHN QPU SiEHRR. TANKESS
EEEEH L, AMEGBERANEEHELRENFE

* arn:aws:braket:<region>:*:device/qpu/<provider>/<device_id>

* arn:aws:braket:<region>:*:device/quantum-simulator/<provider>/<device_id>

UTREEREFIREN S

- EERIAMEREEMNFATAE QPUs : arn:aws:braket:*:*:device/qpu/*

« {EiEH us-west-2 EIFFHFTE QPUs : arn:aws:braket:us-west-2:*:device/qpu/*

- HER , EEEE us-west-2 EBIFHFHTE QPUs ( AARERRKEER K MAREFER)
arn:aws:braket:us-west-2:*:device/qpu/*

- EERFHFIERESEERIFEEMER : arn:aws:braket:*:*:device/quantum-
simulator/*
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Amazon Braket HEASER
- EERFISERMEFTIREE (HlW0 , FEHRIgettiQPUEKE )
arn:aws:braket:*:*:device/qpu/rigetti/*

- EERFBETNIEZEEMNFE . arn:aws:braket:*:*:device/quantum-simulator/amazon/
tnl

« EEREIEMECreateHEMFR : braket:Create*

BRI E R EFEUS EERAATEE

& ZRFGELREFHUSE Braket ERLAYTERE , BB ERHFTRRTEEREAG. £H
HEE

THIEFERABREEREMES FE., FLMFEREEELRABTERNETT AWS RS
123456789012 , ZHTEREBBREEEFEIENERETE (S, FHEALliceAFREA W
BEEAHTEBamazon-braket-Alice),

JSON

{
"Version": "2012-10-17",
"Statement": [
{
"Sid": "DenyCreateDeleteUpdateNotebookInstances",
"Effect": "Deny",
"Action": [
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:CreateNotebookInstanceLifecycleConfig",
"sagemaker:DeleteNotebookInstanceLifecycleConfig",
"sagemaker:UpdateNotebookInstanceLifecycleConfig"

1,

"Resource": "*"

"Sid": "DenyDescribeStartStopNotebookInstances",

"Effect": "Deny",

"Action": [
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance"
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1,
"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:username}"

1

3,

{
"Sid": "DenyNotebookInstanceUrl",

"Effect": "Deny",
"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl"

]I
"NotResouxce": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-
${aws:username}*"

1

PREIEREFEUSE S3 MEIE

HERBBEEAEFIEE Amazon S3 R , BAULSERBHREMEEREAS, FHESH
8o

T %1 55 & BR B SEER D A e AS WD R A4S EES3fR 7 BTHE (arn:aws:s3:::amazon-braket-us-
east-1-123456789012-Alice) MEFH , b EMRFIE LY HIIBE,

JSON

"Version": "2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [
"s3:ListBucket"
]I
"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice"
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},
{
"Effect": "Deny",
"Action": [
"s3:GetObject"
]I
"NotResouxce": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
]
}
]
}

HERHFEBEECAYTREEN REFRE , ST ERBRFTEEEZRIUITAC,

Amazon Braket RIS EE A

E B Amazon Braket i , STEZHIRFHEY RIGELAE,

R EZEAEE—BEREN AM S8R  FHBERTEEEERZE Amazon Braket, Amazon
Braket RIS EE A BTELEEZR AT E Braket AWS RIE RF[AFIE M BFTENFEST,

RIS EE A EEFEZMENTE Amazon Braket , BB LFHHIELEMEFT]. Amazon Braket
EEHRBELEACHTT, BRIFLEFELTE , TR E Amazon Braket I REEA®, E&
MEF R SREETEENFF TR, 550 R BEEM M EA4E IAM BB,

Amazon Braket 5% 7E #9 IR #5:E 45 A 2 AWS Identity and Access Management (IAM) AR 352 # & € Ih
BEMN—%2. WEFHAWS B HttXBERBELEACNENR , BFSBAWS £/ IAM WiRE , X
ERBEEACRTSRETRNER. BEEFELNR  UBGEXRBHNRBEEHE XY,

WERBEZACBE AWS EBRNFMEN , 552 B AmazonBraketServiceRolePolicy,

Amazon Braket B4 15 B 3%

(@ Note
AWS R BETHEF=FERHEEN QPUs , I RIFETECSHNBE IR,
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EETH RS AWS IR £ EERTEMNEERR , FF2RBAWS I SRFTESERRRERELR
BN S HETE, MFE-—MREA , F2 B AWS Compliance Programs,

B LAER TEHE=SEEE|E AWS Artifact, MFEFMEFA , F2HBE F THIHRS AWS Artifact.

IBER BNSREME AWS R BURRERNEEN, BLANERER , UARERAEENER.
AWS R TIEREHBISR

« REEREGE - EEMRSREFEEANRNRTEREZE  YRHUHHERLESR NS,
« HIPAA £ RIESE - 5 HIPAA S8 RHE. d3FFFE AWS BRHE #AFS HIPAA B,
« AWS R ER - L THEFMMNEENES TRERARNEHNEXNNE,

- AWS EFEHREN - BBERANAETHRARSARE, AEERERREZEARE ( 2RERE
ERMFEA (NIST), XNFERXREBREZE T (PCl) MEARFRLENLER (1SO)) RE AWS R
MRFEEEL2RHNREERR,

( AWS Config FEABIEE) AR AFHEER - AWS Config RS ERERTSRE
B%., EXZEATERNEE.

« AWS Security Hub — & AWS fR# AIEE L ERBH P L2 ARE AWS, Security Hub El L2
#l , TEMEEN AWS BRI BELNEHER/EETERLEREENSEER, NEXENRE
FIRFEE |, 5528 "Security Hub ##122E , ,

« Amazon GuardDuty - ERERZNRERTEURENEEEE , L AWS R HEREE AWS ik
E. IE8. AHENERNBERE, GuardDuty TRERESHRRBFIRENABREIER ,
DA% Bh iR K FE PCI DSS & ERRAMN AR E R,

« AWS Audit Manager - i& AWS BR#§ A B ESERRZ AWS AR , UL EEERBRNFTEER
MEFXEENHFR,

Amazon Braket P EREREZ =4

Amazon Braket @ R E R , 2T AWS £KFEREZLHNRE, WFE AWS ZL2RBEHM a1 AWS R
EEBRENEEEN  F2EAWS BEindt, EEFAERREZSREERREKRTEN AWS R
1B F2E %L AWS Well-Architected Framework Y E 8RR 2,

O LAEF AWS M9 APl FELY | 3B BB FEL Amazon Braket, fEERSVAZETHER !

- Transport Layer Security (TLS)e BMIFEE TLS 1.2 WEZEFEA TLS 1.3

- BfeEXEIEFAR(PFS)WETEEM , Hlan DHE (Ephemeral Diffie-Hellman)s} ECDHE (Elliptic
Curve Ephemeral Diffie-Hellman), JRARE (M0 Java 7 IEFIRAR) KL EZEELER,
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WA, BRLACAFEREH ID FE IAM TREEBNLAEENSR/REE, NF , BALLEB
AWS Security Token Service (AWS STS) RELXERZEBEREEHB R,

1&’33”1%1}151%%137@1?”4%‘% AP| 124E , {8 Braket BEXEUERAEBRNFEEBCER , HPAgEa
FERBIRIR IP st PR, b mJ LA Braket B3R 3R 4% &3k B 4% E Amazon Virtual Private Cloud
(Amazon VPC) im Bl 45 & VPCST—?—HL BERL K ERSREEMEETPISE VPC H1EE Braket ER
AWS K #8E 17 B

Amazon Braket B HEFN LTS M

Amazon Braket 8y QPUsHE = s EEBMHEREFEE. &% QPU L#ITE FEHKE , Amazon
Braket S BREEXETIEEMN QPU #TRER |, £/ DeviceARN A BT

MREFEH Amazon Braket FEREA—EE=AERBEHERENETEEER K SNERKHEME
BEREH BER R AN ERIZMEEREE AWS, & LUE Amazon Braket TR AN EBFMETE
EBFHREISE QPU TRHZEBMNEM AWS EiZHHEEEN.

BHABTEERL,. RAREBEERMENABRTIEERGE=F. AWSIRF EATEERIGEE=
Fo

FIEERTEERENERPNE, ENEMRE , EFAREE, Amazon Braket E=FHEFRTAFF
ERREERUNNENERREAENAET, ERZTHER , FREEEE Amazon Braket , ILFH
£ S3 RFETE T,

Amazon Braket E= S EFEREEENZSHETHRERZ , UERFSRAK TS, FEEGH, &8
REMNEEZSHIZE,

Amazon Braket B9 Amazon VPC i 2,

BA LB A E VPC %% , £ VPC # Amazon Braket 2 BE VB ELRE. N EEHZERA AWS
PrivateLink$ T , tbi i nl BIRE R EEBRAEKEE. NAT £E&. VPN E#&H= AWS Direct Connect
EEHE R T FH Braket APls, VPC FSITEEAZTELSE IP it |, BIAEE Braket APIsE.

BENERHTZHEETFERE PN - NS EELEERTERTR.

£ B AWS PrivateLink , VPC 1 Braket < B RET E#BHAMazonflE , EERSFLEER
FERAEXHAZERNZSYE , RATTREERNELAEHEBRBERNRE, WEFHHEENR , B2
B {(Amazon VPC R &EIERM) PHEANE VPC insFE AWS R,

EAREH -
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Amazon Braket BIB A BINT
« Amazon Braket VPC in B ZEE1H

* EXJE Braket #l PrivateLink

- BREEVHBNEAER

« {8 Amazon VPC i BB R 2 17 B

Amazon Braket VPC ik Bt E B E 18

SRIE Braket @9 H VPC %241 , B LRE (Amazon VPC (EMEIER) i) Eith S kb
#e

Braket X E{EEH VPC HAILEFTH API Bk,

RBIBTEER , RFFIEIB VPC % B 552 7 H Braket, MIREIEE VPC wmHBUER |, B0 AR HIFEE, WE
HMER | 528 (Amazon VPC R EER) A im B BEEES VPC in 2 FEL,

7% 7€ Braket 1 PrivateLink

& ZE AWS PrivateLink & & Amazon Braket £/ , #8283 Amazon Virtual Private Cloud
(Amazon VPC) im B A5 HE , A&FEIB Amazon Braket APIIRIEEFR Z in 2,

UTRIEEFN LR HREDSFERAELDS R,

- EREIRKE Amazon VPC REE LK AWS iR, MREEHR VPC , RIFUEIBL SR,
« 2 Braket 23 Amazon VPC i 25
o BB EEENFHIT Braket E FEKE

SR 1. REERE Amazon VPC
Aol , MREMNIEFEERIEHREER VPC , Bl AKKIBL SR,

VPC 25BN ERTE , fln IP st £5E, 7%, MAXRNEKEE, EXL K fex 85 EER
B EE AWS BER, MEHE Amazon VPC HEFMER , 582 (Amazon VPC ERHEEFM) .

BRK Amazon VPC it & |, WHER FHENK., Z2BENMERRERIFMN VPC,
$HER 2 : B3 Braket W/ VPC %2

EALAE A Amazon VPC E£# A5, AWS Command Line Interface () 2 Braket FRIEE2 3 VPC i B
AWS CLI, MEFHMENR , 5528 (Amazon VPC EHEIER) FMWET VPC i3,
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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

BY VPC inEz# , BAUMITER endpoint-url 28K CLI &% , A EiRIEER APIT #
TR, Bl BB

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

- MEFBANMERATAE FRKEN VPC WENR , BSEEALE THBEL 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 !

- ABITEENERA (EREFRAE ).
- AEITHVENE.
- AHBITEENEIR.

WMEFMES , F2H (Amazon VPC EREIEE) FHEARIBEEEZS VPC I8y 75

£if5l : Raket B)/EHY VPC imBHBUR

T 5IE55|FE R Braket iR BBUR, EEEE wEHE  WBXSETFTMEERLAMEZEANIIHM
Braket Ej{ETZEUE,

{
"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

« AR Step Functions B Amazon Virtual Private Cloud 3% 2 BUR
- RFEEHEESFHAEEEM IAMFFA
o Fim BBURIZFI$ VPC i RHY 17 ER

£ Amazon VPC % BB R 12 4 7 HL 256
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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 EREBZNE FEXK K REEESSEEE LT,
« RUNNING - M & FEKEE QPU REEFEHE L#1T,

« COMPLETED - £ E FEHKETKE QPU HEFE &R L#1T.

« FAILED- ZHEFERERATI AN, RBENEFERELABNER K BERABRREXEFE
%o

« CANCELLED - BEHUEREABERK, ETFEBKARENIT,

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

AE . task = device.run() R—EIRIRE K EXRTEUUERAEETSEREBEE FEKEEE

#& Amazon Braket SDK 1B} 8 F1E7 257



Amazon Braket HBEABER

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

EFNPEIMAESER —BOMH 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 (B AWS ERNERFEEREAEER) THRE ARSI
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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https://docs.aws.amazon.com/tag-editor/latest/userguide/tagging.html
https://docs.aws.amazon.com/tag-editor/latest/userguide/best-practices-and-strats.html#id_tags_naming_best_practices
https://docs.aws.amazon.com/tag-editor/latest/userguide/best-practices-and-strats.html#id_tags_naming_best_practices
https://docs.aws.amazon.com/whitepapers/latest/tagging-best-practices/tagging-best-practices.html
https://docs.aws.amazon.com/resourcegroupstagging/latest/APIReference/overview.html
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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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https://docs.aws.amazon.com/awsaccountbilling/latest/aboutv2/billing-what-is.html
https://docs.aws.amazon.com/awsaccountbilling/latest/aboutv2/billing-what-is.html
https://docs.aws.amazon.com/awsaccountbilling/latest/aboutv2/cost-alloc-tags.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/access_tags.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-manage-access.html#resources
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi-metadata.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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EECBR &l
T HIE AR #5# A A Amazon Braket &R EHES :

« 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

IR
BRLETIRESEBRFEEURENER

EREY BRE £/ 24, E AWS APl 132 Tags S8 CreatelRfE,
- BYERE  £H IREEEFEFERRNELREAER , I AWS API I TagResourcel®
(=

EEERVERRMNER  CoRERIEEENERNTT,
BRER

BALUERAFRAEEEIKERNELAER , MY ListTagsForResourceAPIHRYE , KR
Amazon Braket FEA A ZEEEIRH AWS ER,
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https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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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\", /
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\"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 &
R o

£ EventBridge ES12 18 & F1F 7%

Amazon EventBridge 852 Amazon Braket & FEKHPWAREE EEH, KB Amazon Braket S
HLEF SRR T ZE EventBridge, BAINRERAREHLZREBNEY , SEESHRERAKE
KB BB, IBENESBFESETIIERR

« 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,

)<)

WMEFMEE

iull

, 5528 Amazon EventBridge IS4,

EAREH
« f£f EventBridge EE{2 8 F{EIGARAE
« Amazon Braket EventBridge =54 &i 4

{# F EventBridge Ef#: 8 F{EIGARKE

{# /8 EventBridge , A/ LA Al | E&FEE Amazon Braket 3% 5[ Braket B FEEHNARES T E
HEERENEME, 60, BANEVRE  EEAEFERNEREREAETHBAHARKE
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https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-events.html

Amazon Braket BISt A B
1. AWS fEF BE G EventBridge 1 Amazon Braket ZFFAIBIRFEE 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 &#IF AWS R , HARIKEBE , BEBZ , #20 Amazon SNS FE= 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://console.aws.amazon.com/events/
https://docs.aws.amazon.com/sns/latest/dg/sns-user-notifications.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-create-rule.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-events.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-events.html

Amazon Braket LESC T
« quantumTaskArn (str) : EXNHEHHNEFERK,

- status (EA [str] ) EFEXREREHMRRE,

- 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] ) EFEKEINERENEE, KRUIATEETERCERAK IR
TRRERF I fF 7E o

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":"2021-10-28T01:17:42.898Z",
"eventName" :"MODIFY",
"endedAt":"2021-10-28T0Q1:17:44.735Z"
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£ CloudWatch E5#i5E

&A LAE A Amazon CloudWatch E53 Amazon Braket , ESWERKRER W HEERE AT ERITF
ENBERYIEEE, Amazon CloudWatch #& 8] LAE Amazon CloudWatch £ &R RRHEZ 15 @AGE
ENREEA , WBE 2 BREMNVESIER , LWEFE 7 # Amazon Braket e, BEEE ST
fi# 2B A CloudWatch 1E1E,

(® 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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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/working_with_metrics.html
https://console.aws.amazon.com/sagemaker/
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/cloudwatch_concepts.html#Dimension
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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
B AWS B, BERELH AWS DEEFFEEREHNES , Y AFERIATERLRIEERN Amazon
S3 RFETEE, A, WO LR EHM AWS IR LAUE— S 9 FEEEE CloudTrail BESHINENEHE
#l, MEFMENR , F2RETIREA :

- BIBHHEIE

« CloudTrail X BEHRENES

« ER7E CloudTrail B9 Amazon SNS &l

» REZEEEEEW CloudTrail BFEESRE , MRS ERFEU CloudTrail HFEER
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https://docs.aws.amazon.com/awscloudtrail/latest/userguide/
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-create-and-update-a-trail.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-aws-service-specific-topics.html#cloudtrail-aws-service-specific-topics-integrations
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/configure-sns-notifications-for-cloudtrail.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/receive-cloudtrail-log-files-from-multiple-regions.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-receive-logs-from-multiple-accounts.html

Amazon Braket HBEABER

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"

T fi# Amazon Braket BiSfERER 271


https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-event-reference-user-identity.html

Amazon Braket HBEABER

},

"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 , HEERRESHNFMAER,

"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"
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},

"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 MEAREREHEEAIRREERF, SLERCHRMAIREERERMWE , WEIYCHIUAMAE
®EEH,

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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