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ORBELIIRE ZIE YA ERE LHERARRSEL B 5. Quantum tasks fERES1ELBY —
PERX , EAERER , SLEIE Priority Task Queue /1,

Queue position

Queue position BN E FESHESELEMMZRZAYIFRHWLEFVE, © LB Braket
Software Development Kit (SDK) B Amazon Braket Management Console 318 , A TE 7S
BEEL,

Shots

HTEFIIEARELRE-—ENBREN  REEMERBFTES OGS RERIEBNER. &£
MNEEEB AT BRI N EX, BENBRRIY (EERT ) RRERENL %*‘Efgﬂ%ﬁ#ﬂ’]o

AWS Amazon Braket By AREF /Lt
IAM KR

IAM KBS 2 R VFSIELX AWS RS MR RN RI XA, IAM R V&R B E LA X RRA T

RIR A, BN, Al LA B P i R &R RYFR A Amazon S3 Fi&#E AWS IKF |, SEN TR/

R4S EF .

- REXK  RTFNRAEBRRERRHZEEREN, BLEEX—FN , SrILAASBIEL LA
ERENNRREIHITHETESHENNR, flln, MRATRAFEZL RS EFHESE , BE
IAM REEHIEEEZFERE , MARER TR FIHRIE AWS IKF A FERRER.

IAM B&

IAM BER—MAEANSHS , TURAZS BRI GRNER, BLMEXAFRTFIRIE
BN IAM BEHNR , RAERAF., NABRFIRSTREAZAR. SFAEE IAM A2,
S EFUNEENBETRENRENR , AEAHASHNR.

s REXER IAM ACEEESEZERMAMARKERFREZIERHRNBENER.
Amazon S3 1F &

I 52 5] 22 #76% AR S5 (Amazon S3) Simp AWS fRSS le Service &R BIREN N REFEEF#T
. Amazon S3 FE M RM TRV FHZE. Amazon S3 FREMFNHZRANRAK/NHA 5 TB, &F
BURHEASR B A9 SO 3 dE E A2 2] Amazon S3 718 , B R, M. XA, F0XHF. Wik
BARS . TR IER Braket B FES SR

BRIESRE : B0 LUEENPRLAEGIN S3 E#BHNIARINE, BXEZELR |, ESH Amazon S3
R Y TF A R RS

AWS Amazon Braket BI7RiE R/ s+ 8


https://docs.aws.amazon.com/AmazonS3/latest/userguide/bucket-policies.html

Amazon Braket FEANGIER

BN BR R AT 49

® Tip
BEATAHARNFEIEFITENERM AWS | 3EM Amazon Braket B8F % 3 it &l , TR —R5IZF
JBRENBZ LG , RS CHRFE-E,

f&B) Amazon Braket , AR FHRIEFIHERR , TEMERE, ENERZGFAESRE, ET
BEXENNESER , BHRENAH.

ATRE:

N Amazon Braket QPU 1% i& 3z tHBR &

o JEFSERTHY B A BR BR

- TERFHREXEK

A Amazon Braket QPU % & X H PR
Amazon Braket X HRFINEFLEE T (QPU) #E T AIENE R RBENWHRAREF,

X HRHEINZELT K | Amazon Braket KIREENRRZH , ARFBEREENRIFRIESMES IR
FR, MRETESHME T RAES SRR E LR , Amazon Braket 2 EHEL1ZES , HER
WIFtEIR, BAILLAR NI HRFAERERH R, BEEENRR , SR IBERREEZEENEERANRE
RIEF. ERERZIMERBESHHIEL,

Opt-in &1t : BRIFEAIEREM , ENMEITERERAZRMW, L7 SUES M BR X H BREFREUR AR
AR,

(® Note

ZHEREMRERTEREMNESHEL QPU £5. ST EEENE, KELICARBEM, Hybrid
Job EC2 3K A<M Braket Direct i, BE2EEEHE AWS RFHIKA , EHEMRE
AAWS Budgets.

RARBEM Y 9


https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
https://aws.amazon.com/braket/pricing/
braket-submit-tasks
braket-submit-tasks-simulators
braket-get-started-create-notebook
braket-jobs
braket-jobs
braket-reservations
https://aws.amazon.com/aws-cost-management/aws-budgets/

Amazon Braket FEANGIER

< H R BIHE S
B3

ERALLT AWS CLI 8% , SBAIBAE RS H4FE AWS XM 4EE Braket IRE&E I X HRH.

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

ek

EANUT AWS CLI &% , BAUNBEXENEEEFREFVUEFHIHRT. IRRBFEFE
X HPRE , MZiERFHIEL

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

EHT

EANT AWS CLI @5 , BAILLHREXHRFAEHR NN RS HOMME. 0R 280 H AP
XHWENMEZB THERNFRES I , MZiERFEIEL,

aws --region {device_region} braket update-spending-limit --spending-limit-arn
{spending_limit_arn} --spending-limit {new_max_spend}

WEBIFAR , BAURBE-PHERRREFTNREXH , REEFNRSHZHABRE— oY
|\Ejﬁﬁo

il B
AL AWS CLI 5% , &R LAMIBRINA X HBRET,

aws --region {device_region} braket delete-spending-limit --spending-limit-arn
{spending_limit_arn}

WEBIFAR , BAURBE-PHERRREFTNREXH , REEFNRSHZHABRE— oY
rﬂﬁﬁo

RERWIEN , EEFSAFXESHIEENREXRR, EERFTANKFRTHGESFEAK , HEWM
B R&SearchSpendinglLimits , MRE4SIRIVE R,

4 Amazon Braket QPU & & 3z Hi FR & 10
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BRIAEAHRFNESZ R, HSERHIEILA,

ESRIERY T/ERE

% AWS ik P ZIEFEARE XK CreateQuantumTaskiBERE , EAZEUTITEBITAINAR, EXE
FRMERIHRASHANSFIZHZMZANER. (ZAT—T)
o BHl 1 ESRBEIEXIHRSE  FFE0IE,
- BHI2: BRRRBEEXIWLRS, H B ZaretE £k HRGIH B RERR
« MRESHEITEABETRETRRME : CreateQuantumTask R0 , MES B BIE,
- MBEFMERAEKTRRTE : CreateQuantumTaskk M , H EFRAIBREMES.
« BH13: BARRBEHRS , BZnedHEE X HRERYETEER : CreateQuantumTaskk M |

HARBBEMES
FRTME R MMAITER
FIRTNE R X RS HHI X H MBS H 2 M2 B Y E 5.

ANEAXHRHANRZUNEBESE , FANXHRFRESHMAITRAE M TROF-THHTHRE
o TRERTHMRHIHMIAIHENEL , EFERRTESHHRE,

BN E FESRS N EFESKRES B HA S LIP3
CREATED BT A8 N FTEH

CREATED QUEUED FTER FTEH

Any EFEIEAT TEXR TEH

Any EEBUH TEXR TEHR

IE#EBUH CANCELLED BAG T RA R BB

Any FAILED BRAGTTAS R AR TEH

EFIETT COMPLETED BAE 1T R AR REETRAEN (R

EE D TR ESE

MR )

A Amazon Braket QPU 1% & 3 i PRE 11


https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/braket_features/Spending_Limits_Introduction.ipynb

Amazon Braket FEANGIER

BEARY 7
[ ERIE HREA , BRI ERMESREIT AN H ?
TR, B, SREMEERTHES I AT IZN S HRIMAVBEA S,

Al BYEHMXHRARREIHRFARELSHE LR, CHAREMEERHTHEFESRENL
1E?

TR

B ABXHREANLE RN ARELSHEVNE, CHAREMEERITHE FESRINLL?
Z TR, TRXHRBREHRESIEA , BAFZRELE, SHAMEMEERTHES.

B REXHRASEXTIHRAEMTRE ?

ZOREXHRE , TURZRAMYEEFES, EETNIHRFISBELEMEEFES,

B : FEFHARRK (future ) BXH ERABLMABHABEEFESHUE?

. b
%.ﬁbo

[ AR HR#EN , EERIIFHNESTERE , AT RARERXIT AL XEH ?

%

AR, RAEXHRIL TEIRESHEINES T 2T ARITIH,
I SR ) R A BRER

Braket SDK &R MH T @& F TR FIFINE FRaT 0 R AREEHED, RIMNHEN B
Notebook #EE KA RERRID , THEIRMEX Braket EFALEE T (QPU ) MREERNBHFEK
BAEE, BERAEEENUERER , TEEEARI ST,

(@ Note
LR 5 A RIRIEEH Amazon Braket iBEIZZME FAE R T (QPU ) FFEABRMEEN
%A, ETRNMITRATRESENKBRFZAEMTR. MitZRAFEREMFTHIRS |, &9
e R A H MRS [Amazon Elastic Compute Cloud ( Amazon EC2 ) | & H {th R %3 i U ER &Y
AT,

SV1 W R AR BR BR

I SRR Y B AS BRER
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NTERMAERARANRERRE , RITPHFEE NN RSHEBEHFERINN SV1 BB LETE, B
S A Braket SDK #&3R |, B X MRS H I Tracker () BBRMBRAMAIBERP -

#import any required modules

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

#create our bell circuit
circ = Circuit().h(@).cnot(0,1)
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
with Tracker() as tracker:
task = device.run(circ, shots=1000).result()

#Your results
print(task.measurement_counts)

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

L IBIZ1T Notebook B |, & AT LAHATE Bell State I A T, RIERSSMAENIERKIENELBE,
EERNE FES. HTRE, ITRNRTERENBUARLETHNENNEREAR, SENHRTE
B o gE LB RE.

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('0.0037500000"' )

{55 P AR A BR B 2R 1R B B 1 B AR

BRI AERA A RRSRERIREITHNEEKAR, EANBEANE-MBEEENSTRELR. BEXH
AR, BHMERRANRERBFRERTRBPHERANZHEE, AT REIE Rigetti QPU ERAER
BER , FRRARFIN 1 £w. ERMNOABAIZT —IRBIISAREAER 0.30 £, RIS FHEE

I SRR Y B AS BRER 13
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REAEEAN , EREHAEBY 1% ; At , KBAFBFEIT=R, ERIT-REAET 1 %5
Ak, BE , BEFa®sii® , BERRBMENRAKAE , EARGIH R =ZIRIENR,

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}}
1.4400000000 USD

(@ Note

BARBER N RRERWHN TN1 BEFESHFENE, £ TN1 BLULEFR , IRENHFELD
TR, BRBSRAW , WENHEETZARF2E REXPSRERF

TERTNRESER
%% BT Amazon Braket B BERE, FANE , BAREMEERE | FEeR LER,
I B T 0T

- £ QPU LE{THEINSEZH , FEAELSRBIEEE , XEEHMTUBHBARRE , mMA2EER QPU
Mm%,

- REGEELISRLEZEITERNERTESE QPU LIETEBRNERTE |, BETUEAENR RS %R
BEIRNEER S,
PR&IA iR R ERE

o BALLRERS] , BFLEARLENNAFEEL R LRIEFES. REGRINEES EZ2EH
AWS IAM, BXRUNMAIRIENEZER , BSHEBEFITEE,

s RMNBWETEFHAEERAKF,RKRFHESHF R Amazon Braket 2%

REKEER

TH R RERE 14


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

Amazon Braket FRARIER

o BWALLUEEKEER , UEEKLRBTZRAN K LB, RERFNHEES Z2BET AWS
Budgets, BAMREBENTE , HERASERAETHEEIMESTNKERE, §XEE . F
1A AWS Budgets.

EREBRITHNR TN1 B FES

- BHBIRAET QPU , BERNREFESHERBABBRESNERTET , WELEUSRZTELR
B, BINEWEFEAK shot ITHRMAEH TN1 £55, Shot iR SV1 MR EFES
HY AR AN

REMBXEBNEFES

- BHAREREHINETFES AWS Xigl. EERERXNVITREBFESH , BSLEEREX
o

. AL SRS M TE BB SR EAX XS FIE.,
Amazon Braket B AP| 2Z M1 FE

® Tip
BEATAHARNFEIEFITENERM AWS | 3EM Amazon Braket B8F % it &l , TR —R5IZF
JBRENBZ LG , RS ECHRFE-E,

Amazon Braket 12t 7] Fi T 222 FE 2 Notebook SEHIA R YIGFBERE K API, SDK Ml&Hp S TR
Ho

» Amazon Braket Python SDK ( ## )

+ Amazon Braket AP| %

+ AWS Command Line Interface

« AT NET B AWS SDK

« HEAT C++ 9 AWS SDK

« SEFAT Go B9 AWS SDKAPI Reference
« SERT Java 9 AWS SDK

« &M T JavaScript B AWS SDK

API &, T 15


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
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

Amazon Braket F & ARIEE
« @A T PHP 9 AWS SDK

+ AWS SDK for Python (Boto)

+ J&FF Ruby B9 AWS SDK

&35 A LAM Amazon Braket 232 GitHub 126 E FIREVR BB R~ Hl,
« XZRHFE GitHub

BT

THERT3EHAT Braket WRA TR O FHETIE

* Braket Python SDK : f£/ Braket Python SDK #& Python 4w#21& S #Y Jupyter Notebook L i% & &#Y
1B, ®EHF Jupyter Notebook f5 , & A LAFE Braket i% & MiEHIEF L= TR

« Braket 2#4 : Braket SDK # Braket [R5 Z B S,

+ Braket BRIAEILES : BANFFE B T Braket WA E FHERIE CRSOEMNBEER )

iy

AREREMBHEHUREMIERMNERETE, HEF I Braket TRFWHEGUREXEH , TR,
Amazon Braket X8 :

« Amazon Braket EAFF . A Python mENTMZEFEEZB R, REHETEN , IEEACIMER
BARWEEERNEL,

+ Braket-PennylLane #i{F-FPennyLanefE Braket L#) QML E%58,

« Qiskit-Braket 12 7-£ A Qiskit SDK i/ [8] Braket % R

#HX

« Braket-Julia SDK- ( 3231 ) Braket SDK £ Julia JR4E R

Rl 16


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/amazon-braket/amazon-braket-algorithm-library
https://github.com/amazon-braket/amazon-braket-pennylane-plugin-python
https://github.com/amazon-braket/qiskit-braket-provider
https://github.com/amazon-braket/Braket.jl

Amazon Braket FEANGIER

Amazon Braket X3 X5 fi% &

® Tip
BEATAHARNFEIEFITENERM AWS | 3EM Amazon Braket B8F % 3 it &l , TR —R5IZF
JBRENBZ LG , RS CHRFE-E,

£ Amazon Braket 1 , REZFRKEFLAEE T (QPV) SEREE , (RANBATCRETEFE
%, Amazon Braket 2 MAQT, . lonQIQM, QuErafliFiE QPU &%, Rigettitbsh |, & AWS 121
FNEE, AFMBARNELFZNGR, BEXB|ARNBELURENESER , BRI THRAXELSR.

BXXENEFEARUBNESR , B5H0E QPU RXEFES. AXARENSENEER , F3HE
BRSRRERETES, TRIIE T THRZIMNELER.

Provider i#&&# B Type %% ARN Region
AQT IBEX-Q1 T QPU arn: aws: braket: eu- eu-north-
north-1:: /-Q1 device/ 1
gpu aqt/lbex
lonQ Forte-1 T QPU arn: aws: braket: us- us-east-1
east-1::/-1 device/qpu
iong/Forte
lonQ Forte-Enterprise-1 T QPU arn: aws: braket: us- us-east-1

east-1::/-device/gpu
iong/Forte Enterpris

e-1

QM Garnet =T QPU arn: aws: braket: eu-north-
eu-north-1::/device/ 1
gpuigm/Garnet

QM Emerald =T QPU arn: aws: braket: eu-north-
eu-north-1::/device/ 1
gpuigm/Emerald

ZIENXEMERS 17


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

Amazon Braket

FRARER

Provider

QuEra

Rigetti

Rigetti

AWS

AWS

AWS

AWS

REB

Aquila

Ankaa-3

Cepheus-1-108Q

braket sv

braket dm

braket_ahs

sv1

g &
WS L

T

T

T

ETI]

Bilg &

AR
EFI]

Type

QPU

QPU

QPU

A1 15 L
R

AN 1 15 L
a

A1 15 L
2

On-
demand

RIER

%% ARN

arn: aws: braket:
us-east-1::/device/
gpuquera/Aquila

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

arn: aws: braket: us-
west-1:: /-1-108Q
device/qpu rigetti/C
epheus

N/A ( Braket SDK
Ry A th AR 10125 )

N/A ( Braket SDK
HYZ b A 0027 )

N/A ( Braket SDK H
Ry A th AR 10125 )

arn: aws: braket::-/
sv1 device/quantum
simulator/amazon

Region

us-east-1

us-west-1

us-west-1

N/A

N/A

N/A

us-east-1
. us-
west-

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

ZXENXEMRS
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Provider 1®&&&M B Type %% ARN Region
AWS DMA1 2T On- arn; aws: braket::-/ us-east-1
demand dm1 device/quantum . us-
Bl simulator/amazon west-
1. us-
west
-1, us-
west-2
AWS TN1 =T On- arn: aws: braket::-/ us-east-1
demand tn1 device/quantum . us-
Bl simulator/amazon west-2
M eu-
west-2
@ Note
8% ARN X9 K/INE, fFlan |, EEHAAQT IBEX-Q1iR&ZE , FRILIZRE ARN 2E54a
A
=, 'lbex-Q1'

EEEFEFXTHT Amazon Braket By QPU BWE ZFME L |, 1S Amazon Braket £ FitE 1,

RERM

SNFrrBIRE , A LATE Amazon Braket 34| 8 B8 & &+ £ HKiBET GetDevice APl HREIFE 21k
ZEM  MigEHID, REBENEREEINRE, FRHELESEESBEER , Amazon Braket ER &6 A
EENE TSRS, F£H SDKE , A TFTRERFIERTNMAGREAE THIEENELRNIEEE
o

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

ZXEFHNXFMARS 19


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

Amazon Braket

FRARER

# device
# Local
# device
# Local
# device
# Local
# device
# Local
# device
# Local
# device
# TN1

# device
# DM1

# device

= LocalSimulator("default")

State Vector Simulator

= LocalSimulator(backend="default")
State Vector Simulator

= LocalSimulator(backend="braket_sv")
State Vector Simulator

= LocalSimulator(backend="braket_dm")
Density Matrix Simulator

= LocalSimulator(backend="braket_ahs")
Analog Hamiltonian Simulation
AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/tnl')

AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/dml')

= AwsDevice('arn:aws:braket:eu-north-1::device/qpu/aqt/Ibex-Q1"')

# AQT IBEX-Q1

# device

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

# IonQ Forte-1

# device

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

# IonQ Forte-Enterprise-1

# device

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

# IQM Garnet

# device

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

# IQM Emerald

# device
# QuEra
# device

= AwsDevice('arn:aws:braket:us-east-1::device/qpu/quera/Aquila’')
Aquila
= AwsDevice('arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")

# Rigetti Ankaa-3

# device

= AwsDevice('arn:aws:braket:us-west-1::device/qpu/rigetti/Cepheus-1-108Q"')

# Rigetti Cepheus-1-108Q

# Get device properties
device.properties

Amazon Braket B9 X 15 i =2k

BREEMmR[ANTRIEK , FSRAWS — S E,

£ QPU 8% Li21THWE FES U EIZIREZMEXEM Amazon Braket BHEIEHFEER, £H
Amazon Braket SDK Bt , Tie B EWANXE T/E , A LAEEM QPU BEZFIRERE FFSH. SDKLH
FRIEEN QPU tIEEZXEMNAE,

Amazon Braket HA /LR Al #i£#R : AWS XiF

X35 i

20


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

Amazon Braket FEANGIER

X5 & R Region Braket i R
EERI (HFFRLMILE ) us-east-1 braket.us-east-1.amazonaws.

com ( {XBR IPv4 )

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

HEtx )

EZEAES (LMFERL ) us-west-1 braket.us-west-1.amazonaws.
com ( {XBR IPv4 )

braket.us-west-1.api.aws ( XX

HE )

us-west-2 ( BEIX ) us-west-2 braket.us-west-2.amazonaws.
com ( {XPR IPv4 )

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

HE )

eu-north-1 ( HiEF/RE ) eu-north-1 braket.eu-north-1.amazonaws

.com ( XPR IPv4 )

braket.eu-north-1.api.aws ( XX
HEAR )

eu-west-2 (£ ) eu-west-2 braket.eu-west-2.amazonaws.
com ( {XPBR IPv4 )

braket.eu-west-2.api.aws ( *X

HR )

(® Note
Amazon Braket Fi{f7F & TESAR X IPv6-only ML,

X i flis = 21



Amazon Braket FRARIER

Amazon Braket A|]

® Tip
BEUTAERXNZEIEFITENEM AWS | JEMt Amazon Braket Hi=Z3) 1% , TR —R 5%
JBRENBFZIMEE , RS CHRFHE,

&85 A Amazon Braket FEVIRERIRIERS , BRI SAFF 58 A Amazon Braket 7o

AN REFE -
« 3 A Amazon Braket

« f3|2 Amazon Braket Notebook S=4
« FRABIZ Braket £12 434 CloudFormation

/2 A Amazon Braket

@ Tip
BEUATAERZEIZEFITENEM AWS | M Amazon Braket ZiF% 3 it &l | TR — R 5%
JREMBFIMEE , MRS ECHRFHE,

AT LAE AWS 25| & E B/ K P # /3 F| Amazon Braket,

ATAR :
- EREFH

« 3 F Amazon Braket B35 5

FRZ M

E 5 AMIZ1T Amazon Braket , 4 51E B3 Amazon Braket RN AFHA M
R, XLEPREETE AmazonBraketFullAccess IAM SREBEH ( arn: aws: iam:: aws:
policy/ ) « AmazonBraketFullAccess

/2 F Amazon Braket 22


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 FEANGIER

(@ Note
MREBEREER :
EmEMAF R F IR Amazon Braket B9 PR | &8I Mt lNAmazonBraketFullAccessk & =,
M@l ZN B EN KRR AP R TR, ZiFEHM 7 #EFEH Amazon Braket FTERNXER |, 55
HEIEXT Amazon Braket 915 B PR o

/B | Amazon Braket By 558

1. FHEHIK P25 Amazon Braket 34|48, AWS Ik
2. ITFF Amazon Braket 12 &l 5,

3. £ Braket ®FME L , BH A, EARSFSEFERTE, RSEHERAEHNERFSISFE7
BUAT=ANTR

a. BIBIRSHEXAE (SLR)
b. AFHEE=FEFITEMN
c. BIZEFH Jupyter Notebook =45

EFAF=ZFETRE  LREREAXLHCERLERBCABFEEHMNELRME, AWSEHIH
FR MM Amazon Braket #2515 B R MIRE" T E N EA LT~ LR E,

® Note

EERRBAS=FREZMN , MAIERATSREME=FNEFIRSE , W Braket A b iEH#
ERE R TERIER,
MRERFRE=ZFEMS , WEBNKFRAFESIXERREAERAE=ZFRE R

£12 Amazon Braket Notebook =45l

® Tip
BEATAHARNFEIEFITENERM AWS | 3EM Amazon Braket B8F % it &l , TR —R5IZF
JBRENBZ LG , RS ECHRFE-E,

/B F Amazon Braket #5% 23


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

Amazon Braket FEANGIER

Amazon Braket I2#t5T £ E /M Jupyter Notebook & AT, Amazon Braket £ ig 48355 & F L 5%

A SageMaker | £i243R6l, UTSREE 7T MARNFHELMIAEE S GIEFH Notebook =6,

Amazon Braket ¥ & -

1. $TFF Amazon Braket 2% & , FEME R SR EZFIERTE.

2. FEFEHIEARTE P R WIDEA Amazon Braket X PR T FF#R”, &Mt Notebook B #5 , flEER

TABY Jupyter Notebook,

a. B2 Notebook AJREEE /L7 ¥ 8 [HE,

b. #&# Notebook % 7E “Notebook’ WHE £ , RAR“FE",

c. HEMERRAKHERRE ATHEAR , RAFER N InService.
d. RIFTTE , &7~ Notebook BYEFTIRZS,

Amazon Braket WIIE&F :

1. ¥TFF Amazon Braket #£# & , REELME K HIEEFE Notebook,
2. & BIE Notebook 41,

a. MR EK Notebook NE |, HIRFFRARE RS ZEZRIAK Jupyter Notebooks
3. REAFBHFMEFRFMA Notebook SEHIBH , RFEBREIENWAMER,
4. 73 Notebook /3 =2 A Notebook JEEZNRSEEER.

a. MRB A , IBEEE Notebook Z BIEIFFIENZERIFLERT A, EE Notebook & , ITEZEAE
THEYE  BE#BRAEHRE,

b. EEE &M Notebook EHIERZ L ZERETE , FSMBIG SR , 1% Braket &I+ , AFiE
BRED SR ® IR,

(@ Note

ERELNIE , BREN SageMaker Al £12A%6| 5 Git FEEERK. HE , FENT
EBE) /Braket Algorithms # /Braket Examples X#HRZH , XHEENRMA LM
E 3K Notebook RfIFTE &

5. (k) FASRKRE , BULUCEZERHRINE, HtEEMMLHRERER Notebook :
a. £ Notebook BLE , IEFEHIKE,

i. BMIAMBRT , BELFZENRESRPIEE mLt3.medium. BETHEXIFIENNESEFEE

28 Amazon SageMaker Al EEHY.

#12 Amazon Braket Notebook S£4l
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b. 2t Github 7 FF 54&HY Notebook SRHIMEXRER , B R Git FETHRIIK , R\ Fhi
B N hI R B ik M URL RRfEAH Git FE". & Git 7#/F URL XAERRAF#EN
URL,

c. EIFRIMRS |, EEEMM AL IAM B, BIFRNBERMZERH,
d. EMEFRF | FEK Jupyter Notebook SEHIE B B E X MEMIFRIZE.
6. EELEMIRE , FiRETM A TIRBER Notebook EHIMIIRE ., BTHEF,

(® Note

f£ Amazon Braket FIL & #k Al 2 H1 & P EFFMEEIRH Amazon Braket £ 18 43K 4,
SageMaker E At Amazon Braket £i2 A& B Al B3 25 53K B8. SageMaker

WM RETE Amazon Braket #%|& - AWS £ Amazon Braket SDK , 3 Bff#E M MR EECIEHN
ZidAh, EEECWITEN LIZEIT , BEESToSpip install amazon-braket-sdk=iE{THA
H i R% SDK Mpip install amazon-braket-pennylane-plugin PennylLane f#.

£ A 812 Braket £ 12 43% 4l CloudFormation

® Tip
BEUTAREIEFITENEM AWS | S Amazon Braket 82 %3118 , TR —R5IZ
JREMBZREGE , IR BECHREHE,

IETI LAE R CloudFormation SREE &M Amazon Braket 124354, Braket &2 ASEHIE L £
Amazon A SageMaker | Z £, f#/ CloudFormation , & 7] LAfE A 3 R Fi HA L B (R AR U REL B &
IBAREA, BARIHLL JSON = YAML BRE A, BAURAEFETESEN N IE. EFHMMBIBR
5, YHEBEE AWS MK F A2 Braket Notebook SEfIEt |, LA KIMIXBER,

A Braket £1id A8 CloudFormation #iR/5 , LA LA CloudFormation REBFBZER. BRES
§8 , EZ R CloudFormation A F$ERHHITE CloudFormation 2| & £ Bl E#%,

E 5§ F 012 Braket £1i24<324 CloudFormation , iIHEHITA T =4S :

1. 8l A SageMaker | 4 EHifl B M#IA,

( =4 ) 82 Braket Zi248 CloudFormation 25
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2. Bl H A SageMaker | #{E#I AWS Identity and Access Management (IAM) &€&,
3. RIEHAHIBH SageMaker Al Z£1243:4| amazon-braket-

B LA B 2 822 FTE Braket Notebook EEF AL WAYEE., AT LR 2 B HEBEHRITIERA
Braket Notebook EEFH IAM A€,

AFAE :
« HB 1 : Bl A SageMaker | 445 B B fit & B A

« 2% : 8lEH Amazon A SageMaker | BEH IAM A
« ] 3 BIEWHHAIRM SageMaker Al £12 4345 amazon-braket-

S0 1 : 812 A SageMaker | £ F B E B4

FE AL TR AR A SageMaker | 4 @ B HAEL BRI A<, iZﬂfIlZIKﬁJ Braket B E X SageMaker Al
ZiAR%pl, AxEaEH CloudFormation BRIVELEILIN , 55 @ CloudFormation B F g
ﬁAWS..SageMaker..NotebooklnstanceLlfecycIeConflg'=F'E’Jo

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

exit 0

5% 2 25 . 812 H Amazon A SageMaker | EEH IAM B

L IR E M Braket £ AEHIET , SageMaker Al 2R FTEMITIRIE, Hln , REBEZZHFNRE L
{5 F B8 3% 1= 1T Braket Notebook, EZ1EAEHIH | SageMaker Al %7]1’.551’5: Braket LIZ1TIR{E, £

S| 1 8l A SageMaker | £ @ EHAE B4 26
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IBARRITHBE N T A SageMaker Al RFREHITHETIRE, EXEZEE , BSH SageMaker
A mazon Al FF R EIEEHH SageMaker Al B,

2 A LA RG22 3B AT R X BRAY Braket Notebook HMATA®., EAILURIEE B IR,

(@ Note

BRZABENNHIZN braketnotebookcdk-" B Amazon S3 &I 1T
s3:ListBucket #l s3:GetObject M, £ inEAHE &M A E EX LR T BEE #l Braket
Notebook ZZE K,

ExecutionRole:
Type: "AWS::IAM::Role"
Properties:
RoleName: !Sub AmazonBraketNotebookRole-${AWS::StackName}
AssumeRolePolicyDocument:
Version: "2012-10-17"
Statement:
Effect: "Allow"
Principal:
Service:
- "sagemaker.amazonaws.com"
Action:
- "sts:AssumeRole"
Path: "/service-role/"

ManagedPolicyArns:
- arn:aws:iam::aws:policy/AmazonBraketFullAccess
Policies:

PolicyName: "AmazonBraketNotebookPolicy"
PolicyDocument:
Version: "2012-10-17"
Statement:
- Effect: Allow
Action:
- s3:GetObject
- s3:PutObject
- s3:ListBucket
Resource:
- arn:aws:s3:::amazon-braket-*

% 2 % . BlZH Amazon A SageMaker | I8{EH IAM A& 27
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- arn:aws:s3:::braketnotebookcdk-*

- Effect: "Allow"
Action:

"logs:CreatelLogStream"
"logs:PutLogEvents"
"logs:CreatelLogGroup"
"logs:DescribelLogStreams

Resource:

- !Sub "arn:aws:logs:*:${AWS: :AccountId}:log-group:/aws/sagemaker/*"

- Effect: "Allow"
Action:

braket:*

Resource: "*"

S8 3 I HRIRK SageMaker Al #2124 3L 4| amazon-braket-

£/ A SageMaker | £ B EMAURESER 1 PR 2 RAIEN IAM 4|2 A SageMaker

| £i8 4% 5, Notebook 342 Braket EHIAY , TTLAEE Amazon Braket 12 &l & 31T
HEl, B3<It CloudFormation BiRE BTN E 2=

BIAWS::SageMaker::NotebookInstance F ¥,

BraketNotebook:

Type: AWS::SageMaker::NotebookInstance

Properties:
InstanceType:

NotebookInstanceName:

ml.t3.medium

RoleArn: !GetAtt ExecutionRole.Arn
VolumeSizeInGB: 30
LifecycleConfigName: !GetAtt

BraketNotebookInstanceLifecycleConfig.NotebookInstanceLifecycleConfigName

. i§Z ¥ CloudFormation 15

!Sub amazon-braket-notebook-${AWS: :StackName}

S| 3 BIEHERIRAY SageMaker Al £i2 &L 5] amazon-braket-

28
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£ Amazon Braket MEENE FESH

Braket {2 it5E 2 ¥ E M Jupyter Notebook I35 , AIBALLBEZEHA AT, Braket Notebook % 7 RfI&E

E. BRENFEAAGIE | @3 Amazon Braket SDK, f&B) Amazon Braket SDK , AU EEFE

E, RARBIER—TRBETRNEFITENMELE EX H# T RET,
ETAR

- HEGBHNE—BR

o REVEREW

» {FH OpenQASM 3.0 = 1TEHY B I&

« REZKEED

« Amazon Braket £ By BkF 2 &l

o RS BRI

5... €1 AWS Boto3

FEIER 3 — B

JB3) Notebook EHlj5 , iR ERINI 12K Notebook , ERA¥RE Jupyter REFT FFiZEHl,

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 Notebook S22 T Amazon Braket SDK R EFEEHIN, HENE—INFE
conda_braket MK Notebooko

MREHE — B
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[Z Launcher +

|E| Notebook

Start on Braket Qiskit and Braket

Console

conda_braket

Other

Terminal

=

Text File

A @
L
A

Pennylane and
Braket

M
v

Markdown File

A

Quantum conda_braket
algorithms

|0um

o

e

Python File Show Contextual
Help

RN - RS, R | REIFFSR. B WE-NEZIRSHERE  AREFTERREL

EITZBEEUREER.

B £S5 A Amazon Braket SDK ##t | & X simpleBRAKETIlong; SDK 13 | R E X ERN N RSE

o

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)

8] LASE R LA T 8 B XY B RR 4T AT L

print(bell)

T :# 0 # 1 #

MREHE — B
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HHHHH
q0 : ## H ########
HHHHH #
HH#HHH
ql : #######E X ##
HH#HHH

T :# 0 # 1 #

EAR MR ER LIETER B

BTk, EBRzTHENE FiR% . Amazon Braket SDK Mt A b2 30088 | A T RE &4 R 2 F
e MTFR/IDEBERE , RANBIEARBELEE | ZFATIE 25 4 qubits ( BUR TRV AR TEH ) o

EXRFUCAELIER | FHRITUTRAE

# Instantiate the local simulator
local_sim = LocalSimulator()

RIEIZITERE

# Run the circuit

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

print(counts)

ENZSBEIXHNER

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

IENTAEAAIFBE | IMHERWEEIN RS Z 00# M [1M# NESEEN , URENELERABHE (&RZH
shot &7 ) 9 00 1 11 &%,

ERFERELRLETENER

Amazon Braket i& o 15 8] & M REIR FELIEE SV1 , ATETEANER, SV1 E—RERERARE
BB | AVFEIIZIE 34 4 qubits WE FHBEEE, EAILISVIE “IFMIRE 2o M AWS #2& &k
BERES, £SV1 (A TN1 RE[ QPU £ ) EETEFESEH , EFESHNE RNEHEEEKS
B S3 FiEEP, MBEKRIEEFHEHE , Braket SDK 2R B0 E — P EBRIAFE# amazon-braket-
{region}-{accountID}, ETHMEZEER , HSHEE Amazon Braket B 17 R R
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® Note

HESNEGRINEE#BEN , W TRAIE R amazon-braket-s3-demo-bucket HEHW1F
BB F. Amazon Braket BB E 4R L amazon-braket- 73k | EEBRH &M
NWEMRZE, MREELEEHXNMRE S3 FEBWEES. , H3E Amazon S3 Al

# 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)

Biz{THE SV1 , BL4FRMBERE run() BAFENNESHIERN S3 FRBNMLE.

# 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 ZHI A RHE T AXENEFESHNESEE . SMIEFETNEFESRIF , &
MEBFESMZMTIRIE, NE , EUUEAE-—NEFES ID REMAFHABRENETFES.

(® Note

90 XJ& , Amazon Braket 2 B3I BREENEB FESKRENAMEE FES ID MEAATHE,
BREZEER , FERBEER

# QPU LiE1T

MREHE — B 32
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£/ Amazon Braket , BREFR—TRBEATEYEE FITEN LZTHNWE FHER

f5l, Amazon Braket G E & E FAIBE T (QPU) %, BALAE “TIFMIRR 209 F AWS 32
HER BEEMFEFTITRIEXRTERZNTAMHEANEE, UTRAREE T WAL 1IQM 1%
%o

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

HEERBTEUTRBH onQ 18R :

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

ERRERE , EETIEARZE , EAUFERAATRBERAREZNINIRE , MBEEFESIES
WHEE, s , FF O#E Amazon Braket Management Console BY“i8 & N H L E &R Z S ERIRA
HRE

# 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'

LIRZITESE , Amazon Braket SDK @R HLE R ( MIAERAEN 5 X ) » BRSBTS HR
.run() WEFH poll_timeout_seconds SR EREERINE , AT RAFR. BHidlE , R
R WERREAE , WL EERHRNERRESR , F120% QPU T H BiRE A i 8 il 45 1%
it BATLUBR @A task.result() BEEREHITHH A,

# 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)

A, BREFESREEELTE , BLLFA queue_position() HERKERIINE.,

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

# '2!

2k

£ IR

/ (AN

56—

X S P

Amazon Braket EEZFE R A Python REMTAWENE FEZNE R, RERETXEEZX  3F
PFEeITMERNNBEERELZNRAER, B Braket BH| A RIERE, BXEZELR , H51H
Braket Github &£,

Amazon Braket X

Dashboard
Devices
Notebooks

Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Braket #2#| A R T EEZETREHN AT ZNER, %

Amazon Braket > Algorithm library

Algorithm library

A catalog of pre-built quantum algorithms written in Python. Each quantum algorithm is available as ready-to-run code that can be integrated into more complex algorithms. Open or create a
managed JupyterLab Notebook to run the algorithm locally, on a managed simulator, or a quantum computer.

Algorithms (11)

Open notebook ¥

Q Filter algorithms

Q GitHub [4

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

Berstein Vazirani algorithm

Grover's algorithm ) GitHub [2

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

a quadratic speedup. For large databases (with a large number of entries, N), a quadratic
_________________________ Birmmb mdvinmbana Enva Anbabaen ith amn milliae anbsins =

Deutsch-Jozsa algerithm ) sitHub (4

©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 Textbook

Quantum Approximate Optimization Algorithm © Gittub 2

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

— GitHub $8 U EF SR EEZNFARE

B REER THERER ARG EITEME I AEENEIRAR, MRE%E Notebook £ |
AT LA#E Notebook HYAR X 4K H#% E| Braket & EFE,

£ SDK Ff3i& Bk

ATRETELERE, EFARAM, ?J“E%E%LX&EE@’P&%S‘Z%E’\JI‘?E’\Ja_ﬂﬁﬂo CREERXRNM

#1TF D) qubits B, FEBREFRTEERE

Ao

&R W] LATE Braket X EBHE L QPU &R

Braket £ B RBkA 32,

ATHAHA :
o IFNERER

BERPEF, ARESESR

SCIE 1T B8 3% DA T A0 4] 452 ) 0GR 75 A L 3R K i R 75 R B Y U5

FZ ¥ Amazon

MEENE

—MNEFEE
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- BFE

- HoNE

- FP EFHE O

- BFiEREE

. B

)70 BB B

E 7B R Amazon Braket Python SDK B braket.circuits EBIHFENM, £ SDK #
BH B REA Circuit() KEFL—PFHHBEN R,
T~ TE N EER

ZRBIBEEEN T —/ B qubits ( F71259 q0. ql. q2 M q3 ) ARHHERBE  SERENEE
F 458 Hadamard [N E FLEERR CNOT [, BRI SAUBRBA print BRI BBERHY T]
ML, MTBIFTR.

# 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 #
HHHHEH

q0 : ## H ######4##HHAHES
HHHHEH #
HHt#HH#H #

ql : ## H ######4H##HHHH#EH
HHtHH#H # #

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

HHtHH#H HHt#HH#H
q3 : ## H ######### X #4#

HHtHH#H HHt#HH#H
T :# 0 # 1 #

™ EXSBALRE
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HLRHIH , BIVELT —NEEE , ZRBEN KB TEHES R, BIITUAESEEXES BN ERN
B AEERIBRN  ERERZ LREENEBFESET

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)

BH BT R B EHRENSHE float ( IRFTAEHZEHERANE ) IXBFSHREESIS
BHOE  NTNSBULRERPE - EIESBUL R , TR,

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

FER , my_circuit BREEH , RtETUERERKELTFS EREES KENF B,
R SRR

UTROIELT =Nl , ZEENIER T ZHMIRERER, ETUERXEBBRIZHTNT ,
WMZEE Ry o

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)

REF MR BRZFMERER.
I ERAATAN
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LA RHI5 B8 T fn{alZ&=F Amazon Braket #HIFTE R AT,

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)

XERWBAvR A T AT,

['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']

B EARZEBENAE , JLUFXLETRNEA— N MEIBES, Fln , @A circ.h(0) , &%
— qubit [7_E¥5 0 Hadamard [,

(® Note
NEEmE , AT R E—NREIFFIHA AR MEIR — BT,

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)

BRTMEYHITREZN , BEAMUNBEENHNE - INATHER, SMNUUREEFHET] (WOUT
RREAR) , RN A TS targets EXH qubits WZEFLE4E T,

import numpy as np

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

T RUIA B

BRI VBT R INES KT BMA SRR, Instruction E—MEFES , ZESHERTEEE FEEL
HITHE FFSH. Instruction EBEFNEIE Gate EEHMIIR,

# 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})

Rl EEBARE N

FE#L 28 2 4F Braket SDK FHIFFETT , ER QPU REXFMN FER /D, BAILEREEMFHRIEE
TEMNIT. TELHET IonQ &EHN—PRA :

# 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’
'SWap', 1

Z , lhl’ IS , Si , ltl’ ltil’ 1 1 1 1 1 1 1 1 1 1

v', 'vi', 'rx', 'ry', 'rz', 'cnot',

xx', 'yy',

zz']

SEENIAEREERERFELE]] , ARTEEEFEHF LIZ1T. HEERRBEER , Amazon Braket
2 BT REE,

Rl BREAARRRZFXFNRERENHREE

I&T LAFE Braket ZH A RF NEALEREREERFE. A, MEEAXGRAMEENEE2REHR
Bhe UTRBERIMITRE QPU WFHITZEBIF A qubit ITRERE,
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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}")

BF&E

EFEEENETFESHERETEIETHRE., EX—ESYF , BALERZIE 100 NE FHE
R—NEEZIE 100 M ESHENENSEER, IRETRARE ARG LB RN ITH R E E
B, HREEFESLEFS. BAT , Amazon Braket Local Simulator 18 Z MR ZH X FEFE
IQM. AQT Rigetti

E X —/ ProgramSet

UTE - MBREERT AMAR R RSB RIE M A HSHATBERME ProgramSet.

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)

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

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"))

circ2

circ3

# 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

ZRFESESNMNMUESNERF : circl, circ2, circ3 M
circuit_binding., circuit_binding BFERAANTRNSHHEIZIT , IETEZNARNIT
#, Htt=ANESHEFDIICNB—NTHRITXHE. XSER/\NARITXMS , WTEFAR.

program set ProgramSet (

e T ' [cl,
Ci | |C | |Cg|: Ca : c2,

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

8 executions

UTEZAMBERETERT MEER product() FEFE—AAINER MBRFENENTHITI
e,

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

NTESHER , NI BRNESNTANE, X TSHILERF , NS MrAENES DTN
B, B,

1£ SDK 19 E B 42



Amazon Braket

FRARER

ProgramSet.product (
circuits=[cl, c2,

CircuitBinding(c3,

observables=[0l, 02, 03, o04]

)

program set

(i1, i2, 13, i4, i51)1,

€1 C2

28 executions

THE=ANRBREERT IMAER zip() FERENTRANESES ProgramSet FHHRESHER

X4 o

program_set_3 =

ProgramSet.zip(

circuits=circuit_binding,
observables=observables + [Y(0) @ Y(1)]

program set

ProgramSet.zip (

circuit=c,

)!
observables=[o

5 executions

circuits=CicruitBinding(

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

1, 02, 03, o4, o5]

A& CircuitBinding() , BAIAERESR R BB N A A KRN TRRETIR.

program_set_4 =

circuits=[circl,

ProgramSet.zip(
circ2,

input_sets=[{}, {}, {}1,

observables=observables[:3]

circ3],

# SDK i #3i& BB i
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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
obser;ablesz[ol, 02, o3, o4, o5, o6, 0o7]
)
(o] o] ] o] ] ][]
04 % 03 04 05 O¢ o7

7 executions

BXBFENESEEMNMTA , S0 amazon-braket-examples Github FHIFEFE X HK,
REHETRZELRENER

BEFENATHRTXHHRESTHE-SWRENERNBE. EANTREREITE R ATHMTXHE
A E BT

# 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

EREFSE  LEERBEFETMELRNEABABRIABIMESH R X T ANERH
BREVFE A

BETEFE , BEERAUTRERG,

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

£/ Rigetti R&B , ZEFE 0 A KIS HERARTS |, BB FEATELRET RUNNING RS, NTE
RiIREER , BERFENEFEENEESHELRER

DITER
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BITUATRE |, 247, ME ProgramSet AR AMHITIHHE R,

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

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

# Inspect the results of the first executable

measurements_from_first_executable = first_executable.measurements
print(measurements_from_first_executable)

i)

TNEEFERPHMAETLE K MEEAHINEXNEE MEFERRIEFLEETE,

® Note

HApZhae , anehE BN M el BIRE |, WTENSSRIIRERME |, BSHIE R IQM RFE EHFHF
HEf,

R MEE TR FE
LTRBRONER T B EINRSERPOONEE T 0 RKETHONE,

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

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

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

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

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

print()

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

Foh EFLLE 78

LIBEETITEY EM Rigetti ETE FHREH |, BAILUERER F 35 qubit 2 B SR HFLE qubits
AT ENEE, Amazon Braket 24| 4 F Amazon Braket SDK A BB B EATIEE FAEE T
(QPU ) BEBWERFRARIE , MEZRTT AR EZRIEZEHE qubits.

BEFF qubit FE , sEBEERMEITRRRBFERD qubit Hit, ARARNSRAS TRESR
MR RBREBEACHBERRIT , \MREEERNE R,

AR RGER T a0{a## 4T qubits &R 2B

# 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)

MTHREZEER , HSEALIEAR L Amazon Braket =l : £ GitHub QPU &% =9l & F this,
B FIoRKRIF

HEEETINEFHTEN LETEFEEN , AUUERRRERTERBESTENERE L MER
HEAER, FARFIERRR , BUUEEELAZ2EREESARBRNEE , EANREHF
RS ES D (XZ Rigetti X¥F ) o ENEHEANAFEREFDUT REEN , EEEEBEER
BEEEA LSTHNMNERGR, BEIEFZIERER , BUUAXAZLEACSRREZZSRIFL
2, NmBEREN BB T2 ERIRITIET,.

. » MRigettiR B XFEFHRIF AQT lonQIQM , H EFEFEAFRET, ERAZRFIEFREFRN , B
BRZNAINGH |, SIBREEEDN qubits LA BB EREAFNERET, LT RAIGEEAD
A mIE R N ERE I RE SR,
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device.properties.paradigm.nativeGateSet

33 F Rigetti , SAE N IEE disableQubitRewiring=True SEEFiEFKEHmIF—RMEH , FHMmKH
qubit BTk, MRERFFFEAZFRFIERMERMIZE disableQubitRewiring=False , Ml &F&
R AMBBELEET.

MRFNEBEBEATEFEFRFAETIFEFIEREEN QPU £LE1T , MaEH—MEIR , BEAF
XENRESEES KM, BEEERESHNE FREAREIFRERUE  ZIEFT RESEXER
&, FAUATRBERN , XEEFIEEAEEFNREBFEHIIN SN ERE,

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

FRAZFIEEZRITTEHTINEA, 3T Braket QPU 8% . Notebook S iR FEE L85 Fi 1T
NETFES , BEEREIZR “Amazon Braket EYVRE LIEENHBBRRGR, BEXEZER , 5SS
3% =10 4w 1E " Notebooko

(® Note

MREEA OpenQasm NAQTHIonQIRZFRE L , H EFEFBREZEMSE
YIBEFL4E  WEEMA , K#pragma braket verbatim} OpenQasm &%
BdisableQubitRewiring#r&o

1B R
ERFHCABRFERLEE , CTNROT A RERE R,

# Import the device module
from braket.aws import AwsDevice

device = LocalSimulator(backend="braket_dm")

R LUER MM S A AR R
1. BT M L& I B,
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2. RANBWERF B , AEBIIRPIEARSE,

UTREAIERTEAEEERLREMBAE N Kraus BERNEARBIRN 5 E,

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)

ETERNAFPGREZEIER , MU TAENREIFTR.
i1
task = device.run(circ, shots=100)

Or

R~ 2

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

1£ SDK 19 E B 48



Amazon Braket FEANGIER

BXELRH] , HSH Braket AT FHEMEE TP
KE B

Amazon Braket F B FHEIEE —1EB AN Moments H“CARTEI" S, B/ qubit & Moment RAE(AL
—AMNTo Moments WEHRFBEERENES TIU , HEHMBELSEH,

(® Note
NZBERNNT QPU ERITITRISERY,

BEIRRERIZERTHENZIHRAEH, EAINEFAM circuit.depth FEMNBERRE , AT R
BIFR R 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

UEBEENESBEEREN 3 (ERANZ 0. 1M 2)., BUUEES/NHZNITRERR.
Moments BREE N REN K FH,
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- #2 MomentsKey() , E@&hEtEF qubit E2.
- ZENDEXEN Instructions(),

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)

&t ] LUEE Moments BRI,

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 #

HRRBTIR

ERAME BT , Amazon Braket AT ResultType REIFREEBMPL R, BERATLURELTH
BMER,

« AdjointGradient IREFFIZHNATINENHEENSEE (MESE ) . Z TN E A HREMN
DEREREESHBERATAIRENBIR. REY shots=0 I REFEALL A Z,

- Amplitude REH#MEHFEHRPIEEE FSWIRE. ©IRE SV1 FMARBELEE LT,

« Expectation REIEENHMMENHEE , ZETUBIREFENEH Observable FEKiE
Eo MMIBE qubits AT NEATMNEN B , HEEEBIRNBRELNE T AIMNEFTE T
qubits &, MRRIBEEF , WAMUESLTRE 1 4 qubit £159T , BHITNATFIE qubits.

* Probability BREIMEITEESHBR, WRRIEEBHR , M| Probability RENEMEERS
R, MREET BF , MPUREEE qubits LHNEBERGRREIER, EEEIUEN QPU MR X
EFLUSREIE 15 NEFLE , BB NETRENAFER DN,

« Reduced density matrix iREl qubits R HIEE B #R qubits FRENZEIER. N TRHEILLE
RERP KR/ |, Braket & qubits BFrHIRAKBERHIR 8

« StateVector IREIZEEARSOE, CRAIEAELIE EFEA,

- Sample JREIETE B #x qubit EM TN ENN Rt MRKEEESR , WAV ELTRE 1D
qubit L3217 , BHITNA TFIE qubitse MIRIEET BFr , MAUREEE qubits £ HYE [@ £ 898 BR
B=R,
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. Variance JREETE B qubit EM S Z (mean([x-mean(x)1%)) , HERERNLE RE R TN
B, MRRIEEEHR , WA ELABNE 14 qubit £1217 , BHTRATATE qubits, &M , 1§
ER B ELIET A LAN A ATYNER qubits IEE,

TERRMEIFHERRE

7 ih SV1 DM1 TN1 AQT lonQ QM Rigetti

SIM

HBEHE N Y N N N N N N
E

i Y Y N N N N N N
HALE Y Y Y Y Y Y Y Y
B=x Y Y Y N Y Y Y Y
REE Y N Y N N N N N
%R

RE&m[ Y N N N N N N N
%

B Y Y Y Y Y Y Y Y
FZE Y Y Y Y Y Y Y Y

BALESRERZEEREEZIENERRE , WL T RO R,

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

# Print the result types supported by this device
for iter in
device.properties.action['braket.ir.opengasm.program'].supportedResultTypes:
print(iter)
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name='Sample' observables=['x', 'y', 'z', 'h', 'i'] minShots=10 maxShots=50000
name='Expectation' observables=['x', 'y', 'z', 'h', 'i'] minShots=10 maxShots=50000
name='Variance' observables=['x', 'y', 'z', 'h', 'i'] minShots=10 maxShots=50000
name='Probability' observables=None minShots=10 maxShots=50000

E®@A ResultType , BFHEMEEED , WA T REIFTR.

from braket.circuits import Circuit, Observable

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

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

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

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

(® Note
TRNEBFRZFEETARIANE R, HM , Rigetti RZEENMEME , M lonQ RZ MR ALK
#, Amazon Braket SDK NFIEEREM T —MIEEM. ER , W TFREBSRMEE , X&
NEEREFITEN , BETHR  TEHTERNE. ERELERRETEHITEHITE , &
RELREIR LM measurements_copied_from_device, WtIE#ETE Amazon Braket Ei4F
F % T B8 GitHub #F#EF K gate_model_quantum_task_result.py X#HhEFHANFo

Al LN{E
Amazon Braket 9 Observable FE AN 45 E R A N(E,

IBRBEF — E—IEFHAIMAMER A TFEA qubite NBREFHEANRSATENFES B AMNERTE
FHERK qubit, M&XELEIR, Al KERVWENEFEHEE—NPEBWTRNE, XEFREE
AU Z Nk B FRIRBIER — qubit £, BIEEREAT qubit WEFREFFE,

ALY BAMNEHRNEMAAIVNE (KXCRET R ) o XNEIEAE AdjointGradient £RE
BERR Sum.
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Amazon Braket FEANGIER

Observable EIFLAT AIMNE,

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([[Q, 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.+0.] ©.+0.7]
[ 0.+0.F -1.+0.31]
The matrix form of the tensor product:
[[ 0.+0.] ©0.+0.j ©.-1.j7 0.+0.7j]
[ 0.+0.j -0.+0.] 0.+0.j 0.+1.j]
[ 0.+1.7] 0.+0.j 0.+0.j 0.+0.7j]
[ 0.+0.7 ©0.-1.7 0.+0.j -0.+0.3j]]
Factorize an observable: (Y('qubit_count': 1), Z('qubit_count': 1))
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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)))

e
BRTNESEHS Y. XEARSHRAFTEMNERETEITEZR , #ARTATIUHERE.
BNMNEHSHBEAFHREDHNER , ZBHAT

- RESWIE
- BEEEANSH

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)

FHEEREE

SVI RZFUEANNHLEE ( BRZSMEFTE ) WHEHE, EXS9SH , BEEEEN ( 7/HH
B ) BT EESIAKREE.

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

device = AwsDevice(Devices.Amazon.SV1)

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

NREFEESHREENSREEZESHBILER , BEHSEN2HBKR. B TEHESRETREFE , A
AdjointGradient ETHEEE= 441k, UATRBRAERT EBRERVAE

# Will error, as no free parameters will be present
#device.run(circ(0.2), shots=0)
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3]

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

RENE REW
B Braket EREHATSEFHEETRER , FRAXLERRNESES.

E&Jd Braket Direct % & REWGEI |, 53T FF Braket 3244 |, £ M B Hi%3F Braket Direct , &

ESMEETREBWED . ATEREVGETEATA :

« Braket 72K E : Braket ABTEIN 1:1 &1, £R%E , BARIT—K. BNTHNDLRIE
B9 30 o , BER%FE, BY 5 Braket TRR 1 , IURRFEARISRZNLUSE K BERE
&1 A Braket MITEERET , HIREBEHXMMAFEHFEL Braket ThEERIEI , #10 Amazon Braket
Hybrid Jobs, Braket Pulse SR {LIg 2 AR , M Mo #5 BY R B8 R ity SSTUM K9 B E IR AT
o EIf Braket P NETE | HEREM HIEERREL, TEABFEBENAMETLHEZ,

« SRES B FERFIREIT — N E] ARt ERAY B R # A

® Note

NTFEIRBSHRIEHFEHEEREIE , BMINBWEBKRR AWS . WTHRESRA , BT
LAEF AWS re:Post 1233 Quantum Computing Stack Exchange , 7£ #BE #& 0] LU 8 =2 &
(512532 Y ) R 3 2 3 e

- ETEAREEREEN R : lonQ. QuEra F Rigetti 2 33833 AWS Marketplacef it % b B &5 7=
ARo
I A1 =M@ , i§1E#E Connect F5XI B MATH 5K,
- EHATHERHEAT RS AWS Marketplace , BRI T RS Mo

o AmazonERERAREKEE (ASL) : ASLRE—NMEERRMETWRSHN , HEFITETRA
K, —ILiﬁg‘ﬁb‘“ﬁx&i&ﬁ?fig?-l‘l'%:#ﬁﬁl?&iﬂw’]'_—Li BIMEBE,

« EEKXR ASL , Bi£# Connect , AFEERREEN A FAEE,
« ASL HIRAFFES B FHpE SRR , FHEET R,

£ OpenQASM 3.0 E{TEH B

Amazon Braket IEXHERATETIIWE FIRZ FMELZFH OpenQASM 3.0, AAFIEREEEMRT
B Braket X#FH OpenQASM 3.0 FEM{EE.. Braket EFIE A LUEEFEA SDK 123 Braket &,

FRENE FRE W
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https://console.aws.amazon.com/support/home#/case/create?issueType=technical
https://repost.aws/tags/questions/TAhMWeHkpfSMSCxIFNqcqYog?view=all
https://quantumcomputing.stackexchange.com/questions/ask
https://docs.aws.amazon.com/marketplace/latest/buyerguide/buyer-proserv-products.html
https://openqasm.com/

Amazon Braket FRARIER

B , A LAEA Amazon Braket APl #1 Amazon Braket Python SDK E#B A E T THIRZIRHE
OpenQASM 3.0 F#FE,

REMPNEBRSISETHNATRATEFESNER RO,

s EAR[EH Braket %% EIZFMIER OpenQASM & FEF
R Z X FNRENSERERE

FF OpenQASM A& HALE

£ OpenQASM HEAEFIEFEEmIF

HEE OpenQASM (7]

RIEEENB T HEEFFERTEE |, XLEIHEER LUBT Braket LY OpenQASM 3.0 3K , Hig4it
TE SRRV,

ETAR

+ 4R OpenQASM 3.0 ?

 fAIRtfEF OpenQASM 3.0

« OpenQASM 3.0 B T/EA

. HREH

* Braket Z3FWL OpenQASM IhaE ?

« SIEHIER R OpenQASM 3.0 EFESE
« ZET[ERY Braket i % £ X3 F OpenQASM
« {8 OpenQASM 3.0 1&g =

« BEFLb4s 5 OpenQasm 3.0 EF Lk

« £ OpenQASM 3.0 B 1T EFioFKmF

- Braket %l &

« £ OpenQASM 3.0 it E#E

« £ OpenQASM 3.0 N B4 EME FLE4

(B9 ) £ OpenQASM 3.0 IZ1TBH B
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https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-troubleshooting-openqasm.html
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f+ 42 OpenQASM 3.0 ?

FHREFLEHES (OpenQASM ) BREFIETHHERTEX. OpenQASM B — NFRIEZR , 72
ATFREETIINRBENEFEF. £/ OpenQASM , AFAIUNHREFITEERNEFIINNE
BEHTHRE. TZEFREFEHFFEALIRAMN OpenQASM (2.0) kERELREF,

FTHRAHY OpenQASM (3.0) ¥ B T Z BRI AR |, I8iN T ES 6L , WRkoR B 1 El, [TER ML T

BIR, U RELAFRAENEG4HERES CANERE, HuiiR4& 3.0 WiFAEEFMMEITE GitHub

OpenQasm 3.x SRt MIEH K El, OpenQasmiy &K X EHOpenQasm 3.0 ERIESZRALERE |, &
AEEIBM, HEBANRAFHERAKE—R AWS BRZER SR A,

fATEt{E A OpenQASM 3.0

OpenQASM RH T —NMERRINNVER , TELFFERMNERZHREERTERF , AMEE
BEENSIETIINRZBNRTERN, Braket Xt OpenQASM KX #5it —Hitish T HEATF RET
NNEBFEZN -G ENRA  NABD TRPES MERFZINEFENER,

WMREIE OpenQASM 3.0 FEEFREFEFE , WAL E#THE , FHES Braket L&A , MALTE
2EEXEHEK, HRARMAREAAENZHTHRBEZHLZIF OpenQASM EEF AW ATRAE=H
B

OpenQASM 3.0 W IEH R

Braket Xt OpenQASM 3.0 X FRE T EHFIPERTEEBNIEE, XEKE , BSREEFER
FE M Braket B IZ BENES HAEMMEM S , FALLEER Braket API £ OpenQASM HAMER, &7
DLESEZEFAEETIIRRIRMY OpenQASM FHFHEXRIZEIT OpenQASM 3.0 27 , HAXEMUTF
L BI[E Braket EHV i Z IR B, Braket AR AT LA X OpenQASM 3.0 WEE=5FE., ANIER

P EMIB D FH N A T WMAFF & AT Braket B OpenQASM R RN,

FRF M

E £ Amazon Braket L OpenQASM 3.0 , #&%4#H Amazon Braket Python 284989 1.8.0 kA<
H Amazon Braket Python SDK B9 1.17.0 iR E SR Ao

INRIE R EHIRIER Amazon Braket WA F |, NIFEE/F A Amazon Braket, B} , S HEH
Amazon Braket,

Braket X ML OpenQASM ZhgE ?

T %54 T Braket X3F#H OpenQASM 3.0 HIEXE, BAMRZIED.
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https://en.wikipedia.org/wiki/Intermediate_representation
https://github.com/openqasm/openqasm
https://aws.amazon.com/blogs/quantum-computing/aws-joins-the-openqasm-3-0-technical-steering-committee/
https://aws.amazon.com/blogs/quantum-computing/aws-joins-the-openqasm-3-0-technical-steering-committee/
https://github.com/aws/amazon-braket-schemas-python
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html

Amazon Braket A& AR
ATRE

« 2K OpenQASM HiEK

- Z%EFH OpenQASM EA

 Braket OpenQASM 4wiFiE T~

« AHAEILES EXY OpenQASM B & R INRE 1

o XIFMIRMERIEE OpenPulse

X EFH OpenQASM iR 8
Amazon Braket XL T OpenQASM iER A .

« Non-negative BEH AT ( EXIFYIE ) EFLL4SERE]
« cnot q[@], ql[1];
* h $0;
* Floating-point HFHEHAATROREAE :
e rx(-0.314) $0;
* x(pi/4) $0;

(® Note
pi & OpenQASM HHNEEE , Tee AESBE .

s EATEL—MRREFZERETMNENEREBEFERNE—REFETT , ATEAEBEAE (EX
B4 OpenQASM im RRE ) -
* #pragma braket unitary [[0, -1im], [1im, 0]] q[@]
« #pragma braket result expectation hermitian([[@, -1im], [1im, @]]) q[@]

T/ OpenQASM &4

Amazon Braket ZX#LL T OpenQASM &4,

* Header: OPENQASM 3;

- KE{UFEER

Braket X #F WL OpenQASM IhaE ? 59
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* bit bl; (equivalently, creg b1l;)
 bit[10] b2; (equivalently, creg b2[10];)
- EFLERFR
* qubit bl; (equivalently, qgreg bl;)
* qubit[10@] b2; (equivalently, qreg b2[10];)
- EBHEANEIULEKS| : q[0]
« WA :input float alpha;
- YIIE qubits BIE : $0
« RBELEZIFHITNIRE
- h $0;
* iswap q[@], ql1];

(@ Note
REXFFH AT LAE OpenQASM RIENIRZRMEFHE] ; FRAXENAFEEMITE L,

- BFIERKRFH, Bl , BIIFXBEHEFENBERTE, FRETNYE qubits BIUREZEFIEFK
EF,

#pragma braket verbatim
box{

rx(0.314) $0;
}

* £ qubits HEA qubit FFEF LHTNEFN & 5 B
« measure $0;
* measure q;
* measure q[0Q];
* b = measure q;

* measure q # b;

* Barrier IfABEEILEREL RN ERFFNMLL , BEN BBREZNHITHHEBERS, S1&E
EHATHE B BT RO BT  BREEINAEREERREFETIRZEI TR,
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FRARER

* barrier;

« barrier q[@], ql[l1];

 barrier $3, $6;

Braket OpenQASM 4miE3E

Amazon Braket & T %1 OpenQASM 4%1%$s R~ i% 8,

- BERIFEETR
* #pragma braket
« #pragma braket
* #pragma braket
- BFERIFETR
« #pragma braket
- GERRBERIFET

- ERATLERRA

noise bit_flip(0.2) q[0]

noise phase_flip(0.1) q[0]

noise pauli_channel

verbatim

- JRAME : #pragma braket result state_vector

- BELERF : #pragma braket result density_matrix

- BEURERRET :

- £BEME : #pragma braket result adjoint_gradient expectation(2.2 * x[0]

@ x[1]) all

- ZEMERRA
- ¥R : #pragma
« BLZ : #pragma

- ERHERERR
- HAEE : #pragma

« FZ : #pragma
$0

« =5 : #pragma

braket
braket

braket
braket

braket

result

result

result

result

result

amplitude "0Q1"
probability q[@], q[1]

expectation x(q[@]) e@ y([ql]l)

variance hermitian([[0, -1im], [1im, ©]])

sample h($1)

Braket 2334 OpenQASM IhaE ?
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® Note
BT OpenQASM 3.0 E/a 3k A OpenQASM 2.0 , A 2.0 REKIEF 0] LATE Braket £
51T, {82 , Braket X#H#) OpenQASM 3.0 ZHREHESEFE — L AMMIEEER , W qreg vs
creg M qubit vs bit, MEAZMEER , FEAERMNEERIIFIXLFE,

AR ER L3 OpenQASM By & 4 Thae < #F

LocalSimulator X#IZFE4% OpenQASM IhaE , XLETHEETR 24N Braket B9 QPU R RIZFEL
BN —BoRMHN, £ LocalSimulator F |, XEIFTHITHEE :

- BT
« OpenQASM HE|]

. ZHTE

Lo

- RHBIZHE

- EFIT

- ZBRH

- QASM X ¥
- FERF

BXBMERINENTE ,
OpenQASM M3k,

S EFWIRERNIE L OpenPulse

Y #F OpenPulse I EIER T

Cal 3t :

cal {

}

Defcal R :

// 1 qubit

BZ R L 7S Notebook, BXxTEHR OpenQASM H3E |, FiflE

Braket 2334 OpenQASM IhaE ?
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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
https://openqasm.com/language/index.html

Amazon Braket FEANGIER

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

// prebuilt

waveform my_waveform_1 constant(le-6, 1.0);

//arbitrary
waveform my_waveform_2

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

BE X RERS] :

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

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

defcal my_cz $1, $0 {
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FRARER

barrier q@_ql_cz_frame, q@_xf_frame;
play(q0_ql_cz_frame, wfl);

delay[300ns] q@_xf_frame

shift_phase(q@_xrf_frame, 4.366186381749424);
delay[300ns] q@_xrf_frame;
shift_phase(q@_xrf_frame.phase, 5.916747563126659);
barrier q@_ql_cz_frame, q@_xf_frame;
shift_phase(q0_ql_cz_frame, 2.183093190874712);

bit[2] ro;

my_x $0;

my_cz $1,%0;

c[@] = measure $0;

EZRKF R

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

B2 H R 3 R~ OpenQASM 3.0 E FE%

YRATLAE A Amazon Braket Python SDK, Boto3 5 , @il &k Braket AWS CLI 8% $#23 OpenQasm

3.0 B F1ES,

ATRHEAE :

+ —/ OpenQASM 3.0 72 F R4l

« f£/ Python SDK #12 OpenQASM 3.0 B F£5
+ {8 Boto3 ]2 OpenQASM 3.0 EFF%

- £/ AWS CLI £ OpenQasm 3.0 %

B HI2RX RH OpenQASM 3.0 B 75
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FRARER

—A OpenQASM 3.0 T2 F R4

E 62 OpenQASM 3.0 155 , BA UM —NEZERHE OpenQASM 3.0 72+ (ghz.gasm) FF g |, ZEFE

& GHZ R , 1A T RBIFFRo

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

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

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

C = measure q,

f£H Python SDK 6% OpenQASM 3.0 E FF%

&AL E R LA T HB & Amazon Braket Python SDK It 2 F12X 2| Amazon Braket i&%& .
Amazon S3 174 #8 1 & “amzn-s3-demo-bucket’ &t & B 2 #Y Amazon S3 FEE B o

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

# Import the device module

from braket.aws import AwsDevice

# Choose the Rigetti device

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

program = Program(source=ghz_qgasm_string)
my_task

device.run(program)

# Specify an optional s3 bucket location and number of shots
s3_location = ("amzn-s3-demo-bucket", "opengasm-tasks")
my_task = device.run(

program,

s3_location,

shots=100,

%55
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https://en.wikipedia.org/wiki/Greenberger%E2%80%93Horne%E2%80%93Zeilinger_state
https://github.com/aws/amazon-braket-sdk-python
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{# /A Boto3 #12 OpenQASM 3.0 & F£%

IBE A L MERA AWS & T Braket B Python SDK ( Boto3 ) , R OpenQASM 3.0 ZHFE0IEZE F
%, MUATROIFIR. ATRBFERSIAT ghz.qasm , ©ER T GHZ RZ , W EFR,

import boto3
import json

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

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

action = {
"braketSchemaHeader": {
"name": "braket.ir.opengasm.program",
"version": "1"
.
"source": source
}
device_parameters = {}
device_arn = "arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3"
shots = 100

braket_client = boto3.client('braket', region_name='us-west-1")
rsp = braket_client.create_quantum_task(
action=json.dumps(
action
),
deviceParameters=json.dumps(
device_parameters
),
deviceArn=device_arn,
shots=shots,
outputS3Bucket=my_bucket,
outputS3KeyPrefix=s3_prefix,

£ AWS CLI 8|2 OpenQasm 3.0 5%

AWS Command Line Interface ( CLI) th AT F R OpenQASM 3.0 2 , BLA T RHBIFTRo
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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"
I
"source": $(cat ghz.gasm)

} 1

EREH Braket %% L OpenQASM

3 F X OpenQASM 3.0 FIi& % , action FEEEZ BT GetDevice MBNHITHIRIE , T3

Rigetti #1 lonQ & & RBIFTRo

//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.ionqg_device_capabilities",

TEREH Braket %% £ X OpenQASM
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FRARER

"version": "1"
.
"service": {...},
"action": {

"braket.ir.jaqcd.program": {..
"braket.ir.openqasm.program":
"actionType": "braket.ir.openqasm.program",

"version": [
II1II
1,

'}I

3 F R IFRKP R EIRIRE | pulse FERERTE GetDevice W H, LLTRHIERT Rigetti iREZH

pulse FE,

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

// Rigetti
{
"pulse": {
"braketSchemaHeader": {
"version": "1"

}I

"supportedQhpTemplateWaveforms":

"constant": {

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

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

I

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

}

]
},
},

TEREH Braket %% £ X OpenQASM
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"ports": {
"qo_ff": {
"portId": "qo_ff",
"direction": "tx",
"portType": "ff",
"dt": le-9,
"centerFrequencies": [
375000000
]
I
I

"supportedFunctions": {
"shift_phase": {

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

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

},

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

}

]
I
I

"frames": {
"q0_ql_cphase_frame": {

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

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

}

BENFZRIFEMAEBTUATRES :
wa

R T1E QPU EFBAMNTHEIAL (extern) RZFIWOURLER OMHEXEM. LENDPIIHOME
i Q&L F RN AFRRM OpenQASM 3.0 BFPMERRIRE. MONEMEMLHSE
« 3% A ID (portld)
 7£ OpenQASM 3.0 FFE AR FRIREFHY IR O E o
- J5[a (direction)
- WAMNAE., WimOERPOP (“x'AE ) , TR OFEREAF (‘“x'FE ) .
- ¥ AXE (portType)
o MEiROSERIRMESE (HlIn | IESh, IR ff - fast-flux ) o
- Dt (dt)
- RNATEROLWENIENRELS K, UWHEAL
- EFHAFBET (qubitMappings)
- BEEIROXKNE TS,
« H/MRE (centerFrequencies)
- w0 EPTEMEFRSAF/EXHNWHAXT OMRSR, BXRESEER , BN
- QHP % EE % (q SpecificProperties hp)
- —KALEME , FHANEEX QHP KHERONABREM.

oz
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HiR T & QPU EFEBAMTRHI A S AR S EMAER B, L5 H AT a mE st E A A
PR OpenQASM 3.0 BFHHBRIRAR, MY EtEEE

.« WS (frameld)
 7£ OpenQASM 3.0 F 7 B R FRIR BRI i B 5o
. #01ID (portid)
o« DAY SRBXREMF IR O,
3 (frequency)
o DAY ERIAFI BRI,
« HMRE (centerFrequency)

« WERBFRENPO. BE , REEFMERIFOMERFAENRETR, Bt , MRFRHURFES
TIENAEREB N, BUUERIIESHPRIFRE,

« B EX (phase)
o DAY ERIA VIR RN ER o
 XBX[7 (associatedGate)
- BLEEMREKAI T,
o ETFLE4SBET (qubitMappings)
- BEEWKRBKINE T,
« QHP B EE ™ (q SpecificProperties hp)
- —KANEME , FAEBEAX QHP BEMHNINERE 1%,

SupportsDynamicFrames:

IR T R A A LUBE OpenPulse newframe BEIE cal = defcal RAPFH, WMRZEN false ,
N ReEEREF P ERAME 5w,

SupportedFunctions:

BRTEERBNRERSEH., SHERBMREIZEB A |, DR T18E XFH OpenPulse . EEEF
£ X OpenPulse B Z Y ="l , 12 OpenPulsest. BHI , Braket X :

« shift_phase
- RIEEEBIIMAIEL

» set_phase
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- RMHELIRENIEEE
« swap_phases
o FEFMZ B 3THRARA o
« shift_frequency
- RIEEEBIMAYIRE
» set_frequency
o RFMSRIRIE N EEE
+ play
- RHRI
 capture_v0

 FHER W EIRE 2 F 7R

SupportedQhpTemplateWaveforms:

iR T R& LR AT RER R R R XN S HMNMRE, BIABERT | Braket Pulse TEFTH IR
# LRUTMERENKEHE , EMNR

Constant

Constant(t, T,iq) = iq
TREFEKE , iq 22— 1MNE.
def constant(length, iq)

Gaussian
CGaussianli 1o A~ | Zab - )

Sy o (3 (58)) - ZaBem (-1(5)%)

TREFKE , c REHRE , A RIRIE. MR ZaERERN True , NI Gaussian #HITRBMEH
B, FEHERENALNEELTHETS , BERARE A,

def gaussian(length, sigma, amplitude=1, zero_at_edges=False)
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DRAG Gaussian
DRAG Gaussianit 0.0 A | zaE (0

ey (05 [ (<3 (55)) - ZaB e (<3 (5)7)]

TREFKE ,c 2afiRE , B REHSH , A BIRIE, WMRN ZaE ®RERN True , MIFLERTSH
%PBR ( DRAG ) Gaussian #{TRBMEHREK , FHEBRFENTFLNLERLBETS , SHBHHIHEK
RE A, BXPEDKEFHNEZEE |, S RiL3 Simple Pulses for Elimination of Leakage in Weakly
Nonlinear Qubits,

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

Erf Square

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

erf((t —t1) /o) + erf(—(t — t2)/0)

A X 2 x erf(W /20))

He L Z2KE WREEFERE , o EXTHELEAMTRHNEE , t1=(L-W)/2 M t,2=(L
+W)/2 , A 2IRtB. WMER ZaE RE RN True , NX Gaussian #ITREMEFH AN , FEERFEHNTT
AMERBAHETE , BEANEE A, UTHERERFENEHEBIRE,

Erf Square(..., ZaFE = 1) = (a x Erf_Square(..., ZaE = 0) — bA)/(a — b)
Hrh : g=erf(W/20) B b=erf(-t1/0)/2+exf(t ,/0)/2 o
def erf_square(length, width, sigma, amplitude=1, zero_at_edges=False)

SupportsLocalPulseElements:

HRTRHOPTE (MO, MAKRHE ) BB TLAE defcal RAPFITARMBE L, WREHN false , N
WA cal RIERE L THE,

SupportsNonNativeGatesWithPulses:
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HRTERNREUTLUEERENSKPYEFEEER. fl0 , MRFEES defcal AFTEAHN
EFLERBENT , BTG EFTHHT—HEERAERE . BUUERZINEE T HREFRE]
nativeGateSet %X,

ValidationParameters:
R TP THRIES R , B

« (EERMEMERN ) RENS&EXT R/EARIEE
o FIRMPOIRNTEARIMRERT (LA HFHLE )

« length/duration BA% 59 8 {7 B9 &z /)N B O

« LN B F length/duration ABKHF

OpenQASM X #FMR{E, ERMEREKH

ETHRESHRIERIFML OpenQASM 3.0 ThEE |, ATASZ &R INEEME action FERAW
braket.ir.opengasm.program $. i , AT Braket RASMEEIUZT SV1 XIGHNBRENSE

RE,

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

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

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

"ccnot",

"cnot",

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

ey,

cz",
Ilhll’

i,
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"iSWap",
Ilpswapll ,
"phaseshift",

rx",

ry,

rz",

Sy

"si",
"SWap" ,
Iltll

7’
Iltill

’

IIVII

7’

vi",

X,

xx",

Xy,

Yy,

Yy,

z,

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

zZ

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

X,
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Yy,
"Z"’
Ilhll’
Ilill’
"hermitian"

15
"minShots": 1,
"maxShots": 100000

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

"name": "Amplitude",

"minShots": 0,
"maxShots": 0

TEREH Braket %% £ X OpenQASM
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}I

}

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

}

£/ OpenQASM 3.0 HELR S

ZFEA OpenQASM3 #EIRE | BRI FERSFERTARFMEF ZER. flo, EELZHRA
B GHZ BFHEERA |, B LURRELT OpenQASM 7o

// ghz.q

asm

// Prepare a GHZ state
OPENQASM 3;

qubit[3]
bit[3] c

h ql@];
#pragma
#pragma
#pragma
#pragma
#pragma

C = meas

q;

.
4

braket
braket
braket
braket
braket

ure q;

noise
noise
noise
noise
noise

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

UTHRGEETHREZXBNRERETRFSEFNAE.

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

braket
braket
braket
braket
braket
braket
braket

noise
noise
noise
noise
noise
noise
noise

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

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

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

RHLLR 7S
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#pragma braket noise generalized_amplitude_damping(<float in [0,1]> <float in [0,1]>)
<qubit>
#pragma braket noise phase_damping(<float in [0,1]>) <qubit>

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

Kraus iz E&F

BA K Kraus ZEAT , TSUEFERSIR | HEKFNESNTRITNAERRER,
ARG HEER , FIRENATILR

- qubits BYEREB RSN 2, ZEHI Y 24 FE R E T BEBR 4,

- SHIIRGKEDME 8 M58, XEWRET AT 2x2 5EF4A Ko

- BEETRE 22 Num-aublts gepe | S ELRE | 1 4 qubit A 4 NERE | 2 4 qubits & 16 MNERE.
. FTERMNERENES ETLRBCPTP) .

- Kraus EEFRHEE LN TAESTHMNEGH — N LLER,

B 74 £ OpenQasm 3.0 EF ALk

Amazon Braket Rigetti x#18 & E# OpenQASM FRIIYIE qubit A5 ( ETHREZEE |, FSRAR
). EFYE qubits EREEHALETHESFERARN , AR qubits 2EEFIFMEIZE L, FE
MEHRA qubit FEE5 , MEIAMERT , Rigetti 8% &5 A2 EFMMLERE,

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

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

measure $0;
measure $1;
measure $2;
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£ OpenQASM 3.0 #1TIEFid FmiF

S RFE Rigetti Ml lonQ SHMMERENEFHEN LEFR T BB |, SUMERHFEEEL REE
SEER RE  MABMEEAEY, RIDEFNETIEREE, FEARGetiRE | ST BRI
EERENAT — BAREB BE  BANREETHRERS . NENRERRNEENS  BE
EREKHAAEARET. B, lonQ REBEMEBRNETIIZGE  ARERTHERIESHE
BHAEETIRRIES,

£ OpenQASM , B LB SABEPHEEZFIEZREFER , AEEZRBARETRE , ToEE
B ERREH ML, UTRBREIETRT WA #pragma braket verbatim #EHEIIX—

/AN O

OPENQASM 3;
bit[2] c;

#pragma braket verbatim
box{
rx(0.314159) $0;
rz(0.628318) $0, $1;

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

BEXEZEFIEFARELIENESHFMAER , BRETOIMREXE , i5Z 5 amazon-braket-examples
github 774 B P R B ZE F 12 % 4% 1% "l Notebook,

Braket &1 &

OpenQASM 3.0 £ AT A , A[4E Amazon Braket 2 #I & FHTEE, EEFHE L , B OpenQASM
3O HARREFEFSHARERIABTEFESHNERERE.

H At 5% IR
OpenQASM E£FiE Amazon Braket Xig A &8 a] .

B X 7E Amazon Braket L FF A {E A OpenQasm MIE 2 A RHI , S Braket #H#2, GitHub
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Verbatim_Compilation.ipynb
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{FFH OpenQASM 3.0 itE#E

7 shots=0 ( 6% ) A TZE1THY , Amazon Braket XIFHERFEL RN A ELI R LT ERE. B
BEAFEMDZE , TUARAR—R. BEEEMITENRE , JUREENNRRET , LT RHIH
KI8T Ro

OPENQASM 3.0;
input float alpha;

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

h ql@];

h q[1];

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

b[0] measure q[0];
b[1] measure q[l1];

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

BAVRBFIHMARMNSH , TUERRETRTFEE all XBF, XHETUITEHMRIINAES
WHBE , 4 input SBBEFRERE , XAER-MAEAER. EXMNBERT , FEEREUT
R AR R SR AL

#pragma braket result adjoint_gradient h(q[0]) @ i(q[1]) all

Amazon Braket By OpenQASM 3.0 SR X FHMEAIMERE  TEENMZEHFY, KERKH, BERE
AANER Sum THNE, HERENEFEANBSEZEFTUMTRAE expectation() BEF , M
B2AEAHIEE MM ENE —TFTEA N E FLE4,

£ OpenQASM 3.0 M 245 EWE FLb4F

Amazon Braket R HY BEPRS B EE BN B E EEFEL R IFRX T UIAREN EBRE T
4% F 58 OpenQASM 27, XMBENBERMARONE , TAERHNE, ESREHTEFIT
B, plm, #UTRBEESD , BRI NEFLLFEE , ARBRNNEE—IETLHE, MF
MNEE -NETFLS,

partial_measure_gasm = """
OPENQASM 3.0;
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bit[1] b;

qubit[2] q;

h q[e];

cnot q[@], ql[1];
b[@] = measure q[0];

Ezplw , BINE—NMNIERNEFEBNEFHRE , q[0] M q[1] , ERBMNANNEE —IEF
LEB RS RBNMNEB, XREBENEL% b[0] = measure q[0] RETMH , ©ENEM R quit[0] BIRSH
BLEREFHELHMN b[0] P, EETUHIBINESZ S , FATTLATE Amazon Braket 12 HY Z< AR 7S ]
EERESE B ETUTRE,

from braket.devices import LocalSimulator

local_sim = LocalSimulator()

partial_measure_local_sim_task =

local_sim.run(0OpenQASMProgram(source=partial_measure_gasm), shots = 10)

partial_measure_local_sim_result = partial_measure_local_sim_task.result()

print(partial_measure_local_sim_result.measurement_counts)
print("Measured qubits: ", partial_measure_local_sim_result.measured_qubits)

BA BN R EIRZHIEB S requiresAllQubitsMeasurement FERRBEREZREXIFIL
DME ; MRR False , MZHFHIME,

from braket.devices import Devices

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

XE  requiresAllQubitsMeasurement 2 False , XXRAHIEMEE FLLISHFH LTI ITNE,

REXWAEE D

SR ThEE Ao i vh 8] v At A PRV RE A FNET H I B S S04 ThRE, IXLEThRE T RE & IR AR AEMAGHYIR &
HaE, BELUBT Amazon Braket SDK {RIESTES B3 B SR M IhEE,

BEFAKKAED  BHEAMNEBEFESHEEexperimental_capabilitiesZ i, FHSHKIRE
RUALL" , A ZESERAMETANSKRINAE, T REEBENMEIRE LE1THERNE AR -

from braket.aws import AwsDevice

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

(B ) REXKEED 81



Amazon Braket FEANGIER

task = device.run(
circuit,
shots=1000,
experimental_capabilities="ALL"

)

(® Note
XEDNERREMN , TRKER , BF5TEH, RFUEEARSLHHNAETE , GRA
REERERIERAE, B4 NBTESREGAXKEN. RELSHNESHRERR
HEIRE N EE.

ATRE :

- f£ Aquila £ QuEra R At fEHL 0 BE

- 7£ Aquila £ QuEra 58 & K LA AR

£ Aquila £ QuEra AT LB I EEN AR
- IQM 8% LB S B

£ Aquila £ QuEra 17 [R] A b= 41 Ih &E

REKRiER— NN TEREFER , EETEENHZANE. LD ZRETEENNZEERNFNE
FLAF NI TENE FLESSSAT RN EME FHHF |, MR RE9E 15 M8 B 4 A Pree
4 #58E., Rydberg-Rydberg

YR

RERiEFENZEMEBATUHENEN AHS BFHITEEN , EEEIMEFIEP R
EEN, REXEFRNNEFISLANEFTENER , FAMBESBNTETE, It
A RBREBEFERNSHZIHEIRNRG , 7@ Braket SDK W ERZ R EE8 5
aquila_device.properties.paradigm.rydberg.rydberglLocal &,

BR il

EETERARBEAEZ (AEARBEREFETRENEESE ) NEFERFN , RENEZMATEELL
Aquila BRI MEERR D FFIHMY T2 BHEER, MALE , REMERERK AHS BEFHRETE T
REBRIEF R

1£ Aquila £ QuEra T [RIZ it =41 Th BE 82
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Analog Hamiltonian simulation Spin terminology
qubits spins

global driving field — amplitude —»

(time dependent) transverse

- (”X", ”Y”) ﬂeld

phase — A (A (A (A (A (& (A

(time dependent)

detuning —»

(time-dependent)

longitudinal

local detuning " (“2) field
(time-dependent)

il

1.

LB BE R 5t rh 3F39 S 16 37 BY 2T

B RWaF M RIEMB X 8 F SN SR a s BN AR |, BR7 X ENRIHBE
BN EF ST ENE R SH QX B EERNZNER, BENBIMREHHOZERZRE
A LAELIE SR BRER S

. ERIFFEDERS
5 Notebook A} Rydberg [R FELLEZ TR , R T HREM 22 BEFHERA |, i{A#psH 9

RFEEHFFINPORTFRIHER. ERIREKE , BERIREZ LM/ , AHS BEFSASLEL RS
MIX 45 E B IE P EPR ST i BV BT RDE R .

. SRERPIAR AL [R]) B

Bl Notebook ZAEEIM I ESE ( MWIS ) BR T IfAf##R Aquila LB MWIS [B]&, BEFKRIEF
BRATENRNSRT R EHNNE | XEH SHB4H Rybderg-blockage MBI, MWEGESFH
W, BHIBRBEE KLY , FRETER MWIS BRTENES , URFEBWERS X,

1£ Aquila £ QuEra T [RIZ it =41 Th BE 83
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#£ Aquila £ QuEra 58] & KK JLAFIR

S/LEESERETEESERMN/LARE, 87XH8ED , 88 AHS BFREFHESITTAE y 7510
EEBFNNKE , BH Aquila WEHBES.

AR -
S/LAFIRNZAKSE R 0.000128 K ( 128 #K ) o
PR 1

WEBMTNEMGetDevice BiERE RN MEEFHERMENNSE TR, 3 AHS EFEABHE
ABE IR FHESIN , MITERRELE N, EESLE RN pre_sequence 5 , BRI 0 HEN
BEAENMIAR , IRERELD TREZTEZANBRCHEINIE, EEFZREFHITH , XMREKHA

=
M2 o

-
1. BRI —4EFNAE— 455

FRFEMBE R T BEEANREFH. BIRKARAERDFITTy, ILNXERBENER
KBIFATIRIZ
2. WZBERPNLABRFERITESRHEKZER

1£ Aquila £ QuEra ¥R & KB LA IR 84
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7~ Notebook Aquila L HITEFESRERRTUAXZSFATAXE  HEAXAFENZKRER
BIAME—NREFHSG, TAXEBS , TURENRIAREZS,

# Aquila £ QuEra AJLAE B Z =RV JLAIFER

RENLASHBETEEMSTREREN/LAEE, & AHS BFF , RFRITHS , H&/MH
FEHRERT, FEFNEFULIN y BIRSTRNE (F—17) , REEEAXTRNMTRE ( FER/
7). RERENJLAIRESD , TS M a&/MTE , NEIBEZRZNR FHI,. 2aRAXHT BTS2
FERFZENSNRLEGERER , Beel@2in  EPFEZNRF SREFELELNESET , -
EHREIENHFR=AF &S,

A
% JLATARE &/ MTEIEEN 0.000002 K (2 #K ) .
PR 1

WEBMTNEMGetDevice BiIER E RS ERMENNESHERS, 3 AHS BEFEARE
HEMEDWERFHSN , MIHERRESEN,. BEF2EESE RN pre_sequence P AMEZ
B0, IRERNBL TREZZVDRILZHNNS, EEFZRETFNTY , IHRREFHE,
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1. Non-rectangular @& % &R /Y R 1%

TREEZE  WelZ&E  EhERERIRENBEEN AL SO L, ESIENHTRE=A
F. AAFEM Kagome &g LK — Lt &K,

2. A& RT
£ AHS BFH , BT EER X HMNEEATLEEMEER, EENTEETRIENERNE

HERETRRFNELEZBNEEER , EAENRFLEENAENEESH/MTEENIRR
P, —NMEBEENHFREETREKER Shastry-Sutherland @& R Ko

IQM &R & LIS B

IQM & LSBT EEZFHREENE (MCM ) MEliRiRE, B7XLEIEE  EFHRAGNFX
RAEBINEERUGSENEFHEERAENESRETFE LR, XXV IGEEWTHREEEES AR

WENEBFERE  AREFREEHBNUEFE,

FTEHA :

« measure_ff : XMEMFRZEHONE K NEEFERBRHFEARBEEHER,

o cc_prx: EYAMIBHINEH  ZRBRNESEERBRBRENERNE 1# REEA,

Amazon Braket &i¥ OpenQASM. Amazon Braket SDK #1 Amazon Braket Qiskit Provider X #Fzh 7
B,

YR

1. measure_ff iiBAF MY RIRELIMZH —,
2. cc_prx MIMTE measure_ff 2f5 , ERAERNRIBRE.
3. ERANERSG  ETHEBNIBRRER—INETHEES T HEBSES , tHE—PMETF
te4sE s, ETFREMNERS | S UETRREZEHIN,
a. fflan  MREFLLIF 1 HEFL4E 2 8% |, WL EEMHREEPHE FHIS 3 #25, EEFLSE
1 MEFHE 2 28, NARFPRBEERE, EFLLE 2 THEFLE I (REFHEF 1)
BE RIENEFLE 2 #ITTEFHEE,
4. BB RENATRE—AFHEFHY. IQM Garnet fl Emerald I8 & W E F A3 A N T BT R
5. BEARXEBENERSITENEFIEREFRER. ETHREXEFEREFNESEE , BSHEE
Fl OpenQASM 3.0 #{TEFIEFHmIE.
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MCM REERTRFFHEIHRZH. MCME&R (0 1) F2EANESERN—H5IRE,
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o

) Group2 @ Group3 ¢

XEFGERTHAD IQM RENEFISSTH. Ganet 20 EFIEHREER 2HEFHSE M

Emerald 54 E F 43R BEE 4 HE FLbiE,

-

1. BEFHEEREEEAE LU

ARG EMREN MCM A EENMBRITHESERE TS, SHEETBERREER ,

RETETFTRENARIAE,
2. EHUBHERE

HABBEATRUNVEEER , ARENEBERH#ATRERF, ZXURAFEFRERQNER,

3. EIEXR

REBEAAEEARMEFEENRKE MCM HEREEARMEFLES. (MEETTERHRTE
FIEEHARIE TR AN, XEXKWRERT =AXBIEANEM FESF : BFRERE.

ETNENEFITENETBERE,
4. FTREFREEL

PAEREIHFEE THRMMRYEURTENEXNEFRETNRFRITER., XipHEER
BENE T SRR TIBENRR TR, RFEEE BTN RERM NN EBERTIRIT.

BXREADSERBNESER | &

2% Amazon Braket Notebook 171 & & By H = 61,

IQM R & L F S B
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Amazon Braket B9 k#2524l

o REBFHIEFITENHRE FLLSNELES, FH Amazon Braket ERIF LG R | B0 LA R B
EIThRE | FEAMPIRRR B, EALUET Braket SDK. OpenQASM 3.0 = E1#23& 1S Braket API 15
B BRom il B 5S4 Braket F ko iR S — R B,

ATRE :

- M

- £ Hello Pulse

- FEAKFPIHRIEE]

i

MR —FRAHR  RXLBEFEFPHNG , XEIMAML. SREAN , HentRifcEE 788
RENBRESHMEEL, MEFLLBERESH , NURER FLBNEBINR, MARBURKFE
BEMREGIETE, 1E Braket Pulse f1 , #EMEUR TiR%E, MEBEMME M, RFRFHFE , EWTLE
BRIE Ay, 0w BUBE 12w O SRR B LTI

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)

i

O — MR | SRR TS inputoutput BAEALE, © T LT BB ARt SRt —
AMEO BPAUNESZRERTRERENNNB T, SO EREREEHN B ZS
£, REHEEERTRINEEER | ZEBIEE T RN TUE RO BARE,

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

BRI

RER—MREIL , RIMNTUACERERA ERXFHESHBEIMAROBRES., EUNBEZEHR
FIREEEERT , A SMERKERE KR REFHRAN IR,

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

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

Braket Pulse 2t 7T — MREREE , SREERE. afEENERITSHER (DRAG) B, &
A LAUBE sample MBI RBREEIE , AL HIRE , BT ROIFT R,

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

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

times_1 = np.arange(@, zero_at_edgel.length, drive_frame.port.dt)
times_2 = np.arange(@, zero_at_edge2.length, drive_frame.port.dt)

plt.plot(times_1, zero_at_edgel.sample(drive_frame.port.dt))
plt.plot(times_2, zero_at_edge2.sample(drive_frame.port.dt))
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—— ZaE = True
0.10 A ZaE = False

0.02 -

0.00 A

0.0 0.2 0.4 0.6 0.8 1.0
Time (s) le—7

FE#E% T M GaussianWaveform FRIEMNSEIEF . BANERAOFKER 100 403K , BE R
25 K | RiER 0.1 (EEREN ) . BEEMRABEAOREH, GaussianWaveform EZHRSHK
zero_at_edges ( BHIHHY ZaE ) . RER True i , kSHALRBEERE , £ t=0 M t= length
WHWRAE , AEFEHRERE , FRAES amplitude SR R,

&£ F Hello Pulse

FEARTH | BF T BUAEA Rigetti 8% £H Pulse EEREMEELNE TS, NEFLE
FEDN A 25 B Rabi 57 , B FLLAFH) 0 REM 1 RS2 BTk, BIRAERK TR EME

i , Rabi f&H AT AT EHENEFLHE], EXE , BITHHENEOTNREKFKE |, pi/2 FF
=R THEEEZENTFIINERER,

B, EWENRHRFS , 5 A PulseSequence %,

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
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ETX , fEA QPU 9 Amazon Resource Name ( ARN ) 324l{t — & ## Braket i% %, AT SRE
A Rigetti Ankaa-3 :

device = AwsDevice(Devices.Rigetti.Ankaa3)

LTFBRFH2EMmANED  MBUREANEE 7, BorFIEETUMA TN, B—L455 , W
REMIER  AUNATE LY, EWERKTFIIZE , HHR R AR, JX3)4E S A T e fn ks
BRI Rabi #%5% , SRHMA TN E8 F LRSS, R FIERE 74 25 B,

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

Nz, CIREER [P IBRNELR. SEBHWENEEREFHEFETRKAKETNITN. &
R ER— N EETRNEE. SH8XEBRGL—HNEE , F@EA in pulse 531 Braket-
supported FreeParameter, EAILAEABRS KR —IOREMEHFS , ARERTRNBAAE
EITHEIR MR F 5,

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

&E , Melld&mktFsl. EPFESIF | play BHAEZBF[M EWIEERR , capture_vo &
15 H AR ZS

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

A —ECENRKE , ABFERERS QPU. £ QPU EMITROFFSIZET , FHEBBRSHE
=8

start_length = 12e-9

end_length = 2e-7

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

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

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

ETHENENRITHIEERTE 0 REN 1 RE2BRHTNE FLLBNIREZ HZE. NEEHE
B, &R LUREN Rabi SR A AR K E LRI ERN 1 BT, flin RETEHRNEE , &
HALY N 154 ghK. B, pi/2 BERR XS B T E 9 38.5ns Y Bk FF 5l o

1.0 7 °
L

0.8 » .

0.6 1

Population
&

0.4 1

0.2 -

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

{R%F Pulse £/ OpenPulse

OpenPulseR —fATiEEBAE FaRFMOP B FEFEHMNES , B2 OpenQasm 3.0 MSBHY —FB
%> Amazon Braket # OpenPulse f£H OpenQASM 3.0 R RN BEZEX B P 1THEE

Braket £/ OpenPulse EREETHREKANEEFRE R TR, OpenPulse X1
defcal (“EXRENEE ) FHAEIXRINESRE, BIXLEFR , BOUERBER B EHIEL

PEEMNESHEH,

WA LAMER L T an 5 & & Brake PulseSequence t 9 OpenPulse &5
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print(pulse_sequence.to_ir())

&t A LA E #2#93& OpenPulse 27,

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);

}

ERMAEIE Program ¥R, AlF , MZBFRERXESE 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)

SEARKAR R RAET]

MAARBEFTEBY 7THESE QPU XENRENTRMMAKIA NP Bos F5 B EH R A
B, BRIBABKAFIIAMRAZRRR T RITEFNTHRREBREFDUNIS , MBEZHHSE
["TEY RO SR 3 1T T IR 75 S0 3

Amazon Braket XL RFEH M Rigetti TR FE&E T,

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")
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calibrations = device.gate_calibrations
print(f"Downloaded {len(calibrations)} calibrations.")

® Note
B REEERRAE QPU , BESXTLE—R. B Braket SDK , BREBIRSRAHI 1
#o

device.refresh_gate_calibrations()

ERRATENEFEEN , MRXH XY [T, BEE£IEHEX Gate WRMEBF L4, Hli , BAURERN
FF qubit 0 B9 RX(11/2) BIBKFEH,

rx_pi_2_90 = (Rx(math.pi/2), QubitSet(0@))

pulse_sequence_rx_pi_2_q@® = calibrations.pulse_sequences[rx_pi_2_q0]

BRI LAER filter MBBIE—HATTFENRE, B4%51E T —MNIFIRFE— QubitSet Flk. M
TRBGUETHENES , EHEE RX(11/2) M qubit 0 WFTE R,

rx_calibrations = calibrations.filter(gates=[Rx(math.pi/2)])
q0@_calibrations = calibrations.filter(qubits=QubitSet([0]))

P |, SR SUET KA E X BESREHITUERRETNRE, Sl , ERUUT B :

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

B LUBIE S PulseSequence SR FHEEL gate_definitions XKBFSH qubit 0 KE1T
T, A x NNABEEXTRAE, BULIRYE GateCalibrations WRHE M pulse_sequences
FEFEE, FMIAEREENHEE FEGREENOPRERERNA,
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nb_shots = 50

custom_calibration = GateCalibrations({rx_pi_2_q@: pulse_sequence_xrx_pi_2_q0})

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

RS 2 AR A

ERRBTEL (AHS ) RBFITENHNER , SRENBFREERERANTE, EFR—X
577, e BB — R REEERTAR T, AHS BFAEXBBEINENNTHEEELASHE
Yo REHMBREN HERAANNOGFMGTRHD , CMNRFRLHELRSOHREDEE, HF-
N-qubit R&t , BBAALA 2V WEBBEERER.

REBIMIT AHS HEFIRZEEBIFHARRERNBEHNSH , ELEFSERNE THEFREMN
BYEDEE, Hlan , WEA TR ZNIRENKRIESH, AHS BERAFEESEUERTSHEERAN
FHETFRENBSNIZEY | SINEERSYEFNE FLFHP, Purpose-built B FAEE T
(QPU) , tb2ngy Aquilaiz#QuEra , EZFRHERT , BRERFAAHSH OE |, BLEIHTAEY S KRR
REMFE T IR ET EZBROFIE,

EHAR
* Hello AHS : iZ1T & H 58 — MEHLIS B PHE
« £/ A QuEra quila I£XET B

Hello AHS : iz 1TI& 1 88 — /ME LIS 25 A&
AT T HHRE(TE — MER B BT E S,

EHHA

- REXKEHE

- B3

- MHEEH

- WIF

- AHS EF

- EXRMBENIE EIETT
- DERFLER

(B4R ) Bl B
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https://aws.amazon.com/braket/quantum-computers/quera/

Amazon Braket FEANGIER

« Run QuEra ning on B Aquila QPU
- WG

. BESR

REX ek

E-NHTSHEERN FARNREREERE | IERNER -NBHANEERAKR ( S FEEER
AT E Lt # M BT # RS ) o« REARRD , BRERERGEELRINE ERFHEREMEM
BN —EEBUR, FWOlF , BIFRROMER —NFTBR R B, BIESR B HEE 08 k1
F o

B

BIHERA - PHRFRARSRAE , ‘@ L M@ T BRSH D 3 AN ERAKRSNERE T
EXmE, Bk, 0224855, RATANUATABXY EENEZERITREZ.

FREM . BEE pip T& Braket SDK, ( W1REFEAH Z Braket TEH Notebook £l , Mtk SDK
B L4 Notebook 1, ) BEENLE , BEEFEEFEH shell i5F pip install matplotlib
&3 Z % matplotlib,

from braket.ahs.atom_arrangement import AtomArrangement
import numpy as np
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import matplotlib.pyplot as plt # Required for plotting
a = 5.7e-6 # Nearest-neighbor separation (in meters)

register = AtomArrangement()

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

RIS HEBaE ,
fig, ax = plt.subplots(l, 1, figsize=(7, 7))
Xs, ys = [register.coordinate_list(dim) for dim in (@, 1)]

ax.plot(xs, ys, 'r.', ms=15)

for idx, (x, y) in enumerate(zip(xs, ys)):
ax.text(x, y, f" {idx}", fontsize=12)

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

NEZRGHE , RNEZFSHABARZANMEEER. Nt , RAERT van der Waals #HEE
A, ZHEEARHPHREFIRE ( W0KE QuEra By Aquila %% ) RESIN, XHEEERNRE
W FEA BRERT , ATARRAFRE BEEX (k) B R,

— <N-1 N
Hinteraction - Zj=1 Zk=j+1 Vj,knjnk

Hrh :nj=|t | B—NEER Y EHE A TFE RSN FEE 1 BNEE 0. BEN V,=Cq
[(d0° , B Co REERY , d REME) M k ZHNEK/LREEE, X MIEAERRNEERN
2 AN NS5 K BEHERSHERSBLAS (KB V) . BIEMRI AHS BFHES
4 | XEAE R TR LRSS TR L RS | KRR RER RN Rydverg FAE",

&7

AHS BBFFTHREY , AT LEH ( BUAMBR T ) B @ T RETT 8 , BN TMBERNER#HN R, BRTHE
FRGKHALNER , BRNEET —MZME TR |, ZHK3h7 AL FRE B RN PRSI EE
ZUWRE , BIEN B LRSS, MRS BTE R UER

Harive (f) = Ty 3Q() [€#0S_, +&70S, (1= T3, A(t)n,

He Q). (). A(t) REELFBIRE ( XE Rabi 13F ) | HAUMKXIEGIwEMATE BRNENF,
Hrp . S_‘k =| ik##Tkland S+,k=(S_,k)T=|Tk##lklﬁ%U% Spin k E’glzé{&*uﬂ'%izﬁﬁ ) nk=| Tk##TkPFl]J«X
BINZEHEE. BmH Q o EER BESPIBEREEN @ T M@ L RS , T A oEsm

LIRS EEERM.

AT X MEREEAR @ 2 R SR AR PR IE R TRE | BOERUTRBEERTZ,

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
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omega = TimeSeries()

omega.put(0.0, 0.0)

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

delta = TimeSeries()

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

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

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

AT AT SAfE A AT B A AT AL 3K 30 37 BY B i e B

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

ax = axes[0]

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

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

ax = axes[1]

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

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

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

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

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

le6
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AHS EFF

BiFee. B ( URBRXACELEEER ) W TEURZTIELIEF ahs_program,

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

EARWELEE ST
BT REIRAD ( DF 15 ]5Es: ) |, FIb#E AHS-compatible QPU L1721 , FA1R LAE Braket

SDK Fff# A ity AHS BRIUBR LiZ1TE, HTAMELIER AR5 ER Braket SDK , EMIX 2RI
RYfCHD 8BRS IE ATV R IE SRR
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EXE , BN RBABIRENRANE (LW 100 77 ) , AR BELURSBREE 7S E
BEANRLRSPHEEZR ; Bt , ATLUEINATIRE , MESTrRXEEEE M,

from braket.devices import LocalSimulator
device = LocalSimulator("braket_ahs")

result_simulator = device.run(
ahs_program,
shots=1_000_000

).result() # Takes about 5 seconds

DITELNERSE

BMNUUEAATHEHELEARER | ZEHRAENRSERNRS (TURTRRET, ‘u&
RNELE e KRR )  ATESHEEETRRPRENRIE.

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
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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
print(counts_simulator)

*[Output]*
{'dddddddd': 5, 'dddddddu': 12, 'ddddddud': 15, ...}

HEXE |, counts B—AFH , EUHETHEPNEINSPRESEENRER. BIIETRERULTA
BRI e AR,

from collections import Counter

def has_neighboring_up_states(state):

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

return True
return False

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

def plot_counts(counts):
non_blockaded = []
blockaded = []
for state, count in counts.items():
if not has_neighboring_up_states(state):
collection = non_blockaded
else:
collection = blockaded
collection.append((state, count, number_of_up_states(state)))

blockaded.sort(key=lambda _: _[1], reverse=True)
non_blockaded.sort(key=lambda _: _[1], reverse=True)
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for configurations, name in zip((non_blockaded,
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"')
plt.show()

plot_counts(counts_simulator)

no neighboring "up" states configurations

300000 -
250000 1
200000 -
a
[=]
& 150000 -
100000
50000 -
0
S o T 2T TS TUT 2SS0 UT ST STtTIUTTc 2o T oSSO0 UTToUTUUTT ST TUToD 2T O TDO
= = T = B = I = R = = s = = R = == = B o e = B B B = = = = B = = == = [y = By = i = iy = iy = = = = = B = O = = B = e = B = [y = iy = iy = |
= = I = = = = = = = = = B = = e = B = = B = = = = = e I = = = = = = = = = = = = = = = = = == = A= e = =)
== T B = = = = = =T = R = = = B = B M= M= = B M= N = = e = = i = e = = = = = = = = B = iy = Bp= i = B = = By = B = [y = Ny = M = |
J U P8 ST T I T T ST T UOUITOTUOUIET T U I ISOUIEITIT TIUIT ST oOUT O UOUITIT T O 20 TTO
'g::'g'c'g ='g1j :'g'g:'ﬂ :'g'U :'g ='D'U'U'U'g'ﬂ :'g ::'u'g'u::'g'u :'U'U'U'U'U'U'U'U'g S T
88358388835 88888 3835358838555 885 8838888385888 58888383
some neighboring "up" states configurations
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MEF , BAATREATANER | URIERN K HIR T R,

1. B8 , FFEERE ORBEWMEBHRERL T 0 LIRS ) EEDA - AMIEFE L T @ LIRS
HRSERER,
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2. BE , BRIFEBHEL , SN EERBBESZ @ LIRS,
3. ZENHNREHEREEN KRGS "dudududu” # "udududud",

4. BEZMELNRESRIAB I MELEE , EEERAN 1. 2. 2 RS, IRFLEBENMEEER
HANFIEWREFELN (REZXRENES )

Run QuEra ning on B Aquila QPU
FREZM : BRT pip &% Braket SDK 24k , tNREF K Amazon Braket , iIFHREZSTERLEN A

REZ 8

® Note
WRIEFE AR K Braket IE£EEH Notebook SEH] , MiZSEHIFH%E T Braket SDK,

REFTEHRBIIUE , BATH AT UEEEEF) Aquila QPU T,
from braket.aws import AwsDevice

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

N T EEA AHS BFEE QuEra 2R , RINFENFEERITEEEA , BIFE Aquila QPU R E
WREKE, (XLEERZIEHRPHFEIHRBNREZSHNAR, BRITLEIE Notebook FHIT
aquila_gpu.properties.dict() REEEN(]. BX Aquila HEENMERNEZIFHES , HSH

Aquila Notebook &t ) BEATALABEI A discretize HFERMEIX — Ko

discretized_ahs_program = ahs_program.discretize(aquila_gpu)

BE , RAVAILAFE Aquila QPU LIE1TiZEF ( BRI RE1T 100 XHE ) -

(® Note
£ Aquila 20 EEBR FIETHEFN 4% —EMWR A, Amazon Braket SDK @& — N A E R
28, X# B EEIRE AN PR H A T SE AT th BR ER A AN o

task = aquila_qgpu.run(discretized_ahs_program, shots=100)
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metadata = task.metadata()
task_arn = metadata['quantumTaskArn']
task_status = metadata['status']

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

*[Output]*

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

status: CREATED

HTEFESHNESITHERBA (BURTARAEAM QPU RIAR ) |, Ritic TEFES ARN B1NEF
IR ZHERMNBTAEEEABEEAULTRBRBRREERST.

# 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]*

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

status: COMPLETED

RERBTEK” (BT LAM Amazon Braket ZH 6N E FESRERITRE ) & , BITUBEZIUT
FRERLE

result_aquila = task.result()
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DGR

BN AERA S FIHEBK get_counts EEUTEITH

counts_aquila = get_counts(result_aquila)
print(counts_aquila)

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

ARG , B plot_counts 5K :

plot_counts(counts_aquila)

no neighboring "up" states configurations
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some neighboring "up" states configurations
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IEEEA

RE | BIUECZFERALM AHS ERLZEH Aquila QPU £ Amazon Braket L3217 78—/ AHS T4k
k=

E T7#AX Rydberg Y12 %, RERBTELF Aquila RENEZEE , BSRARNNTRE
Notebooko

M A QuEra quila 23X &E#1F B

AIRME T HXKE QuEra B Aquila HLEREE DRI BN XA, HALEZFAEENT ¢

1. BEUTHEENNS B EMERER Aquila
2. AHS BF S

3. AHS £RHNA

4. Aquila BE 1S

&

)

oy of
B
&
o

« Braket AHS T2 F %423
» Braket AHS EF&SE R
e QuEra iXR&¥E MW

e Z W&

3k B QuEra B Aquila HlEs AREF AN UT ( E ) REWMEREHITELL,

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

@® Note
BRI RERIER MK EESN , ATE Braket Direct FiE3RE,

where

A A QuEra quila EX#ERLLT B 107


https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
https://docs.aws.amazon.com/braket/latest/developerguide/braket-experimental-capabilities.html

FRARER

Amazon Braket
* Harvex(®=( 12 Q)e*VS_y + 11, Q()e ™Y S, 1) + (~Agiopailt)nd) .
. Q) BNE2BEHFIE ( XE Rabi MR ) |, B4%H (WEH )
. () BRI B, RANME
. S_ IS, RET k0 ERRIENASEEY (EERSF | |14=gh|1#=r) , BIE S_=|g#
#r1,5.=(S-)T=|rit#g)
¢ Dgopalt) REER B KK
c n BETF k WEBARRANRYZES (BREY , n=ir#| )
* Hiocal detuning k(1) =-Aiocal(t)hknk
¢ Nocallt) EBEIABINERT | BN (WE/D )
c hy BEMNEHEXHNEF , AT 0.0E 1.0 2ZENEENKF
* Vyawk=Ce/(di)°nin; ,
« Co mBBLRE, 2N (rad/s) * (M)"6
« dy BREF KM ZANKRILEBERE , 245K,

R AT LAEE Braket AHS B RIFEFI LTS8,

o ZHRTHY (BPMET KB x My 255, BN um ) |, TEBIRNREFERE d, 5
k,=1,2,...N

. (), ELR Rabi % , &k (MWED )
- o), RESRARM , B4 (L)

¢ Dgopallt) . FIES A , BN (WED )

¢ Docalt) , BEBXEIFENNSE (257 ) BT, 240 (WED)

. b, SHARANRBALREN (85 )BT, BFAT 0.0 7 1.0 ZANFRRKT

® Note
RAPTERFSRBLRS (BNS, S_,.. n 2ERFREEN ) , bFE#EH Rydberg-
Rydberg R E R (Ce) BVEE

Braket AHS F2F 2213

braket.ir.ahs.program_v1.Program 33 &R ( ;=41 )
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® Note
MRENKFRBHABEKRIETIRE , FHEUA T RBIFEA LlocalDetuning=[1,

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

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

pattern='uniform'

1,
localDetuning=[
LocalDetuning(
magnitude=PhysicalField(
times_series=TimeSeries(
values=[Decimal('®'), Decimal('25000000.0'),
Decimal('25000000.0'), Decimal('Q')],
times=[Decimal('Q'), Decimal('®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]
),
pattern=Pattern([Decimal('®.8'), Decimal('1.0'), Decimal('©.9')])

JSON ( R4l )

(® Note
MRENKFREABEHRIETIEE , BEUT ROIPER "localDetuning”: [J.

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

},

"setup": {

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

{
"amplitude": {
"time_series": {
"values": [0.0, 15700000.0, 15700000.0, 0.0],
"times": [QE-9, 0.000001000, 0.000002000, ©0.000003000]
.
"pattern": "uniform"
.
"phase": {
"time_series": {
"values": [@QE-7, QE-7],
"times": [QE-9, 0.000003000]
},
"pattern": "uniform"
},
"detuning": {
"time_series": {
"values": [-54000000.0, 54000000.0]7,
"times": [QE-9, 0.000003000]
.
"pattern": "uniform"
}
}
1,
"localDetuning": [
{
"magnitude": {
"time_series": {
"values": [0.0, 25000000.0, 25000000.0, ©.0],
"times": [QE-9, 0.000001000, 0.000002000, 0.000003000]
},
"pattern": [0.8, 1.0, 0.9]
}
}
]
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FRARER

FEFR
BFFE

setup.ahs_register.sites

setup.ahs_register filling

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

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

hamiltonian.drivingFields[].amplitude.pattern

hamiltonian.drivingFields[].phase.time_series.times

hamiltonian.drivingFields[].phase.time_series.values

hamiltonian.drivingFields[].phase.pattern

hamiltonian.drivingFields[].detuning.time_series.times

hamiltonian.drivingFields[].detuning.time_series.value
S

sm

List[List[Decimal]]

List[int]

List[Decimal]

List[Decimal]

str

List[Decimal]

List[Decimal]

str

List[Decimal]

List[Decimal]

DU

R T HIRE =
HEAPRER

R 1 #RiE G 3R R B
VREEREF , A0
HiCARZEURH
RF

X z 41 @ 1Y B [A]
&, Omegal(t)

B RIE{E , Ome
ga(t)

I 3 i 17 Y 22 8 A
& , Omega(t) ; 4
M9G8

B A A AT A
&, phi(t)

B MH{E |, ph
i(t)
X zh AR L B9 ZE )

£ , phi(t) ; %M
=980

G ESETLENE
&, Delta_glo
bal(t)

TRKEE,
Delta_global(t)

A A QuEra quila EX#ERLLT B

112



Amazon Braket FEANGIER

BFZH S R
hamiltonian.drivingFields[].detuning.pattern str TR RIEHZEE

#3{ , Delta_glo
bal(t) ; &2 “

am”
hamiltonian.localDetuning[].magnitude.time_se List[Decimal] [ EB 2% 1% 1@ B #Y B
ries.times TEFHEER ,
Delta_local(t)
hamiltonian.localDetuning[].magnitude.time_se List[Decimal] REB K IZIEERN
ries.values RERt B LR R F
& , Delta_local(t)
hamiltonian.localDetuning[].magnitude.pattern List[Decimal] BB R iEIRIERY
vh SR A F

h_k ( BENNT
setup.ahs_register

sites FHITER )

TR FER
BRFFER xH #iRr
¥ %8 SchemaHeader.name str BT ; SR braket.ir.ahs.pro
gram”
¥ %8 SchemaHeader.version str LR AR A

Braket AHS 1545 R 421

braket.tasks.analog_hamiltonian_simulation_quantum_task_result
AnalogHamiltonianSimulationQuantumTaskResult ( =% )

AnalogHamiltonianSimulationQuantumTaskResult(
task_metadata=TaskMetadata(
braketSchemaHeader=BraketSchemaHeadexr(
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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

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

JSON ( 7=~fl )

{
"braketSchemaHeader": {
"name": "braket.task_result.analog_hamiltonian_simulation_task_result",
"version": "1"

1,
"taskMetadata": {
"braketSchemaHeader": {
"name": "braket.task_result.task_metadata",
"version": "1"

+
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"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": "2022-10-25T720:59:10.788Z",
"endedAt": "2022-10-25721:00:58.2182",
"status": "COMPLETED"

.
"measurements": [
{
"shotMetadata": {"shotStatus": "Success"},
"shotResult": {
"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"

}I

"numSuccessfulShots": 100
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FRARER

FEFR
EFERFER

M| £ [] .shot Result.preSequence

M £ [] .shot Result.postSequence

THEFER
EFERFR

% %8 SchemaHeader.name

% % SchemaHeader.version

1£%5 Metadata.braketSchemaHeader

.name

List[int]

List[int]

ok
¥

str

str

str

Pre-sequence &)X & 5V £ 17

(BMNEFUR—)  MRUK
RZE MR O, MRUKIBER ,

a1, EETEFHCHKAF
5z Bl &

Post-sequence X ST HA N &
i MRFFLTFEEBABRSH
fIRAZE, WHO; MREFLAT
BN WA, EETEFHIED
BXR P 5 R BN £

DU

BAER ; &
T2 “braket.ta
sk_result
.analog_h
amiltonia
n_simulat
ion_task_
result.result”

SRR A
RIEBR ; &

T2 "“braket.ta
sk_result
task_met
adata”
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FRARER

EFERFER

{£% Metadata.braketSchemaHeader
.version

1£% Metadata.id

1£55 Metadata.shots

1£%% Metadata.shots.deviceld

1£% Metadata.shots.createdAt

str

int

str

str

DU

SR RR A

ETES ID,

XNTF AWS EF

%, XR&
F1E55 ARN,

BFESHH
BIXE

BITETES
HYIR &M 1D,
XTF AWS &
%, XRIRE
ARN,

k=4 0] 0]
8w
A 1SO-8601/
RFC3339
FREBN
YYYY-MM-D
DTHH:mm:s
s.sssZ., ERIA
& : %o
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EFERFER e it DU

{55 Metadata.shots.endedAt str ETESE
REVETRIE ;
S WYl
ISO-8601/
RFC3339
FRBEEN
YYYY-MM-D
DTHH:mm:s
s.sssZ, ERIA
& : %,

f£%% Metadata.shots.status str EFEFHR
A (BRI,
BHEBA, ETE
=17, B
B, KM ),
ERINE . Fo

1% Metadata.shots.failureReason str ETESELN
WEE, BRIA
& : %o

M H\H9 Metadata.action braket.ir.ahs.program_v1.Pr (BEZH
ogram Braket AHS &
%S )

FI\H) Metadata.action.braketSchem str 22y A= TV

aHeader.queraMetadata.name T2 "“braket.ta
sk_result
.quera_me
tadata”

EMH\H) Metadata.action.braketSchem str 28 g B 7
aHeader.queraMetadata.version
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EFERFER e it DU

FH\H) Metadata.action.numSuccessf int TERINEE

ulShots HYRER ; B
ZTERNA
PN

M £ [] .shot Metadata.shotStatus int AERAS (K
Ih, BB EX
I, XW) ;

QuEra X & B MY

braket.device_schema.quera.quera_device_capabilities_v1, QueraDeviceCapabilities ( %l )

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

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

),

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

),

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

),

DeviceExecutionWindow(
executionDay=<ExecutionDay.FRIDAY: 'Friday'>,
windowStartHour=datetime.time(0, 0),
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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"’
),
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(
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# See https://github.com/amazon-braket/amazon-braket-schemas-python/blob/main/

src/braket/device_schema/quera/quera_ahs_paradigm_properties_vl.py

JSON ( ;=41 )

"service": {
"braketSchemaHeader": {

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

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

},

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

b

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

},

{
"executionDay": "Friday",
"windowStartHour": "00:00:00",
"windowEndHour": "23:59:59"

b

{
"executionDay": "Saturday",
"windowStartHour": "00:00:00",
"windowEndHour": "23:59:59"

},

{

"executionDay": "Sunday",
"windowStartHour": "00:00:00",
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"windowEndHour": "12:00:00"

}
1,
"shotsRange": [
1,
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,

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

}I

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

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

1,

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

}
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FRARER

RSB HEFER

RSB TR

service.executionWindows[].executionDay

PR #4T7Windows [] .window StartHour

PR #14T7Windows [] .window EndHour

service.qpu_Capabilities.service.shotsRange
BR 55 .qpu_capabilities.service.device Cost.price

PR35 .qpu_capabilities.service.device Cost.unit

THEFER
THEFER
action[].version

action[].actionType

BR$ %2R SchemaHeader.name

sm

ExecutionDay

datetime.time

datetime.time

Tuple[int, int]

FRE

str
RE
str
ActionType
str

i

5

MATEOWRM ; LR
R GX. “T#E" ‘A
*, B, R
B, 2SI 2
ME, EMAREHE

HITE QOFARER UTC
24 /NEHIE R,

HITE QL RTEL UTC
24 /NEHIE R,

pE T Y PRGE VS
BEGE (UETI)
B, fl s
CANRVIN RN < -

%u

>

543
AHS 2 F 2R fHI AR 2R

AHS BFEME
M AR braket.
ir.ahs.program”

RENEWN ; BI=
“braket.device_sch
ema.device_service
_properties”
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TTHEFER - 3ic] N

PR %53 2R SchemaHeader.version str R R A

fR%. 1% % Documentation.imageUrl str ®REEAFH URL

RS, i%%& Documentation.summary str REZNREER

BRS5. &% Documentation.externalDocumentationUrl str SAEB3IAY URL

service.deviceLocation str REN IR E

service.updatedAt datetime EPREFZRBEMERN
B (8]

5... 61/ AWS Boto3

Boto3 & Python ) AWS B#4F X TEE, £/ Boto3 , Python FF X E T LLAI2E, BEEMERE AWS
BR% , tb#l Amazon Braket, Boto3 2% 7T HEXTKREY APl , BAR X Amazon Braket BV {E 515 18],

158 Boto3 RIZEATIEE PR UHARITRE | THRIARENEE Boto3,

Boto3 12t 7 5 Amazon Braket Python SDK Bl &AM 0 IheEE , TR B ERENEZTE FE
%, Python ZEF R REER% Boto3 , FAXEXKOEN, MECEGHEMBE S L, WEFTER
% Amazon Braket 8 F X TE S,

flgn | 4@ A CreateQuantumTask B , Amazon Braket SDK £f%i5R1E2344 Boto3 , ARG H
Boto3 @A AWS API,

FTHRE
« ITF Amazon Braket Boto3 & F i
« & AWS CLI Boto3 # Braket SDK YL i& 3 4+

$TF Amazon Braket Boto3 & F° i

E LI Boto3 5 Amazon Braket WEBLEER , B4 TS A Boto3 , REE N A FiERE Amazon Braket
APl EFif, UL T RHIF |, Boto3EFim& N braket,

import boto3

(B4 ) A AWS Boto3 124


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

braket = boto3.client("braket")

® Note

Braket X3 IPv6, MREFEAKRZ IPv6-only NERFZLERREHN IEAZMER IPV6 KE ,
B BDual-stack F FIPS i 17 S 38R A AY 1 BA 8 A DR A0 T =

BABEREINT braket BF IR , BiHTLUEY Amazon Braket RFRHEFERMLGEEE T, &AL
£ APl ZZHFMAEXBERMNBEBFENESFHAEL.

LT REGERT G Big & ME F1E5.

- BRIRE

BRIEE

BIEEFES

REEFES

BREFES

BEEFES

BRIRZE

* search_devices(**kwargs)

EREENTIERBRIRE,

# 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'])):

#TFF Amazon Braket Boto3 % /7 i 125
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device = response['devices'][i]
print(device['deviceArn'])

RFIRE

* get_device(deviceArn)

# Z1E Amazon Braket Al YR %

# 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']}")

BlEZE 7S

« create_quantum_task(**kwargs)

BEEFES.
# Create parameters to pass into create_quantum_task()
kwargs = {
# Create a Bell pair
'action': '{"braketSchemaHeader": {"name": "braket.ir.jaqcd.program", "version":
"1"}, "results": [], "basis_rotation_instructions": [], "instructions": [{"type": "h",

"target": 0}, {"type": "cnot", "control": @, "target": 13}]1}°',
# Specify the SV1 Device ARN
'deviceArn': 'arn:aws:braket:::device/quantum-simulator/amazon/svl’',
# Specify 2 qubits for the Bell pair

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

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

# You must ensure the S3 Bucket exists before calling create_quantum_task()
'outputS3Bucket': 'amazon-braket-examples',

'outputS3KeyPrefix': 'boto-examples',

# Specify number of shots for the quantum task

'shots': 100
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# Send the request and capture the response
response = braket.create_quantum_task(**kwargs)

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

KRREFIES

* get_quantum_task(quantumTaskArn)

REREENETES.

# 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'])

BREFES

* search_quantum_tasks(**kwargs)

EREEESRECENEFES

# 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/sv1l']
}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']1}")
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BURE 715

* cancel_quantum_task(quantumTaskAzrn)

HUHEENE F1E55,

# 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']}")

Bl & AWS CLI Boto3 F1 Braket SDK BY &L & 3244

MRIEE B ERHILEE , FN Amazon Braket SDK ki T 2R1A AWS CLI iEP ., BNBIEEIEE
Amazon Braket Notebook Liz{THHREBRIANRE , AN ELIIREE NG 3 Notebook EHIHY IAM A
&,

HNE , MREERMIZITAB ( HIFE Amazon EC2 356l L ) | MATLAEM &H AWS CLI BLE X
., BANABIEEXHEETENNRE , MASERBERIAEREXH.

AT R T IAEBXAFE CLI profile SR MR IZE E X # & H X Amazon Braket #1 , LA{E
1 FZ B B RV R E AT APL B A,

ATAA :

- ST BEA M AWS CLI B E X

- SR 2. B Boto3 RIENR

- % 3% : ¥ Boto3 2iEE S 5| Braket AwsSession

SR 1 BB AWS CLI ####

ARNMAZAFPUR AR EIFRIAREEX M ESBEAXENTLEE.,. BXXEFTNEZEER
BSH -
o Al

- BLE AWS CLI Ef£H AWS IAM Identity Center

|
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https://docs.aws.amazon.com/singlesignon/latest/userguide/getting-started.html
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E & A Amazon Braket , 4B EZAF ARERE CLI profile ML ER Braket R, B0,
& 7] LLME il AmazonBraketFullAccess K B .

S8 2 : E Boto3 2FEXNR

EHEY Boto3 2ENR , HEAUTRBRHE
from boto3 import Session

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

(@ Note

MEFHEIAPIFILEY Region-based FREISEMprofileBRIAXIFHF—2 , M AT LA Boto3 &
FRE—NXE , T RAIFTR.

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

HNFEENN S region , EE#R—/N5 Amazon Braket A ARV EHX M A Bus-east-1 , i
WMus-west-1. &, AWS XiF

2 3 & : FF Boto3 £iFE A& ZF Braket AwsSession

LA =415 B8 Z0{a] #0 #5 1t Boto3 Braket £iEF HEZ S IEPEHLRE .

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)

WETHE , B LAEIZEFI{EE AwsDevice REBREFES ( Hlwn , EIZEA device. run(..
) WE) . ZEFHITHAE APl HRBMAILMERASEZRIEEN profile 9 CLI BlE X 44X BX Y
IAM ZilE,

Bt i AWS CLI Boto3 #1 Braket SDK KV i B 3 # 129
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£ Amazon Braket i B E FEFH

Amazon Braket 2t & f S HEEE FRBIENEE , IR EESENEFEG LETEFEEZZIX
H# TN MU, XEELB[NEERNERREMEMZHE LK Amazon Elastic Compute Cloud
(Amazon EC2) &8 , N\MBR T EELASHREITE (HPC ) EfiRE LB E FHRMMAE, XLHF
B EETEFRANT XML IE,

& B Braket WE#HIZR , BRI LUYEN A ENEFHBENEE  FTXYEE FIRZINIRMRH, X
¥, EREBRRSMEFITESS  NEXNEFINIVERIELENE FEENHREBRRA,

Braket SDK &1t T MELIFRREFEFSHIRE , TRFELSH  MELHENEFER L MNME
b T MRE FEEMIT R, & LAER Amazon Braket Hybrid Jobs e A2 BiITE TENE FITE
TREEENR , Nt — S5 KA AR IEREE,

JBIE 7 Braket WiELIZR LA RN ENEFES , BAUREERNAE , TEEE , ABRELER
H, REBRENBINEENETEA L, XBAMTHEF RE , RARE#REDEIR , FRLMR
LHEEFITESENHE,

ATHAR :

- ENSBRERETES

- KB FIRRELEE

MRLFREREFES

Amazon Braket £ FiFRIZMERIESE , XEBELF[TUNRENEFES. BAUERIREREFE
&, WA BETE N ERo

IR

- REMEFFERLIE , DM1:arn:aws:braket:: :device/quantum-simulator/amazon/dml
- RAEBEERIES , SV1:arn:aws:braket: : :device/quantum-simulator/amazon/svl

- KEMKERLLET  TN1:arn:aws:braket:::device/quantum-simulator/amazon/tnl
o ZRMFEHLIEE ;: LocalSimulator()
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® Note

O L BUH IR EE LB CREATEDIRA THY QPUs E 7155, B UAREAE HEUH
ZQUEUEDMMI B FFS , ATIREELIEERN. QPUs 5= , £ QPU TAM B O A , QPU
QUEUED EFES T AT BER IEUH,

FHRE :

s BEPRZS M EEIUZE (braket_sv)
- EEEEREMEIZE (braket_dm)
« Zith AHS #2188 (braket_ahs)

« REMMEBELLER (SVI)

- BEEMERLSE (DM1)

« KEMEEIER (TN1)

s MARXELZREN

+ EE Amazon Braket il 85
 Amazon Braket .t & FE5 =45
- EAXMELIRNIAE FES

FERAS R EEELZE (braket_sv)

iR O EEIUEE (braket_sv) RELHNIFIE R AR LIZTH Amazon Braket SDK B —&5 . E3F
FEEEENDEBR (&% 25 qubits ) EHITRERERIT , EABURTEH Braket Notebook L4
A b IR IE B BRI AR

1 AU 2R 2 #F Amazon Braket SDK HHFRAT] , ER QPU RBEXEFN FER/)D. BAUERER
MR ENIRE T T,

® Note

AAELBE T E R OpenQASM ThEE , QPU R ZHH AR LIS AT sE R R IFiX LEThRE, AR
FHMEEMNEZE R | 1551 OpenQASM A1 181128 Notebook HIREEHI RHI,

BxiaEAELSENEZES | 1§55 Amazon Braket =4,
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https://github.com/aws/amazon-braket-examples/blob/main/examples/getting_started/1_Running_quantum_circuits_on_simulators/1_Running_quantum_circuits_on_simulators.ipynb
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R&RE EREFFETEE (braket_dm)

it B E I EIEILEE (braket_dm) RELNINE R A LIZTH Amazon Braket SDK B —&8%. &
IFEBEEHEEFRRE (HZ 12/ qubits ) Y/NEEER P TIREREZIT , E4ERTEM Braket
Notebook 3K 528 3t 38 35 B9 FE - HL 4 o

IERBAMER TR RE (M BIENMERMIRE ) NATREEERNRF R, BEALUREFZE
R THA BERAVRRE qubits M) , XEBEKFERRFMITEFENIER TET.

UBTEIBTEIERM shots , braket_dm ANthiEIIBE AT LURHUTER -

. Y{LZEEEPRF : Shots =0

(® Note

A iELBE SR OpenQASM ThEE , QPU iR 2 S HA RIS ATAE A X i IX EEThaE, HXxX
EHNMEEMEZEE | 521 OpenQASM A1 151128 Notebook HIZHEHI R,

ETHRAEXRNEZEERELRNESER , F2 5 Braket BEELIZRATTRA

ity AHS #E #1858 (braket_ahs)

AHh AHS ( ELAS R THELL ) #IUEF (braket_ahs) RELMINE R A #1iZ1TH Amazon Braket SDK
W—E5. SALAXREL AHS BFHNER, THFEESENEFTFR (KRS 10-12MNEF ) Li#t1T
FE&HiIT , B4R T &/ Braket Notebook SE45I 5% 2< 3t PR35 (9 18 44 HL 4% o

AELURIZHEE - NIGEFE., —4 (FE9 ) BUZNEERFIYN AHS BF. BxifdH
{E8 , F3 5 Braket AHS 25H] Braket AHS T2 /F 224,

ETHRAXRARM AHS EHIBENESER |, HSH Hello AHS : IZ1TEH 5 — MES ZWHE L T E
FNAE LS B WAE 1L 7R 65 Notebook

RS EEELAER (SV1)
SV1I R—RIEE. Bk, BARSORELR. CTLEMSIE 34 4 qubits BB, RIEFA

RURBEMHEMEAR | EALATALT 34-qubit, BENS B ( BIRE =34 ) KAOFE 1-2 Ped &g
TR T all-to-alfiRAVERIFFEEESVI. EUENTERSAEHREHRAKNFERNRELE R,

RERE E EREEHIZS (braket_dm) 132
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SV1 IR AKZ1TEIA 6 Mt ERBRIAHREFESHEN 51, HRXEFEFSHRERZH 100N
( us-west-1 # eu-west-2 7 50 ) o

SV1 &
SVI EAEREREBNRERT , ATLRHUTER shots :

« =¥l : Shots >0

« HAEE : Shots >=0

« 3% : Shots >=0

* ¥LZ: Shots > 0

- ¥RiE : Shots =0

- HBEME : Shots =0

BXERNESEE , BSAEREE,

SV1 & AR , EANERFETENEE , HARUATEITS N ER. STHERERSERK
BE qubits BIEBBR L. shots BB ETRHNFMER D, ETHRESER | B LBELES.

BEHURE X +5F Braket SDK FEVFRAT] , ER QPU RBFXZEFNFER/D, BAUERZEMEFHIIRZ
XEFNI .

2 E AR LLRE (DM1)

DM1 B —RIRFRMUN B AR EIEMELIER, SAILUERIZIE 17 4 qubits B B2
DM1 & KEITEIA 6 MEt , BRIAN 5 MHKREFES , &BF 50 MHREFES.
DM1 &8

DM1 EAEIRERENERT , TURMUTLER shots :

« Rl : Shots >0

« HAEE : Shots >=0

« 5% : Shots >=0

 ¥iZ: Shots > 0

- BAKBREHEPE - Shots =0, EAREN 8 4 qubits

BRZXERBNESER , BEHEREE,
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DM1 & WA , SR MBRESITENER , ARTUHITETSNER, ETAERERLMER
BE qubits BISHR A M. shots WHEBNZTRHNEER). ETHREZEE , BSHLBIELSE.

R )M R BRI

AmplitudeDamping

Probability has to be within [0,1]
BitFlip

Probability has to be within [0,0.5]
Depolarizing

Probability has to be within [0,0.75]
GeneralizedAmplitudeDamping

Probability has to be within [0,1]
PauliChannel

The sum of the probabilities has to be within [0,1]
Kraus

At most 2 qubits

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

Probability has to be within [0,1]
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]

ok = P ZAEHLET (TN1)

TN1R—RIEE, SHAE. KEMEELEE, TNITTLELIFEBRER | FAN 50qubits , BEER
EZET 100 RED. TNIXNTHEEE., TERHNERUREMEEBREWNEE (HINETF
BEEHTHR (QFT) B8 ) FalB K. TN1ZFEMNEREE. 5%, FEMBRAZBNENBREBES
WETTERER , @ TN A METT T —M & ( ARG ER ) BIE1TAY, 20 SR 14 1T A9 YR 48 et (8] B 3
TN1 183 _"ETIZE%J TN1 F&Z=iR KSR,

TN1 HZfTeIBR&IH 6 Iet. ERBIFEZES 104 (7 eu-west-2 /54 ) HREFESH
TN1 &8
W ARRY R BE — RFIER R, —RIFE-ERKIRINERIBELEZBEER N 1L,

JEZE : Shots XM AKTF 0,
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GRRBIIE

« BER
- HiE
- BE

BXERNESEE , BSALEREE,

TN1IRA A, EAMRBETENERR , ARATUATEITSNER, ETHRESER , AL
BAEHLLER

R85 255 Braket SDK HHIFFAI] , B2 QPU REBFXFN FER/D. EAUERBZEEPRHIRZ
XEFNIT.

17 17] Amazon Braket GitHub Z & FEEIREXTNT RAIZICA |, AFBIE AT, TN1

£/ TN1 BB fERE

- % all-to-allEl§,
« AAE shots MR —/NFHVEERE S —KEBEE , AT REEIEH TN1EE",
o FFKRE shot EBEIFK D RZNEFESS

RANEL IR/

BMARNERFES FELEZERABEERBPREZT, kI, cBEEEA—NBEP , HEEERE
NSRBI B TR, XREEN T ERBESELNZERE ZEANBEMEXNRIEEER. #A
XELBETFRAEITEREER —. ARRONKED , AUAKBENEERHBLORUBFRER
FrENBEIITAY. SHRBZEELNEARREMEL , XIALEERSME  BERESNEHES,

BXRBMANEL B NATRSEENECREELNESEFEER , SR EH Amazon Braket Hybrid Jobs
B E A

PennyLanefy A EBAR L85

YRAILATE Brak PennyLane et £ A BERLIEEER Braket LR AR ELLEE. fEB) PennyLaneld
BRI  BANFEASEBEITES L ( HlIMEREHY ) RERBIFEHEE, lightning.qubit 1
22 A& Brak NBls et fERIREEA , L AMENBRARERLIZEMEA , M lightning.gpu EEBFEEE
RNHHE GPU EHIHE AR ERIERE1T. BXRMER lightning.gpu BRI , 25 Braket Hybrid Jobs
Notebook A HIER A AEHUET .
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b3 Amazon Braket &3\ 25

AFEIHA LS. REMERARG , BEBEREESENE FESH Amazon Braket 11
250

FEAR MR SRR FELIR (SV1, TN1, DM1) Z B #1TiE#E

AR EL BT REBUR FRE A INMENEH | A Tz THEIIESH Braket Notebook £4il, ZEELL
221E AWS ZmiRia1T , S BHBANAINE, RERLSFHAFTNBRANWBEEHRIT TR  EREN E
FASZSHIMEFEZS LW IN— LR, IRSRFZSEFIES , XTEEKREETENENS, £F
XU — AR M REASIE , U T IES AU B ZERNMZTEL , AT ABRENELL,

XN FHERL -

« HFEHEDT 18 4 qubits Bt |, HEAA#BIEILES,

- YHEHERN 18-24 /> qubits Bt , FRBETER T ERELLES,

- YHEHERT 24 4 qubits B, BERIZEELLES.

X FEREELL

« HFEHEDT 9 qubits B, iEFEFAAHELES,
« HFEHERN 9-12 P qubits B |, FIRIE TR IRZELESE,
- YHERABEEE 12 4 qubits &, i5EH DM1,

FARREEERLIER ?

SV1 BE—NMEARSHEENSE. eFEEETFSNE2KREE , ARINFFNEENATZRE. ©
et TFRE W REtE , BIERIM A ATRERV LB 2tk , SV1 BIBEMITE FESHIEITRIEE BRI/
HEML R,

TARBEAEFELIER ?

DM1 AgFRINE FHEE, CFH#ERSNEEERER , ARINFNAEENINRSFZE. KREHN
ZEEETEAXRBRETREFTSNTEEE . SBITHBEERRERLKMET R , B qubits HEEH
Xy RBo

T ARKEMFELLER ?
TN1 B F B mBREHILE,
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- BT RHBEEFI]Z qubits AR,
- BENBSRTRIZENEE,

BHFXFEMH , TN1 AN RABEE RN E FRERIELE,
TN1 ZER M B
BE , TN1 RAMMERSEREVEFITE.

« BEGRBTER - EXABER , N1 BH-—MSREARERNSGE , SRBEASIM TR, ZHFER TR
BEBRENNEER, FAREF , EETILEER , BH TN1 B AERITAINR. EXXT H
—BrER , ARBERFRREFRERBTERIITEMNR. BTG , EXNZREXBEMEL,

o WAEBER T BRRUTZATENFITENRITH R, ZMERESE—RFIERFTRE. XLEFRENIR
FRUEEEARANSE, it , EEEZHEEAN R , LEEEPRISZAERNITERE, £
G BRI BIRAERESS |, TN1 R TIRAE —BUEREIE R,

TN1 B REL T i

TR |, EBRLRKRE TN BREEHEHERITHER. ERAANMBEETS , ERBEATUR
AREHRIBEENMBNERL, E—IEANEE HEENESEFNETH  BEIEF B AREEER
BB 1E B AR ER £

MR TN RBHTHENER , BRBERTHEHELELSFTHENE K MAREFLE. RS 1THIE
mE , TEZSHNEFREBELATURERR. FF , EEMEREUE/TENENER.

BHREERY , TN NEMFENEREENSHE —ENRIR. BEHFENBERETXHER,
RIBRERESEMHREWEUR

SV1 FEBEESTEERBTEE —EHEM qubits MITHEMKBWRE, BE , FrENBELEE]
BB MMELMEE K , MABURT shots WEHE, SV1 BELL 28 4 qubits A THIEEE TN1 1R,

SV1 HFRAK qubit iF , TEELZTE , AN TCEBREERM TArE TR , BMERR T TR ER
THRMt, ELEBEANRELIMNMLEL R, Hitk , E#1T 30-qubit 14 , SV1 LAITE 2430 N
B, SNFMFMES , Amazon Braket SV1 #=ELZZHIRE N 34 I qubits , R —PMEEREHI. EATEA
XA - BHEE qubit FFMN— SV1 B, RIBHMAETBEE—1Z.

NFEFZEEB , BF TN FIAEEH , 5 SV1 B, TN1 AT ENERERITMEEANER, ©
AKRERMN—FERBEBRARWET , HANREEDTERETNEE, aiER , eRERE
LLe| 2 BEpERENIRF , MAfEbitENTE,
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qubits MITHYEX TN1 RAREE , ERREHWEEE. S0, TN1 FEERTMENNIEEENS
B (EXR) (MR , 84 qubit MBI MMEEIESKITMNEE qubits ) , ARERE (] ) BF
MECEE RV B (BR ) . TN1 WEESEE RS qubit {RE 5 4 qubits ZFA Y 5 5k qubits X%
MREWHI RO AU BANEFENIR , IXEXRR , IEXRTUAES, ENRES—WER
RR, W TNT AJBABEROEHRT IR,

TN1 YRR

TN1 ATRELE SVI B —& BFURTERMNEHERE, NTEERKX  BTUTHNMREZ— , TN1 £
TEHEERB R G RIF X IE R B R FAILED HVIRZS :

- EEKIER  MREBEAEZR , WEEKRE —REFNEFRRER , BUBRESBAEITE. TN1 L&
HITWAE. BURESBIRUTUTHRANEIREE : No viable contraction path found.

- WEMBARME : EELEERD , TN1 IRKEER KRR , ERITGERIIEEEBKBIERN, &
XAERT , WRIIFEERR , UMETRASESALEMASL , M2 N1 EHEMBZ2ERE, &7
RESFIRLUTUTHENEIREE : Predicted runtime based on best contraction
path found exceeds TN1 limit.

(@ Note
B BTG BIESE S FAILED RE , Bt BEE M HESM EREY TN1 R A,

TN §9Z 178 L BURF shot it81. ERAMERT , TN1 U4 et A1 & M BURTF shot B3k, %

R AI LA E DM shots #H 1T AR, Hlan , BATLURR—NEE 100 4 shots WE FES |, iZESH TN1

REFARE , ERNRERBF1OMNEFESENRER , SRERE, EXHBERT , EIRE 100
MR B LLNE—BEIER 10 4 shots B 10 NETFES , REEHER.

FEREEREK , BINBWERLFER L shots (2010 ) RN IAERI B NEBIRFR , LT HEVE
X TN1 MRS , REHHREFERE AR shots HE,

® Note
TR MR A B BB — R BISREM/DEY NxN EREFF 28, 140 | 2-qubit ITEE—1 4x4 BFE. E#H
HERNAKREN W BPEFMENDEEFEREAN,. IENITEZTE/LRTETK. X2
Amazon Braket A=A MEEFZHWENIRER,
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HE

FiiE Braket R EMELERNZT SN LA, ARRFRIELBNXBEMR, BXRARXRFINES
E8 , BSHAEHERE.

Amazon Braket EHI & FES =B

AUNBEIRFIETFTESHEINE , MERRBEEFTLE R, £ Amazon Braket R ERE |
RNEBNEE LEELEE LE/THEE , SV,

ATAR
« BER®E

« }E%E shots
. RIS
e Pl BEELER

EERE
B, NENBFESERIEERE. WRHAERT MARFELEE SV,

from braket.aws import AwsDevice

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

BAUBEMTAAERIRBZNELERML

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

Sv1

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

('actionType', 'braket.ir.jaqcd.program')

('supportedOperations', ['ccnot', 'cnot', 'cphaseshift', 'cphaseshift0Q',
'cphaseshift@l', 'cphaseshiftl@', 'cswap', 'cy', 'cz', 'ecr', 'h', 'i', 'iswap',
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'pswap', 'phaseshift', 'rx', 'ry', 'rz', 's', 'si', 'swap', 't', 'ti', 'unitary',
'vi', 'x', 'xx', 'xy', 'y', 'yy',
('supportedResultTypes', [ResultType(name='Sample', observables=['x"', 'y',
'i', 'hermitian'], minShots=1, maxShots=100000), ResultType(name='Expectation’,
observables=['x"', 'y', 'z', 'h', 'i', 'hermitian'], minShots=0, maxShots=100000),
ResultType(name='Variance', observables=['x', 'y', 'z', 'h', 'i', 'hermitian'],
minShots=0, maxShots=100000), ResultType(name='Probability', observables=None,
minShots=1, maxShots=100000), ResultType(name='Amplitude', observables=None,
minShots=0, maxShots=0)])

('disabledQubitRewiringSupported', None)

z', 'zz'])

RRE ISR

RRXEEREELRLETHEFES RO

2

from braket.circuits import Circuit, Observable

# Create a circuit with a result type

circ = Circuit().rx(@, 1).ry(1l, 0.2).cnot(@, 2).variance(observable=0bservable.Z(),
target=0)

# Add another result type

circ.probability(target=[0, 2])

# Set up S3 bucket (where results are stored)

my_bucket = "amazon-braket-s3-demo-bucket" # The name of the bucket
my_prefix = "your-folder-name" # The name of the folder in the bucket
s3_location = (my_bucket, my_prefix)

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

v,

'Z', Ihl’

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

other than the default

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

% device.run() 5 &EiL CreateQuantumTask APl tlZZE FF5%., EEENPKLEE , &
FESEHITHR , ERBEIERZLETEFES NI, ERHA &N SVI, REEZKITE
J& , Amazon Braket 24 RE AN AR FIEEMN Amazon S3 UiE, BRAMIEIIES s3_location Z

A BERBEBFERNESH.

Amazon Braket £# 8 FAEERHI
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® Note
Braket & FEFER KR HIR 5MB,

RRXSBLES

Amazon Braket IHERLI B M AELIZT | QPUs X R EASERNIEERBRSHBWE, BLUE
S device.run() B9 inputs SECRHATHIEE , AT REIFAR. inputs BARFREZFR
NHFH  HPRBIESHEAE,

SHMEFEFUVUARSERELBR THITSHBERAMERE. QPUSHSHBIRFENB FESERAIEN
QPU &Y , Braket FRIFHEE—IX , REEFER. I TR —RBNEESHEHR , TEEHMEHE , N
mAERE T EAMEBENESNIZITH, HIFEEE , Braket 2 B EABEHRHEBRUNETNR
BB LBREAGERENS R,

(® Note
BRIk EBERERIN , FIEETIIN QPUs BSEREB XSS HILEHmIF. Rigetti Computing

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(0@, 2, beta)

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

# Add another result type
circ.probability(target=[0, 2])

# Submit the quantum task to run
my_task = device.run(circ, inputs={'alpha': 0.1, 'beta': 0.2}, shots=100)

18 E shots

shots ZHIEM R FIFERVNE shots FIRE, HIW SV1 KW ELIER IFFEBEN,
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« X¥F shots =0, BEIBFHITHEREL , REFMELREXBENESXE,. (¥ TN1EFTH, )

o X THEZEshots , (FEIBIAMNH H DB P EXHELUELELshotEF, QPUsQPU Z&ZX AT
shots > 0,

BRENETESHERARRXBNES , FSH Braket BLHl,
AR
AT my_task.result() B , SDK FEERAEHEGEEFESHENNSHRAER

- poll_timeout_seconds RERFEL[N/Z QPU #& LETEFESH , EEFESERNZ
BN E#TRENDH, RIANMER 4328 (5K ).

« EE : XT Rigetti M lonQ ZRH QPU &% , RMNBUEE HILRE . 420 REAYHE 10 AT AT E) A
E, N EERANBRNIREE R, Fla0, = QPU FATAR |, 2IRE 4B iR,

« poll_interval_seconds RRAEFESFHIMR, BEETHERFELSEN QPU RRZELETE
FESE |, 8% XA Braket API BUREVRZS. BRIAMERN 18,

XFRLIMTETEHIFLRTAN QPU RFRITRE., i, EEREFHRA , RETETT
Ho

BEMNERTE —RISEFESHRNTHE. EUUERAUTRTRENEBLER

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

Measurement results:

[[101]

[0 0 0]

[0 0 0]

[0 0 0]

[0 0 0]

[1 0 1]]
Counts for collapsed states:

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

{'101': 0.22, '000': @.766, '010': 0.011, '111': 0.003}
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T~ BEEER

HTEEIEET ResultType , BAILERRENEG R, 45 RREIZRPMINE]BEKAY RN MNGRF ERIX L

KH,

print('Result types include:\n', result.result_types)
print('Variance=', result.values[0])
print('Probability="', result.values[1])

# Plot the result and do some analysis

import matplotlib.pyplot as plt

plt.bar(result.measurement_counts.keys(), result.measurement_counts.values())
plt.xlabel('bitstrings')

plt.ylabel('counts"')

Result types include:
[ResultTypeValue(type=Variance(observable=['z"'], targets=[0], type=<Type.variance:
'variance'>), value=0.693084), ResultTypeValue(type=Probability(targets=[0, 2],
type=<Type.probability: 'probability'>), value=array([0.777, 0. , 0. , 0.223]1))]

Variance= 0.693084

Probability= [0.777 0. 0. 0.223]

Text(@, 0.5, 'counts')

700

600 -

500 ~

400 -

counts

300 +

200 A

100 ~

101 000 111 010
bitstrings
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£ A A AR AR 1 8 F1ESS

BH LN E FAESEZEAATARELES | S THRERREZ TN, ENSSERMIREFRIZT
R BLEEEE— Amazon S3UEB, EREELENAFHERZITEHN N, EEAHERE LZ1T
ETES , BRAEIEE shots SHENT,

® Note

A R HAZE AT AL BB qubits IHATIRE & AEBUR T Amazon Braket Notebook 3£ 452
B =R S8 B9 2 0 T A ALAR

UTasaeME , ATRAREHE (LRF ) ALl

# 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")

REFERAUTHSETEFES.
my_task = device.run(circ, shots=1000)
EptBHZELER (1RF ) BRSE  BEREERNTARNEXRE R,

# Import the LocalSimulator module
from braket.devices import LocalSimulator

device = LocalSimulator(backend="braket_dm")

EARRAR LN EENE T

RERESEEELURNRBEEEFEL R IFETERE , EXLEEED , N EERNE FILET
£, XEEMABSNE.
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FRARER

fign , EUATRBF |, ERUGE-IMREFSEE  FEREEIERRRRMI—FHHBRE

T LE45M) measure ESRNEE —NE FH45.

# 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)

A8 FIRFIRALER

&8I Amazon Braket AR TR | B NEAELNERFETRERF , AEBEXGNEFEH

LETEM]. BURERARZFRERERRIEZRFEE | X

AN, ARNREL A TIRENE FREMRS

ERIRFRERFENERSER

X R B R AN RN B AR (LR

FE BELBE K v B A 3% HH 4R IR

155 A =5 R 3 B S o A5 0L BR AR 400 R 75 e B

EXEALXMBESRNEZEL , BSHEEMEESTMW Amazon Braket R FEBEEARM(FE,

amazon-braket-examples GitHub
EWHARE :

o BRI AL

o BIZEAHE LSS

RALURBRIREMERAT o

ity B IR

145
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Amazon Braket FERARER
2 1 3R 0L Y B 4k

{58 I SR A B 7 SE RUE BUIR AR R 1R & BR B 3E 7 BB B R T IR AIE
EOEFEARRMES 2, FEFR AR,
MERFNRFELDEBRHERATLR , THEFHR,
fE{LIT R R R A& FE AR TERRE.

B A AE I BS

A B FIRBELNRUTUERNEFREBF—ARBBEUPOE, ERELLREN , BERBRERAXGHL
RENEABERE, TERBREERT AMATEREE Rigett's Ankaa-3 &%

from braket.aws.aws_device import AwsDevice

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

BUTRGIERAOMAER—4H JSON XK Ankaa-3 REBEH IR IR ZELER,

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

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

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

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

ankaa3_data_json = json.load(json_file)

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

BRLBEE AT AR EEL RS
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£ Amazon Braket TN E FESH

Braket AISRUMM FEREN B FITENNZEEFHLR. ETLM, . FRigettitiRETIHWEFIUTE
HL AQT lonQIQM , tB AT A EIR B VBB BH{FEER. QuEraRlRt , BT FEMEAE , B FFEE
T3 Bl 42 £ e I 3R 17 R A BR o

« Amazon Braket &l 8RR EEFRE , BEZAE, EBNERRREREFES,
« B3 Amazon Braket Python SDK M2 Hl AR X KRETEFESF. RHEF AT ESTEITE ERY
Amazon Braket Notebook 58],

« Amazon Braket API AJ3&3d Amazon Braket Python SDK #1 Notebook 1id], MREIEFELEREF R
MEFHEFITENNARRE , NTREZEER APL

AT R RBERR T @A £ Amazon Braket Python SDK FI5EFH F AWS Braket 9 Python
SDK ( Boto3 ) E#:f#/H Amazon Braket AP,

A% Amazon Braket Python SDK FWE Z{E 8

E £ A Amazon Braket Python SDK , 1& % 2 %<3& T Braket # AWS Python SDK (Boto3) , X#4R
RO EZERE. AWS APIZT LU Amazon Braket Python SDK BERERA TE FEFWNEEN
Boto3 @EEF,

- Boto3 BEZRFEEH AMNEO., AWSAPI (iFEE , Boto3 2—MNKE Python A RXIES , A
BUS. AWS API K 58 AWS FRZ %35 Boto3 B0, )

- Amazon Braket Python SDK B &R T8, 1. &%, EREXBNEFETSHMIPD I ERGER,
BROERFN , BESAZEFESAIENER,

« Amazon Braket Python SDK AJi&@3d Notebook 4[d] , iX£t Notebook % T 21T FESFIEMAT
BER K

o WMRBFAEEEA Notebook , AT LARFEIRM Amazon Braket Python SDK § A E{EA[ Python B2
H,

%% Boto3 J§ , 33 Amazon Braket Python SDK S| E2 FESH SRR TR :

1. ( A& ) $TFF Notebook,
2. S ABBITEN SDK iR,
3. ¥ QPU S#E#L25,
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https://console.aws.amazon.com/braket/home
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://boto3.amazonaws.com/v1/documentation/api/latest/guide/quickstart.html

Amazon Braket FRARER
4. KHLEBER,

5. BITEHK

6. INEELE R,

ATHRNRHERT BN TROFAEE.

BEXEZRH , S L/ Amazon Braket REIE#EE., GitHub

ATAR :

« B QPU RRE TS

« BIENER

BWE FESH LIHRBEETT ?
- ERWE

ZREREAR

[ QPU RREFHES

Amazon Braket A IFRIZNAILLEITE FESHIRE, SUUEAMREREFES , tANKREEF
ESHATE,

BFAEERT (QPU)

A LARERT ] QPU 2R E 7% |, B1%1F5% 7 Amazon Braket 24| 8“8 THEH L E RNEETH
HEONET. BUUEAEFES DRREETFESHER , TN EHITNA,

« AQT IBEX-Q1 : arn:aws:braket:eu-north-1::device/qpu/aqt/Ibex-Q1
* lonQ Forte-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Forte-1

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

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

* IQM Emerald : arn:aws:braket:eu-north-1::device/qpu/igm/Emerald

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

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

* Rigetti Cepheus-1-108Q : arn:aws:braket:us-west-1::device/qpu/rigetti/
Cepheus-1-108Q
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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

O LABUHAL T CREATED IRAESH QPU FIZEERLBZDHNEFES. W THREELIEZFN QPU ,
BA AR FZARE HEUE QUEUED IRSHE FHES, iBEE , £ QPU AMEOHE |, QPU
QUEUED EFES T AT BER IEUH,

EHRE :

* AQT

* lonQ

- 1M

* Rigetti

* QuEra

- =6l @ QPURXEFHES
- RERFGH BT

AQT

AQTHY IBEX-Q1 QPU EF I FREEZ=hl Ens e ° T ca  EIWRE, HEEEE
BTIET , AHRATEAD 19 HTHKIEDORENES,

High-fidelity fit  HFEBRV R MR RURERAEE LA F T EHITE FLASERRIIAN. EFHE
HEHERIESHAENMRREMNELTRNEZRY, EFHFEESBET XFZEHITERHRE
AR MIEEMIIEE, All-to-all EEEBIE FRAAEHPHNZEEEFECHEMERAEIA, Single-ion Stk

MEHERBEIFEASHREARELRIN,

ZAQTERHFUATEFI .

'ccnot', 'cnot', 'cphaseshift', 'cphaseshift@@', 'cphaseshift@l', 'cphaseshiftlo’,

'cswap', 'swap', 'iswap', 'pswap', 'ecr', 'cy', 'cz', 'xy', 'xx', 'yy', 'zz', 'h',
lil’ lphaseshiftl’ IIXI’ lryl’ IIZI’ ISI’ lsil’ ltl’ ltil’ IVI’ lVil’ IXI’ lyl’ IZI’
IpI.XI

BEEFREFE , ZAQTREZBXZIFUT AN,

Iprxl’ IXXI’ 'rz!
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® Note
LT RAHER TAQTRAETHM Amazon Braket Z BRI R KT :

« AQTM0GImer-Sérensen ( MS 3 RXX ) K[ 1X R F Braket B9 K[] 'xx'
« AQTR I3 R F Braket 9 ' prx ']
« K'rz''INGB R —HH

lonQ

lonQ ETE FHEARRHET N QPU, lonQ's HIRWE F QPU B & —FKIMIRAY 171Yb+ B T8
L, XEEFESEEZEANMBERE BRMEREEZR LZRRE,

lonQ REXFUTEF .

le’ lyl’ lZl’ IIXl’ lIyl’ IIZl’ lhl’ lcnotl’ lsl’ lsil’ ltl’ ltil’ lvl’ lvil’ IXXl’

'yy', 'zz', 'swap'
BEZEFRE , lonQ QPU ZEFLTRE,
'gpi', 'gpi2', 'ms’
MREFEARE MS MNIFREEFRMULSH , WEEBIT-IMTEHEN MS T, TELEHN MS )

BAEHIT T2 FE ., EREETRANAEHSTISUEN MS ], BRI LUBIRME=NSHREE
FIENAE. BXEZELR , 5 M braket.circuits.gate 3R,

XEREMNARATEFZRE. BETHEXREFZRENESER  FEAERFERE,
QM

IQM EFUEREETHES transmon EFLLSHWEBEATTE R E, IQM Garnet 2 20 E FLHE4Fi%
% , ™ IQM Emerald 2 54 E 7438 E . XHMIRZEERSEHEI , HFRN &EHE,

XL IQM REXIFUTEFI T,

"ccnot", "cnot", "cphaseshift", "cphaseshift@@", "cphaseshift@l", "cphaseshiftl10",
"CSWap", "SWap", Iliswapll’ Ilpswapll’ XX", Ilyyll’

I.X , I.y , I.le’ Ilsll’ IISill’ Iltll’ Iltill’ Ilvll’ Ilvill’ lell’ y , Z

n n n n n n ZZ , Ilhll’

ecr", "cy", "cz", "xy",

"i", "phaseshift",
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BEEFRE , XL IQM REZFUATE .

ICZI’ IerI

Rigetti

Rigetti 2 FAERERE T2 RES qubits WERATEERR.

« iZ Ankaa-3 RER—RANAITT BZ SR EARM 84 EFLERFRE
 ZCepheus-1-108QRER—RAMAAT BZ B HHERK 108 EFLE4FHRH.
Z Rigetti REZXZXFUTEF T,

'cz', 'xy', 'ccnot', 'cnot', 'cphaseshift', 'cphaseshift@@', 'cphaseshift@l’,
'cphaseshiftl1@', 'cswap', 'h', 'i', 'iswap', 'phaseshift', 'pswap', 'rx', 'ry', 'rz',
ISI’ ISil’ Iswapl’ ltl’ Itil’ IXI’ lyl’ IZI

BEZERFRZRE , Ankaa-3 ZEHUATEREE .

'rx', 'rz', 'iswap'

Rigetti S 2 FAEEEREEN +1/2 | +m WAEEITX o

Pulse-level #HI7E Rigetti RZF LA , XL RFXZFREN —HUTRENTEXLESR., Ankaa-3

“flux_tx ', ‘charge_tx', ‘readout_rx', “readout_tx’

ZAnkaa-31IR & E BN RARFIH 20,000 M. BILRFNERSRBIEFIRMEIEL, X2
— M EER , RS, MRITHEERFENEE , EURERERREFRRNTHTE, BR
RX4G QPU 2IfEEERENIH , INEREAZRFRIFICFERBERNREENTE (. . ) o IX

Tz iswap

QuEra

QuEra RHETHERFHRE  XERBALLESTELGZTEL (AHS ) EFES5. XETAR
FEXBATHENEANEEFRANE FHLENNEE TS,
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ATALLEE A EE FHAFT 7R M B A RIEHN 7B 8[| T 22 R EitE | RS FTEN B A
XX L% % # 1T4RFE. Amazon Braket 124t 78313 Python SDK By AHS # 3k braket.ahs ¥i&E 3K
BEFHNZAIE,

AXESER , BSNELNNRTEEETHIZIERREAY Aquia BIEMEE QUErallH.
R | QPU BRRE TS

Amazon Braket AJ#£ QPU 8% LIZTE FBK. T RAIHBINAE Rigetti 2 lonQ REFRRXEFE
%o

1£1# Rigetti Ankaa-3 %% , AR EBHEXNEEE

# import the QPU module

from braket.aws import AwsDevice

# choose the Rigetti device

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

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': False,
'connectivityGraph': {'@': ['1', '7'],
'1': ['e', '2', '8'],
'2': ['1, '3, '9'],
'3': ['2', ‘4", '10'],
'4': ['3', '5', '11'],
'5': ['4', '6', '12'],
'6': ['5', '13'],
'7': ['@', '8', 'l1l4'],
‘' 1Y, 7', '9', '15'],
'9': ['2', '8', '10', 'l1l6'],
'1': '3, '9', '11', '17'],
'11': ['4', 'l0', '12', '18'],
'12': ['5', '11', '13', '19'],
'13': ['6', '12', '20'1,
'‘14': ['7', '15', '21'],
'15': ['8', '14', '22'],
'16': ['9', '17', '23'],
'17': ['10', '16', '18', '24'],
'18': ['11', '17', '19', '25'],
'19': ['12', '18', '20', '26'],
'20': ['13', '19', '27'],
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'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', '50,
'52': ['45', '51',
'53': ['46', '52,
'54': ['47', '53',
'55': ['48', '54,
'56': ['49', '57°,
'57': ['50', '56',
'58': ['51', '57,
'59': ['52', '58',
'60': ['59'1,

'61': ['54', '62',
'62': ['55', '61',
'63': ['56', '64",
'64': ['57', '63",

'28'],
123",
124",
125",
26",
'33'],

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

'57'1,
'52°,
'53",
'54'],
'55°,
'62'],
'63'],
'58",
'59°,
'60',

'68'],
'69'1,
'70'1,
'65",

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

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

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

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

'58'],
'59'1,

'61'],

'64'],
'65'],
'66'],

'71'1],

| QPU BREFES
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'65': ['58', '64', '66', '72'],
'66': ['59', '65', '67'1,

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

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

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

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

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

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

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

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

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

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

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

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

'83': ['76', '82'1}}

BIE/YFEE connectivityGraph 3 7 Rigetti i# & hEMNE FLLASHEBE FLE4,
£+ lonQ Forte-Enterprise-1 18 &

3t F lonQ Forte-Enterprise-1 €% , connectivityGraph Az , AR REIFFR , BRIZIRER
eFaERE, At , THEFHERA connectivityGraph,

# or choose the IonQ Forte-Enterprise-1 device
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/ionq/Forte-Enterprise-1")

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': True, 'connectivityGraph': {...}}

MU TRBIFAR , MREEREERAEERUANEMAZE | WATLUERFEE shots ( BIAE =
1000 ) . poll_timeout_seconds ( EBRIA{E =432000=5 K ). poll_interval_seconds (
AME =1) # S3 F## (s3_location) HLE,

my_task = device.run(circ, s3_location = 'amazon-braket-my-folder', shots=100,
poll_timeout_seconds = 100, poll_interval_seconds = 10)
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lonQ F Rigetti R BN FRMWBEREINSBENWEREE , MR qubit 3R 5|IMRS F4E R
QPU LK qubits F&5l,

® Note
QPU REZEMBERR. RINFER , FENETRELEK,

Amazon Braket AT ERENTTAME O RNET QPU EFES , BENMATLUBERNEREFES
(24/7) , EAFMEHANHNHEBEN cBEH T EBFEEHENN S3 FHEF. WTHAR , BLUER
AwsQuantumTask F&EHK —HNEFES ID REEFES.

KEHRIFGHY R

HETHRFEEREMRE (WEFLEET (QPU) | LETH , BE EFZBEEFHIRE TN
HEHEMLENTEZIEN, flll, FERETERBE TRRI BN QPU BHIFNRERE . BE
B FHEENSGRRERHEXNXNFRNECENSIIFEER, XEHMRTUHEERZZENEZE, R
g URSEFNRANMENMNER, S ERTEHRANKBERENS M Rigetti M 1IQM 7 it
BiRZ B TR mIFMm .

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
LHFXBFEE lonQ BB RIFERHA

EITZ N ERF
Amazon Braket Rt T FHHERETZANEFEFNSZ , IEFENE FESHAE,

EFREREAZIMERZTIEAZNEESR. SIUTEZANMEFITEHEA Amazon Braket EF
FH, SERBEREFEL  BEFETURESMEATERE , LHRABFINITHREEE 100 B,
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https://aws.amazon.com/blogs/quantum-computing/amazon-braket-introduces-program-sets-enabling-customers-to-run-quantum-programs-up-to-24x-faster/

Amazon Braket FEANGIER

B&l, IQM ) Rigetti i8R ZEFEFE, £0 QPU BRBFEZH , BIUSTE Amazon Braket A ith &
Peg E#HITNR, ERERBEAXFEFE , B LAER Amazon Braket SDK EF R &ZFEM |, B &
1£ Amazon Braket BH| AP EFIRZ N Ho

LTREIERT IMIETEFE.

from math import pi

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

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

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

B THRUERRE (HW , FRENMNERFNSNITUENREISHBWERFE ) IRKEFELER
MAREFE |, SR (Amazon Braket F XA RIERE) RHEFE"E 2 M Braket Rl Github Ff#
PR SR,

A Amazon Braket B R X FE FESHAE, HAEBEXN FHEREELES (SV1, DM1 5 TN1) Lt
BITHETESEINER , RRENAUHTLESANETFES. #UBUHTEIETFES. Hll,
MREBFERTEEIOMEFESHNUE  HEAXEEFTESHWEFMEEMRYT , NENERESH
WE, EAIFEFENER LETEES /M EFNIEARN , BEAEFESHAE,

UTREIERT T EFES-

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

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

device = LocalSimulator()

batch = device.run_batch(circuits, shots=100)
print(batch.results()[@].measurement_counts) # The result of the first quantum task in
the batch
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-send-to-local-simulator.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-send-to-local-simulator.html
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/braket_features/Getting_Devices_and_Checking_Device_Properties.ipynb
https://console.aws.amazon.com/braket/
https://docs.aws.amazon.com/braket/latest/developerguide/braket-constructing-circuit.html#braket-program-set
https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/braket_features/program_sets
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BEXtAENEZEMESR | 155 LM Amazon Braket ~l, GitHub

ATRE

- XTEFENZER

« RTEFESHAERMKZ

- EFESHLAER PennylLane
- ESHAAENSHIC B

XTEFENTH

EFEEINZE 100 MEFRSHET T ENETESHIRENETZINEFERF. NTEFR
£ BAEINESNESHBRAURETHEEFEAARABNEAHETR X582 MERERE
b, EFERIET KA, XA ENTEFEZEFASIMNEFNERIABRPNIEARSINER. B
Bl , IQM #1 Rigetti i% % LA % Amazon Braket ANl 25 B X IFREF &,

|

BXREZER  BER'EFE#HD , THREANSUSR, RESKEMNACERE,

KA TEFESHAENMAR
XFRTESHOBMURAAE , FiTE—LTEER

s RIAMERT , EFESHABERSTENBEFES LK 3 R,

o —KNEZETHEFES (FlE0: XF SV1, 734 4 qubits ) ATEERFTESRNERH. EFHE—
HEFESZH , BHELFHERE run_batch DEE. BIMFTEW TN1 #EE run_batch £,

o TN1 BEM R A MMV ES WREFE R (BXEZELRE , BSH TN1HH ), B EHAREXE
MR, EEERAMEBWEERA TN B BB AT B “max_retries” XBUIRE N 0 ( S0 E FES AL
B, 518617 ).

EFEFSHtAERN PennyLane

£ Amazon Braket PennyLane EEfAR , Bidparallel = TrueiR&EE#HI{t Amazon Braket i%%&
WEtE , Foo R ARAEIIRE | WA RBIAT R,

import pennylane as gml

# Define the number of wires (qubits) you want to use
wires = 2 # For example, using 2 qubits
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https://github.com/amazon-braket/amazon-braket-examples
https://docs.aws.amazon.com/braket/latest/developerguide/braket-constructing-circuit.html#braket-program-set
https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#braket-simulator-tn1
https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186
https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186

Amazon Braket FEANGIER

# Define your S3 bucket

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

device = gml.device("braket.aws.qubit",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
wires=wires,
s3_destination_folder=s3_folder,
parallel=True)

AR ENEZEE Pennylane , ESRE FHEENHTHA,
FSHABENS T BES

ERXTESBILBRNE FESHALERN | BAILRM inputs F8 ( ATHXPHAMEEFE
5 ) WMAFHEY list , EEZMBERT , £ i1 MNFHRESE 1 MESEN , M T REIFTR.

from braket.circuits import Circuit, FreeParameter, Observable
from braket.aws import AwsQuantumTaskBatch, AwsDevice

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

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

# Create two circuits
circ_a = Circuit().rx(@, alpha).ry(1l, alpha).cnot(@, 2).xx(@, 2, beta)

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

circ_b = Circuit().rx(@, alpha).rz(1, alpha).cnot(@, 2).zz(@, 2, beta)
circ_b.expectation(observable=0bservable.Z(), target=2)

# Use the same inputs for both circuits in one batch
tasks = device.run_batch([circ_a, circ_b], inputs={'alpha': 0.1, 'beta': 0.2})

# Or provide each task its own set of inputs
inputs_list = [{'alpha': 0.3, 'beta': 0.1}, {'alpha': 0.1, 'beta': 0.4}]

tasks = device.run_batch([circ_a, circ_b], inputs=inputs_list)
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https://github.com/aws/amazon-braket-examples/blob/main/examples/pennylane/1_Parallelized_optimization_of_quantum_circuits/1_Parallelized_optimization_of_quantum_circuits.ipynb
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RN BENSHRRERAMATHIIR K AEHEENEFESHEBRR, NRIIKRFEN M
AFHE | NZHRITENIEFES. FITEFESHNTEASE 1 M AFHRAITHER,

from braket.circuits import Circuit, FreeParameter

# Create a parametric circuit
circ = Circuit().rx(@, FreeParameter('alpha'))

# Provide a list of inputs to execute with the circuit
inputs_list = [{'alpha': 0.1}, {'alpha': 0.2}, {'alpha': 0.3}]

tasks = device.run_batch(circ, inputs=inputs_list, shots=100)

KW E FES T AMREEETT

LR BN , Amazon Braket 2FHRZZFBIEENIREZ., EFLEE T (QPU ) MIRFELES
EFESREWRFHERGE, EBREBFESEABZESFAENRBEALEMTRE , E4BRFEAM
Amazon Braket EFRRXESHHENEXEE LI FIE QPU B A A%,

ATAR :

* QPU ATAME O MRS

« BABIAIIL 1%

« REBFHIHE SMS BEAH

QPU FTRM&E QMRS

QPU A At RR & T Fo

1£ Amazon Braket 2 #I S EZ"TNHEF , B AER Ly MENFHHAN TAME OURIZERIRES,
A BNMEENESBERE FESTESEL R RIHRATIRE,

ZRTAMEOIT , MRFLTEERRE , NZIRBFRANEL, flm , ©UEHTEHER.
FRFRERBMLL T ELRS,

BAZI AT D0 1%

ERXEBFESHEESFLZE , EAUEIRERZIIREREFEZELEINE FESHES
WHYEE

BNEFES T ARMREREZELT ? 160
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BAZIREE

Queue depth EHAFREFEIRZHNEFESFESELNEE, TET Braket Software
Development Kit (SDK) 5 Amazon Braket Management Console i/ [Ali% & #) B FES FE S ¥ RA
B

1. ESAIRERELANSFFUEERERETHEFESEH.

2. EAESIIRE RI5Z 58T Amazon Braket Hybrid Jobs iIZ1TH B IR X E FES BB, XLk
EFEMILEFTZHNEIT.

BEELAIIRERELSIERE LHARRESEL LS, Quantum tasks fERRES LK —
}Ex , BEEMHK %S , SLEIE Priority Task Queue A,

# B Braket SDK EFEIIRENZEF AU RAUTRB L RURIEE FESSBESEALAIR S
& :

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

# returns the number of quantum tasks queued on the device
print(device.queue_depth().quantum_tasks)
{<QueueType.NORMAL: 'Normal'>: 'Q', <QueueType.PRIORITY: 'Priority'>: '0'}

# returns the number of hybrid jobs queued on the device
print(device.queue_depth().jobs)
131

b QPU R EFESRESEL TTEEL S BB T FHLTF QUEUED RES. Amazon Braket O] &
FPEEMINEFESHESESAIINAE.,

A&

Queue position IEZLNEFESIESELEMMERZRAIIPHNEENE, © BT Braket
Software Development Kit (SDK) 2 Amazon Braket Management Console 31§ , A TE FESHE
&,

#FELBE Braket SDK EFFIMVEN T A UBEIERATRBH BRRRNEE FESHESHFILH
BABILE

# choose the device to run your circuit

A1 AT L 161



Amazon Braket FEANGIER

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(
"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

IRE B THFE SMS BA

% QPU T AMEAETLRE FESIREB K LEZE(L EventBridge BY , Amazon Braket £ [@31 & #h & 3%
EH, BREUTSIREI L THHEH SMS HEBUEZENETFESRSTEEA

1. 812 Amazon SNS EZ 1T F & Fhp4 = SMS, BHFEF4 SMS KA AMEUR T IEFrE M X1,
BEXEZEER , 5 Amazon SNS AT %% SMSEE,
2. e BIE—%HN EventBridge , ATAIRZEH SNS TEWBEH. EXEZEL , FSREALE

#h U5 1%E Amazon Braket, EventBridge

( A ) ®RE SNS BEA

& A LAES Amazon Simple Notification Service (SNS) IR BE A , LA{EFE Amazon Braket 2 7% 5%
BT U EIIREE, MRETMITEFNERE , WEHBANRER ; Al , HERXABEFEIFSHERE
AAMEOZARREFESH, MREFTEEFEFESTR , WHALLEE SNS BEA,
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https://docs.aws.amazon.com/sns/latest/dg/sns-getting-started.html
https://docs.aws.amazon.com/sns/latest/dg/sns-mobile-phone-number-as-subscriber.html
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Amazon Braket Notebook 5| S TEKIRELT K., BEXEZELR , i5SH LK Amazon Braket =4l
GitHub , 3R AT REB AN E LA RH,

e A&

BEME  SUURREABCEBRNETRE., EUNEAERZHRE , XERTABIAET
ER AT FF IR ML RINIT T o FTE Braket iRZ L 1 /Nt R IBEBTIRIT |, H BT LURHT 48 /et
BUHETRIT , TEXNTNTRH. BINBWEREM Braket Direct Reservation ARN 12 E1F & FESH
BEESHAEREEEIRMTIT , REETMITHREIER TER.

TICHBEETFLEE T (QPVU) LETEALEFESMESEL |, HHTHIEZHN TR ABEURT BT
ZetE, IERMHVENTTEZHET Amazon Braket EE 4 BRI AT HTITNEFITENNETE
B,

® Note

EMAH , &BERS. A, ¥ FlonQigE , HREREISHRNELBERDE
500 ( MREHBENHR/PEXITE 2500 )

ARt E AT

FRATELRNRAERE T EEEMAITN M | LGB AR T HEF THEABRMNFTBNERR
7. GREFRXESNESHELAEL  ELFHRNFREMESES, B TEEMEHEAABTREZN
MmEHRNER , HEERNMEHR , IEEN TERERE LB1T.

HRARWETHR ORI FUREIR U0 SR BB AR | TSR B LR B B 25 LR
EFQHBATRARE  TULREHENMHREFRENE , URREBER S RLRNBEHE
ZHRR. NRERDERENANTES  DEBFUHENLETRSRRRH I &N | RITBRY
5 B e

ABHE :

. WABIRTE

. ERBPAETRTES

. ERBHEETRAEL

. MBERELREML

. BMREHEHNETE
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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://aws.amazon.com/braket/pricing/
https://us-east-1.console.aws.amazon.com/braket/home?region=us-east-1#/devices
https://docs.aws.amazon.com/braket/latest/developerguide/braket-error-mitigation.html
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Ln4al B 22 50 B8

EOEME  FREUT HE]ECR Braket HIEA :

1. TFF Amazon Braket ### &

2. EEM B %R Braket Direct , AFETE WA EFNERE

3. AR BEMEMNIRE,

4. RUENRRER BB ENBFiR4, BSLRUEEEHREN G M B FEpHFibit,

5. B'HEIFRRMNENITHEAET , REFXEAECNTEZTHNIFARNABFAER. Hlu, HE
HYTREE B, ARRPBRBIRA R E R AT E &

RRKRKGE , LW — K E Braket AN B Fif4 , HPIEZFES R, —BENMBFEH
A, BFBET R T REITE ARN, BFEEEATNE ARN REIETEES. HXBTNE ARN B
RTRENESRREIIENZENRS , FEFELENTEBEET.

@ Note
RAEEEKEITAE ARN & , ENTES 2B,

BHEED 1 PRAEERE  RERZARATINANTEN KRS ( LREFENHZKAFENK ) .
Eﬁﬁl}\i‘ﬁ Z 8l , Braket IR EEHEFMBHEXER.

Braket HlBAFHE NS &MY BB TR SBBX R | ZHES Braket TR#H 1T 30 2 IS4,
EMEHEETE FES

MBIETRE " HRIMERNTAE ARN 5 , BRI LGZEEMEHRSITHEFES. EATE ARN 2
xE’J;?ﬁ“‘%Mun1fﬂTéLmT£1§§I3A§UEF FEFRLT FT 96 6 i) 2 B R RV AE S5 R 5% QUEUEDAR
A, BRI IR,

(® Note

T8 AWS KPR BEME. ABRIETAEN AWS MK/ = sefE A ERITAIT ARN,
EMLHE |, BER LG ETEES |, Al UCIBENES, ERIUEGIER Braket 2 7S
BETMEXEK , i57E Braket ?'“%U"":P@E;?E%'DTEJ:H’J TRE ARN” FB , ;&M SDK
ERESTHBEPHHERFR, ATHNERISFI B WM EEWPLEAES ST EHE X,
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-reservations.html#braket-create-a-reservation
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&R LA E APython SDKs# M Brak et, . . ZZEKEF{E% CUDA-QPennylLaneQiskit , t AJ BAE #
£/ boto3 ( f£A Boto3 ) RIEE FEF. BEFEATE , BXMIAE Amazon Braket Python SDK k7
1.79.0 AESRA, BAUFERUTREBEHZZEHH Braket SDK, Qiskit 1272+ PennyLane &
#.

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

£/ DirectReservation F TN EBERETES

EUXNMEPETESHHES AR A DirectReservation L FXEEIR, BEEESENBIRR
FMIME ARN , L FXEEIRAFARAE Python with FEAHSIENAABESHLIL SHRENZIRE/ TS
RIETTo

B, ENEBFHEENKRZ, RF , £AME L TXHETES. BRENENTHEAEBEWIthX
RAZETT ; EwithKREE 2B ITHEMARNBTHRT2EENTREERE !

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

bell = Circuit().h(@).cnot(@, 1)
device = AwsDevice(Devices.IonQ.ForteEnterprisel)

# run the circuit in a reservation
with DirectReservation(device, reservation_arn="<my_reservation_arn>"):
task = device.run(bell, shots=100)

HEBEE FEFSHIDirectReservation £ XA FIENIRA CUDA-QPennylLane , BiAJ SAEA .
MQiskitfFHFETNE R EIEE TESS., i, £/A Qiskit-Braket IHERF , BAI RN T ARETHE

%o

from braket.devices import Devices

from braket.aws import DirectReservation

from giskit import QuantumCircuit

from qiskit_braket_provider import BraketProvider

gc = QuantumCircuit(2)
qc.h(0)
gc.cx(0, 1)
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gpu = BraketProvider().get_backend("Forte Enterprise 1")

# run the circuit in a reservation
with DirectReservation(Devices.IonQ.ForteEnterprisel,
reservation_arn="<my_reservation_arn>"):
gpu_task = gpu.run(gc, shots=10)

B, LTABEMS A A Braket-PennylLane i@z TEHEK.

from braket.devices import Devices
from braket.aws import DirectReservation
import pennylane as gml

dev = gml.device("braket.aws.qubit", device_arn=Devices.IonQ.ForteEnterprisel.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.ForteEnterprisel,
reservation_arn="<my_reservation_arn>"):
probs = bell_state()

FHREWE LT X

R UERULTRBFHRETE.

# set reservation context
reservation_context = DirectReservation(device,
reservation_arn="<my_reservation_arn>").start()

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

XIEFEIEE Jupyter Notebook , HA , E TXAIMEE —MNETKHPIZIT , IEREFESEHEMS

/=

FIE1T,
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® Note

BE .start() WANETRRET X,

EYHREREES |, BRITUTERE | EFB 3 Jupyter Notebook , AR THHFH LT XHE IR
EEK,

reservation_context.stop() # unset reservation context

(@ Note

MiTAMEBENTTIRMERE (SR EEWIT ) o reservation_context.start() #
reservation_context.stop() FEFRSFRFLUETNE., Hxk , Y LETFTXATFEIRS

B, SR EARFES BT SENTMEMAAE | 3 ENELNITITEHEET. WL

T XS T FAT B (B & B R0

BB EFSAIABAETE ARN

EMERERESHS — A EREAA device. run() FEAREEZETIE ARN,

task = device.run(bell, shots=100, reservation_arn="<my_reservation_arn>")

LA EEEGE FESEME ARN XBKEX , BREEMZHNET. Tk , HFHME ARN
ARMERTRNEMBHEASTHEBESH., B2, FFE , EEAE=FE ( Hl0Qiskitsh ) A
PennylLane , AJREREBRIERNVESFEHANREBAOTAE ARN, Eitt , i A DirectReservation
ETXE®ESR,

IE#ME M boto3 Bt , IBECIRESETHTNE ARN /R BfRiE,

import boto3

braket_client = boto3.client("braket")

kwargs["associations"] = [

{

"arn": "<my_reservation_arn>",
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"type": "RESERVATION_TIME_WINDOW_ARN",

response = braket_client.create_quantum_task(**kwargs)

EMZHRETRESEL

H Python BRBMERN B EEWZEITE , B LLUET 1% reservation_arn XBFSHET R+
EITREEL, BEELHNMEESEERTE ARN, EENE , REEENTMERBE , &
reservation_arn WESELT LBHLHITE,

(@ Note

MEHEZETHRSFELARKIETMERE LNEFES. MRZEHEREMBIZE Braket
&% HESBER. IREFEEFA-—NMESFLPRNERFEUZNME RS LEITHE

% , 5 DirectReservation,

BUFARER T AT BB s TR S 4Rk,

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.ForteEnterprisel,
reservation_arn="<my_reservation_arn>")
def example_hybrid_job():
# declare AwsDevice within the hybrid job
device = AwsDevice(get_job_device_arn())
bell = Circuit().h(@).cnot(@, 1)

task = device.run(bell, shots=10)

X TFHEA Python HAKESEL (SRAREBEREPEXRCUEE—NESHEILWISD ) , BEIESR
BEREi%E reservation_arn XBFSH , NMEFTREHETEN

from braket.aws import AwsQuantumJob
from braket.devices import Devices

job = AwsQuantumJob.create(
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Devices.IonQ.ForteEnterprisel,
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
reservation_arn="<my_reservation_arn>"

MEBLERRRREMFA
MELEHRE , SETERERENEIHARR, BILTEHAGFAERR THERRESTEHIUE

(® Note

EMAETE LR T RUNNING RSN ESEHHHEUE, RMNBUEELFERERRENE
HEHRE S,

IETB&’_E’JTﬁ‘”(ﬁJZIDTﬁ FaBEMERE ) TTERER , RABSIMEHAREIMMA T AREFTHRN
Ro #lt , INMEREMERNARS TN , B—INEFNAERFLEESHLBAHEE, EiF2
EE-NIE EFUIEO

® Note

FITARRE AWS KPR E RIRZ IR RNR, BMERZLTHRERS , BtE - T EER
To Rt , TIREMAREKE , BERTNE N EKERRE.

HOHREH LN AT

BRI EMEMEF B E AT 48 MRBUERE, ZEECHETRE , 508 SRS R TR ¥ IA B TR
R BUEERE,

EEF LY COFEENETE  AERFOTR.,
E AR E R

EFREEBRE-ESEREE FIENPERNEWARAR,

EFRECZINRERENEN , XLBEMRTHITENRE, REFEEFIUHERERRX—H
B, BHINEFREFLZIEFHRBUENENRESVERRNRS. HTEEHRBERX—FRZ ,
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MAAAEEMRRESRFEFITEEBUENT L. ZRHEERTNEFREER , FREAIHER
MREN EHEFRIEEES.

AKTAR :
BREMREREBHA lonQ &%

IREZBREAREEA lonQ RE

HREBOUESTEZMEERAFECINNNELRASE - BUREBEFNE R,

(® Note

WFAE lonQ 8% : FAREENN , § 100 AR VHEERS , SXEFHEFELDLE 2500
Rk, NTEEME  RBMNHEERS , HREHRESEDHE 500 KiK.

=R
lonQ REFER —MBNERNBRERS X

ERFEBRRERSNZE , XETHAERATARNE FLLBHIHEFTEANN T #. X HEEDT
ﬁ%’f’ﬂﬁ’]%%a—fﬂ%ﬁéﬁ%%&i (WM REEREMERVE LS ) WRE , BNIXLHEEATEE
SHANESRRE, IRURESNEFLASNNFAFTHARNE,

BRERNEZER , BERESN M LIEREE TITEIIEEE.

(® Note
ERAERAEEDEE 2500 KBHK.

A UERALTRIEE onQIRBLETHFERNE FES

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.error_mitigation import Debias

# choose an IonQ device
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/ionqg/Forte-Enterprise-1")
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circuit = Circuit().h(@).cnot(0, 1)
task = device.run(circuit, shots=2500, device_parameters={"errorMitigation": Debias()})
result = task.result()

print(result.measurement_counts)
>>> {"Q0Q": 1245, "@1": 5, "10": 10 "11": 1240} # result from debiasing

BETESRARE  CANENRTFESHNBBEREALRAL, FAZENNEBENITECLD
—ASAR, BRPRENEALRED (WBLE ) HEALENETIETITH,

Bib

EETABAEATRNELRER (HNG ) THONREE, SHLALREIEBNERHES
F-BWEE  NTEATEE42ARATRONELR, AXESEL  BSNBINHILARE
F i EAERE

EEN—R, BILRRAHSHNEARRREN , SBRRSRD  ERRRBRE, MRBBIRE
M, MRS,

& 0] LATE Braket Python SDK Hi5[A] additional_metadata FERHAZN LD HmH
GateModelTaskResult 1%, H3FE , SLF2RENETH , MRIREEHRH LIRS,
UTRBFEBERT AESCEH R KT

print(result.additional_metadata.iongMetadata.sharpenedProbabilities)
>>> {"@0": 0.51, "11": 0.549} # sharpened probabilities
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5 Amazon Braket Hybrid Jobs

Amazon Braket Hybrid Jobs HZRM T —fEZTESEFLREEZN G L , FELH AWS RRNE
FHEE T (QPU). Hybrid Jobs EEBZIERNELBRR , BTENEL , HEZTREBHEA
BE8 RE R KRR Y BR S 5%

Hybrid Jobs JFEEEKMETHEREE , XEEESREAZATERTRNEFUHERF, £H
Hybrid Jobs 12X & %121T/5 , Braket HEAIY BN B R[LIMEREITENE R, EAEATHE , £HHT
LRRERT,

o BERESFLGIRNEFESSRTESHNMLARINSBIR QPU i8& ., XMELERK D TH
RIENBFIHTEERIIFEFNHEMES ZASILENZT. SN TERRBESEELERTR , £&
REBEEEEF , ~HMETESHERIRTENEFESHNER. KREZNRAISTBE T ELOMRILE
% (QAOA) . ZEFEFRIERMEBNEFIEF Y, BRALULFRaTEREEHE , MMERERK
A, MEHEENER , MYIGKRIHHLE,

&R LAE A LA T 5 0 7E Braket RiGEIE A4 :

* Amazon Braket Python SDK,

« Amazon Braket #2414,

* Amazon Braket APlI,

ZN I ES

« faIBd £ Amazon Braket Hybrid Jobs

« £ Amazon Braket Hybrid Jobs iZ1T/8 & 4El:
« BEFELHXERS

. EREH

- BIEREEL

- BUHREEL

- HEREEL

+ PennylLane 5 Amazon Braket —#2f§

« CUDA-Q 5 Amazon Braket —#2 5 F
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it £ . Amazon Braket Hybrid Jobs

Amazon Braket Hybrid Jobs AIZTEEEFRREZL , TP E FIFIIKR#HESE (VQE ) MIEFiE
LUELEE (QACA ) |, Bl NALRITERFEEEFITIERBELES  MULLASEFRENM
#E. Amazon Braket Hybrid Jobs H =N EE#F4b :

1. M8 . SELBCHREFRETESE AL , Amazon Braket Hybrid Jobs BIMEBEE £, ZHBHE
WIEFEZEITHE , R SME LT REER B #8 QPU, BHES LIRS RN EMES 2 5z TR
BER, At , BEEEZENETHER. EETMMMYE. Amazon Braket Hybrid Jobs XX S8
WiE, BULMERARBRSHIER B, Braket AFHFIF—REE , TEEHHBA X E — B
TRESHEMN , NI ERNIZITH,

2. {8F : Amazon Braket Hybrid Jobs &t T it EIEWRENMERE , HEREELZETRRIEHE
7. BREEMEZHAR  REEBREEZTHEFEE (ETFLABETRERLES ) BT, Amazon
Braket EFEIRRERTH , BIEARE , EMAWENAIBTHERSTIEAR , REREEE
Amazon Simple Storage Service (Amazon S3) , AEBRKITE &R,

3. $8#% : Amazon Braket Hybrid Jobs IRt G XEITE AR BRI AE | HIE FS2A iy ) W0 2 5
CloudWatch 1 Amazon Braket ###| 812/l B E LW ELIENR , BB URERELZNHE,

{# F§ Amazon Braket Hybrid Jobs iZ{T:E & E

E A Amazon Braket Hybrid Jobs Z{TEEEl , BEHAZTEE L E X, BB A Amazon
Braket Python B F X TE@REEEMAUR HMKB X HRENLE , LA LAEA Amazon
Braket Python SDK 5, PennyLaneflR&EEFEREM ( FIREEHR ) B, WA LAEEA Docker EXL B
CHBEENRRREG  SEXLE, AXEZER , BZHEBETA (BYOC) .

TAEBFE R | BT REEM A Amazon Braket API IEZESENL , HEPIEEEEHAHES |, &
BEAELEFANENEFRE , ARNER TR EEPFHITER, AXEMIEEERENOIRIAE
FATAZBERARS, I FETREEAELHNERES , B LE QPU, REEREE (0 Sv1, DM1
® TN1 ) REMBBESEWSFIAR T Z E#HTER, FAREEUSED QPU , BHES L A7 X
ERRIEEHT AP AR, FARANELS  BURSEEZHNARAER —MNEE+D, PN BEL
PennyLane 258 A T RN T RS ELBRB[HEEFERH. WREFEHHBKAR PennyLane BRIEHEE
NEMFETRE , WA EEXFIRBEUREFANEHAKE, BXREMERENEXER , F2H
Amazon Braket M T H,
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/o, Amazon -
“€ Cloudwatch {5 Amazons3

........... =t Amazon Braket
i 38 QPU

1
_ [ . Amazon Braket
|r f{éé}T On-demand

Amazon Braket Hybrid mm Simulator

Jobs API wu Amazon Braket
Jobs Instance T T Embedded

r
User + Simulator
F

Amazon Braket Notebook/
Local IDE

MBEEHWERIER2REELZDIMARELZ |, Amazon Braket 2L AIFBIZTESES. EBF
BEAEWSEE (EBLE APIBRAHTBEENSEHIER ) | BTEZE, HEREA Amazon S3 , AR
BIEHN R, WARRATBREILERIGEAENE,

BMETRHERER (QPU) WHARESESEHZIRG, WS, FEMLERBE , QPU L RERIZETT
—MNMEEEL, BAIATESTEITHESHELNGE  UEEIAENRE. RENBEIREZR
QPU , B & 1B & Kt AFTiE QPU B94ELBA 5, Amazon Braket BaIFTRHREEWLSZS , HiE
RELBEITENBEEEL, EEERENAR , ZHEEELEFREHENR , XERERSEL
PHEFESHLETIRE LHAREM Braket E 755 , IREREZFULNEFESESR/LDHERS
QPU —R, BEFILZERE , BRMSBBR , XEREEAFEGREAENSRE.

® Note
RERXEMN , ENEESESESEREZE AWS X B—iRE& LETT.

HEBRN QPU BirgRF |, BALLARREELEZER (HNRERE ) ELAEEN -85, X
LIRS B RELRL D , CloudWatch AETEIL Db BraketiZ &l & A LUL FSRA I F X E R

® Note

MBEEAGEHET GPU B354 |, HE A EH Braket LR ARSI O] HAVERIZE 2 — (I
), GPU-based lightning.gpuflR&EBHEF —4 CPU-based B ANIEINET ( 4
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#Mlightning.qubit, Zbraket:default-simulator ) , MAL&MEM GPU , }¥ B AL
LFETHEMEA,

=A=R (NP S 3 A

AT N4 T Amazon Braket Python SDK 12 #) AwsQuantumJob.create BEA R A 2s X H & IR
CHE PSS L e

BR T R EBEEMAN — PN RSN, BRESELETUREMEM AR, LEESHFLE
ZIEY , Amazon Braket 2 tI2ES MR RN M AEHEESTEEMANEE ., BEEESTX
fa , ERHRE LAY PR fi H &R R & B2 HE ERY Amazon S3 LB,

(® Note
FRERRRMREHN , FERLHEERF.

Amazon Braket M2t T 2N BEZEN IR , UELERBZMANGENRE, BXESZE
B , 2% Amazon Braket -7 & TETH Y braket.jobs .

ABHA ;
© A
. i
. FEE

- HHBhEKY

Ll

e

A

WMALYE  BIMEA input_data SBREERENFERNBAREXH , THRAABBERHAEEE
£. FIF7E SDK B9 AwsQuantumJob.create REAE XN input_data . X&FmABEEF
FMETEFFANBNREE XA RS "AMZN_BRAKET_INPUT_DIR", BXIMIEESE LR FEAMH
ABIEN LN RE , 53R H Amazon Braket Hybrid Jobs 9 QAOA PennylLane #1 Amazon Braket
Hybrid Job s Jupyter 12 AFHE FHEEF T,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
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® Note

HMABIERAK (>1GB) i , BEELEERKINBAIFTERR,. XER A @M AKESE
S {53 S3 F#ME , RSN S3 BERNMEESESERS EiFH/E‘u FSERERSG
Braket fR%

BSE . iNRE A hyperparameters , M| E{1EHIELE "AMZN_BRAKET_HP_FILE" TH A,

(® Note

BEXNABESHANHAREMETXEERREAREEHELHANESER , BSRAER
ES BB 5 MLt github TTH,

KRER : BIEE job-arn EMREHELPEABIMER , EEH
copy_checkpoints_from_job i, Gt HRESKFEEFZFIESELN
checkpoint_configs3Uri # , Eﬁ’(ﬂ’EJLL_ﬁHﬂEWRIE AMZN_BRAKET_CHECKPOINT_DIR
LHBRELETA, BIAEN None , XERBEXRBHEMESHFLARELSEBEFTF2ATHIES
A

f

EFHES EFESEREMTE S3 L& s3://amazon-braket-<region>-<accountID>/
jobs/<job-name>/tasks.

ELER  BNELEHARFEIINETELTERB RNWAEN

& "AMZN_BRAKET_JOB_RESULTS_DIR"#HE#IE| output_data_config FIEEM S3 L&, N
RAEERE , MEIARA s3://amazon-braket-<region>-<accountID>/jobs/<job-name>/
<timestamp>/data. A1 SDK #BIZSE %K save_job_result , INEEZMAF AR , &7
DERAZEHATENERN BB FHEER

REL NMREFARER , INEREENIELTE "AMZN_BRAKET_CHECKPOINT_DIR" A HMH
XA, B aJLAER save_job_checkpoint AR,

BRENR  BULLREEREIRE N N E R/ — , XEERFEREFILZ1TH R E Amazon
CloudWatch F3£8%.% 7R7E Amazon Braket F:%U“':Fo BXRUOMERAEEERN TS BSRAER
Amazon Braket Hybrid Jobs =17 QAOA &%,

BXRAEFELBENESFEEL , 25 Hybrid Jobs XEFHREFLE R,
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FE R

Amazon Braket £ T 2N REBETERBLERBIHABENRE, UTREBY|H T Braket &£ HHVER
BTE,

« AMZN_BRAKET_INPUT_DIR— #i AZ#E B F opt/braket/input/data,

* AMZN_BRAKET_JOB_RESULTS_DIR— EXHE I LERE AR H i B 5 opt/braket /model,

« AMZN_BRAKET_JOB_NAME : fE:l B9 & #5,

« AMZN_BRAKET_CHECKPOINT_DIR : #&E & B Fo

« AMZN_BRAKET_HP_FILE : @S HH X,

« AMZN_BRAKET_DEVICE_ARN— i&#% ARN ( AWS BRE ) o

« AMZN_BRAKET_OUT_S3_BUCKET : CreateJob i&53K OutputDataConfig FIEE# i H Amazon
S3 FiEM.

« AMZN_BRAKET_SCRIPT_ENTRY_POINT : CreateJob i53RH ScriptModeConfig H¥EEMN A O

/AN O

« AMZN_BRAKET_SCRIPT_COMPRESSION_TYPE : Createlob 3R ScriptModeConfig HFiEE
MEERE,

« AMZN_BRAKET_SCRIPT_S3_URI : CreateJob #EKH ScriptModeConfig HFIEER A P HIAH
Amazon S3 L&,

« AMZN_BRAKET_TASK_RESULTS_S3 URI : SDK RIAZHESHE FES L RH Amazon S3 i
=,

« AMZN_BRAKET_JOB_RESULTS_S3_PATH : F#ESE R M Amazon S3 L& , ¥l Createlob &
K#Y OutputDataConfig HFIR,

« AMZN_BRAKET_JOB_TOKEN : ¥ FHEELBRBFRUENE TIS , NEBAW
CreateQuantumTask B9 jobToken S ZRF &,

BB B

Amazon Braket 2t 7 SN FHBEH , AL ERRMANBENRE., XEHBERBRMATET
Hybrid Job M EZMIAREM . LT RHOETR T M{ARITLERAE,

from braket.jobs import get_checkpoint_dir, get_hyperparameters, get_input_data_dir,
get_job_device_arn, get_job_name, get_results_dir, save_job_result,
save_job_checkpoint, load_job_checkpoint
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get_checkpoint_dir() # Get the checkpoint directory

get_hyperparameters() # Get the hyperparameters as strings
get_input_data_dir() # Get the input data directory

get_job_device_arn() # Get the device specified by the hybrid job
get_job_name() # Get the name of the hybrid job.

get_results_dir() # Get the path to a results directory
save_job_result(result_data='data') # Save hybrid job results
save_job_checkpoint(checkpoint_data={'key': 'value'}) # Save a checkpoint
load_job_checkpoint() # Load a previously saved checkpoint

TR

BITE—NREELZE , XABREEGEBHNBEARZEHITHES. EHELHNEREER ,
B M Braket ##IA EM AL %R NPR”, “Amazon Braket HIX PR E 32" [H 7] 7 Bh A& I iE By A
NEACGRBEERUNETEESESHNR , IFESEUETRATEITREESFSHNRIALZE (MNRE
BEBREAR ),

Amazon Braket X Amazon Braket » Permissions and settings

Dashboard Permissions and settings for Amazon Braket

Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [Z 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 Llibrary
Service-linked role

Announcements o
Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [
Permissions and settings

‘ (@ Sservice-linked role found: AWSServiceRoleForAmazonBraket [7

Hybrid jobs execution role ‘I

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.

ERIIENACGREEREBHNNBRRETESEL  FERRIINEACKRE. MRXEMY , ESWE
—%HE , HHAARERE, EEEAGHNENREAR® ARN , FER ERAE R,
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Amazon Braket X Amazon Braket » Permi and settings

Dashboard Permissions and settings for Amazon Braket

Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have

existing roles with this policy attached.

Algorithm library
Service-linked role

Announcements o
Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [
Permissions and settings

@ Service-linked role found: AWSServiceRoleForAmazonBraket [/}

Hybrid jobs execution role

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

@I Roles were found with sufficient permissions to execute hybrid jobs. ]

v[rowras]

Role name Role ARN
l AmazonBraketJobsExecutionRole [4 arn:aws:iam:260818742045:role/service-role/AmazonBraketJobsExecutionRole l

MRENASKARBHRRRSITESHEL , NEWB —FER , BRAKRILEAE, EEQE
MANAE R , KREFEBNRNAR,
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Amazon Braket X Amazon Braket » Permi and settings

Dashboard Permissions and settings for Amazon Braket
Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [£. You can verify that you have existing

roles with this policy attached.

Algorithm library
Service-linked role

Announcements °

Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [
Permissions and settings

@ service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role _

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

@[ND roles found with the AmazonBraketJobsExecutionPolicy attached and braket.amazonaws.com as a trusted entity in \AM.]

MRABERIEE  LRKE-FEINER.

Amazon Braket X Amazon Braket » Permi 15 and settings

Dashboard Permissions and settings for Amazon Braket
Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have existing

roles with this policy attached.

Algorithm library
Service-linked role

Announcements o

‘Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [4
Permissions and settings

@ Service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role

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

@Il:reateﬂ AmazonBraketJobsExecutionRole [ successfully. ]

MRETHHATHER , NPRHFELTE, EXMERT , FRREHNE AWS EER,
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Amazon Braket Permissions

Permissions management for Amazon Braket

When you create a resource, such as an Amazon Braket notebook or job, you have the ability to specify the actions this resource can perform on your behalf
by attaching an execution policy to an IAM Role [4. You can create default roles for different Amazon Braket resources here. To build custom Roles for
advanced use cases visit IAM [A.

Jobs

Amazon Braket jobs [/ require the roles with managed policy AmazonBraketJobsExecutionPolicy [4 attached, which provides minimally required
permissions to an Amazon Braket job.

é AccessDenied
User: arn:aws:sts::012345678912:assumed-role/SampleRoleName/username is not authorized to perform: iam:ListAttachedRolePolicies
on resource: role AmazonBraketJobsExecutionRole with an explicit deny

SIEBES L

ARG EENBUWAER Python MASIREESEL., HE , EFEARM Python KB [l &R E LK E
BRI AR (IDE ) = Braket Notebook] IR &L , HSH FA M RBERNREFEILIZEIT,

EHHA :

- BIEHIETT

- BEER

- RESE

s FARER

o FAERRBIENESELEZET

- 49 API # Hybrid Jobs B4 1

- FAXRMERXCIZRMNRERESENL

IR H BT

RAESTERAFELRENACRE , MATNRREET .. BAVE—1 Braket BERFILAIRBH 2 REE
BMA, EELTRESTNELR  ACSENEE-—BIoNEREBNETES. REEMAEN &7
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MR A EMRBR R, EENARERBXZHHNRER, AOREXLTEESHFILEIEER
BRAPIETHE — DX RE K.

bell=Circuit().h{®).cnot(@, 1)

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

Algorithm
Script
Entry point and
other code

Quantum Task

Create job
Track status
Analyze results

— =
i —

User

L@

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

B, ERUATEZHNANERRS , ZMACET ENMIRESH TN EL R,

import os
from braket.aws import AwsDevice
from braket.circuits import Circuit
def start_here():

print("Test job started!")

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

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

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

print("Test job completed!")
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Tt B R algorithm_script.py #9 X #{RZ7E Braket Notebook S AR EH) 2 5] TIEB %
®, algorithm_script.py X#BE¥F start_here() fERITRIBA O S,

ET K , 7£5 algorithm_script.py X#4+HER B F T 612 Python X445 Python Notebook, LhEIZR S
RS ELHLEEMAFILIE | FMTNRMNBNBHWRSHEKREER, UHEAZELETEEEENERE
EFL AR ERE,

® Note

Bx {2 Braket Notebook Z4F X ( 40 algorithm_script.py 3 ) 4% %|5 Notebook
RN B XFPNEZEE |, 52 EH Amazon Braket Python SDK iz 1T HI 58 — NEE R

FNFEARNE—FER , BN ERERERESE., TIeEREENRMRANE FI8E , TIERERRER
EERVEFLHERET (QPU) |, BEUTHEIA device PIEEMRZHATRERS/EL , AT
YERIRBAE AMZN_BRAKET_DEVICE_ARN 1245 B 5,

(® Note

BREEFERESELS AWS XI5 A 1% . Amazon Braket SDK £ B zhi%k#E itk AWS X
. i | us-east-1 FAESEMW AT LAERA lonQ, SV1. DM1 # TN1 &% , BT EEEH
Rigetti 8% o

MREERBFITENMARELER | Braket 2R BEEESHFL , UAEXTBRNRESTEAMBEETF
5

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

S wait_until_complete=True RE T FHMAEN , SEEHELEEZEITHRFTEISSFREL N H L.
BRI A B FR T AT RO S .
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Initializing Braket Job: arn:aws:braket:us-west-2:111122223333:job/braket-job-
default-123456789012
Job queue position: 1
Job queue position: 1
Job queue position: 1

Beginning Setup

Checking for Additional Requirements
Additional Requirements Check Finished
Running Code As Process

Test job started!

Counter({'00': 58, '11': 42})
Counter({'00': 55, '11': 45})
Counter({'11': 51, '@0': 49})
Counter({'00': 56, '11': 44})
Counter({'11l': 56, 'Q0': 44})

Test job completed!

Code Run Finished

2025-09-24 23:13:40,962 sagemaker-training-toolkit INFO Reporting training SUCCESS

(® Note
BE T L B £ S B ENERPAE (A B R XHWE RS tar.gz SXHFH S3 URI ) 3k
£ AiZAwsQuantumJob.create 5. BXRERRHI , iEZH Amazon Braket /R4l Githu
Parallelize_training_for QMLb fZ# FE IR & YE Ml AR F#Y.ipynb 324,

Vot R

WA , EALLFEIK B Amazon B9 BEH H CloudWatch, Hitk , B% 'H’IEJJ_lﬂHH.:.,.,\J\EE{LJﬁiJ:
W BEAETF | %R BEA aws/braket/jobs” , RAERBIEZELBEHWEER. ELARTR
s , ENA braket-job-default-1631915042705/algo-1-1631915190,
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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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FRARER

CloudWatch
Favorites
Dashboards

» Alarms

¥ Logs

Log groups

Logs Insights

¥ Metrics
All metrics
Explorer
Streams
P> X-Ray traces
» Events
» Application monitoring
P Insights

Settings

Getting Started

Ao @o ©o

l CloudWatch

Log groups

/aws/braket/jobs

JobTest-autograd-1636588595/algo-1-1636588740

Log events
You can use the filter bar below to search for and match terms, phrases, or values in your log events. Learn more about filter patterns [

Q

> Timestamp

Y Y YV VYYVYYVYVYVYVVYVYYVYVYVYVVYVVVVY

2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:

.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00

Message

There are older events to load. Load more.

View as text

Clear m

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733f34779fa6/test/unit_tests/braket/circuits/test_gates.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733f34779fa6/test/unit_tests/braket/circuits/test_instruction.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_moments.py

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_noise.py

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779Fab/test /unit_tests/braket/circuits/test_noise_helpers.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F 34779 ab/test /unit_tests/braket/circuits/test_noises.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_observable.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_observables.py

aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee0d53328733F34779F a6/ test/unit_tests/braket/circuits/test_quantum_operator.py
py ging-3£885a942c09911b104eee05332873334779F a6/ test/unit_tests/braket/circuits/test_quantum_operator_helpers.py
py ging-3f885a942c09911b104eee053328733 34779 a6/ test /unit_tests/braket/circuits/test_qubit.py
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eec053328733F34779F a6/ test /unit_tests/braket/circuits/test_qubit_set.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eecd53328733F34779fab/test /unit_tests/braket/circuits/test_result_type.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee0d53328733F34779fa6/ test /unit_tests/braket/circuits/test_result_types.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/devices/

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/devices/test_local_simulator.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/jobs/

aws-amazon-braket-sdk-python-staging-3f885a942c@9911b104eee053328733f34779fa6/test/unit_tests/braket/jobs/local/

aws-amazon-braket-sdk-python-staging-3f885a942c@9911b104eeed53328733f34779fa6/test/unit_tests/braket/jobs/local/test_local_job.p;

Custom &

BETUERFEREETRSFELIRES , FERERBEHFEL TE , REEERE

Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

X

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

braket-job-default-1693508892180

Summary

Status Runtime Hybrid job logs

@ COMPLETED 00:01:21 View in CloudwWatch [4
Settings Events Monitor Quantum Tasks Tags

Details Event times
Hybrid job name Hybrid job ARN Created at

braket-job-default-1693508892180

Device

arn:aws:braket:

Status reason

evice/quantum-simulator/amazon/sv1

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

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

role/AmazonBraketJobsExecutionRole

Aug 31, 2023 19:08 (UTC)

Started at

Aug 31, 2023 19:08 (UTC)

Ended at

Aug 31, 2023 19:10 (UTC)

Source code and instance configuration

Entry point

job_test_script:start_here

Instance type
ml.m5.large

Stopping conditions

Max runtime (seconds)
432000

BHR A ELEZITR &1 Amazon S3 AR —LEMH, S3 FEHEBHEIAZF N amazon-braket-
<region>-<accountid> BRN&MTF jobs/<jobname>/<timestamp> B FH, {#/ Braket

BRER
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Python SDK #|Z;E&/EL et |, LA LLUBEIEEHM code_location kKBl EFM@IXLEMHH S3 1
o

(@ Note
It S3 FRERLMELENESHM AL TE— AWS X &,

% jobs/<jobname>/<timestamp> BRBE—NFXHX , model.tar.gz XHEHRITEAO KM
K. BB—NEH script WEBF , @887 source.tar.gz XHFEHEZMABH, bR
EFEESHERMTERN jobs/<jobname>/tasks BB FH,

RIFE

BAURFEEMAERNER , LEMNBRESFLHARHREESFELIRIK Amazon S3 #9H H XX #
X (&7 model.tar.gz B tar EFE M+ ) REBXLELER,

RIER JavaScript X R T RE (JSON) &M ERFEXHF. MRBFELERS FIELH XK
( #0 numpy #4E ) , MATBME A —NMERABFIBERRRTFINLNED., BXESFHAEER , FS
% t.jobs.data_persistence &R,

EREFEREELNLER | BFUTH #ADD SERBHTHINE algorithm_script.py X#H,
import os
from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.jobs import save_job_result # ADD
def start_here():
print("Test job started!")
device = AwsDevice(os.environ['AMZN_BRAKET_DEVICE_ARN'])
results = [] # ADD
bell = Circuit().h(@).cnot(0Q, 1)
for count in range(5):

task = device.run(bell, shots=100)
print(task.result().measurement_counts)

RELR 186


https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.jobs.data_persistence.html#braket.jobs.data_persistence.save_job_result
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results.append(task.result().measurement_counts) # ADD
save_job_result({"measurement_counts": results}) # ADD

print("Test job completed!")

KRG, B OB M N A #ADD SERMT print(job.result()) RERIE B A Fh B 4L 45
Ro

import time
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

print(job.azrn)

while job.state() not in AwsQuantumJob.TERMINAL_STATES:
print(job.state())
time.sleep(10)

print(job.state())
print(job.result()) # ADD

FERGIH | RINNBKRT wait_until_complete=True , L& TRAH . SR LUNFEEFHFHMEL
HITRIE. HESTZREELN , E2ER 10 BEd —XFRRAFHM job-arn , AEHEIESEL

FIRES |, BEIRSEAL AR COMPLETED ALk , ARETLRAAE RHFERNER, BSHEUT R
B,

arn:aws:braket:us-west-2:111122223333:job/braket-job-default-123456789012
INITIALIZED
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
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RUNNING
RUNNING
RUNNING

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

EARER

BALERARERRFRESELNDEER, EL-—THNEEMARGH , &5HMT AT A #ADD *
BROITREBRER M

from braket.aws import AwsDevice

from braket.circuits import Circuit

from braket.jobs import save_job_checkpoint # ADD
import os

def start_here():
print("Test job starts!")
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

# ADD the following code

job_name = os.environ["AMZN_BRAKET_JOB_NAME"]

save_job_checkpoint(checkpoint_data={"data": f'"data for checkpoint from
{job_name}"}, checkpoint_file_suffix="checkpoint-1") # End of ADD

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

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

print("Test hybrid job completed!")

HEBETREELN , E2ERESBZPNESELBRHPEAERIA /opt/jobs/checkpoints
PR A X <jobname>-checkpoint-1.json. BRIEFDEE R ERIAR R , ENLESELBAREFFR

/.

o)

N

X

o

MRENZAHREELERNREIMEBCEEHEL , NE XA LR from braket. jobs
import load_job_checkpoint, MEFIEEZMAFHIEBUTFIR.
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from braket.jobs import load_job_checkpoint

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

MBHRERG , BALURBRIEMEE checkpoint-1 WRABHEHITIELRE,

(@ Note
checkpoint_file_suffix 4515 2 5l 7 8 2 E [ BT 8 E N E R ITE

LR AZEREEN —MEEELFH job-arn , ZITH #ADD XK,

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
copy_checkpoints_from_job="<previous-job-ARN>", #ADD
)

RAR AR EN B EFEIZIT

Amazon Braket Hybrid Jobs 12t T REEFRREZNTELRERYE , ¥ Amazon EC2 TERIRE
Amazon Braket E FEH T (QPU ) HEINRHEE S, ERSHELHUENEFESREETENE
FES , AEENEEZT2REFESIIN K A, 8 QPU M4 — N EIbp)R S ML RA
5, BREE ML ERNEREEET—NREEL,

ATAB :

« {EAZAH# Python KB AIEES/E

- ZEEM Python R4S RERT

- FHBEREHMZKZBRESMEL IS F

- BEEIIBMEERESE

TR ARBIENBEFLET 189
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R Python KBAIEEESEL

& T LU AR 35 Python 1&555145?] Amazon Braket Hybrid Jobs 1217, A LAER ehybrid_job #ifigs
ARBFIERRGEX—K , MU TRBREFAR. NTFBEENHR , B LUEEER Amazon
Elastic Registry ( ECR ) ':F'E’J BENASR

(® Note
HIAERT , INX¥%F Python 3.12,

B LAEA @hybrid_job $iHigs N EREBURIIER. Braket 31y N EPAVK D ##7 Braket &
BN E LA, R , BEMHEITE Amazon EC2 =4I L AN R, B LAER
job.state() = Braket #Hl A EEELHE, U TRIBRHIERIMMIE State Vector Simulator
(SV1) device LIZITHAMRSHKIF 5,

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=0Observable.X(), target=0)

theta = 0.0 # Initial parameter
for i in range(num_tasks):
task = device.run(circ, shots=100, inputs={"theta": theta}) # Input parameters

exp_val = task.result().values[0]

theta += exp_val # Modify the parameter (possibly gradient descent)
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log_metric(metric_name="exp_val", value=exp_val, iteration_number=i)

return {"final_theta": theta, "final_exp_val": exp_val}

B SAGE B Python BRI — BT AARBOROIERESHEL, ER , RSN BERENRREEEST
MMTREBNER. EEERTHERERER , BHEM job.result(),

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

@hybrid_job &M H device SEIEEREENL LML TFRIMNIRE , EAHIH S SV1 ELRLES,
EIRE QPU (LR , MTBREBPEANIZEE ARN SERIMB[HIEEMNIZEZ ARN HEE, hAEE
R, O LAE R EEBIBNEL get_job_device_arn() R¥EIR @hybrid_job AEBHKIEE ARN,

(® Note

BM%E Amazon EC2 L8R (LIRIUR , BMESEFELE—THNEAHE, Hit,
NTHEERN TR, SIMEN BBl , FHEFESTRREB T,

Z run_hybrid_job() BEBEXAZSE num_tasks REZHCENEFEFSHHE. REHFELLAT
HHEHBIRNESH.

(® Note
BS W Braket 2H 8 LETRNFRH , BRFEIN 2500 MFFFo

ERAMBE

£ run_hybrid_job() E# & , FH log_metrics BZRRBEREENIEIR. HXERE2BET%
#I7E Braket BH AT EMNBEEWEIFT., EESHELZITHE , B A Braket AR ER
PRt IRIRE FAES A, LEHNRAFERAERENR R RIERERRENE-—IMEE,

KRG

TR ARBIENBEFLET 191
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BAELTERE , BULUER job.result() BRREBEELNE R, Braket 2 B HIRREEGF Y
FEARR, FEE , ZEBRENFNRMLAR—NTH , BIATEHR2UFIEN, i , UTREBE
NT —MNEEIEM—DNEME RG],

import numpy as np

# Working example
@hybrid_job(device=Devices.Amazon.SV1l)
def passing():
np_array = np.random.rand(5)
return np_array # Serializable

# # Failing example
# @hybrid_job(device=Devices.Amazon.SV1l)
# def failing():

# return MyObject() # Not serializable
Bl B FR

HIABRT , WEESHFLHNEMERBEEBEMEERN ., SEATUEEKERSZ N 50 N FRANE
Mo Bl , EUTRBEA , L FEFEHF ‘my-job-name”,

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

AR

B BRGNS local=True REIEAMF . XHFAEAR#ITEIRE (40 Notebook ) #Y
R CHRRPEITEEHFIL. REIRBREHNFRETFES. FTSTHRIMPI FEREH,
it 4l AT BATS B PR B9 Braket SRR &, J«/{Tﬁﬂﬁﬁﬂlﬁﬁﬂfﬂj SV1 R BRI E A B SR

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

SEFABEMBREEIEDT, BXREMSIFK , HS 5 braket.jobs.quantum_job_creation &k,
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ZEH M Python B4 MIRAH

B B E OB TR IR E LAE A 3% Python &, BAJLAER requirements. txt X#. HHESIER
FIRPETAZ (BYOC ), #l0 |, requirements.txt XHAREEE HMELENHH .

giskit
pennylane >= 0.31
mitiq == 0.29

E#MA requirements. txt X EENEITHNRERE , BSHRAUTRBRHA,

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

S&E AT AR AN T 73 B Python SIRIVE X R4 B o

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

HtRAB TS ENEIRFIEK |, thalBUSERN EMER | BT R R Ro

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

RBFEREHMB RS ELSZHIF
EE R A UGBS

BIEBREELR | BT LB FEE Amazon Simple Storage Service (Amazon S3) Zf# 1@ |
RWANEHIESE. EHAIEERBER, RS , Braket & B FEIE L& F Amazon

S3, URL 5 s3://<default_bucket_name>/jobs/<job_name>/<timestamp>/data/
<channel_name>, MREEERMERE , MIE B MRERIAR input’s A TRIBER T KRB R ERE
data/file.npy B9 numpy X4,

import numpy as np
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@hybrid_job(device=Devices.Amazon.SV1l, input_data="data/file.npy")
def run_hybrid_job(num_tasks=1):

data = np.load("data/file.npy")

return ...

3F S3 , MIEH get_input_data_dir() HEIERE,

import numpy as np
from braket.jobs import get_input_data_dir

s3_path = "s3://amazon-braket-us-east-1-123456789012/job-data/file.npy"

@hybrid_job(device=None, input_data=s3_path)
def job_s3_input():
np.load(get_input_data_dir() + "/file.npy")

@hybrid_job(device=None, input_data={"channel": s3_path})
def job_s3_input_channel():
np.load(get_input_data_dir("channel") + "/file.npy")

Ea B REEEEMN S3 URI S By &1 F B KR IEE Z M ABIEKIR.

import numpy as np
from braket.jobs import get_input_data_dir

input_data = {
"input": "data/file.npy",
"input_2": "s3://amzn-s3-demo-bucket/data.json"

@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")
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® Note

HAABBERA (>1GB) bt , FESFFREMATRGUERFL, IRATABAAREERL
&2 S3 7MW , RS S3 MEFMEESERP. &RE , THEBERMERS Braket B

HERREER S3

ERFARDEERMEBNEREFEAFHNLER , XIFERN B XMMEIMEXHBEARES, UTR
B E R T WAMRTZE—D numpy B4E F matplotlib B,

import matplotlib.pyplot as plt
import numpy as np

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 ...

FIEERBEMREIBZ RN model . tar.gz BISXHFAF, BELUEERA Python BIEX job.result() FTHE
R | i LAM Braket EB#ZH| A HESELTTE SIS R B X,

REAMREQIRE

NFEANEETHREEL  BNERREEEZNPERS. EUIUEARNEN
save_job_checkpoint() ¥BhE% , t A LUK S 4447 78] AMZN_BRAKET_JOB_RESULTS_DIR &
&, FEETESHBIERE get_job_results_dir() :&#B.

UTRERESFELERRFRENNELERN KN ITERSE

from braket.jobs import save_job_checkpoint, load_job_checkpoint, hybrid_job

@hybrid_job(device=None, wait_until_complete=True)
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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-—NBEELD , FAIERNERFNBIENFHIFA save_job_checkpoint(). 2
i}\'%'?RT BNMNEBSATFIC AR, FTREIFENEZMN Python K , 21 numpy 2

, A LR & data_format = PersistedJobDataFormat.PICKLED V4, HARBERNR
<Jobname> json HFXHXRTHESHELEGERUEHBEEFTRABHTNREI XK.

EQE—IFHRSELIUIMNEESMRE  RINEEERE
copy_checkpoints_from_job=job_arn & job_arn R —MELHYEE L ARN W{E
ARIE , BAIERA load_job_checkpoint(job_name) M\ ZE S iNE

BEFEIEImER R IEKE
EZRSMN

FERAEMBEIRUBNESHELRRSH , el NELARFENEFRRAABIZET. EAUE
FiBraket Management Consoles, Amazon 2 &M # E CloudWatch, ZHERREEUAIZEIT
it , Braket R EAIT BN AR BEFETENE L AEELTRERRER

BEITERESEE

BEFLNERETZTEAREFLHEEZNTERE, XTARNEFRE , %Eﬁ%%ﬁxj—ﬁti
FHES. REBREL QPU AR TRABEETHNEDEE , REFEEFEX QPU #1TZ AR
A, FEEZHELE,

£ A A i 8 XTI

& QPU J:J_ﬁ/um{’EJJ_Z Al , BICREEDER SV1 LET B IAERMMET. X T AAENE
AEARBER TEIT , URIRBERMIAFR,
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EAEHAS (BYOC ) RAES 4

FENREREGBIHRERRJCIET , NMEIBATERNIR., BELHRERD, KBHNRE
FTEEIAERHR , ATLARS LB AV R AR A 42 4 R &

Multi-instance 731 T iE LB

BEETAREHRE , TUAEREARNEN MPI X , EEMNESHFLFHZNRE ST ERES,
BREZEER , BERBRAENES.

ER S

BESRESHELERINSHBERKFEASHILEFERE QPU LERE , AXEFERNIZITH,
ERRER

NTFKFEESITHREEL , BWEHRESEENHERES.

BXEZRA, AGIMZREXE , FSH Amazon Bra GitHub ket R4,

¥ API 1 Hybrid Jobs Bt & 1

BRI LAE £ A APl Amazon Braket Hybrid Jobs TFRIX 52 R B, B2 , BEEMEA API &, BRIAGZE
MEEHFERTH,

(® Note

PR ZUEB NS ME A Amazon Braket Python SDK & Amazon Braket Hybrid Jobs B, BiR{HE
EHERINRENRFIEE , AIEBENRSFLEKINET,

AEFHETRTHER API WEMAR, MREEFRMER APl , BiREXMEEAERENESR , A8
FENLRERMIFAEE , UEENBEELEBETT,

EFH API, BN NEA AmazonBraketFullAccess EERERBHW AR,

(@ Note

BXIMMERA AmazonBraketFullAccess HEXARMRNABGNESES , FSHER
Amazon Braket 71
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o, BREFJFE-MITAG. LABRBEESLRS. EATLUERM Amazon Braket 2] & K 62 4
B, FRANRNRE TH LN HTAE ETFNESEFELYZRIABE,

CreateJob API ERERNBREFIISEMELENSE. EMFH Python , BREEMAXHESRRN
tar @ , W input.tar.gz X , RESTUTHAR, EHRES (<>) ANKRBIS , EEEHKFE
BEMEEESELFHBER, XHEMFEHADR,

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"

iy
inputDataConfig=[
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{
"channelName": "hellothere",
"compressionType": "NONE",
"dataSource": {
"s3DataSource": {
"s3Uri": f"s3://{bucket}/{s3_prefix}/input",
"s3DataType": "S3_PREFIX"
}
}
}

1,
outputDataConfig={

"s3Path": f"s3://{bucket}/{s3_prefix}/output"

.

instanceConfig={
"instanceType": "ml.m5.large",
"instanceCount": 1,
"volumeSizeInGb": 1

},

checkpointConfig={
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints",
"localPath": "/opt/omega/checkpoints”
},
deviceConfig={
"priorityAccess": {
"devices": [
"arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3"

.
hyperParameters={
"hyperparameter key you wish to pass": "<hyperparameter value you wish to
pass>",
.
stoppingCondition={
"maxRuntimeInSeconds": 1200,
"maximumTaskLimit": 10

iy

BIEBEENLTS , BB GetJob API SR FH| A RLIESHELHFAEE. EMIZIT createlob
REBH Python £ FFREVESELLMFMES , BEHALLT Python %,
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getJob = client.get_job(jobArn=job["jobArn"])

EECHEAMEL | BERZEL (JobArn) Amazon Resource Name A CancelJob API,

cancellJob = client.cancel_job(jobArn=job["jobArn"])

BRI LAE A checkpointConfig SR ER[IEEN createlob API Y —

checkpointConfig = {

"localPath" : "/opt/omega/checkpoints”,

"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"
1,

@ Note

checkpointConfig Y localPath FEESA R HEMIR BRI L : /opt/ml, /opt/
braket, /tmp = /usr/local/nvidia.

FAABIRN S ZFM AR ESEL

EHEFWESEER |, AR UH B S FHNN R E LA, NiEXE—TIhEE , ANE{TiTX
#£ Amazon Braket Hybrid Jobs FEARNRE , EFFE Braket REBIZTRSEIHERMZHE, 18
&, ATLATES&H Amazon Braket Notebook S5l B iE & i ( f5l40 Notebook AN BN ) LAz
TREEL,

EXRBERXT , BOHATLURE FESRETEFRRE , BREXRWERT , EXGFNEFLEST
(QPU ) LE178Y , BT EREMHREMLS,

EFERAAER  HZEXERFAT LI |, #HF AwsQuantumIob 488 LocalQuantumJob,
Bl | B TRIEE —NESELFHNRE , FROTARNEERBIESELBIZA,

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",
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)

(@ Note

Docker Eééi‘ﬁ”*’fj‘: Amazon Braket Notebook ¥ , & RIEARHIRE A B Itk Th
B2, Docker B9 Z &/ 5% BA AT LATE“3R EX Docker” T EJ:?%:JO WA, HIEMESHIEARER
T#Z X,

HUHE & E
B EB BB TR HASHBAFL, RANERHATRR , A UEARBER,

EEZFETIUHREMEL , ENBEEEL TEHTEEZIUERESEL  RAEMNBRETHUXES
EEBUEES ML,

Amazon Braket X Amazon Braket » Hybrid Jobs
Dashboard Hybrid Jobs (4) C Actions a Create hybrid job
Devices N N
View hybrid job
Q. Search ‘ 1
Notabaoks Cancel hybrid job
Hybrid Jobs
Y Hybrid job name Status Device Manage tags at

Quantum Tasks

braket-job-default-169360387 1840 (®) CANCELLED arn:aws:braket:us-east-1:device/qpu/ionq/fAria-2 Sep 01, 2023 21:31 (UTC)
Algorithm library [+] braket-job-default-1693600353661 (@) QUEVED arn:aws:braket:us-east-1:device/qpu/iong/Aria-2 Sep 01, 2023 20:32 (UTC)

test-job-example (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Jun 02, 2022 22:26 (UTC)
Announcements °
Permissions and settings (@] Test-ashlhans (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 May 25, 2022 19:50 (UTC)

EWRIARCE , FEHIARTRERNATRFRABE , REERBE,
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https://docs.docker.com/get-started/get-docker/
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Cancel Job "JobTest-autograd-1637034526"? X

A « Cancelling the specified job can't be undone.
+ Cancelling will terminate the container immediately and does a best effort to cancel all of the

related tasks that are in a non-terminal state.
¢ Tasks that have already completed will still be charged.
* You can create a new job using your checkpoint data, if you defined it, to rerun your experiments

To confirm cancellation, enter cancel in the text input field.

cancel

—

E ¥ A Braket Python SDK I RIBECHES/EL |, E# A job_arn RFEAEL , REWHBA
cancel v , ML TREBFI R

job = AwsQuantumJob(arn=job_arn)
job.cancel()

cancel P ANEAILLHBHESELRRS , HREAXZBHEUEFIE N FIELIHRSHWERETE

%o

B E GRS 1R

Amazon Braket Bt 7 ZMHBEEREESETARNEZE , IR EREECNEBEZTREHRT

B, ATHEETEERSELNGED , NEXLEZEHAKRETBHRE. ZEEINNAFEHESH
RACTHERE, BEFLZFIURNARASHILRFRESERE. XEBEXKRABERZARE
& IETE Amazon Braket L #HTREEFITEMNE N,

ATAR :

« NEEMAENRE
- EEBSH

- BEZRES LKA
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- EAZBULEFEMRES L AEE

NEEHARENSHER

Amazon Braket XiFH AN EERARE YRR -

- HEMAHE (WRKEE , N image_uri NEIARER)
- —MNKHE A CUDAQ
« —/NEH Tensorflow KA 25 H PennyLane

- 8 PyTorch PennyLane, HfYZ& 2§ CUDA-Q

TREANABTAXBRREETENENEARER.

Amazon Braket & 28

Type

BR#& URI

SRREY

Base

292282985
366.dkr.ecr.us-
west-2.amazo
naws. com/
amazon-braket-

base-jobs : F#

CUDA-Q

292282985
366.dkr.ecr.us-
west-2.amazo
naws. com/
amazon-braket-
cudag-jobs : &

#

e amazon-br
aket-default-
simulator

* amazon-br
aket-penn
ylane-plugin

e amazon-br

aket-schemas

e amazon-br
aket-sdk

» awscli

TensorFlow

292282985
366.dkr.ecr.us-
east-1.amazo
naws. com/
amazon-braket-
tensorflow-

jobs : E#
* awscli
s numpy

* pandas

* SCipy

PyTorch

292282985
366.dkr.ecr.us-
west-2.amazo
naws., com/
amazon-braket-
pytorch-jobs : &

#h

» awscli
* numpy
* pandas

* SCipy

NEEMATE LRE
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Type

Base

CUDA-Q

TensorFlow

botocore
boto3

dask
matplotlib
numpy
pandas
PennyLane
PennyLane-
Lightning
qgiskit-braket-
provider
#HR
sagemaker-
training
scikit-learn

scipy

PyTorch

NEEMATE LRE
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Type Base

HibE « amazon-br
aket-default-
simulator

e amazon-br
aket-penn
ylane-plugin

* amazon-br
aket-schemas

* amazon-br
aket-sdk

+ awscli

+ boto3

* ipykernel
+ matplotlib
* networkx
* numpy

* openbabel
* pandas

* PennyLane
* Protobuf
* psi4

> rsa

* SCipy

CUDA-Q

+ cudaq

+ cudag-gec

+ cudag-solvers

TensorFlow

* amazon-br
aket-default-
simulator

* amazon-br
aket-penn
ylane-plugin

* amazon-br

aket-schemas

* amazon-br
aket-sdk

* ipykernel

+ keras

+ matplotlib
* networkx
* openbabel
* PennyLane
* Protobuf

* psi4

> rsa

* PennyLane-

Lightning-gpu

e cuQuantum

PyTorch

e amazon-br
aket-default-
simulator

e amazon-br
aket-penn
ylane-plugin

* amazon-br
aket-schemas

e amazon-br
aket-sdk

* ipykernel

*+ keras

* matplotlib

* networkx

* openbabel

* PennyLane

* Protobuf

* psi4

* rsa

* PennyLane-
Lightning-gpu

+ cuQuantum

* cudaq

* cudag-gec

+ cudag-solvers

& A LATE-b aws/amazonraket- containers EEE MG RIFFIRBBRE N . EIFEEHEH R FITHE
AT, YRATLAGER Braket REVE{AI ] AWS X1 ( us-east-1, us-west-1, us-west-2, eu-
north-1, eu-west-2 ) , BRB[XEXMERSEIN XFHELTE, BIERESELEAPH

create(..) HABRRMUT=ZANASHz— , EEIE)

B A\
=

B S ERETMS ., BT Amazon Braket

NEEMATE LRE
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ABREEHBMERE RSN ESTIINEMKBMLEICERENDTSET (UABFHETH AN
M) o LERBIBERA us-west-2 X1,

- EARB R : image_uri= “292282985366.dkr.ecr.us-west-2.amazonaws, com/amazon-braket-base-
jobs : HXF

« CUDA-Q Bk : image_uri= “292282985366.dkr.ecr.us-west-2.amazonaws, com/amazon-braket-
cudag-jobs : "

« Tensorflow B 5 : image_uri= “292282985366.dkr.ecr.us-west-2.amazonaws, com/amazon-
braket-tensorflow-jobs : &&#”

« PyTorch B F : image_uri= “292282985366.dkr.ecr.us-west-2.amazonaws, com/amazon-braket-
pytorch-jobs : &¥”

image-uris AT BA{EA Amazon Braket SDK HH) retrieve_image() BEHH TR E, AT A
BRI M us-west- AWS XiF 2 FREEA],

from braket.jobs.image_uris import retrieve_image, Framework

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

FHAEBECSHNASR (BYOC)

Amazon Braket Hybrid Jobs 2t T =AM MEMENER , ATETENRERETAB, WRHEP—
NERBIFENEARY , WREEQRESENRREMELZMAE T, AER pip NEERARD
requirements.txt XHHR RN ERKVKEIKX R

MBXLERBDEBAZEENERARS , FELEXEB#’ITY B |, Braket Hybrid Jobs XIFEAEBBECH
HENX Docker BBz TESEL , REHEBETAS (BYOC ), BRRECRESEHEARLIN
INEE,

ATHA :

« HTARRBTRET ZIEBHNRE ?

- BmARIER

- EEHCWAEEZHIZIT Braket JBES1E
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fFARMR B HRBRST RIEFEAVRE ?

FECSHZAES (BYOC ) # E Braket Hybrid Jobs & , B ECH R4 REETSHEH | ATUR
SEMERAE R, BREENEMATER , —LHETREREBIUEHNREYE K MAXRERHTEN
BYOC Docker ¥% - Amazon ECR Lt1%& - BE X B& URI B,

® Note

MREBHFIMDERTT R AR EAL Python B ( BELDT 1041 ) , BYOC AIRER B EHRIE
B, plan , mRIRIEFEER PyPi.

EXMERT , B ERE D — N HEN Braket G | AR EELERNERE ZFHMA—N
requirements.txt X#. ZXHTHBEZIEE , pip FREREEEREERANERH T, MREE
ZRAERHS , WELZSTHITESAKREMN. RESZAXRNRHRGESEZTHMEERSEN
Python 1 CUDA kA ( #105&H )

LB EEWE AP EAIE Python IBF (W1 C++ = Rust ) , REEEFEHA T LB Braket ER RS
R Python KRR , BYOC B4 EMN. EUATHERT , XER2— N THENER -

- BREEEATEFAEZANRYS  FEEIFAIRSEXN ZBARTEORIESESITERE. &
A BYOC , &R BURHF ATIEZ4A#A Docker R | B2 A THEBITHHRIENKED,

- BERANBRETTLRTTHR. FlM, ZREEEEILS GitHub 7 /F GitLab SF#HEL , BFEE
ER4SE SSH B BETH R IZ 76

- BEERE-E RIS Braket REMNBRPHAEKM, BYOC IEBRHTRZERGHMSEES
RSy = LN STPOR 8

BYOC & ff &R S ¥ 2 Docker BRes H I HIBEMA A, , NIFEERNBEEN SDK HEETHEF
FR, BB E Amazon ECR g B E YN ERSSME B W,

@ Note
55 B P P 38 PR O SR U T
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™ A RR 5

AT | RITPFERE D FHEE , NBE Braket Hybrid Jobs F i B # & 88 [bring your own
container (BYOC)] EEHITHRLLIRE , BEHAR, XHURFEIEEE—BUBHFZETEEN
Docker BURHI S IR, MiPE N RHIMIRS .

1. 7 Docker BIGFRZ R EME M4 | HE/EWL ARNEA Python EERIAS,
2. i JE Python B S REME LA S Hybrid Jobs = x86 2 S\#Y CPU ZRigHEE A,

MNTFRE 2, EXBRAOMEENEZ,

¥ Braket BITEMNESESH , E2BIFTERNWEERNEEMN Amazon EC2 =4l , ABIZRRE
URI I AN BIZTIEEM Docker B , NTEXLESH E0IEES, £/ BYOC ThaERt , A
DIEEREELBERIMNRAFE Amazon ECR 771 E HEVBR& URI, Braket Hybrid Jobs £ i%
BE X EGRE T,

2T AT Hybrid Jobs By Docker BRGFIEMSEA M. MREBNHEEMMIE Dockerfiles T
% , 55 Dockerfile 3X#4# Amazon ECR CLI 32 #4,

ER

- &9 Dockerfile Y E MR 5

o (k) BRENERADSHEAE

- M Docker file ZETHE N4 B IRHA

21 Dockerfile B9 E At AR (&

MREFEANZ Python , H BB ETE Braket RN BBPFRENNE 2 LLERM4 , MAEMMRE
) — PN R R IEEERIINGItHub F45FE R Amazon ECR L#) Brake t RE8HE %, EEZEM Amazon
ECR #1TH MR IF T sERIRGHEH E#HITHE, flan , £8 BYOC Docker X#HHISE —1T A BE

= : FROM [IMAGE_URI_HERE]

BT, BEEELREM Dockerfile WERES , AR REZEFMEIBR[PHRMG. FLHERN Braket
REEZLTE THNNERAORKKMAE , Rt BLTHFEOBEZMA,

MEBEIEEHIE Python iES , 0 C++, Rust F Julia , EEAE N IE x86 CPU ££%3 ( ki ARM ) ¥
BUEG  NAgRERER ARG ERM EME, BA[1E Amazon Elastic Container Registry 23 E
EHRRETFSXENERN, BSYERES CPU £131 GPU , KEREERZEFERAN GPU,
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https://docs.aws.amazon.com/AmazonECR/latest/userguide/Repositories.html
https://docs.docker.com/reference/dockerfile/
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html
https://github.com/amazon-braket/amazon-braket-containers
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://gallery.ecr.aws/
https://gallery.ecr.aws/
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(Tt ) BUBHBEADAMK

@ Note
MRIERARETCIIRE Braket UK IRINE AR |, M AT BABEE AT,

EEREELDIZITIE Python K3 , HEIENL AR/ AOKK Python BIZA, I , Amazon Braket
Githubbraket_container.py L python fiZ8, X2 Braket 5t #3%E (Y BR & A 5Kk 3 3h EE M A<
MZEMMMREENEAR, BEAOSBARE S XMER Python , B LUS33E Python B,
EMAMEN RGP | B LEER Python EEMAELERN Python FHERZ , ELENETHFN
HERY., BIENLEE , BB AAQKBMARE 33 Python EIERA, Hltn , EAILMEHK
thekick_off_customer_script() BREKE3) Rust #12 , EAERTXHT BEHNE R,

BB LLERB A —/1M 25 braket_container.py. ERIFMALKE. RRARMEMSEHMN
Amazon S3 EHIEIREF , HENMENIFET S,

£/ Docker file ZRFIHEHRFMARMA

(® Note
N RIS ME AT e K92 #Y Braket BRIG/EN Docker EREER&G , N BRBM AL,

MREBEL—SHOBETERENARIHA K NEEZFHEFEASER , ASEHEETE
SAGEMAKER_PROGRAM E Xy braket_container.py , & ENENH BB/ AOSH ARG RN

o

Heim

LT R AR J GPU-accelerated obs 324 E{#F R Julia B9R%I : Dockerfile

FROM nvidia/cuda:12.2.0-devel-ubuntu22.04

ARG DEBIAN_FRONTEND=noninteractive
ARG JULIA_RELEASE=1.8
ARG JULIA_VERSION=1.8.3

ARG PYTHON=python3.11
ARG PYTHON_PIP=python3-pip
ARG PIP=pip
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https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L274
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L139

Amazon Braket FEANGIER

ARG JULIA_URL = https://julialang-s3.julialang.org/bin/linux/x64/${JULIA_RELEASE}/
ARG TAR_NAME = julia-${JULIA_VERSION}-linux-x86_64.tar.gz

ARG PYTHON_PKGS = # list your Python packages and versions here

RUN curl -s -L ${JULIA_URL}/${TAR_NAME} | tar -C /usr/local -x -z --strip-components=1
-f -
RUN apt-get update \
&& apt-get install -y --no-install-recommends \
build-essential \
tzdata \
openssh-client \
openssh-server \
ca-certificates \
curl \
git \
libtemplate-perl \
libssl1.1 \
openssl \
unzip \
wget \
zliblg-dev \

${PYTHON_PIP} \
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${PYTHON}-dev \

RUN ${PIP} install --no-cache --upgrade ${PYTHON_PKGS}

RUN ${PIP} install --no-cache --upgrade sagemaker-training==4.1.3

# Add EFA and SMDDP to LD library path

ENV LD_LIBRARY_PATH="/opt/conda/lib/python${PYTHON_SHORT_VERSION}/site-packages/
smdistributed/dataparallel/lib:$LD_LIBRARY_PATH"

ENV LD_LIBRARY_PATH=/opt/amazon/efa/1lib/:$LD_LIBRARY_PATH

# Julia specific installation instructions
COPY Project.toml /usr/local/share/julia/environments/v${JULIA_RELEASE}/
RUN JULIA_DEPOT_PATH=/usr/local/share/julia \

julia -e 'using Pkg; Pkg.instantiate(); Pkg.API.precompile()'
# generate the device runtime library for all known and supported devices
RUN JULIA_DEPOT_PATH=/usr/local/share/julia \

julia -e 'using CUDA; CUDA.precompile_runtime()'
# Open source compliance scripts

RUN HOME_DIR=/root \

&& curl -o ${HOME_DIR}/oss_compliance.zip https://aws-dlinfra-
utilities.s3.amazonaws.com/oss_compliance.zip \

&& unzip ${HOME_DIR}/oss_compliance.zip -d ${HOME_DIR}/ \

&& cp ${HOME_DIR}/oss_compliance/test/test0SSCompliance /usr/local/bin/
test0SSCompliance \

&& chmod +x /usr/local/bin/test0SSCompliance \

&& chmod +x ${HOME_DIR}/oss_compliance/generate_oss_compliance.sh \
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&& ${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

WREITHHZTREABIA AWS | LUBREFSFIE % Open-Source W AJiE, #la0 | B3 E#HIH
HERIZ MIT license &M 2 2ER,

NREBFEZETEHFLFRE , flMEEELENR GitHub = GitLab FEEFHNREE , BFEE
Dockerf &t r A SSH Z4AXR A E. R , BEMEN A Docker Compose , LA# B Docker
EHMENEY LR SSH, BXEZEER , 55 Securely using SSH keys in Docker to access
private Github repositories &,

BIZEF E1£& Docker R

BTEWENK Dockerfile , BIMERM AT LAIRBL TRAIEFAE Amazon ECR F#ET ( IR ETF
£)., BWHEALME, HRCEBEEHNHE EERFHE,

BEHZSIFHE, FRICHHEIEMESE, HX docker build kMK TEIHAM — LRG| , HFSH
Docker #7314,

NTF EEE R RO, EAILLETT

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

2 EAERIAY Amazon ECR R

Braket Hybrid Jobs Docker BG4I EEFAHE Amazon ECR ZiEES, BIAMBER T , #8F Amazon
ECR ##f#E [ Braket Hybrid Jobs IAM role SREMEMEEFAENRENAF (WEEELF

£ ) REZEFNR, B4R FRERBREANRTFHNONR. BF , ROESEZHRBRENSE R
FHIAM AERFNRIR , MA2#EER image URI IREXER £,
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https://www.fastruby.io/blog/docker/docker-ssh-keys.html
https://www.fastruby.io/blog/docker/docker-ssh-keys.html
https://docs.aws.amazon.com/AmazonECR/latest/userguide/repository-create.html
https://docs.docker.com/reference/cli/docker/buildx/build/
https://docs.aws.amazon.com/AmazonECR/latest/userguide/set-repository-policy.html
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EBC AT Braket JES1EL

EFXABECHARUEREHEL , BEAEENSE inage_uri BA

AwsQuantumJob.create(). ZALAER QPU, ®RFEELES , th 7] LAFE Braket Hybrid Jobs 124HY
KRENIBE FRRBHTARMET. BIMNBIWEE SV1. DM1 = TN1 SERSR ENHRB | REBE
BHIFH QPU L&E1T,

BEEZBLERE LETRE , BBIFEH InstanceConfig RKEELFEAK instanceType Hl
instanceCount, &EXE , IREIEE instance_count > 1, IEERFRENRBATUESNE
W27, BULLERSFIHE LR 5, #lu :

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
image_uri="111122223333.dkr.ecr.us-west-2.amazonaws.com/my-byoc-container:latest",
instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge", instanceCount=3),
device="local:braket/braket.local.qubit",

#...)

@ Note
FRi1E% ARN RIERERAERSEL THENELS, TESIHNELATERFERN
device = "local:<provider>/<simulator_name>", i&i2{¥ <provider> #

<simulator_name> %X BIEFH., HF., _. - M .. ZRHFBKRNREHR 256 MNFERF.
MEZITRIEH BYOC , \ERE M Braket SDK Bl E 7S , NN HELTE
AMZN_BRAKET_JOB_TOKEN KBk i%44 CreateQuantumTask ERHH jobToken S,
MREFRZEMN , EFESHRTIRXRERER , MRENEANRILE FESITHR.

EEBSH

PIEBEESELN , BUNENEERENESEY , MFIRFLS K, BESREBEATERHAZEEHZ
FHE, ARBEAUNHEBTHEUMUCE LM, B Braket BSFLHERESH , EFEF
HEMAMERBEENFHR, BEEERSELEENENANESHE, FRESENE-PRREES
BAREELAFHE  XANEULTRBFEE,

from braket.devices import Devices

device_arn = Devices.Amazon.SV1
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hyperparameters = {"shots": 1_000}

REkE LEAAENRBRBEPELNESHY , MEELREENEEZPER. BETUATR
BRfl, EEEBSBRXXHHERNBEFCIE—NEN S’ B FK, £ “src” BEF , A 0_
Getting_started_papermill .ipynb, notebook_runner.py F requirements.txt 18 X £,

import time
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_azrn,
source_module="src",
entry_point="src.notebook_runner:run_notebook",
input_data="src/0_Getting_started_papermill.ipynb",
hyperparameters=hyperparameters,
job_name=f"papermill-job-demo-{int(time.time())3}",

# Print job to record the ARN
print(job)

ENREEILEA DG REHBSE , EZSH notebook_runner.py python X #H#Y
load_jobs_hyperparams() BE#. EEBREHFULHMEZNLRIENESEH , BETUTRB,

from braket.aws import AwsQuantumJob

# Get the job using the ARN

job_arn = "arn:aws:braket:us-east-1:111122223333:job/5eabb790-d3ff-47cc-98ed-
b4@25e9e296f" # Replace with your job ARN

job = AwsQuantumJob(arn=job_arn)

# Access the hyperparameters

job_metadata = job.metadata()

hyperparameters = job_metadata.get("hyperParameters", {})
print(hyperparameters)

BEXFINACERABSHBNESZELR , 152 H Amazon Braket Hybrid Jobs #iEH# QAOA #
Amazon Braket Hybrid Jobs ##EF # QAOA PennyLane M Quantum #l.E8¥ 3,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/0_Getting_started_papermill.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/requirements.txt
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/0_Getting_started_papermill.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/notebook_runner.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/requirements.txt
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/notebook_runner.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
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(iR p=A= R (SRR

RFENEL , BAEETENER, BIAERT , Amazon Braket 27 ml.m5. large £6I £iE1T
BNEERA, B2 , EORBEESHFLN , EAUEAUNTSANRESHBE L MEFIEE,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge"), # Use NVIDIA T4
instance with 4 GPUs.

),

MEZBEESTRARNELDHERZEEPIEE 7T A IRE , MEATLUES InstanceConfig EE
instanceCount }FHBEBENATF—ERERZMEH, LRI 5. Fla , BRI RM T HNERE 3
SR

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge", instanceCount=3), #
Use 3 NVIDIA T4 instances

),
HIRFERAZ LT m%m@%m@ parallel hEE D ELRE L. BXWMAIEE QML B Parallelize
VEROINEZEMESR , S H T =46l Notebook,
UTEANARKBIE THROE, SN GPU HESSE 6 o] ASE AR B R MK,

(® Note
EEERBESASHRINMERITERHIEE , 55 Amazon Braket Fi &l 7T H

PSS vCPU N (GiB)
ml.t3.large 2 8

i B SRR A 1l S5 4 215


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
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FRARER

FrIESE B
ml.t3.xlarge

ml.t3.2xlarge

ml.m5.large ( ZRIA )

ml.m5.xlarge
ml.m5.2xlarge
ml.m5.4xlarge
ml.m5.12xlarge

ml.m5.24xlarge

= HEBESK B
ml.c5.xlarge
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ml.cSn.xlarge
ml.cSn.2xlarge
ml.c5n.4xlarge

ml.c5n.9xlarge

ml.c5n.18xlarge

vCPU

16

48

96

vCPU

16

36

72

16

36

72

HNE (GiB)
16
32
16
16
32
64
192

384

HNE (GiB)
8

16

32

72

144

10.5

21

32

72

192
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GPU &Ll GPU vCPU M#F (GiB) GPU R (GiB)
ml.p4d.24xlarge 8 96 1152 320
ml.g4dn.xlarge 1 4 16 16
ml.g4dn.2xlarge 1 8 32 16
ml.g4dn.4xlarge 1 16 64 16
ml.g4dn.8xlarge 1 32 128 16
ml.g4dn.12xlarge 4 48 192 64
ml.g4dn.16xlarge 1 64 256 16
ml.g6.xlarge 1 4 16 24
ml.g6.2xlarge 1 8 32 24
ml.g6.4xlarge 1 16 64 24
ml.g6.8xlarge 1 32 128 24
ml.g6.12xlarge 4 48 192 96
ml.g6.16xlarge 1 64 256 24
ml.g6.24xlarge 4 96 384 96
ml.g6.48xlarge 8 192 768 192
ml.g6e.xlarge 1 4 32 48
ml.g6e.2xlarge 1 8 64 48
ml.g6e.4xlarge 1 16 128 48
ml.g6e.8xlarge 1 32 256 48
ml.g6e.12xlarge 4 48 384 192
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GPU &Ll GPU vCPU M#F (GiB) GPU R (GiB)
ml.g6e.16xlarge 1 64 512 48
ml.g6e.24xlarge 4 96 768 192
ml.g6e.48xlarge 8 192 1536 384

BN RHIER 30 GB HEIERME (SSD ) WEIAELE. ER , B URBESEE instanceType #
BN AN AREFME, LT REIEE I S 76 2= E 8 i El 50 GB.

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(
instance_config=InstanceConfig(
instanceType="ml.g4dn.xlarge",
volumeSizeInGb=50,
),
),
£ AwsSession FELEBRIAF

FEHECH AwsSession EHITTIARE RIEM , LLugE® 7 ERIA Amazon S3 F# s E B E XA
B, RMIAMBRT , MEEEMN AwsSession B9 Amazon S3 IZEMEZE RN "amazon-braket-{id}-
{region}"., B2 , EAIZ AwsSession i} , WA LLUEEBEEZEERIA Amazon S3 WFMENE. AP
A LAk 3 /F AwsSession F&{&i#% E] AwsQuantumJob.create() AiEH | 2t aws_session &
B, ML TREBREIFT R

aws_session = AwsSession(default_bucket="amazon-braket-s3-demo-bucket")

# Then you can use that AwsSession when creating a hybrid job
job = AwsQuantumJob.create(

aws_session=aws_session
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FERASHLRFMRES L RYIEE

Amazon Braket TFER L QPU LHITSHILEmIFE. X , BALUURE—XBE , MTARAEE
EEPHEBREREE—R , NTIRDEHERAE BN RESREXNTHE. XETURIERE
Hybrid Jobs HIiZ1TEY , RN BLEES I HEFRILRK. RFHSBILBEIESRN Braket Hybrid
Jobs R BB ZHMH QPU BIF, X FKEELETHIRE/EL , Braket EmiIFBEN BN FEHE
HREFRENEFIRERE  UBARREERERENE R,

EORSBLRR  AEFEREENATRESHBENBA, EZHIFF , RNEAT —NMESH
LR , Bl T HRER BN EMLHELE, W THENTHERE , ERERERIFSEBFNIT
ZHE | fINESKERPERSH.

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.")

BRI AERA L TELEAREREEZMALURBEELEREZET. EXFSHILEEN QPU LIiE1T Hybrid
Jobs BY , (NFEE—REITHN I HFBE. EETRNETH , EEFAREENBRE , THETMATAN
HRIBTEN IR S Hybrid Jobs BIE TR AE,

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_azrn,
source_module="algorithm_script.py",
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)

(® Note
BrBkoHEESERRF I | FTER B Rigetti Computing WE FIIHWES QPU B FSHLREIE,

PennylLane & Amazon Braket —#2{# F

BEEZRANEERHESNETIETNE L, FHIESHELHBEH ( EC2 E4I= Notebook ) L&
17, ETESELEEUES LET , ELEETITEN LET. BINBWEERESELINEZTES
8, BXREZEER |, FS IR Amazon Braket £5%,

Amazon Braket fE2 8% £ Amazon Braket IH4HIEEBI T |, =& Amazon PennylLane Braket
Python SDK FIRAIEIEARTFHEREEMEZITREETFE L, ETHHTF X ITESH Amazon Braket
NELRARFEELTER/GANTRENESTRELRESE L, PennyLane B2 , EA] PennyLane Z P
EE K RENERMTEFENHR.

RXTEREETEE

BEETEANIESHTULREE , RNIREFUHEREBESTLERSE , NFEER, HEPR
MHENEFIHBENEFEANNS ; Bt , KBSTHELRTRSWEFIHER , NS BIHE

Hixo

EUHRN (EFHMETRE ) RETFHH (BTHOAET ) L RKNAB TR AZERTHHE
FREE, HTEXMRE , MW TRENE FREKETERIKE , XERBEHNRFPRE
F (NISQ) &%,

HREGEBTEET , BTAEER (QPU ) RHALH CPU L ERR , TMATMREBEZFHE
LEitE, BRMITHREIAKRSERE , fF AR,

ATHEAE :

- T4 Amazon Braket PennylLane

 Amazon Braket FEYE S B £ R 5] Notebook

- wmAH#AI PennyLane (FERHESEE

« PennylLane £ Amazon Braket &\ 88 F /5 £ BE i 3
- FEREAELF PennyLane 21T QAOA &%

« £/ PennyLane 8t AR FERIZITES THEARK

( m4% ) PennyLane £ Amazon Braket 220


https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Quantum_Phase_Estimation
https://github.com/aws/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Grover
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8 Amazon Braket PennylLane

Amazon Braket iPennyLane B & F M2 wEM SHEN T RRHERREMR ., SUUERZE
BRYGEFEE , RMBINGFHENERKIBEFLE., EFVSFINRCPINITERBTHBREE
—¥,

% PennylLane BE A BEMINEFF I T E ( 235 PyTorch # ) £ 740 TensorFlow , F&F B
SGEBREMEM.

 PennylLane fE —— PennylLane Bt Z%& 7 Amazon Braket £i2 4B +H, EMHIGE Amazon
Braket &% PennylLane , HH FERAHFERALUTH TS A PennyLane &,

import pennylane as gml

##Z Notebook AJHBHBIRIEA[T, THE , LA LUEE B 21%#FEH IDE PennylLane £ Amazon Braket
EERA

« AmazonBraket PennyLane &t — EfARE 2 H IDE , REJLLF 3 Z % Amazon Braket
PennyLane f@#f. Zi@#F PennyLane 5 Amazon Braket Python SDK 3% , E LR A BLFE Amazon
Braket %% PennyLane LiZ{TE8#, EX%*K1% PennyLane # , BFEAUT®H S,

pip install amazon-braket-pennylane-plugin

BT RBER T S £ PennyLaneiR EX Amazon Braket 12 & 815 R AR :

# to use SV1

import pennylane as gml

svl = gml.device("braket.aws.qubit", device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/sv1l", wires=2)

# to run a circuit:
@qml.qgnode(svl)
def circuit(x):
gml.RZ(x, wires=0)
gml.CNOT(wires=[0,1])
gml.RY(x, wires=1)
return gml.expval(gml.PauliZ(1))

result = circuit(@.543)
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https://pennylane.ai
https://github.com/aws/amazon-braket-sdk-python

Amazon Braket FEANGIER

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

BXRHBERPIFE ZE R PennyLane , i Amazon Braket =771 E.

AmazonBraket PennyLane i EH R FE—1TREBEIAI £ Amazon PennyLane Braket QPU F#t A
FERRE A, ©RME T Amazon Braket E 7834 A A PennyLane :

« braket.aws.qubit FAF & Amazon Braket RS E FIRE — 21T , B QPU FELES
« braket.local.qubit AT Amazon Braket SDK f A b8 851Z 1T

AmazonBraket PennylLane {42 FFRH. YRAILAMPennyLane &4 GitHub FEEFREE.

BXRWEZE LR PennylLane , iEZFPennyLane M5 EA TR,

Amazon Braket F YRS & xRl Notebook

Amazon Braket FSE1R 7 B AKX H PennylLane A RZTESEEZN RHIZIEHK, B LAFA
X iR BAEE 55 /5 AR Amazon Braket J2 & =45l Notebook FEVEM—A , WEFIRLCUEILEE
(QAOQA) HE 7 & FHEKR#E2R (VQE),

Amazon Braket 7= Notebook fk#t F Amazon Braket Python SDK, SDK &% T —/\&3i Amazon
Braket SEFItEBEHRBHTRENER, E-R—INTEE , EERBEAZREEIERENE T
il

&R LAE R FERATH = Notebook 3## —FH#RZE Amazon Braket,

w A A PennyLane (A ESRHESE E

Amazon Braket Hybrid Jobs B & T R B = £ 8E CPU F GPU-based kR A S AE L

2o PennyLaneZRIIBMAXNBIFATUAEZEBRAZEWESHELERD , SERBREOE
lightning.qubit &#£.25. A NVIDIA 8 cuQuantum FEHNEH 1lightning.gpu BIEE, X
LHRAXNEURFEEEELTDEL , MEFNEFY , XEEZTUNSRAEE (MEERDE ) PF
o BAILME— N ZA CPU B GPU 3£4l Bz TiX i AN &S,

f&Bh Hybrid Jobs , IR LAE AL BIPLIEEEN QPU A E. Amazon Braket IREHESR (
m) REFEFEAFNBRARNBESKETEDEENRB, SV1 PennylLane
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https://github.com/aws/amazon-braket-examples/tree/main/examples/pennylane
https://github.com/amazon-braket/amazon-braket-pennylane-plugin-python
https://pennylane.ai
https://github.com/aws/amazon-braket-examples/tree/main/examples/hybrid_quantum_algorithms
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-examples
https://github.com/PennyLaneAI/pennylane-lightning
https://developer.nvidia.com/cuquantum-sdk
https://docs.pennylane.ai/en/stable/introduction/interfaces.html#simulation-based-differentiation
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AR BB 2L Hybrid Jobs BEEHFATA , BFEEHA ehybrid_job FiMEEREMHEH
X Python Bi#k. EfEM PennylLane 1ightning.gpuiE#lgs , BMEFEEFIEE GPU £
5l , InstanceConfigf A FRIB K BRFTR :

import pennylane as gml
from braket.jobs import hybrid_job
from braket.jobs.config import InstanceConfig

ehybrid_job(device="1local:pennylane/lightning.gpu",
instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge"))
def function(wires):
dev = gml.device("lightning.gpu", wires=wires)

EFtaE AT A Hybrid Jobs B PennyLane B A& | FHS A RHIZIEAK,
PennyLane 8 Amazon Braket #1837 |5 £ BE# 2

f&Bh Amazon Braket By PennyLane ¥ , EREPRS QA ERLIEDH SV1 LiZ1Tr , B AERAHRE
WA EITERE,

EE  EFEAMAREMDE , BTELEM gnode MIE diff_method='adjoint' #IEE
diff_method='device', BT RHl,

device_arn = "arn:aws:braket:::device/quantum-simulator/amazon/sv1"
dev = gml.device("braket.aws.qubit", wires=wires, shots=0, device_arn=device_azrn)

@qml.qgnode(dev, diff_method="device")
def cost_function(params):
circuit(params)
return gml.expval(cost_h)

gradient = gml.grad(circuit)
initial_gradient = gradient(paramsQ)

® Note
B &l , PennyLane 11 & QAOA MR EMN £ A , HERATINRZWERE
FOHAESANPEE, MEEHEM PennylLane HIiE1T QAOA B EH SV1 B ERESK
PEESD , WEEBIBRIDAEHRREEZNARBREZWER | IR : cost_h,
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mixer_h = gml.gaoa.max_clique(g, constrained=False) cost_h =
gml.Hamiltonian(cost_h.coeffs, cost_h.ops)

# AR &1L PennyLane i21T QAOA B %

EATSH | BEEAMENIRESHILEIR PennyLane —RREXGRHNESREF. S0 LR E XM
ARFREFIELELEE (QACA) B8, ZEFBIET —NSLHEM Max Cut R R BB B #Y
BRAKRY , EETSBILEFEE , HEABETRERRILSE , NTERREBRFH/IME. Eit
Bl AERER  RNEEEZMAPERRBE , EXTERBNFRARS , REMERBEIEA
BERETNETABERMETHNE, I7E parametrize_differentiable BRIAR True , EHILIE
ALUBEREXFN QPU E#H TS EZERBIREBREREETRMEEENIFL,

import os
import json
import time

from braket.jobs import save_job_result
from braket.jobs.metrics import log_metric

import networkx as nx

import pennylane as gml

from pennylane import numpy as np
from matplotlib import pyplot as plt

def init_pl_device(device_arn, num_nodes, shots, max_parallel):

return gml.device(
"braket.aws.qubit",
device_arn=device_arn,
wires=num_nodes,
shots=shots,
# Set s3_destination_folder=None to output task results to a default folder
s3_destination_folder=None,
parallel=True,
max_parallel=max_parallel,
parametrize_differentiable=True, # This flag is True by default.

def start_here():
input_dir = os.environ["AMZN_BRAKET_INPUT_DIR"]
output_dir = os.environ["AMZN_BRAKET_JOB_RESULTS_DIR"]
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
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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.qgaoa.cost_layer(gamma, cost_h)
gml.gaoa.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])

dev = init_pl_device(device_arn, num_nodes, shots, max_parallel)
np.random.seed(seed)

cost_function = gml.ExpvalCost(circuit, cost_h, dev, optimize=True)
params = @0.01 * np.random.uniform(size=[2, p])
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optimizer = gml.GradientDescentOptimizer(stepsize=stepsize)
print("Optimization start")

for iteration in range(num_iterations):
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 - t0@} seconds")

final_cost = float(cost_function(params))
log_metric(
metric_name="Cost",
value=final_cost,
iteration_number=num_iterations,

# We're done with the hybrid job, so save the result.
# This will be returned in job.result()
save_job_result({"params": params.numpy().tolist(), "cost": final_cost})

(@ Note
BREAFEFREF SN | PFIAXRE Rigetti Computing WETFITHES QPU BXFSBULEF,
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£/ PennyLane R AP EBREITREES TERE

it FA1I1kE B AEA Amaz PennylLane on Braket ;EAEE R A RNELIBERIZITRS

TEfA#. Pennylane KJ GPU-based B A A E 25 fFE A Nvidia cuQuantum FE 3k hniE e, 3& {5

B, lightning.gput AN GPU E#\2BE 2 1EFE Braket {EAL BB #IT T HECE , AP ATLAFFFEED
A, BAXTH , BTN BUMEFER 1lightning. gpu KINFEES TEAHK.

£/ | ightning.gp u &2 QAOA THEAH

ZEZ Notebook FHIE FIELUE{LE X ( QAOA ) R, EEFBBMRANEIEE , FfF device &
BUEENUTHERWESRE : "local:<provider>/<simulator_name>", i , EA[LL&E
lightning.gpu B "local:pennylane/lightning.gpu". B3R HL%A Hybrid Jobs i & F
R ERIFENIFIEEE "AMZN_BRAKET_DEVICE_ARN" f&i# 48 1Z4E .,

device_string = os.environ["AMZN_BRAKET_DEVICE_ARN"]
prefix, device_name = device_string.split("/")
device = gml.device(simulator_name, wires=n_wires)

EATHF , EEAMRAR PennyLane RSB EELZF1ightning. qubit ( B) CPU-based )
Mlightning.gpu ( Bl GPU-based ) . NEEIBFREBENL 2B UTTERHBEE,

NE , CEARHREELEIMAR, EARMEFIKEZIT QAOA EiE : ml.m5.2x1large
M ml.g4dn.xlarge, ml.m5.2xlarge SR Y FIRENTFEAR
Notebook, ml.g4dn.xlarge@—MHEITESEHl , ©F— NVIDIA T4 GPU H 16GB 7%,

EE1T GPU , BINBEAFTEEERBTHMGHNERASES| ( BRIAJIML.m5. 2x1arge3kHl ) .

from braket.aws import AwsSession
from braket.jobs.image_uris import Framework, retrieve_image

image_uri = retrieve_image(Framework.PL_PYTORCH, AwsSession().region)
instance_config = InstanceConfig(instanceType="ml.g4dn.xlarge")

RE , BINEERNXESHBURRSGEMESELSHFPEMNRZSHE ATREEL RS,

@hybrid_job(
device="local:pennylane/lightning.gpu",
input_data=input_file_path,
image_uri=image_uri,
instance_config=instance_config)

def run_gaoa_hybrid_job_gpu(p=1, steps=10):
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params = np.random.rand(2, p)
braket_task_tracker = Tracker()

graph = nx.read_adjlist(input_file_path, nodetype=int)
wires = list(graph.nodes)
cost_h, _mixer_h = gaoa.maxcut(graph)

device_string = os.environ["AMZN_BRAKET_DEVICE_ARN"]
prefix, device_name = device_string.split("/")
dev= gml.device(simulator_name, wires=len(wires))

® Note

MR EFER GPU-based =38 E R , Bik#¥instance_configER#RA R CPU-based &l
2% (lightning.qubit) , MIF <A GPU, deviceMR{REHE GPU , —EEFABRAR
GPU-based #1125 !

m5.2xlarge3kflFEEERIFBLYN 73 ¥, Mml.gsdn. xlargeSEHlfy &R ELIR 0.6

. MFixAN 21 EFHBNIERE , GPU EZHIRERIREM T 100 FH MR, MRIREE Amazon
Braket Hybrid Jobs EM T HE , YRAIA B EISEHIRIE 28T AR 0.00768 £t , Mim5.2x1large3kflH
BoMTARN 0.01227 m1.g4dn.xlarge £jt. EXMERT , £ GPU XHI LETER,. EEH,

BT SREIMBEHT

MRENTHERBRERETRESINGHETIRES (QML) |, NATSERBEFTERE -
RIEAH. EQULH , EREE-IHZIETFHEE, ZRETRETERETTSLHBEN
%, ERABEFRIGEER  SEFEREPNSHUARIMERAEE, RARBEERHXNEMER
UREBENMNBREENTERINEMRIELN. £ QML # , BEEFTIHERE , AEERTEINEE
TENESHRE, KEEFERN , AHREFHRE M HE/INER T,

BT MESNBRATERHR TEHAKES , R TIEEHRK | RN TG ETREHE S
KOBMEANBE, XMEBFMIBNHREH1TH. &8 SageMakers X EIEH 1T , Amazon Braket
Hybrid Jobs B 1k 2 58 42 ¥ th f5 F 503 H 17 M SR R I 45

ZRUAT QUL BEHTIHEAR , ZTERABRER AR UCI FREPNENBIEEFEN - D RN R
Bl, ZFEABIEESR 208 MEER , BNEERE 60 MEE , RERBRERMME LRENFRESH
WEN, BIMEBE/RELABIRENM (KEXBEF ) , BELAREAR (RTEAR ) . RN QUL RHE
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HAAER., FIRBENEFHENAEEER. AARNRLEERPRINNELHBEZME PyTorch,
B FHEKRFEAN gml.q PennyLane nn 3R 5 PyTorch HZMEER, EXTHEATNEZEFMAER
BZREANIH =6 Notebook, ik EEHHR QAOA RHI—# |, {RATLUBE EA#A X GPU-based fF E
25 ( Ltk ) RFAH GPU PennylLane K58 KE#Elightning. gpusRIBEEWRARNELIBIHMAE. CPU-
based

EQBESEL , B lBESTEXREFSEIAM AwsQuantumlob.create MIEEEZMIA, REM
Hif &,

instance_config = InstanceConfig(instanceType='ml.g4dn.xlarge')

hyperparameters={"nwires": "10",
Ilndatall: Il32ll’

}

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

EFERABEHTHE , BFEE N SageMaker 2 M REEEMAPHJLITRE , LEBHTILIIL,
B, B8 A smdistributed B3 , ZRHEBATFTIEAR S EEIZD GPU FMZANEH], 1t
22 2 7 Braket PyTorch #l TensorFlowA s LB E. dist ERFIFERNWEEZH AR TSk
(world_size) B GPU &%k , MRk GPU W#&H rank M local_rank. rank & GPU B34l
RR4EX 5] , ™ local_rank & GPU ERFIFRMERSE|, Hln , nREMEANSEE , SNEHIE R
GPB T\ GPU , M rank BSEEHR 0 2 31, local_rank BSEEIR 0 E 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)
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ETR , B85 world_size M rank EX — DistributedSampler , A/EIFEH4£3% B EIE N
R, LERHESSTIES GPU HRIBIEENE —K K.

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

)

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

TSk, A DistributedDataParallel kB BAIEATH,

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP

model
model

DressedQNN(gc_dev).to(device)
DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])

UERFERABEHITHEMENENR. £ QML H |, BEBEEHLERTFL %?F?TEI]UHQ?J&JEO mESN
GPU BMETHRENITHGS , WEERFHELEZFEEGE , £ RGHERS., MEBEXTBERLLE ,
BHREEFEHAESR rank 0 B9 GPU #ATRIZFITED,

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 JE&F%5 X # SageMaker 2 AN BIEH TEMmM] . g4dn.12xlargesk
IR, BT LUEN Hybrid Jobs InstanceConfig FHSEELBSHIKRE, EfF
SageMaker X BBEHTENEBREHTHECER , LFEEFFMANESE ,
Bl"sagemaker_distributed_dataparallel_enabled"iRE N IEFEFEAMEHIE
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B true"M"sagemaker_instance_type"iRE., XA NESHHE smdistributed HHE3HE
o BHEEMATERHEEATH]. £ Amazon Braket SDK |, BI#ET —MNAEHNXREBFESH

distribution, B TEAESBIEHTM distribution="data_parallel" , Amazon Braket

SDK 2B RN EB/AFNES K. MREEFER Amazon Braket APl , | EEGEXHNMESHK.

BEFRGIMBEHTERS , BUETURERESEL T, —FPml.gsdn.12xlargeEplHE 4

N GPU, i&E& instanceCount=1J5 , TERE "D HEXRFIFH 8 4 GPU £, MREEE
instanceCount KF 1, WIERABRF 2 HEFRBERFIPATAN GPU L, FHZANRFIN , B3
BlRBENFERMBEFERH, fl, AEERAENEGIN |, it EEENEFETHBNEE , B
AEONRHIRZETRN TERE,

instance_config = InstanceConfig(instanceType='ml.g4dn.12xlarge’,
instanceCount=1,

)

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

}

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

(® Note
EEEABSELGIZESD | train_dp.py REXEATERABEHITHENEEMA, BFid
¥, AFLERE LR B REEMAR |, BEATHETRERE T, MREREBBRE
EMAER T B ABEATERD , MESHFLTESE|IRER , RES GPU AJRELE
SELAERRNBED R , NIERERET.

WMRERFY , FASNXRATAERBMREIBRDILNINBER, BXESZHAEE | BSHRHIEILR
o
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CUDA-Q 5 Amazon Braket —#2{# /A

NVIDIA's CUDA-Q B — NHHE , THRBERGEFEEMRIT , REEESE T CPU, GPU M
EFLESET (QPU) ., BEATSE—HNHEEERE  TEFRAREENMNEFPRIAIZHESHE
FES , NmE{L TERE. CUDA-Q FIAHEWE CPU Ml GPU &l NEE FREFELNIZIT
if. CUDA-Q i& A T R4 Braket Notebook 3= ( NBI ) 1 Amazon Braket Hybrid Jobs,

ATAHEA :
« CUDA-Q 7£ NBI
« CUDA-Q EBE& e

CUDA-Q 7£ NBI #

CUDA-Q BRIAZ %R 1E Braket NBI Fh3Er, EAILUEN A11F Jupyter & 31 85 71 H H %1% CUDA-Q #
Braket Bk $TFF CUDA-Q 45l Notebook., X¥FHEEEH 0_Getting_started_with_CUDA-
Q.ipynb FITF 7~ Notebook. BXE % CUDA-Q =¥l , &S nvidia_cuda_q/ B ZHH LM
H R

#25& A LA AIE NBl R M CUDA-Q SMEMEME= ARG SHIRA, i , B UELEARBE
THETUTHSRBIEREFZREMHCUDA-Q, Qiskit M Braket Z4FZHIRA, PennylLane

%pip freeze | grep -i -e cudaq -e giskit -e pennylane -e braket

CUDA-Q #EB& e+

#£ Amazon Braket Hybrid Jobs £ CUDA-Q ARt REMNZFBITERR, ITESFNEEN ITE

NEBFENERNETT , BREREREERFEAEZI%E, Amazon Braket Hybrid Jobs 12 7 AT EHY

#%, AFAUNRPHEGIFHEHTRERITANE , AEAQYT BEIEBAEE S TEMR AT
SEEESCIG Y KBS,

Amazon Braket Hybrid Jobs X#X TR ARE b X 1E CUDA-Q WE L EXREEMN GPU, SEH#
AL , GPU A EEMRE FEF CPU-based FEERE , AHREFASE FHLFHBERN, £
Amazon Braket Hybrid Jobs E{£#/f CUDA-Q Bt , H{T{LZER$BE T, Hybrid Jobs f&i{t T & KA
MAMBTHEESMETILND A, BEBIXT CUDA-Q THEABNTLEHTIL , AFEBEES
BHREFEAIENEL , MARNKHEEK R EEMEN,

EF M6 Braket 12tH CUDA-Q BE AL RS , i5ZS R Github £ Amazon Braket =45 Github
+# CUDA-Q ATTR%Hl,
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LU F B2 B Amazon Braket Hybrid Jobs =17 CUDA-Q f2F# hello-world R4,

image_uri = retrieve_image(Framework.CUDAQ, AwsSession().region)

@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('/')[-1]1)

# 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

FEMRHIEL T CPU EHIBE LRI /REBEK, LRBITEER Notebook = Braket Jupyter Notebook
EA&MZEIT, BT local=True REWERE , HEZETIHBARN | FEEN AR F B —NAER
¥i21T CUDA-Q BTN HMIF . THMNAGE , BRI SBER local=True FRE&EH LT AWS
FiETEL, ETHRESZER |, BZHEA Amazon Braket Hybrid Jobs.

MREZVNTITENBEERSHWETFLENR, RENBRFIAXENER , NALEDTEE
instance_config REXRFEAER AR CPU ITERER. A TRBEERNAE hybrid_job i
2P ELE instance_config BB, BXRATXHFRFIRBENESZEFELR , BSREHIKE, BxKHFE
BEFIxK , HSHE Amazon EC2 SEHISKH,

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

)
def my_job_script():
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Amazon Braket FEARIERE
NFERESWIEMAE , BALIE CUDA-Q GPU &Rl LizTITEMAE. EFSH GPU &E#IZE
BEEAFHEM nvidia, nvidia Fi%4EN CUDA-Q GPU IS 1T. BTk |, &F X NVIDIA
GPU B Amazon EC2 SRfIZ8 &, UTRBABERT GPU-configured hybrid_job#iMgs.

@hybrid_job(
device="local:nvidia/nvidia",
image_uri=image_uri,
instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge"),
)
def my_job_script():

Amazon Braket Hybrid Jobs #1 NBI 2% CUDA-Q 3173 1T GPU ##l, BAILAHTITESZ AT
MAUBERZSN LR , UIRATEABRNMERE. EHTHESANATUNE , ERNEEMAMGEATER,

RIE nvidia BWwAY mgpu &M, XRATILAMMERSLEN. BT MPI EEERTHDHRHE
WITZ R , ATEAFATILER MPI £ GPU 2 B3 1TIEIS,

ETX , Bidi&E execution=cudaq.parallel.mpi BBERTER, UTREFRERTXEE
S

cudaqg.set_target("nvidia", option="mqgpu")
cudag.mpi.initialize()
result = cudaqg.observe(

kernel, hamiltonian, shots_count=n_shots, execution=cudaq.parallel.mpi
)

cudag.mpi.finalize()

£ hybrid_job E#izgPIEELE S GPU RISKFIRE | BT R R

@hybrid_job(
device="local:nvidia/nvidia-mqpu",
instance_config=InstanceConfig(instanceType="ml.g4dn.12xlarge", instanceCount=1),
image_uri=image_uri,

)

def parallel_observables_gpu_job(sagemaker_mpi_enabled=True):

Amazon Braket R H 8 H 174l Notebook Github 24t 7% 2 R , JE/R T W{A1E GPU FiRIZ 1T
ETEFELSR a3 a] M0 E R B R E AT HTERL,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/nvidia_cuda_q/5_Multiple_GPU_simulations.ipynb
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EEFIHEN LZETIERR

SERELRSENRE , B LUIEEIE QPU LETXE, RFE N BRI E Amazon Braket QPU , 20
IQM. lonQ = Rigetti & EIA, AT BREEE T BFRREN IQM Garnet 8%, BXxA A
QPU B3I , i3 Amazon Braket 24| &

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

BREEAESHESEE , BSRA KEREHRMEH Amazon Braket Hybrid Jobs, BT B x
CUDA-Q WEZEE |, EZ @ NVIDIA CUDA-Q X 44,
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Amazon Braket #FEHERR

55 FA A5 Y S PR HEBRE 2 A #8175 2SR 8 BY % R Amazon Braket BY [R5,
AHFRA :

« AccessDeniedException

- @A CreateQuantumTask #{Ert Hi %8 (ValidationException)

« X/ SDK ZhaeZ i fE A

- HTUTER , BEE XK ServiceQuotaExceededException
« {A41E Notebook £l {Z1E T4

« Python 3.12 FREEMEEE

« OpenQASM I FEHERR

AccessDeniedException

MR & AccessDeniedExceptiontE /5 FI 5k £ Fi Braket B UZE| Braket , N A REEE =R TE B Z IR A
BENF RN XSS A A Braket,

ERRMIRT , WHRREHAEH AWS BER , 7R THERESA

- EEFEACRS , SRTEHRENXE,
« BREAWLZHERANSEER Braket.

MRENBEOEER Braket N EFRAERXE , WEFLTEERZBEXENRE.

A CreateQuantumTask ¥ 4ERT Hi 45 (ValidationException)

MREUWEBIZELLF An error occurred (ValidationException) when calling the
CreateQuantumTask operation: Caller doesn't have access to amazon-braket-..
WEER , BREERESI A TIAMW s3_folder, Braket A& B3I N ELIEFHH Amazon S3 FEEH
I8

MRBEZE TR APl HUFRLLTF Failed to create quantum task: Caller doesn't
have access to s3://MY_BUCKET W4RiR , BRELEB R s3:// BETE Amazon S3 171
BEP,
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Amazon Braket FERARER
H/~ SDK Thee L AR

{REY Python MRAS A2 3.10 RESRA. X F Amazon Braket SEE1ES , FA1#E Python 3.12,

IUFRH) SDK MZEHREBIEH, up-to-dateEM Notebook 2 Python w83 E# SDK , EEITUT

we

pip install amazon-braket-sdk --upgrade --upgrade-strategy eager
EEHENY , BETU TR

pip install amazon-braket-schemas --upgrade

MREBES BEWEF1HR Amazon Braket , BHIAEHAWS Xig 2 & B1i%iE N Amazon Braket &
B X,

HTFUTERER , BEEl XM ServiceQuotaExceededException

MREBE BREUBRRBNAREFESRE , WAL A2 X Amazon Braket I ZRETE
FRESHESHFL. BXRBSREINESEE , BSARTAER.

MREEKRFHPHSMEEELINELRRESITHRES , WAEQIESEIR,

EEFH R ERNSB[EZNHEAEFESE , BEA search-quantum-tasks APl , BILL RS
NIRRT R

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

R LAE AT S CloudWatch B EE £ MR B BN E FE5 : Braket > B y Device,

A SDK hee kLA 237
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NBRBIXLEEIR , BRITUTRE

1. BRGMEUBRBHEEFESHENRSEH. XMERT SV1 8%,
2. BRI ServiceQuotaExceeded REHEIR,

¢H {47 Notebook 325l {= 1k T 4

1R Notebook R LA HZIETHE , BZIRAUTRE,

1. [ E 0B RIS XA FTE Notebook T & R4 1#h IR 5h B,
2. = RIER Notebook 324,

4. ERAEAMEZTRNEIE Notebook K44,
5. ¥ Notebook 1% BIF =4,

Python 3.12 F 4% % ¥ f 2

M BEHE : 2026518218

R

B 2026 £ 1 A 21 Bi& , Amazon Braket FAIEZICAKFIFITE DR HE S (Base, CU TensorFlow

DA-Q #1 ) B Python :Z4TBIM 3.10 AR F 3.12, PyTorchAigMRA 7 E A FREMEBIBA#FIRF

=

t

ATRAR

- EREIRER

« Braket HE£IC A BN

« Hybrid Job $4figs
 Bring-Your-Own-Container (BYOC)
- Braket £iEREHI AR

48 47 Notebook L6l F{Z 1k T4E 238


https://github.com/amazon-braket/amazon-braket-examples
https://github.com/amazon-braket/amazon-braket-containers/tree/main
https://github.com/amazon-braket/amazon-braket-containers/tree/main
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H s N

A5 ,._,\

SDK Python M7 F LHE£5 1%
BiR

RuntimeError: Python version must match between local environment and container. Client
is running Python 3.10 locally, but container uses Python 3.12.

JE&A : Braket SDK ® M YRV IC A IETEZ 1T Python 3.10 , 1B2 Hybrid Job B85 IE1EZ T Python
3.12,

BRAR  ELRMRNEIEARARE Python 3.12 , ELEEZ Python 3.10 &A%,

Cloudpickle FF5ll{L£4 1%
BiR

TypeError: code() argument 13 must be str, not int

RRA : anR % SDK ¥HE , AT Python 3.12 AR IEERER CodeType K4 721l , cloudpickle ¥
FoERF ML Python 3.10 1 3.12 Z [E KRB,

BRAR : BREVEICANBREAERA Python R4S,
Braket £ &% 104 8 i

WRYRIE Python 3.10 £iZ1T Braket Notebook SKHIHRIGEEFL , MABEIRAF TAEEIR , BR
ES BRI ERANER Python 3.12,

RERMEE

. Braket £ 124 3L 6 A 4
2 . Hy brid J ob Decorator

/\

2. BElEE:

Hybrid Job $4fizs

EffAehybrid_job%ifigs , BHRER Python NiRASF SR EZH Python ARZAFEPTHEL .

EILEIRER 239
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FRARER

EIN 1 : fEF Python 3.12 B85 ( #E )

WMREEFRIREA RS Python 3.12 , EREASRFHE ( BRIAITH ) .

I 2 : £ Python 3.10 A28

MRIRATBEEAEF Python 3.10 , E7Eehybrid_jobZifizsHEAMIE Eimage_uriS .

Python 3.10 B&HF% .

BR & 5

Base
CUDA-Q
PyTorch

TensorFlow

L RBIEA us-west-2 X8,

SEZBEE URIs :

Base: 292282985366 .dkr.ecr.us-west-2.
cpu-py310-ubuntu22.04

CUDA-Q: 292282985366.dkr.ecr.us-west-2.
jobs:0.12.0-cpu-py310-0.12.0

PyTozrch: 292282985366 .dkr.ecr.us-west-2.
jobs:2.2.0-gpu-py310-cul2l-ubuntu20.04
TensorFlow: 292282985366.dkr.ecr.us-west-2.
jobs:2.14.1-gpu-py310-cull8-ubuntu20.04

Bl

Tag

1.0-cpu-py310-ubuntu22.04

0.12.0-cpu-py310-0.12.0

2.2.0-gpu-py310-cu121-ubuntu20.04

2.14 1-gpu-py310-cu118-ubuntu20.04

amazonaws.

amazonaws.

amazonaws

amazonaws.

from braket.jobs.hybrid_job import hybrid_job

from braket.devices import Devices

device_arn = Devices.Amazon.SV1

@hybrid_job(
device=device_arn,

com/amazon-braket-base-jobs:1.0-

com/amazon-braket-cudaq-

.com/amazon-braket-pytorch-

com/amazon-braket-tensorflow-

Hybrid Job % ifigg
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FRARER

image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-
jobs:1.0-cpu-py310-ubuntu22.04"

)
def my_job():
pass

(@ Note

+ Python 3.10 RBFHRIBARRE , BFSEWER,
. WBHN M0 EAMAE LT,

Bring-Your-Own-Container (BYOC)

MR LREY Dockerfile fE T B R FIREH Braket TEEBR , BBATE 2026 F£1 A 21 B2 aHiTERFN
RE X Python 3.12 BN,

E S F X35 Python 3.10 #9 Braket £ &8 % , B EHRH Dockerfile :

Z 8l ( AR fF3R18 Python 3.12 )

FROM 292282985366.dkr.
FROM 292282985366.dkr.
FROM 292282985366.dkr.
FROM 292282985366.dkr.

ecr.us-west-2.
ecr.us-west-2.
ecr.us-west-2.
ecr.us-west-2.

ZJa (F8 7 Python 3.10 L)

FROM 292282985366.dkr.

py310-ubuntu22.04

FROM 292282985366.dkr.

py310-0.12.0

FROM 292282985366.dkr.

ecr.us-west-2.

ecr.us-west-2.

ecr.us-west-2.

py310-cul2l-ubuntu20.04

FROM 292282985366.dkr.

ecr.us-west-2.

gpu-py310-cull8-ubuntu20.04

Braket £ 12 4~32 51 H 4%

BRBEUTSBRALE Python 3.12 :

amazonaws.
amazonaws.
amazonaws.
amazonaws.

amazonaws.

amazonaws.

amazonaws.

amazonaws.

com/amazon-braket-base-jobs:latest
com/amazon-braket-cudaqg-jobs:latest
com/amazon-braket-tensorflow-jobs:latest
com/amazon-braket-pytorch-jobs:latest

com/amazon-braket-base-jobs:1.0-cpu-

com/amazon-braket-cudaqg-jobs:0.12.0-cpu-

com/amazon-braket-pytorch-jobs:2.2.0-gpu-

com/amazon-braket-tensorflow-jobs:2.14.1-

Bring-Your-Own-Container (BYOC)

241
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/A Important

ERBREEAKGI 2/ , FRRE THMEERENELCANN . XEHFEERRE T AR
£,

1. FENBHIE R FTE Notebook T FI A1t 3Kz 25
2. E A Notebook 3=,

3. HIBRIZEY Notebook =4,

4. EATENBHROIE - MRV EIZEEH,

5. B LA L& FFTE 6,

OpenQASM #HFEHE K

ATRM T HEER OpenQASM 3.0 WEEF BRI HIRA A se A AN SRR EES.
ATRE:

- ZEEAHIR

« IBEL qubits $iR

« Y qubits SEHL qubits JEE IR

s BREREKBHER—FFNE qubits £Fix
- BHZLHAFEFEMN qubit FEEREIRE

« FEANEREZEFREFRETREIR

- BFIEFERDREEIR

s BFIEFERDYIE qubits FiR

« BFmiIFIE TR braket’ 5 iR

o TEREA qubits FREIREIEIR

« M qubit [TH YR qubits KIEEL IR

s FHELRIEES

OpenQASM #FEHERR 242
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A2 =
BEEBEAHEIR

Braket B 8D BARER TEXH AT LEETE OpenQASM BFEH ., il , AT ROI& 5| K ETERE

=o

OPENQASM 3;
include "standardlib.inc";

ZRBEREIRES : No terminal matches '"' in the current parser context, at
line 2 col 17.

IEELE qubits £HixR

MRAEIRRIWEEF N requiresContiguousQubitIndices IRE RN true Wik R L FEHIEEL
QUbitS ) 4%%%&%%&0

ERLBEM lonQ LIZTEFESH , A TEF2MARHIR.
OPENQASM 3;
qubit[4] q;
h glo];

cnot q[0], q[2];
cnot q[0], q[3];

ZRBEREBIREL - Device requires contiguous qubits. Qubit register q has
unused qubits q[l1l], q[4].

Y132 qubits 5EHL qubits B EHIR
FEBER—NMERFPIFYE qubits MIEHEL qubits B , XS HEIR, UTRBLEREIR.

OPENQASM 3;

qubit[2] q;
cnot q[0], $1;

ZRBEREIRES : [1ine 4] mixes physical qubits and qubits registers.

FEBAER 243
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BRERKBHER—ZFFNE qubits £5ix

MRERERRBEAER —BFHBAENE qubits , FLEBHEIR. ATRBLERHER,

OPENQASM 3;
qubit[2] q;

h qle];

cnot q[0], ql[1];

measure q;

#pragma braket result expectation x(q[@]) @ z(q[l])

ZARBEREIREE - Qubits should not be explicitly measured when result types
are requested.

RAAWER—NEHREFRMN— qubit FFER. U TRBEREIR.

OPENQASM 3;

qubit[2] qO;
qubit[2] qi1;

ZARBEREIREL : [line 4] cannot declare a qubit register. Only 1 qubit
register is supported.

FEEXERFZmFE TSR
S ENEBAAEETHBET. U TFRBALEREBIR,

box{
x(0.5) $0;
}

ZARBEREIREE - In verbatim boxes, native gates are required. x is not a
device native gate.

BERERKBHER—FZFNE qubits FHiR 244
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BFIEFERDRENEIR

BEFIEFENERETMNYE qubitse ATRBLERREHEIR.

#pragma braket verbatim
box{

x $0;

}

ZRBEREIRHEE - In verbatim boxes, native gates are required. x is not a
device native gate.

BEFIEFERDYE qubits £51x
EFIEFELNEYIE qubitse U TREBSERYIE qubits BRK IR,

qubit[2] q;

#pragma braket verbatim
box{

rx(0.1) ql[o];

}

ZRBEREIREE : Physical qubits are required in verbatim box.
ZEFRIFIE R R D ‘braket £ iR
BATERFIEFRmFE RPEEDraket’s U TFTRBLERE IR,

#pragma braket verbatim // Correct
#pragma verbatim // wrong

ZARBERMHEIRHEE : You must include “braket” in the verbatim pragma
ToERBA qubits FmFIR S| IR
FTENEA qubits mEIFEEl. ATRBLERER.

OPENQASM 3;
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qubit q;
h ql@];

ZRBEREIR : [1ine 4] single qubit cannot be indexed.

BR , TROTHEANEA qubit A RFIZRS

OPENQASM 3;

qubit[1] q;
h q[0]; // This is valid

M qubit [THEYVYIEE qubits KRIE IR

EFEFYE qubits , BELEIRE
device.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubits
KREINRZFE AN ZYIE qubits , AFBEIEH
device.properties.paradigm.connectivity.connectivityGraph =
device.properties.paradigm.connectivity.fullyConnected R¥iFEEHE,

OPENQASM 3;

cnot $0, $14;

ZRIBEKEEIREE - [1ine 3] has disconnected qubits @ and 14
iR R HES

LocalSimulator#F OpenQasm HHESRINEE , XLEIEEABE L EE X FEL QPUs B8 LFA.
MRENEBFRXEIEX LocalSimulator BFEMEBESEE (MUTROIFATR ) , KB —FKEBE,

gasm_string = """
qubit[2] g;

h qle];
ctrl @ x q[0], q[1];

gasm_program = Program(source=qasm_string)

M qubit [THEIYIE qubits RIEEHEIR 246
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WRBERES  WREFFEHMNZIFN OpenQasm iES WAL, LocalSimulator QPUs S iz EE 25
ATRE R X H P —LEThEE,

BXZXFHN OpenQASM THEENEZER , BRI A IELIEE EX OpenQASM W& R EEZ T
[i:1)8
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Amazon Braket P &£ 4

ZEEAWS REFZE, FN AWS BF , BUUZRTENREASHLZEHRBEALANERMY
BERBAEROMMLZEY,

ZERMFHEEE AWS 5E, REREEXFEHRNENRZEMNEZIN RSN

s TEE — AWS AT RFE=HIZIT AWS IRFHERZEH AWS Cloud, AWS BRERMALUR
2FEAMIRS . Third-party fERAWS £ ITRIEHITRIEHAITRIEH — , B 1T U E i F g
ERMNZENERM. BT #HEHAT Amazon Braket WEMITX , ES Iﬂ&’“fﬂl‘l‘ﬂ]i‘mf HSEE R
MAWS RS ZEERITRIKI.

s THETE-BNRTHEERAN AWS BERE, ZEFENHERRAR , SFBENBENBRR
., BRATNERUKRERNEELIN,

WX BB TR T £ A Braket MM AFREREER, UTEFRBUMEE Braket AKX %Z
2MMNENME B IR, BB FFT m{aERE M AWS RS k# B Z IS 12 MR 25 Braket &iR.

FHRE :

- HERBZLTE

- BIERE

- BiEEF

« EEX Amazon Braket K17 B X R

« Amazon Braket RZHEXAE

+ Amazon Braket F & R E

« Amazon Braket P EMREL LM

« Amazon Braket B IREEHN L LM

+ &M T Amazon Braket ) Amazon VPC i &

HEAEBZERME
& RWHHERIE AWS WFE, FEHBEIFHBEANEN REMART HREM .

« n&ZE — AWS BIERRFE= AWS RS qﬂifffﬂﬁgﬁﬂi?ﬁm AWS Cloud, AWS &R ERHE AL
£ EANMRS ., Third-party EAAWS EM 1T XK — , FITE RN MBIERN L2 EN
. ETHERT Amazon Braket WEMMEITRI , 1§ Iﬂ AWS ZERMITXIRHNTEE R RS
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https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/programs/
https://aws.amazon.com/compliance/services-in-scope/
https://aws.amazon.com/compliance/services-in-scope/
https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/programs/
https://aws.amazon.com/compliance/services-in-scope/
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© TIREE — BAFFRENEEEL AWS ERE R ENARKNEZES. AT EEAWS RS €4
M ZEEEMEEES.

AR

FAE AWS 855 EMAT Amazon Braket HBIERIF. MABBIE AWS | RIERP BT
ERBHLRERMEN AWS Cloud, ERFLFXFEEEIER LI EWATHRE. LFAREHR
BAN AWS BS HEeRENERES. SXURRANESES  BERRERLELDEARE
AWSHH, BXBENBERPHES , BSAEANRERFEH (GDPR) H,

HFHFERPEH , BNBUUERF AWS Ik EIEHEH AWS IAM Identity Center 2, AWS Identity
and Access Management (IAM) REMNA AP, X , 8MNAFPRRBETHIERRAMENNR,
REWEE ST AR EIE

s NEBNKFERZESHRIE (MFA)
« FAF SSL/TLS 5 AWS BREE. BAMNERFER TLS 1.2, B TLS 1.3,

- EAIRE API MIAFFEZ BE AWS CloudTrail, HXxfEA CloudTrail IRERIEIR AWS SEFHEE
BZ [ (AWS CloudTrail BF 1) R AR CloudTrail o

- A AWS MEBHRF RURHEFPNRERINZ 224 AWS RS,

- FASRIEEL2RSE (B Amazon Macie ) , ©A BT AIMRFE47E Amazon S3 F R B

- MREE AWS BEWHITRED AP #HTH RN FEELE FIPS 140-3 RIFM MEBER | EEA
FIPSimiR. BXAIAM FIPS mRMWEZEE , BZH (ZEKRAESLERAE (FIPS ) 5 140-3
W) https://aws.amazon.com/compliance/fips/o

RIARWE RN BEENHRBER (WEFFNE TR ) RAREHEABAXERFTR
(WMBMRFER ) . XBEHMRAWS RS E£REH A, API SERHA4T K TE®S Amazon Braket iH
ft A& AWS CLIEt, AWS A TEHMIRER B AR ANEFZRP W AN EARERTESAT
RIS AT, MRE@MATRSIREME URL , BABNEFREEM P IS FIEEREIEX %
ARS52REVIE R

BREEE

90 XJ& , Amazon Braket 2 B BREENEB FESKRENAMBEE FES ID MEMTHE, BTZ
BREEFRR K REXEESNERDEREEN S3 FERF , BREBBEIM Amazon Braket 12
HARITRRRE R,
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https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/data-privacy-faq/
https://aws.amazon.com/compliance/data-privacy-faq/
https://aws.amazon.com/compliance/gdpr-center/
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-trails.html
https://aws.amazon.com/compliance/fips/

Amazon Braket FEANGIER

MREFBEGFE S3 FRMPFHET 00 RWALEFESNER , N4MBEMIZRKMES ID URE
ZHBERBENHEMETHIE. FSLE 90 RZFRFER. EUUERARENEERRRALHE,

EIEX Amazon Braket 8915 7] X BR

KRENBIZ1T Amazon Braket IR FI4EER P MABE RIPAFRNRNR, &7 L@ KSR E[ AP R
AERT (NEL ) MENNR. Nk , BFRENA Amazon Braket SR Bt i 2 &K~ P AV Z AP
At M TEIAR,

ERFERZM | BAMZ A Amazon Braket, E /3 Braket , BSMAUAE (1) EBEANRE 2) ES
Bl AmazonBraketFullAccess K B J B 61 & #h 8] 2. 176% R SS (Amazon S3) FH# BN AR HAGE
Ko

ATRA

« Amazon Braket &R

« Notebook M A&

- AWS I 5% Braket WIEEBUR

- REIAFIHRIELRE

- BR&IFA AR ELE Notebook L4l
- BREIAFIARIEL S3 7%

Amazon Braket ‘&R
Braket Bl 7T —f&ER : EFEFSER. bkt AWS BREHMNEREFH (ARN) M RAR :

« BIEZF : AWS::Service::Braket

« ARN Regex : arn : $ {Partition}: b raket : $ {Region}: $ {Region}: $ {Account}: quantum-task/$ {}
Randomld

Notebook A& &

#& 7] LA7E Braket £ Notebook HiRZER!, £id742E Braket el £ =) SageMaker
Amazon AT ERERR. E Notebook 5 Braket BB & , SAIEER ML
AmazonBraketServiceSageMakerNotebook FFk# IAM &,

E 6|2 Notebook , X ANFEHAEEEEANBRMINT L TREKRENAER,

B3R Amazon Braket 8915 B R 250


https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html
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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*"

Notebook F1 A 251
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}

EQR1ZAR® , BRRGIE Notebook "TIHIHFAHN P RH#ITIRIE , FBUEEBRANEVUEBRIZAR,
1R 2 Mt £ iZAmazonBraketFullAccess B

SEAGE  BuLlNZABEESE AT EXRBIHFTE Notebook,
AWS I 5% Braket It EHE

AWS EERBEZHMENEENILT KK AWS, AWS RERBEENTZENLAFIRENR , UE
BRUFBAAF, ANBEsERNR,

FiclE , AWS RERBURTSANENRBERGR TFTHRENRNE , BAEMNAHME AWS FF £
M. BMNBUBEIENBETEARMNE - EEHRRRE -SRI NR.

BIEERAWS HEFBRPENHONE, 1R AWS F3 AWS HEFRPENHNE , WEHLE
MiZKBATRBNMEZERASH (AP, ANAR ), AWS RETRELEZSIIHN APl RIERSE T
LAEF T AWS RS B9 API 24ERRTE T AWS FEE XIS,

BREZER , F5H (AM BFER) B AWS EE A KK,

F&

- AWS EEXHB . AmazonBraketFullAccess

- AWS EEXHEE : AmazonBraketJobsExecutionPolicy
« AWS FEE KB : AmazonBraketServiceRolePolicy
 Amazon Braket B 7 & AWS BUXR

AWS FEE KBS : AmazonBraketFullAccess

ZAmazonBraketFullAccess B & F Amazon Braket I /ENIR , AIFEHITUTESHNER :

M Amazon Elastic Container Registry T# & 25 : 3HUH T # A F Amazon Braket Hybrid Jobs Zh#E
MRS G, BEFVIATE “arn:aws:ecr:::repository/amazon-braket’ 1§ =,

- fRE AWS CloudTrail BE-BR T Bz fMELEHR, MLIEIRHIESMNFIEBESEH4A , &EA TR
BHER, RIS HIRE, Z AWS CloudTrail BEXHBE MK S &£ K FTE Amazon Braket
API SEBI Y IE R,

AWS EE XK 252


https://docs.aws.amazon.com/braket/latest/developerguide/braket-get-started-create-notebook.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/access_policies_managed-vs-inline.html#customer-managed-policies
https://docs.aws.amazon.com/IAM/latest/UserGuide/access_policies_managed-vs-inline.html#aws-managed-policies
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- FAAGBEHRE  EENKFFARRRSHEXA®, RZFMEXARTURKRZIHR AWS &
JRo ©RBEM Amazon Braket FREEH. A, BT LR IAM B &4£i%4 Amazon Braket
CreateJobAPI| , B1E A& HIFCE R E N B KK I AmazonBraketFullAccess EliZA &,

- SIZEEA, AEEHNEONAERE  UEFEKFNERBRBEXH : 212, EHNEFEKS,H
BX Amazon Braket FHBERNBEEE., BERESEL BEANIEIR. @2 EHA Braket 3R H
RFNE BEBIE. FMERBIEBRA CloudWatch,

« 7£ Amazon S3 FR WP CIEMEFEEIE , HIHLMEFER . E0IE S3 F#F , B HEKS,
R S3 1 |, R RBAK T FZFLL amazon-braket- FF 3k B 4F{T] 176 48 H M ZR BT
R, Braket EEXLENRFETEEENBETEIZSERNIHBRAGZHEBHANEEEPRRXL
Xt

- f£i% 1AM B : & IAM Bf{E£i%E4 CreateJob AP,

« Amazon SageMaker Al Notebook — BIZZ M EESEEI R “arn: aws: sagemaker:: notebook-instance/
amazon-braket-" # &R H SageMakersE i 4354,

- BIFPRSBLE — E 62 SageMaker Al £1i24F] Amazon Braket Hybrid 5% , &0 & REE T8
ol Il Ok

- EREFmMEN  ERXITEREZH , FERHUTNEFBHBA,

EEFNRKRBEHNIER , BSH AWS T E XS E AmazonBraketFullAccess Y,

AWS FEE KB : AmazonBraketJobsExecutionPolicy

ZAmazonBraketJobsExecutionPolicy R B 1% 5 1& Amazon Braket ‘B EFHEANHITA BN
R, INRATR

« M Amazon Elastic Container Registry T £ &85 : 3B T £ A F Amazon Braket Hybrid Jobs Zh#E
MRS IRRIIR ., BB MMAT A “arn:aws:ecr:*:*:repository/amazon-braket*’ #& X .

- SIEZEEA, ASEH4NEHAERE  LELPEKFNERABRBEEYE  EENKFPEIE,
FRMEF A X Amazon Braket FABRHN AFZEE, EHESEL BFEALANIESR. LEEAEN
Braket B & H A FHE B EBIE, FHERBIEHRA CloudWatch,

o FNBIEFMEE Amazon S3 FHEMT : JIHEBIKF HH S3 FHE , FTNRBAKF,BFHRPLL
amazon-braket-F Sk FEMFE T H MNP IREIT R, Braket EEXENRTEFISCNEEFHE
SHE RN XU BAFERHNEE PR RIX L,

. f£i% IAM A — 5 IAM At {&i% 45 Createdob APl, A& XMAFE arn:aws:iam::*:role/service-
role/AmazonBraketJobsExecutionRole* FYH& =\ o
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https://docs.aws.amazon.com/aws-managed-policy/latest/reference/AmazonBraketFullAccess.html
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EEFHRBHNR , FSH AWS EE KBS E AmazonBraketJobsExecutionPolicy i,

AWS IEEXRRE : AmazonBraketServiceRolePolicy

iZAmazonBraketServiceRolePolicy Bl %K % F Amazon Braket IR/ENR , BIFEHMITUTESHNR

« Amazon S3 : JIHEBKF R FEN , URERRBAKSH, BFEL amazon-braket- FFkHY
FFERHMN P IRET REBR

« Amazon Lo CloudWatch gs — S HFeIZ HEA, BIEXEBERURNEHHRARN Amazon
Braket 81|22 B E4HW R,

BXREBFHEXBENESER , 55 M Amazon Braket FRSHEXH B E,

ETFHRBEHNR , 525 AWS £ E KBS % AmazonBraketServiceRolePolicy F Y.

Amazon Braket ¥ T £& AWS B3R

TRIFEMANSE T Amazon Braket AWS EBER BIZIRSHRBERXLEE R ENERH.

B iR H Hf
AmazonBraketServiceRolePolicy-& & £ Amazon S3 HIFM T “a 20257 A 11 H
RN ResourceAccount ws:”: “$

{aws:PrincipalAccount}” s&43E Bl
F# CloudWatch i2 Fig4E,

AmazonBraketFullAccess-Braket BI5E€  HiNT “EH : GetProducts” # 2025 4 A 14 H
R BUR =

AmazonBraketFullAccess-Braket (£ £ S3 BR{EFFMMReso 2025 3 AT7H
WHRIBE urceAccount T “aws:”: “$

{aws:PrincipalAccount}” 438

Bl

AmazonBraketFullAccess-Braket 582 1N T s ervicequotas: GetServic 2023 £ 3 A 24 H
R BE eQuota # cloudwatch: #
Y€, GetMetricData
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https://docs.aws.amazon.com/aws-managed-policy/latest/reference/AmazonBraketJobsExecutionPolicy.html
https://docs.aws.amazon.com/aws-managed-policy/latest/reference/AmazonBraketServiceRolePolicy.html

Amazon Braket

FRARER

EK

AmazonBraketFullAccess-Braket 4

77 B R

AmazonBraketFullAccess-Braket ) T4

77 B R

AmazonBraketJobsExecutionPolicy-
Amazon Braket Hybrid Jobs K8 &l
MATHR

Braket B ZIREEE X

BRI A P 17 [\ R

DU

WHNT s3: ListAllMyBuckets X R
DEENKECEMAE Amazon
S3 FiE .

Braket % 7 ia PassRole m: ‘&
€service-role/ BRERMN
PR, AmazonBraketFullAccess

Braket E#F T RS EWLHNITA
© ARN , FEEE service-r
ole/ BEZ,

Braket FFRIRERE AWS £EE XK
BEEVEE

ERE AR EL Braket IR&E , BALARE IAM B BN INIEL N REKEE,

A BRI BA TR 1E

- CreateQuantumTask : ELFIBRERZ LOIEEFES,
« Createlob : EATEIRERZ LEIBEESIEL,
« GetDevice : RIS ERZMNIFMAEE,

AR RBIBRE T FrE QPUs ABVIARIMNPR, AWS K 123456789012

JSON

{
"Version":"2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [

"braket:CreateQuantumTask",

B

2022 £ 3 A 31 H

2021 £ 11 A 29
H

2021 11 A 29
H

2021 £ 11 A 29
H
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"braket:Createlob",
"braket:GetDevice"

1,

"Resource": [
"arn:aws:braket:*:*:device/qpu/*"

]I
"Condition": {
"StringEquals": {
"aws:PrincipalAccount": "123456789012"
}

(@ Note

MRBEHFHERR1Z braket:GetDevice #4E , ABAAF @S Braket #BHI & ZRZEM ( Hi
Mg A AN, BUERENEN ) BIREUR.

EWRLEARB | FRAZRIEEMN Amazon BIRS (ARN ) REL—NRAAPETRHNZERFE, LFRFH
RMBEIRE, £ Braket  , &R K— QPU ZERZE , B LLARAECREITEFES. TAHRR
FIEERNEH L, ERMNEMATEEN XL IZRZNIHRINER :

* arn:aws:braket:<region>:*:device/qpu/<provider>/<device_id>

* arn:aws:braket:<region>:*:device/quantum-simulator/<provider>/<device_id>

T REMIRZ TR REHN RE

- EEMBEXEFIEE QPUs £ , BHATUUTIRYE : arn:aws:braket:*:*:device/qpu/*

o EULERE us-west-2 X3 QPUs FWVATER R , iBHITUA TR  arn:aws:braket:us-
west-2:*:device/qpu/*

o [E#F , EUEE us-west-2 XiF QPUs HIFFIEAR (AR RBFR—ERFZFER , MAREFL,R
B ), BWITULT#RE : arn:aws:braket:us-west-2:*:device/qpu/*

- BRFINMEREELIFZEENHRENE , BHRITUTERE  arn:aws:braket:*:*:device/
guantum-simulator/*
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html

Amazon Braket F&ARIEE
- ERFSEREEMNRZAIHRINR ( HlA0 Rigetti QPU 8% ) , BMITUTE
fE : arn:aws:braket:*:*:device/qpu/rigetti/*
- ERRFIF TN1RZHTFRE , BHITU TR - arn:aws:braket:*:*:device/quantum-
simulator/amazon/tnl
- ERBIXFTE Create BEMIFRE , FHITU TR : braket:Create*

PR &I A F im Rl F L Notebook L4451

ERHFELR X 4E Braket Notebook KBIMIL R , B LAEEER G, A/ SARNNELRERE
B

LT RAIERAXBEEFMREIEZ, FIEMEPRHFELICALFRRERE AWS K-

123456789012 , ZKBIRENEFHRNBEHNAFLGE (W, AFRAliceFENFRIBNVEILD
A%flamazon-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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https://docs.aws.amazon.com/IAM/latest/UserGuide/reference_policies_variables.html

Amazon Braket FEANGIER

1,
"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:username}"

1

3,

{
"Sid": "DenyNotebookInstanceUrl",

"Effect": "Deny",
"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl"
]I
"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-
${aws:username}*"

1

PR&IAFim R L S3 6 4E
BRI LA HEKE Amazon S3 ik, BAMMBEAS, AP REFINBLER,

AT REIBRSHTHRENRHANFEBRARE S3 F#M (arn:aws:s3:: :amazon-braket-us-
east-1-123456789012-Alice) IR , EBRH| 7 X LN R FIRK,

JSON

"Version":"2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [
"s3:ListBucket"
1,
"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice"
]
},

PREIA IR LE S3 FE1HE 258



Amazon Braket FEANGIER

{
"Effect": "Deny",
"Action": [
"s3:GetObject"
1,
"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
]
}
]
}

ERHFEA Notebook KBS FFEREAT TR , &R LUF LR KM AINE Notebook HITAEBH,

Amazon Braket [REHEXx AR

/B8 Amazon Braket B , 2EEBHIKF P E—MNRSHEKAR,

REMEXAERE —MPI4EERMN IAM B8 , ©5 Amazon Braket E#4 8%, Amazon Braket BREFH%
ABGEMENH , BERSAKREBHEM AWS RS BRSE 6T Braket FTENFIE R,

BESEXRAGRAIEEER#IEE Amazon Braket , AR ERAF RIS ERNEE, Amazon Braket
AEMEBRSHEXAEHUNER, BRIFEFIXLEN , BNRE Amazon Braket FTEERIEEAG, &
YN RBIEEEREANEREE, T8 1Z PR R BE M i B{E{T H b IAM =4,

Amazon Braket i% B # RS A B2 AWS Ildentity and Access Management ( IAM ) fRZ XA
Theety — 20 . BEXIERSHEXRABHNEAM AWS RS B8 , BSHER IAM B AWS RS, #HE
KERFSHEXBBIFERN R HES. BEEREEEZRFNBRFHEXAGNIENERE,

BXBSHEXACBH AWS REXRBENEZEL , 5/ AmazonBraketServiceRolePolicy.

Amazon Braket 895 1 {456 1F

(@ Note
AWS EMMERE T EESE =SB4 RHERAN QPU , 1T AEREZ AC IR F T,

ETHRREETRESAUXNEER , FZHAWS RFS “ZEEA XIS HTE" ", RERFEERN
BHEMITR. AWS RS AXx—KREE , BSHAWS SMITHAWS,
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https://docs.aws.amazon.com/IAM/latest/UserGuide/id_roles.html#id_roles_terms-and-concepts
https://docs.aws.amazon.com/IAM/latest/UserGuide/reference_aws-services-that-work-with-iam.html
https://aws.amazon.com/compliance/services-in-scope/
https://aws.amazon.com/compliance/programs/
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SR MER TRE=HFiHRE AWS Artifact, BXESEL , FSHATH TFHREE FH AWS
Artifact,

BHEMERA AWS RS TN EATAEBUR T ENHBREN BN, RLOTANENBRUARERNERNE
M. AXRBEEANNEARENESFEE AWS B , FSRAWS L2,

Amazon Braket FHEMIREZ £ 4

ER —TRERXIRS , Amazon Braket  AWS £EMEZ R, HXx AWS T2RFUK AWS 11
MRPEMIEENES , BHS5H AWS =244, ERBEMIRERSRESSRIRITEMN AWS FRE |
BSHE (LM AWS Well-Architected Framework) A E R HE1RH o

AT LAER AWS XA/ API 8 @M 4& 1518 Amazon Braket, B2 RS MEZEHUTAHR :

- RREREMHIL (TLS ) . BINEREA TLS 1.2, BIWUEEA TLS 1.3,

- BEERLMERE (PFS ) WBBEL | It DHE ( 158t Diffie-Hellman ) 5 ECDHE ( a8 & d
% Diffie-Hellman ) » AZHINNRRE (W Java7 RESRAE ) XX LER,

& AT 54 B 1 X & API R4E , 1B Braket X EETRRWIHRIKE K EhoUaEsE
TR IP st ukAYPR &I, & AT LAEA Braket SREG2 &K B 45 E Amazon Virtual Private Cloud (Amazon
VPC) i RE4HFE VPC WifEl, BX L , XRE 7&E AWS MEH{RXMEFE VPC 44 TE Braket iR
#4571

Amazon Braket B4 REBHNZ M

Amazon Braket By QPU HE=ZFBEHRMEEIEE., HEE QPU LE1TEFESHE , Amazon
Braket &£ DeviceARN ERRRAF |, MHEBELZEFIEEN QPU #HITAE,

WRIEFEH Amazon Braket THRIHE=ZFEHREEEENE FITEREH | B BEE R EHBXBEN
HAE AWS ZEREANEHREBLE, X8/ QPU TANYWEMNERN AWS XEWEE , 1
1£ Amazon Braket ##| A VR R1F 1B B0 E,

BHNRWERLE, RELEBEBRMENABTTRRIELE=T. AWS K/” ERF2ERAEE=
B

BANEHPNMERESSEMNE, BEBENATLE Z2H. Amazon Braket BWE =51 4™
FTEEHEENNE , TS NEATERLBUNANEMBE N, BERERE , & RFREZE Amazon
Braket 17 E 48K S3 FMEFEH,
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https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
https://docs.aws.amazon.com/security/
https://aws.amazon.com/security/
https://docs.aws.amazon.com/wellarchitected/latest/security-pillar/infrastructure-protection.html
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EH® 1t Amazon Braket E=FEFREARMHUENZ M , MBRHEMEZ S, HEEHE, BER
FNE R 2R,

B AT Amazon Braket By Amazon VPC i &

BRI LB 8O VPC A , £ Amazon VPC 5 Amazon Braket 2 BN A BEE, EOIRK
RHEH—MEARBHETIE AWS PrivateLink , ZEARTEBEBRMMKX, NAT 8%, VPN E#E Direct
Connect 3B 0] 58] Braket APl, VPC R HYSEHIENESRE N E P it th 7] 5 Braket APl #1718
&

BMEORER/EBA TP — RSN EEMEEORT,

5/ AWS PrivateLink , &8 VPC #1 Braket 2 BV REF 2B HAmazonME |, XURSESET
ZHRARFRENHENZE2Y  RACTUBLDENBERSEELRERERN ELHXE, BXEZE
B , 52 Amazon VPC AP EREHFERAEO VPC KigT 2ihR AWS RS

EWARE :
« Amazon Braket VPC i 2 E E
- i%i& Braket A5 PrivateLink
- EXOUBRSNHEMESR
5 Amazon VPC i 2 SR B H115 )

Amazon Braket VPC % & = E 10

BEHEEE (Amazon VPC AR RPHEDOKALRSEHE , RAEERN Braket EEFREREND
VPC % R

Braket X#M VPC AR EMATHE AP ##1E,

RIANBRT , f‘ti‘FiEi_ VPC % 2% Braket 1T 210, MREIEE VPC i KEE , WA LAFREIH
B, BEXEZEE , BZH (Amazon VPC AF1ER) I im SRR EX VPC s 2BV 1HE] o

1’ & Braket A& PrivateLink

= AWS PrivateLink 5 Amazon Braket —i2fEH , BXMOIE— NI SHEMFE R (L S# VPC)
Kigd mERED | REEX Amaz APl on Braket RS IE 1 RZ LK T =,

LTREZEBEN—RIR , FEEENETHEANAR,
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https://aws.amazon.com/privatelink/
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/using-eni.html
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#prerequisites-interface-endpoints
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html

Amazon Braket F % AR IEE
- BEEHJS3) Amazon VPC RITE LM AWS HiR, MREEHR VPC , BRI LR,
« 7 Braket |3 Amazon VPC ¥ =

o &Y im RIEEEFIZ T Braket E 715

T MRFE , B3 Amazon VPC
FHidE , MREBHKFEE VPC Ei1E17 , WA AR S B,

5/ VPC B HIBHMEIRE |, 0 IP tutolE. 7M., BRBERMIMENM*x, ARL , BREBAEN
ERINEHE3 AWS BR, X VPCHEZEER , 5 (Amazon VPC AAFIERM) .

#T7F Amazon VPC #£#l& |, tIZ—NEEFM, REANMMEMXAIHE VPC,

5 2 % : B2 Braket # 0 VPC i &

I&TLAE A Amazon VPC T’“%UA:\Z AWS Command Line Interface (AWS CLI) i Braket fR$ 82
VPC KigT R, BXEZELR , H51H Amazon VPC AFEEHI 62 VPC if =,

EEEH AR VPC IwA |, BT Amazon VPC 2414 |, ITHIRSATNE , REHEIETHRK
Ho BTwA ID AMEAESZE, HEX Braket API BT RLAAR , ©AFER —endpoint-url
AR —Eo

AL TIRS B R Braket 612 VPC iw R :

* com.amazonaws.substitute_your_region.braket

BXREZEE |, BZE Amazon VPC AFERPHERED VPC LT KiFA AWS RS

% 3L BmAEEHIZIT Braket EFES

EOE VPCIwRE , BUUFERAUTRAIZEN CLI %, BFFIEE API T EO KK/
endpoint-url S :

aws braket search-quantum-tasks --endpoint-url
VPC_Endpoint_ID.braket.substituteYourRegionHere.vpce.amazonaws.com

MRRNVPCIHmAZHLTHADNS FHB , BFEERERSIEN CLI 855 H URL, Mk , CLI #
Braket SDK ?ﬁu&{imﬁ Amazon Braket APl DNS F#l & 2B EIZRH VPC IR, TR THIFT
R

i% & Braket A& PrivateLink 262


https://docs.aws.amazon.com/vpc/latest/userguide/what-is-amazon-vpc.html
https://aws.amazon.com/vpc/
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#create-interface-endpoint-aws
https://aws.amazon.com/vpc/
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html
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https://braket.substituteYourRegionHere.amazonaws.com

XER N “EH AWS PrivateLink &% 17 S Amazon VPC [E# /18 Amazon A SageMaker | #1284
BN WEENXERHT -/ RA, HEHNARELRT RS SageMaker Bl R EUZLEE , 5
Amazon Braket #1248 45,

MRREEZBEENERNIRFEITIRE , 15128 H AmazonBrak et XN & FHKE Amazon
A SageMaker |, MREHHXTE us-ea st- 1, BERS AWS XiF EFFHALRHIERS
#hcom.amazonaws.us-east-1.braketRFHEB RN IZFFE,

BAXReBin SHEHMES

- BEXUEERNEFNHN VPC WER , BZHLEEFTLE FME VPC,

« BXfEH Amazon VPC ##| ARSI ZMEELKinT RWEE AWS CLI , 52 Amazon VPC A F
EERHNBIE VPC KRigT =,

- BXFERHMUEBEMNEELRT SMEER CloudFormation , 55 M (AFIEM) FRMAWS: EC2:
vpcendPoint . CloudFormation

5l Amazon VPC Uit s 5% B 322 81 175 3]

E#R X Amazon Braket BYEETGE] |, AT LAE 612 Amazon VPC U =B Bf il AWS Identity and
Access Management ( IAM ) i RUREE, ZRKBIEEUATER :

- TURITRENEE (AFZAR).

- AHITHRE,

- AIXHEBITERENTRR.

BXREZER , H5 KR (Amazon VPC AIFiER) HRER in QR Z SN VPC in S B 751

R BRAER VPC i SR B

THERM T Braket Hix SR RAl, MRS , WERBASRMERERELNAEEERFXIF
i #Y Braket 2 /ERY 5 R A PR

{
"Statement": [

{

BXUBRRINVEMESR 263


https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
https://docs.aws.amazon.com/batch/latest/userguide/create-public-private-vpc.html
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#create-interface-endpoint-aws
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#create-interface-endpoint-aws
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-ec2-vpcendpoint.html
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-ec2-vpcendpoint.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html

Amazon Braket

FRARER

"Principal":"*",

"Effect":"Allow",

"Action":[
“braket:action-1",
“braket:action-2",
“braket:action-3”"
1,

"Resource":"*"

}

]

EAILUBE M NS MNin SRR EE M IAM AN, BEXESERURTRE , B5H .

+ Step Functions BVl &7 & I FA S =i 2L SR B
- NEAFBIEBAN IAM PR Non-Admin
s FAKIET SRBEIESX VPC Kk S5 M

£ Amazon VPC % & K B4R &35 [

264


https://docs.aws.amazon.com/step-functions/latest/dg/vpc-endpoints.html#vpc-iam
https://docs.aws.amazon.com/step-functions/latest/dg/concept-create-iam-advanced.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html
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B&icF M

JBid Amazon Braket RFIRREFESE , B LUET Amazon Braket SDK 2 #| & ) M 1212 4F
SHRBHNHE, INERET —NMEPXRE , ATREIEARNERE , RAEAE TR
[B , ARBCE SN ERRECEFNARFHNMEEN TSRS, EFESTHRE | Braket 2FLERRFR
BFHEEIEEWN Amazon S3 VB, EFESHERNBEARELEMTRE , BRNTEEFLEE T
(QPU ) BEZFLETHESMES. XERABELEHATHRITAIINKE , ARAEFEHRREESZN
AFRzRRE,

RARETIK -

« CREATED : Amazon Braket 1| 7 & E T1F 5

« QUEUED : Amazon Braket 0 BB T B EFES , IEC EESFFEERRZ LET.

* RUNNING : ZHVE FESE QPU SIRFENURE LiE1T,

« COMPLETED : M & F1E55# QPU SIRFEN R LIZTTE,

* FAILED : ZBHEFESZRETELAKT. RESHEFESABMNER , BZHBERAEREFE

%o

« CANCELLED : Z#EUE TEFEH. EFERZKEE1T.

FHRE :

- J&3d Amazon Braket SDK BREFE FHES

- JBX Amazon Braket ##| & MIEEFES

- ¥r3E Amazon Braket &R

- FRAUTHEKZEENE FES EventBridge
- EAKEENIER CloudWatch

« EAICEKIREYE F1ES CloudTrail

« £/ Amazon Braket #{TE % BHH1EF

®)X Amazon Braket SDK BRIRE FE S

5 device.run(..) ENEEH—EFFE IDWEFES. BALUFEHA task.state() =AM
BREIRA , AT RHBIFF R,

&)Y Amazon Braket SDK IRERE FESE 265
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AE : task = device.run() BR—HRTRE , XERBELARAERALEBEEFESH |, &A%
T,

KRER

MBA task.result() B , SDK FF#4% 18 Amazon Braket , EHE FESREETHK. SDK {E
AEE .run() FEXNHRASE., ETESTHRE , SDK M S3 FHEHFRELRAFHAER
QuantumTaskResult X &iR[El,

# create a circuit, specify the device and run the circuit

circ = Circuit().rx(@, 0.15).ry(1l, @0.2).cnot(0,2)

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
task = device.run(circ, s3_location, shots=1000)

# get ID and status of submitted task
task_id = task.id
status = task.state()
print('ID of task:', task_id)
print('Status of task:', status)
# wait for job to complete
while status != 'COMPLETED':
status = task.state()
print('Status:', status)

ID of task:
arn:aws:braket:us-west-2:123412341234:quantum-task/b68ae94b-1547-4d1d-aa92-1500b82c300d
Status of task: QUEUED
Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: RUNNING
Status: RUNNING
Status: COMPLETED

BUHE 715

ERCHE 7S, B cancel() A% , M T RHEIFFTR,

&3 Amazon Braket SDK IRERE F1F5 266
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# cancel quantum task
task.cancel()

status = task.state()
print('Status of task:', status)

Status of task: CANCELLING

K& TSR
BALUREETRNE FESHTHEE , DT ROIFIR.

# get the metadata of the quantum task

metadata = task.metadata()

# example of metadata

shots = metadatal['shots']

date = metadata['ResponseMetadata']['HTTPHeaders']['date']
# print example metadata

print("{} shots taken on {}.".format(shots, date))

# print name of the s3 bucket where the result is saved
results_bucket = metadatal'outputS3Bucket']

print('Bucket where results are stored:', results_bucket)
# print the s3 object key (folder name)
results_object_key = metadatal'outputS3Directory']
print('S3 object key:', results_object_key)

# the entire look-up string of the saved result data
look_up = 's3://'+results_bucket+'/'+results_object_key
print('S3 URI:', look_up)

1000 shots taken on Wed, 05 Aug 2020 14:44:22 GMT.

Bucket where results are stored: amazon-braket-123412341234

S3 object key: simulation-output/b68ae94b-1547-4d1d-2a92-1500b82c300d

S3 URI: s3://amazon-braket-123412341234/simulation-output/b68ae94b-1547-4d1d-
2a92-1500b82c300d

RREFESIER

MREBHWARKELERBFERFBIET , REEXH T Notebook SRELN , Al LA A EME—
ARN (EFEH ID) ER task IR, ARfe , BULLAA task.result() , NFHELE RN S3 764
WHIREE R,

&3 Amazon Braket SDK IRERE F1F5 267
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from braket.aws import AwsSession, AwsQuantumTask

# restore task with unique arn
task_load = AwsQuantumTask(arn=task_id)
# retrieve the result of the task
result = task_load.result()

Bt Amazon Braket 24| &858 7%

Amazon Braket 12 7 — #1833 Amazon Braket #2455 B EFESHNERS . IERXNEFE
SHINEEFESFEHD , UTEMTR. ZRFE2RFETXEN , XEKRELREEFEIFIEXGEH
BENETFES. AWS X

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding guantum tasks. Learn more [}

Quantum Tasks (10+)

| c | | Actions ¥
| Q, search 1 > &

Quantum Task ID Status Device ARN Created at

d87730f0-414{-4260-9de2-7fd18c20f7f2 &) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
62a5b6f9-2334-4bad-af4f-a5aeebbe6032 ) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
85f05c12-c4d0-42bf-8782-b825775f057a () COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
1fal148a2-aaaa-4948-b7df-808513145a20 (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
aee8d2ad-a396-4¢11-9f13-9aa62db680b9 (¥) COMPLETED armaws:braket:::device/gquantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
dfee97af-3aae-4e57-bd64-29d6f9521937 (¥) COMPLETED armaws:braket::device/quantum-simulator/amazon,/dm1 Aug 31, 2023 19:11 (UTC)

FBANBESMERRBENEFES. BRAUETEFES ARN (D), RE, REMCIE
B, HEEESHER , MBI HIA | MU TREIFTR.
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https://console.aws.amazon.com/braket/home

Amazon Braket

FRARIER
Amazon Braket » Quantum Tasks
(D QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [7
Quantum Tasks (10+) | @] | | Actions ¥
| Q, |search 1 > &
Properties
Status Device ARN Created at
Status
Device ARN 7f (&) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
Quantum task ARN
D32 (2) COMPLETED arm:aws:braket:::device/quantum-simulator/amazon/sv1 Aug 31,2023 19:11 (UTC)
Created at
O 85f05¢12-c4d0-42bf-8782-b825775f057a (© COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)

TRHERTETEFESHE—EBTES IDBREFESHRE , ZESTEZSAM task.id K

/=
1=Fo

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [/}

Quantum Tasks (1) ‘ c H Actions ¥ ‘

|Q Search | (1) matches

‘ Quantum task ARN = arn:aws:braket:us-west-2:2608 1874204 5:quantum-task/4cd1a31e-61c0-469c-a9cf-a2fbe7b4e358 ‘ X ‘ ‘ Clear filters

1 &
Quantum Task ID Status Device ARN Created at
- 4cd1a31e-61c0-469c-a9cf- (%) COMPLETE arn:aws:braket::device/quantum- Aug 31,2023 19:10
az2fbe7b4e358 D

simulator/amazon/sv1 (uTC)

SN T EMR , AREE FESLA T QUEUED RSN ERSHITHRIE. REEFES ID2ER
HIENHE, tAHEREFESHANTELENRENISAIILE,

Amazon Braket > QuantumTasks > 3d11c509-454d-4fe2-b3b9-fad6dBeab83b

3d11c509-454d-4fe2-b3b9-fad6d8eab83b

Quantum task details

Quantum task ARN Status

Queue position Info
98463111 K/3d1 d-4fe2-b3b: @ QuEuED

3 (Normal)

Device ARN Created Ended
i i a2 Sep 08, 2023 19:22 (UTC)

Shots Results Status reason
100
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FERNEESFLN - RXNEFESHEINTREAR LR, EREFLZARINEFESHER
IEHE R FERAE ST R o

JEEEH Braket SDK WEF AILLER A XNIRKMHEBFESMESHELAIIMCE, AXESEE
BFSHA RN ESAEZE1T RHE,

¥r3E Amazon Braket &R

REREIBWROELS AWS RN B ENLBMHIRE, AWSIRZERTHE , AFANEENR TR, &
MrEHEE M M—ME. XERSEMNB/IEN. FTEIENRE , FEELENE,

£ Amazon Braket B H|&H , B LS EE FESFS D Notebook HEFEZHXWHRZIIR, &1
LURIIFRE, BERHERIESIRE, TUECIRE FESRE LA EFTIRE , ARELEH A
AWS CLI, SEEXBIIRZAPL

EZXT AWS FRZ

- BEXREN-—RER  BEGENERARE , B2RALETNERESR ? £ (IRE AWS RIRMIR
LRERASER) Fo

- BXRTERFNEER , ESH (L AWS RRNREHFERAFER) PGS EREMER,

- BXRBEIRAGERE , B3R 1C AWS RRHN SESE.

s BXREZEBEFEARZIHRSHYIER | i5SHResource Groups #5id APl &,

AT &2 1R 4 7 % Amazon Braket iREHNEZE L.
EWARE :

- ERARE

« Amazon Braket B X FHFRE R IR

- £/ Amazon Braket AP| # 1T45)%

- FROERFI

e £ Amazon Braket F EEBHRE

« £ Amazon Brake AWS CLI t AR INARZ Y =61
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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/whitepapers/latest/tagging-best-practices/tagging-best-practices.html
https://docs.aws.amazon.com/resourcegroupstagging/latest/APIReference/overview.html

Amazon Braket FEANGIER

fE AR

FRE A LU SN R RALXNEERANER, fla, BB —MEERBIRERIE]
#“Department’#r %,

S FERBFHIBY

- FREFEA (B CostCenter , “¥RE" H “WH" ) . MIFHAX D KNE,

« — IR FEENALEFER (Bl , 111122223333 & Production ) . EBIFSESFERAZF/AH
MRMEE. SHRER—H  FEERXDKRNE,

REAHBIIE
- RBIMBEEH AWS B, S E AWS RS RS , BIE A B R B FREBRSSHY 3R 5 B4
BNRE , UREAXLEFRZMEKRA,

« JBERIEH AWS BUA, BAIBUE AWS KB SR A EE BHIER ERVEXERE, AWS ERREX
BHRARTOR , HOERESAREIERE. AXESZER  FEHAWS KEENAEE A
FiEE PR EA R T BARE.

« BHX AWS RN ENR. BXRXESZER  FSREAREERHEEH,

Amazon Braket A X PR RIR
Amazon Braket Y T 51 8IRE R S IFHR0E -

e quantum-task &R
o BIEZFN : AWS: :Service: :Braket

« ARN IEMFRIA : arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}

S

EE . REZI1EAEFR LR Amazon A SageMaker | ‘BIR , {B& A LLFE Amazon Braket 2 #| AN B
© Amazonfy Braket EiLABRNANER , FERFEAEHASMEALEERRR. EXESZER,
B S5 SageMaker XA E B AL B T EIE,

£ 8 Amazon Braket APl ##1T#53F

- WMREFEH Amazon Braket APl R R LIZRERE , BHAA TagResourceAPl,
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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

Amazon Braket FEANGIER

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

- ENRRPBBRIFEE , A UntagResourceAPl,

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN

o EFHMMBBERBENIEHRE |, B ListTagsForResourceAPl,

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] "

FroE BR &l
LT EZABR&IEH T Amazon Braket &R EHFRE :

« BAILSBARFHZAFERE : 50

- RAXEBKE : 128 1 Unicode F5F

- BRREKE : 256 1 Unicode FF

- BRENEXES : a-z, A-Z, 0-9, space , URUTERF:_ . : / =+ -He
- BNEXD KIE,

« FZaws AERHBNBIAR ; ©REEM AWS ER/,

£ Amazon Braket P EIEIHRZ

B ERERELERZIEBERNEM. B LUET Amazon Braket #2414 . Amazon Braket APl 2 AWS
CLI , &F. 7»hn, Bk, FIHMMBRFEL, BXEZEE , i55H Amazon Braket APl &%,

ATAR :
o NI RE
- EERE
- RERE

- BBERE
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
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N AR

18R] LATE BT B (B RF AR SN I 2 AT AR OE BR A

- RIBRRN : FREEEAE , BT AWS AP 3 Tags SHEEE Create BEH,
- BIBRRRE ARG A SMEE FES S Notebook HIR , HEE AWS API HiFA

TagResource #1E,
BB ERN EERMNGE |, SEEEQBIEEX BN ERIR,
BEENE

B ERAEHAESMETESREERRR , AEBIRAREREE Amazon Braket FEA ATFRIE
HRFRZL, AWS ListTagsForResource API

BALUERLLT AWS APIGSEE R B LR :

+ AWS API: ListTagsForResource

REIRE

B LAE R B SMEI B FES R Notebook FHRRREIRE | th 7] LUGE A LA T a5 18 Sk 10 2 AT 4R
ERBFORENE, SEEECFENIRERN , ZEBNESHRES

* AWS API: TagResource

BERIRE

FBALBYEEEBRNE  NREFREHESMEE FES S Notebook B IRLTE 1
UntagResource BER , NERHBERIRZ,

* AWS API: UntagResource

£ Amazon Brake AWS CLI t PR INFRZH =51

L IREEA AWS Command Line Interface (AWS CLI) 5 Amazon Braket R ER , A TREBE—NRHI
e, ATERNACERER TEUENEFESHRE, ERHIGP , FF52E SVI EFERSEL
HATH , HSBUEE N Rigetti EFAEE T (QPU) . EENR , ERflHSH , SEFBEHMXS
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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ESPeRRBIETE. EAFF | FRZEMENRN state , N Washington, XLEFRE AT LA R #BIFT

XM ENEFESHITO RGN

aws braket create-quantum-task --action /
"{\"braketSchemaHeader\": {\"name\": \"braket.ir.jaqcd.program\", /
\"version\": \"1\"}, /
\"instructions\": [{\"angle\": ©0.15, \"target\": 0, \"type\": \"rz\"}1, /
\"results\": null, /
\"basis_rotation_instructions\": null}" /
--device-arn "arn:aws:braket:::device/quantum-simulator/amazon/sv1l" /
--output-s3-bucket "my-example-braket-bucket-name" /
--output-s3-key-prefix "my-example-username" /
--shots 100 /
--device-parameters /
"{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.rigetti.rigetti_device_parameters\", /
\"version\": \"1\"}, \"paradigmParameters\": /
{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.gate_model_parameters\", /
\"version\": \"1\"}, /
\"qubitCount\": 2}}" /
--tags {\"state\":\”Washington\"}

WRAEERT EET AWS CLIETH |, SRS N A TENE FES |, XN TFALFMBRERERN
Braket RIRB B & B,

FERAUT HEKEENE FES EventBridge

I 53 EventBridge %12 Amazon Braket E FEFHHRSEEE ., KB Amazon Braket #Y
EventBridge’& a1 /L F 23R, BANBEREEMNKIERAFIENEY  SEETSHTEMAN 6
HBATH BaLIR{E. ATALRE BENIRIEBIEUTERAE -

- EABEE AWS Lambda
« BE AWS Step Functions JRAHL
« @ Amazon SNS F B & % & A

EventBridge Y32 LT Amazon Braket IRAE XEH :

- BEFESHIRERERIL

AT G EEH E 71E55 EventBridge 274
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Amazon Braket RIERTEFESREATETEH, XEEHEDEIE—IR , BUELHIIBE,

BXEZEER , B5H Amazon FES) EventBridges

EWHAEB :
- FAKEE FESIKE EventBridge
- I 53 Braket &3 EventBridge R4l

£ A #5332 & F1E5IRAS EventBridge

f&Bh EventBridge , BRI LABIBMN , E X TE Amazon Braket XA H X Braket E T ESHIRASEEBE
A ERERVERE, flan , BANGIE—NAN , BHEFESRESRETLE |, BEERIES FEHB
o
1. AWS fE B EventBridge 1 Amazon Braket B9 F & %,
2. ¥TFF Amazon EventBridge &l &
3. AL T {EIE EventBridge # N :

o XAFHNKE  EFREFEHEXHHN,

- XNTFEHIR , EFREM,

- BEEHERBY , EFEAENEN(JSON HiER) , AERUATEAHREEE B AKX

"source": [
"aws.braket"
1,
"detail-type": [
"Braket Task State Change"
]
}

EM Amazon Braket RIERFIEEH |, BHERR1Z detail-type % , WUATREBAR :

"source": [
"aws.braket"
]
}
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https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-events.html
https://console.aws.amazon.com/events/
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« WFBEHRER  &EEBE AWS RS, EiEBERF | BB, 6120 Amazon SNS E& = AWS
Lambda B, LU ZIK B Amazon Braket I E FESRATLEHE |, itk B o

%40 , 55 Amazon Simple Notification Service ( SNS ) EBEEH L £ L IX B T4 RE
5. BEEFEEMFEA Amazon SNS #Z#| A 812 Amazon SNS =B, ETHRESER , BSHE
A Amazon SNS &KX A FEA,

BROUZBANMFAEE , BSRCIEXN B ML RN Amazon EventBridge AN o

I 53 Braket &3 EventBridge 4l

B X Amazon Braket Quantum EFRASEXRSBHFBENEE , BZRILI#HFHNEH, EventBridge

UTE4ERE JSON N FAEE FRF,

« quantumTaskArn (str) : ERILEEHHNEFES,

« status (Optional[str]) :  FESIERAIRE

« deviceArn (str) : FHAIBHEFESHAFEENREZ,

- shots (int) : A shots ERHHE.

- outputS3Bucket (str) : A IEENH HIF#E,

- outputS3Directory (str) : AFIEERNHH BT,
 createdAt (str) : BL 1ISO-8601 BRI E TES IR A,

 endedAt (Optional[str]) : EFEFZERLIHASHITE, REYEFESIEIRIHREN |, ZF
BF &I,

LA JSON %8 E 7R T Amazon Braket Quantum S RATEEHR =PI,

"version":"Q",

"id":"6101452d-8caf-062b-6dbc-ceb5421334c5",

"detail-type":"Braket Task State Change",

"source":"aws.braket",

"account":"012345678901",

"time":"2021-10-28TQ1:17:45Z2",

"region":"us-east-1",

"resources":[

"arn:aws:braket:us-east-1:012345678901:quantum-task/834b2led-77a7-4b36-a90c-

c776afc9a71le"
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https://docs.aws.amazon.com/sns/latest/dg/sns-user-notifications.html
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
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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":"2021-10-28T01:17:42.8987",
"eventName" :"MODIFY",
"endedAt":"2021-10-28T0Q1:17:44.735Z2"

E IS E PR CloudWatch

EALAE A Amazon %32 Amazon Braket CloudWatch , I G & YRS R B BIE H O HA B ) )ik
BT F 3BT AU B R, BT LAIETL D% CloudWatch ###|AHEE 15 NAERNFT L EERRIT
2 ANEFNERENR , UMEE it T #% Amazon Braket W&, ETHEZEE , BSHRER
CloudWatch #§%%.

(® Note

B LB S/ E Amazon Al %A LN E IR RFERERKEE Ama SageMaker zon
Braket £i248#Y CloudWatch BERR. Hftt Amazon Braket £id iR & i @I 25l 53k
8. SageMaker

AHTRA :
« Amazon Braket i8I 54 E

Amazon Braket IEfR 54 E

AR P E RS CloudWatch, ¥EPrER A& MBI —AZe EIRFBEFNETES, CloudWatch®
NERE A —AEE NS, EiFA T HRPNIEIR4E CloudWatch , i5Z @ CloudWatch 4 £,

Amazon Braket L T4 E F Amazon Braket BYIEVREIE RKIE ST D#igFRF : CloudWatch

B FESER

SRR $EFR CloudWatch 277


https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/working_with_metrics.html
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/working_with_metrics.html
https://console.aws.amazon.com/sagemaker/
https://console.aws.amazon.com/sagemaker/
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/cloudwatch_concepts.html#Dimension
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MRGEEEFES , WAAFERER. EMEREEH S8 AWS/Braket/By Device o CloudWatch

1R 5B
g BEFESH
HER B FESTE , FRribttiElR,. ERTMNET

ESHECE] 5T RRY S AT i

BFESEIRNEE

EFESERUET deviceArn ZHHEE LA , HEXH arn:aws:braket:::device/xxxo

AL FIRE F1ES CloudTrail

Amazon Braket 5 AWS CloudTrail—RF &K , ZRFRMEAF, AEIAFE Amazon Braket
AWS RS FREVVIREMNIER. CloudTrail f$FTBX Amazon Braket FIAPIBIEIZ RN B4, HIRH
A A 31EEiT Amazon Braket 2§15 #8918 A AR 3 Amazon Braket #ERARBRAA, MREQE TR
ER , WA LA RV CloudTrail E4F4E4£ % 2] Amazon S3 126418 , 2¥E Amazon Braket WS4,
REKREBERER , BMATLIE CloudTrail BHI AW “BHHLRER PEFEFNES. BIKREN
{§ & CloudTrail , 8 ° LA#3E 0] Amazon Braket K HHYER, RKHERM IP bk, HREH THER, @
RRHERUAREMIEAE S,

ET7THMEZ{EE CloudTrail , 52 {AWS CloudTrail HF1E®E) -

ATARA
« Amazon Braket {2 CloudTrail
« T #% Amazon Braket A& 4% B

Amazon Braket A #J{E & CloudTrail

CloudTrail TEZGIZRKF AWS Ik BN EEZHNKF LB . 2 Amazon Braket A RAESEFRT | iZ0F
FEEHM CloudTraill EH —12RK7E AWS RS EHHLIERKF, BULUEFEE, BERMNTHER
ERENEH AWS IKF, BXEZEE , ESRMEREHF FIZFKER CloudTrail =4,

ERSIDERENEYS AWS K/ |, 3% Amazon Braket (WS4 | i 0IZEE. BEAY CloudTrail ¥
HEX LB E Amazon S3 F#ME. RIANERT , RSP IRRERICRN , WRERIEXRNA T
B AWS Xig, BRIRIEE AWS 2 XHffE XEBNWEH | N BEXHEZEBEIEEN Amazon S3 17

IR RIRH 2 F1ES CloudTrail 278


https://docs.aws.amazon.com/awscloudtrail/latest/userguide/
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html

Amazon Braket FEANGIER

M. SN BRI BEEHE M AWS IRSS | M —F 2 MALE CloudTrail H SR IRENSHHIE.
BXREZEE , FSATIRNE :

- BRI RFEBR

» CloudTrail ZFHRFZMER

- BLi& Amazon SNS B4 CloudTrail

o BEWCKBZAMXIEH CloudTrail BEXHMERK B SN K/ R CloudTrail BEXH

FiB Amazon Braket #/E# Hi2%, CloudTrailflal , 3¥GetQuantumTask=GetDevicelREHA
47 CloudTrail BREXHHEREKE,

BIMNEHHATREBESEXRERBFRNAREGR. BOEEABTEHEUTRE !
- BREEAACERRSAFNERNZEFIERHMN,

- ERETHHM AWS BF K,

BXEZEER , 55 H CloudTrail userldentity 7TT#,

7 f## Amazon Braket B & #4% B

BREE—MERE 6 AFNEHEN BESERBIEEERN Amazon S3 1Z##@. CloudTrail BEI
TBE—NRENMNAERE. EHRRRKEEMAKRENENER , EEXRBERVEE, BREN BB
B, ERSHBENES. CloudTrail BEXHFTERLAHAPHRANE FH#KRE , A EMNTSREM
BENIRFHI,

LT RHIZ GetQuantumTask BEMNBERE , ZRERETETESWIEFEMAEE,

{
"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {
"sessionIssuer": {
Iltypell: IIROlell’
"principalld": "foobar",
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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
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-event-reference-user-identity.html

Amazon Braket FEANGIER

"arn": "foobar",
"accountId": "foobar",
"userName": "foobar"

.

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:56:57Z"

}

}
},
"eventTime": "2020-08-07T01:00:08Z",
"eventSource": "braket.amazonaws.com",
"eventName": "GetQuantumTask",
"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "aws-cli/1.18.110 Python/3.6.10
Linux/4.9.184-0.1.ac.235.83.329.metall.x86_64 botocore/1.17.33",
"requestParameters": {
"quantumTaskArn": "foobar"

},

"responseElements": null,

"requestID": "20e8000c-29b8-4137-9cbc-af77d1dd12f7",
"eventID": "4a2fdb22-a73d-414a-b30f-c0797c088f7c",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

TEETRT GetDevice BIFWHEERE , ZFBERETREBFZHNEAEE.

"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {
"sessionIssuer": {
"type": "Role",
"principalId": "foobar",
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"arn": "foobar",
"accountId": "foobar",
"userName": "foobar"

.

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:46:29Z"

}

}
},
"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"

{5/ Amazon Braket #{TE % A EHicH

EANEAEREIIRBEMSLERE, SHXESRABSERER  BUNEEREAREN0RIE
A A E AR,

EFAICRSE , BIBWER poll_timeout_seconds # poll_interval_seconds % , A&
EFEFAUKREET , FELRREFESRES , HEERREIXM4HP., BALUFHABEZEE
Python BIZA<M R =2 Jupyter Notebook , X ZM AR AILAEEBENHEIZIT T,

[ERlb 5
B, BEiLEkS K EMBBREEFIBEAXAXHS , AT RATAR.
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# import the module
import logging
from datetime import datetime

# set filename for logs
log_file = 'device_logs-'+datetime.strftime(datetime.now(), '%Y%m%d%H%M%S')+'.txt'
print('Task info will be logged in:', log_file)

# create new logger object
logger = logging.getlLogger("newLogger")

# configure to log to file device_logs.txt in the appending mode
logger.addHandler(logging.FileHandler(filename=log_file, mode='a'))

# add to file all log messages with level DEBUG or above
logger.setlLevel(logging.DEBUG)

Task info will be logged in: device_logs-20200803203309.txt
B HBITRE
IE , BB — B , FERRAREET , ARFEE2REML , MABIFRR.

# define circuit
circ_log = Circuit().rx(@, 0.15).ry(1, 0.2).rz(2, @.25).h(3).cnot(control=0,
target=2).zz(1, 3, 0.15).x(4)
print(circ_log)
# define backend
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
# define what info to log
logger.info(
device.run(circ_log, s3_location,
poll_timeout_seconds=1200, poll_interval_seconds=0.25, logger=logger,
shots=1000)
.result().measurement_counts

KE BT
BULBETHAU TR TREEEANHNAR,

# print logs
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! 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-4338-9750-9f5bb12a0ddc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0ddc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status QUEUED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12addc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12addc4: 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, 'Q0011': 493, 'Q01001': 5, '10111': 4, 'Ql@11': 3, 'l10101': 2})

M BB HFHIRE ARN

BRI LAMIREI R B E S H P IRELARN 58 , 1 E—NRAIFTR. A ARNID , B LIR KRBT
BRHEFESHER,

# 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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