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HrRE R ERT R EBCR,

AWS Amazon Braket B 758 A1 R4 R



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

Amazon Braket HBEABER

RS 16 BE A 5 77

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

iEiB Amazon Braket , BAILEEFNE FERER A MEFHELHAK. LEFTRERAENSE, &
BE-STHEE , BEFRMNEEEH.
FEAEIHF
% %E Amazon Braket QPUsH 1t & fR i
o I B R AY AR A IE Mt
- HERENZESER

£%E Amazon Braket QPUsHI Tt Z R %I
Amazon Braket T E R HIIRE FRIBE Tt (QPUs) M A S EEERAZH,

TCERFIFIEESR : Amazon Braket B EMZHNEBRE , WIRIBERENWRFIBIFSEEHET
ER, MEEBNFEGRABBERIERTEERS , Amazon Braket € B)AB R SERB B, BN
BEMMRECERFNEE., BBRERER , SUUBRREEEENFRERTXK, EHBEZNE
R EBAEHWIER,

BEMAGKET | BRIECHAEMAZESIR  FRRANTERESRIETE, ELUEBMBRIEERSIXR
BERATARE.

(® Note

ZHRFEBAREENRESEE QPU 1. SMHRERSE. SEERA. BEEEH EC2
#17TE B8 B A Braket Direct R 8. MFEFE AWS BRENTERAEE , FREMLH AWS

Budgets.

BASEHEM T 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-reservations
https://aws.amazon.com/aws-cost-management/aws-budgets/
https://aws.amazon.com/aws-cost-management/aws-budgets/

Amazon Braket HEABE

3]

TLRIRBIEEFE
He
EATS AWS CLI 3% , BB S A FIHFE AWS EEHHN4FTE Braket KERTEERH.

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

A2

EATH AWS CLI @8 , BALUERERSTAEENEFRERVHTNICERS, MREKEWN
REBRHERE , AISHEBHFR,

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

ERT

EATH AWS CLI @ , BAILEBEENRERHEMAFTNEAILEE. NREFEENTS
RENRNESRBERNFTRATE , MISHEERER.

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

BUDRHEBEEER K MARIRTHNESIH 2, W EREHIFTR.
il B

FATS AWS CLI i , BRI LAMIBREBE BN ER I,

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

R LARMHFEEE  MARHRTHNRSIH I, N EREHIFRR,

BAK  —FECESSEBAREEYK., THEE TANEH LHTHHSEERN , HE , 1R
2 SearchSpendingLimits , BRI R EMHE R,

MEMAERCERFINE S  FSEEHFELA

5% 7E Amazon Braket QPUsHY 1 Z R &l


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

Amazon Braket HEASER

ERBREREEL

E AWS IRFEixHMAEMCreateQuantumTaskiEREF , EZ R THIFRTAMNNR, = : Ttk
RERLERFECHEATIMBNEENBNCBNEZER, (FS2RET—H)
- BHl1: EBRERBERS  EHEEIL
- Rffl2: BEEBNTERS , BETRERECERSINHEEA
- MEEKHFEGHFERRERTIERTEH : CreateQuantumTask FZh , BIGE I,
- MRBHEREAKAFIERTAE : CreateQuantumTask k¥ , MEFEIFH.

- RfI3: BELEERERS , BEEREAERERGNEAB 2 : CreateQuantumTask X8,
mAFEELER,

AT ERGEE
FBFEERXHRFEE X HATI T HNENM BN ER,

REARERFINEKERLARK , TIXHEREBENAERARES, LEHIRTRAE-F, T
RENMTIIXENB A HER , BORPMEBHIEE,

EE TEKiREE M E T EBREE SEAATINX BEAERXH
H
CREATED (B%11) SCRE) S ®S: il REE
CREATED (E#17) QUEUED REE REE
£ RUNNING (#11T9) REE KREE
£ CANCEL REE REE
CANCEL CANCELLED (EBUH) &EMERARD 2% chnage
£ K TRk B AR A KREE
RUNNING (#11T79) COMPLETED (B3 i TR 4 B A< iR 2 kAL (&
FX) HEB 5 TR AV RIS E

ITHEHRZE )

5% 7E Amazon Braket QPUsHY 1 Z R &l 11



Amazon Braket HBEABER

Edge R4

B B XHRHBE , FIHERNEBRETAFIIXE?
B, BEY., TIIUAEMARNETIFNEBTIETAMELNTRERHNTIE,
B BREMTHRFIREEEHEN., THRIUEASFNETHINEFERRERIL?

%E:IZ:?o

B EIREBERFINERSERESEHREL., THIAEMFNETHFNEFEBRFRL?
R, ERERFIMRERM , MAUTREL., THMEAMETHNES,

B ROXHRHEFX TN HREFTARE ?

Z RANERFIAFEVERFINETER. EXTINRERNEHEHMTEFER,

B BEFIARNEERFREHHMEEFERNEM ?

M BUSHRHE  ELREBERSE  FHTEFENERAGRARTEI AR MR ?
% B, AAERRRHEMERTREBRINER S EFHARRWLIR,
plins IS 3 )RS

Braket SDK AIZRERFERII FEIRMNRANERFEZEFTHEEH. RMNSEHE/HELLIHETSHAE
BHRREAR , URMHE Braket EFREE T (QPUs) NBEFRBEHFNESRNARM. REKRAFAMLS
LLUSD @R , FEEE M,

(® Note

T E A 2RI Amazon Braket RSB E FEEE T (QPV) FEAELE, BEROEM
ERATREZNERERATH, AMEATSF AEARNSEE , mMEZTEERAER
Amazon Elastic Compute Cloud (Amazon EC2) S H iR M E LN EH,

SV1 K AIE Bt

I B B 9 B A B gt 12



Amazon Braket HBEABER

BT REMAFEARABEMBEE , RIS EE Bell State EEF |, W& SV EEELHITE. BEEA
Braket SDK #£#H, E% Bell AR5 , W& Tracker () HEF B ERMINER -

#import any required modules

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

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

#Your results
print(task.measurement_counts)

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

EEHITERARR , B AR Bell MEBERE T YWY, EMFHYSHETEEANRRYEE. TH
WEFERE. BTHERNE. FFERTHERE , IR USD RENNEREHRT. BEKERNAITE
BAgERFTTE.
import datetime
tracker.quantum_tasks_statistics()
{'arn:aws:braket:::device/quantum-simulator/amazon/svl’:
{'shots': 1000,
'tasks': {'COMPLETED': 13},
'execution_duration': datetime.timedelta(microseconds=4000),

'billed_execution_duration': datetime.timedelta(seconds=3)}}

tracker.simulator_tasks_cost()

Decimal('0.0037500000"')

158 P AR AN B E BR B E B 15 U AR

BRI ERA R AER SRR ERANBEERAN. HREBVEEEERA LILES YD  TREARAR
H, ZEBERELN , EULUEAKAEHRBENTEXNRPRERANZFEE, T 58AE Rigetti

I B B 9 B A B gt 13



Amazon Braket HBEABER

QPU LEAMEEMER , WAAKARSES 1 USD, AEMANERNBFHAT - REEREHEAKES 0.30
USD, RMEKBEREAEEREES , EXMAAER 1USD ; At , BXBHESFHIT=R,
BET-XRBEEFEB 1USD, —kME A EXASRERFTEHE K EIEIFTENRERAA/L
EHERTR - ZRREEH,

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

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

(® Note

BAERBTEERABTNIE FEBNSFERE. ETNIRERE , IRENERTK , B
WL R, EHERBERAS ISR TRERSERERT,

HERANREER
EEZE T YA Amazon Braket WEREEXK., HERKE. BRIEKAE , WBEEE RWIES,
55 R EE R R R

- E QPU L#T2Hl , FAEAERRBREECNER , RILETUHRASER K mMAEEL QPU £H
8

- BEREEKR LHTERNGERTRELE QPU LHTERNERTE , 1B1ER] LA 15 5 25 5K 5!
fm iR 8 SR AR RE R R

[REIEAEFIESEERE

« BEBERERS , BFLERERENEAEERERE LRIAEARES. REUFNNERT EZRME
A AWS IAM, INFEMMEATIRFENFFREN , FSBREHFEL

s RMBEBETEFHEEEIRFIEAR F IR HEFE Amazon Braket £2EMN H R o

BERANREER 14


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

Amazon Braket HBEABER

HEREER

o BUILAREREE R , EIREZERFERMBRHEFENLR, REBRNWEES EEEIB AWS Budgets,
BOLRERRE  YEAASIAETNHEEBEESERKTIRE, WEHRBRENR , BF288 AWS
Budgets.,

RRHEFTHRRAETNIE TR

- EESRARAER QPUs , BEMREBTFERUSERTHIT , AIRLERSFTREREE. EBL
LUEshott BURIEATN11EH . Shotit BA SR E SVIM AR R E IR A,

BREMEERERERAE TR

- IRAASHBEEENN BREFER AWS B, SRERXNVFAEETEREK , FHELBERN
BESE,

. BANELENEE I LREEER SN EENEE.
Amazon Braket By API Z2ZH FE1FE

® Tip
THREEENER AWS | 53 Amazon Braket E{7{L BB E , K —RIINEBTRE
MBI LERESECHEBNAE,

Amazon Braket 2t APIs, SDKsMarG5IRHE , ATAREY MEBRELARHTER , URIERANE
BRE,

« Amazon Braket Python SDK ( &% )

« Amazon Braket APl 8&#&

« AWS Command Line Interface

« AR .NET B AWS SDK

- BEARK C++ ) AWS SDK

- HEHARM Go B9 AWS SDKAPI Reference

- EAM Java B AWS SDK

AP 2ENREFE 15


https://aws.amazon.com/aws-cost-management/aws-budgets/
https://aws.amazon.com/aws-cost-management/aws-budgets/
https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
https://amazon-braket-sdk-python.readthedocs.io/en/latest/#
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/cli/latest/reference/braket/index.html
https://docs.aws.amazon.com/sdkfornet/v3/apidocs/items/Braket/NBraket.html
https://sdk.amazonaws.com/cpp/api/LATEST/namespace_aws_1_1_braket.html
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

Amazon Braket BISt A B
« B M JavaScript B AWS SDK

- BARM PHP B9 AWS SDK

« @AM Python (Boto) B AWS SDK

« JEAR Ruby B AWS SDK

&t 1] LL1E Amazon Braket 22 R 12 GitHub EFEEINSEX G,

+ Braket #2 & GitHub

BT E

DTRBTRROETENEE , HHh IS AR Braket WEWEH -

« Braket Python SDK - £/ Braket Python SDK #EJupyter#i2Z< kLA Python R EFHESRERER
. BXEJupyterEid R z#%& , R LATE Braket £ EMIEE ST L HITREXES

« Braket f5#& i1 - Braket SDK E2 Braket Rz BHI &9,

+ Braket FEFRiE#i2S - RPIFTEE A Braket WAME FIEESS (MRERNEBNBEEME ),

SEHERN

RE , AN EAREEEENENRT TEREMER. P2 Braket XERNAHER |, MUKk
B=AENNEER , TR,

% # Amazon Braket :

« Amazon Braket JEEEREE - LA Python BENWFEEEEE FEE LB &%, UEEHTEM , SiFE
AefMBAREERMEELZNESR,

+ Braket-PennylLane #M##23 - PennyLane Fi1E Braket £#9 QML 2248,

=7 (Braket BIFXEERME R ) :

 Qiskit-Braket 124 #& - £/ Qiskit SDK 1£EX Braket &R,
« Braket-Julia SDK - (EXPERIMENTAL) Braket SDK K Julia R4 k<

‘M7 B 16


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

Amazon Braket HBEABER

Amazon Braket X EH EIHMNEE

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

£ Amazon Braket F , #ERKEFREE T (QPU) EHR , B UFUECRHAITEFE
. Amazon Braket A& AQT. lonQ. QuEra. IQM# ZE QPU £ ERigettio b7k , AWS 12
HEER., AEANARERBENEIE., IFRARERSZNFREF  F2REEBRRRERS.

\
ES

¥

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

e HEZHE &z Type = ARN [ 15
AQT IBEX-Q1 LEEAsA QPU arn : aws : braket : eu-north-
HEm eu-north-1 : : device/ 1

gpu/aqt/Ibex-Q1

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

gpu/iong/Aria-1

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

gpu/iong/Forte-1

lonQ Forte-Enterprise-1 LFERA QPU arn : aws : braket : us-east-1
HiEm us-east-1 : : device/
gpu/iong/Forte-Enterp
rise-1
[e]Y] Garnet DEES QPU arn : aws : braket : eu-north-
EHiEm eu-north-1 : : device/ 1
gpu/igm/Garnet

ZENEHMEE 17


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

Amazon Braket

FMBABER

e

[ell]

QuEra

Rigetti

AWS

AWS

AWS

AWS

AWS

REEW

Emerald

Aquila

Ankaa-3

braket sv

braket dm

braket_ahs

sv1

DM1

g

LARIE &
E#m

HHhER
AR &

L&A
HEW

L&A
HEW

L&A
HEW

HHER
AR B

LRER
ERm

LRER
ERm

Type

QPU

QPU

QPU

EN 7k o

IR B

IR B

REERE

REERE
i

#E ARN

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

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

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

N/A (Raket SDK &Y
HERRET )

N/A (Raket SDK H#Y
R RRRR )

N/A (Raket SDK H#Y
RS )

arn:aws:b

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

arn:aws : b

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

[ 15

eu-north-
1

us-east-1

us-west-1

N/A

N/A

N/A

us-east-1
. us-
west-

1, us-
west

-2, eu-
west-2

us-east-1
. us-
west-

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

ZENEHMEE



Amazon Braket

FMBABER

e

AWS

® Note

#E ARNsSEZD K/NE. Hla0, FHAAQT IBEX-Q1EER

REZH gl Type
TN1 LEER FREEREE
EE/ B

#E ARN

arn:aws:b

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

[ 15

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

EfEFadEE ARN B2 'lbex-Q1'%

£ EMIE TEE Amazon Braket fE R QPUs W EMEF4HE A , 5528 Amazon Braket Quantum
Computers,

HREE

B , A LATE Amazon Braket R AMWEE R S|EH D GetDevice APl LR EIHMhEE

EEM , fINEEHE, REERNFEERESE, FRERSEBERE , Amazon Braket EER &
FREEN qubits LFE5l, £/ SDK i, THEABEHF RENAEZRSETHAEESNERSENEE

Bk,

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

device =
# SV1
# device
# Local
# device
# Local
# device
# Local
# device
# Local
# device
# Local
# device
# Local

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

= LocalSimulator()

State Vector Simulator

= 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

ZENEHMEE


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

Amazon Braket

FMBABER

# device = AwsDevice('arn:aws
# TN1

# device = AwsDevice('arn:aws
# DM1

# device AwsDevice('arn:aws
# AQT IBEX-Q1

# device = AwsDevice('arn:aws
# IonQ Aria-1

# device = AwsDevice('arn:aws
# IonQ Forte-1

# device = AwsDevice('arn:aws
# IonQ Forte-Enterprise-1

# device = AwsDevice('arn:aws
# IQM Garnet

# device = AwsDevice('arn:aws
# IQM Emerald

# device = AwsDevice('arn:aws
# QuEra Aquila

# device = AwsDevice('arn:aws
# Rigetti Ankaa-3

# Get device properties
device.properties

:braket

:braket

:braket

:braket:

:braket:

:braket

:braket

:braket

:braket

:braket:

Amazon Braket H [& i3 i 24

:::device/quantum-simulator/amazon/tnl')

:::device/quantum-simulator/amazon/dml')

:eu-north-1::device/qpu/aqt/Ibex-Q1l')

us-east-1::device/qpu/iong/Aria-1")

us-east-1::device/gpu/iong/Forte-1")

:us-east-1::device/qpu/iong/Forte-Enterprise-1"')

:eu-north-1::device/qpu/igm/Garnet')

:eu-north-1::device/qpu/igm/Emerald’)

:us-east-1::device/gpu/quera/Aquila’)

us-west-1::device/qpu/rigetti/Ankaa-3"')

NERSMGKENTREE , B2 AWS —BBE,

£ QPU & L #1TH Quantum EH JLUEZE E[EFHA Amazon Braket £ &P ®R1R, £H
Amazon Braket SDK B , B AL E FAEREXRZEFA QPU £E , ERCEHEEES I, SDKE
HEAREN QPU B EiFH TERER.

Amazon Braket LA TRt AWS B :

EEA 8
KEIRER (HEE B 2L D)

Ei5 Braket Ui 24
us-east-1 braket.us-east-1.amazonaws.

com ( f£FR IPv4)

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

)

[68 350 B2 b

20


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

Amazon Braket HEASER

EiEERE & 15 Braket i B4
XEIFEP (hnF 4 fE 224t EF) us-west-1 braket.us-west-1.amazonaws.

com ( £R IPv4)

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

)
EXEAEE 2 (REA ) us-west-2 braket.us-west-2.amazonaws.

com ( E[R IPv4)

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

HE )

BUMALEB 1 8% ( HTEEEEE )  eu-north-1 braket.eu-north-1.amazonaws
.com ( {£R IPv4)

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

BOMPEEER 2 (W3 ) eu-west-2 braket.eu-west-2.amazonaws.
com ( £ IPv4)

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

HD )

@ Note
Amazon Braket SDK T 3z #IPv6-only#Y #85§

[ i3 £ i B 21



Amazon Braket HBEABER

Amazon Braket A F§

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

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

AP RIIE -

- B Amazon Braket

« E3I Amazon Braket £ A HITEE

£/ I Braket E5ERA#1T{E# CloudFormation

EXFH Amazon Braket

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

O LAUBIBAWS F 2 A TEWRF AR XA Amazon Braket,

EAREH -
. FORIGH

+ BXA Amazon Braket #J5 B¢

FoRIREF

= ERAM#AT Amazon Braket , &% EHEE EHRE Amazon Braket BIfEFF T EAE DR
Af, ELHFTE ST AmazonBraketFullAccess IAM BUR (arn : aws : iam : : aws : policy/
AmazonBraketFullAccess) H,

BtF 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 HBEABER

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

B Fl Amazon Braket §Y4 B2

1. EHER & A Amazon Braket =32 & AWS tRF,
2. BB Amazon Braket £ &,

3. & Braket ®EHME , B—THEBEAUBERBERREH. BEEXRRA R RES S| EETK
LT=ELER :

a. BYRBEREHAE (SLR)
b. MAYE=HFE FEKNFN
c. B Jupyter ERAHTIEE

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

® Note
R REME=H Quantum & , 0 Braket AHEEEE R NFEFHEHST , TUAEREER
AE=FREBENERTER
MREGEFNE=ZLER  EIELRRUBRAE=ZFRENER , SEARFAZFTETH— X,

3 Amazon Braket ZE50 AN H 1T {EEE

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

BtF Amazon Braket B9 B8 23


https://console.aws.amazon.com/braket/
https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
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Amazon Braket 121t £ 2 & Jupyter EioA& |, BB EM . Amazon Braket EE AT EE 2 LA
Amazon SageMaker Al ZEAFHTERAERE, THTRBRNAANFEFMNREETFEILMNER
REITEER,

Amazon Braket $1&F :

1. BBk Amazon Braket X# 4 , WEBZTAAIERPTNERIRET,

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

a. B ERAARERLDENRRE.

b. BN ELAKIEELARERL , MER/FE.

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

B K Amazon Braket BF :

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

a. MRMA A FHEEREFLFAZHENAMENRERERED. ERECLR  EFEASFLE
£ EREFERSEE.

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

Hll-

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

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

#3I Amazon Braket 250 AN #1 1T EEE
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i. ERSBEFESAIUENEZESTEEER mit3.medium, EEH S THIATEEEE ,
i52: B Amazon SageMaker Al EE{8,
b. EERNHE Github REFEHELNETZAHITERE LAY , % —T Gt EFETREE , A
BREBEET X INEERPIBIE URL BR LB Git FFE. £ Git fEFE URL XF5|FEA
BT ER URL,

c. EEEEFTH | REMMBAN IAM A&, BEERMMZELE,
d. ERBEFEIF , 3R EJupyter Notebook# 1T EIEE K B 5T HERE MIZELER E o

6. WEVBHIERE , WREEMRBRERENEZRHTER, B—TRE.

® Note

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

WM RETE Amazon Braket SDK By Amazon Braket & FR T AWS , BABERNEREERALEL
WERLERP, EECLEBCHHSE LHT , BEHIT wSpip install amazon-braket-sdk=i#
1T PennyLane #\##Expip install amazon-braket-pennylane-pluginfy ST REZ % SDK
MAEE,

£ #2137 Braket Z524A#1T{E#8 CloudFormation

® Tip
THREFEENER AWS | 55 Amazon Braket {7V 2 E:tE , AR —RIINEERE
MBI ERESECNEBNEE,

EALAE A CloudFormation 3R &2 Amazon Braket £ A 1T{EEE, Braket ECAHITEEE 2 LA
Amazon SageMaker Al ZE#, FH CloudFormation , &0 LA AR TE Hi A RE A BT AN RE SRR 2
FRAHTEE, BAERIL JSON H YAML BXBRE, BAUEFANEENARNEL, B
MMERETER, EEE PEELE Braket ZERLABTEBR , EUESRRE—HREA AWS IR
Fo

A Braket £52AE I CloudFormation &4 , & LAEA CloudFormation REBE IR, WMEFFME
# , F52E ( CloudFormation fEA&EE) FHITE CloudFormation £ & FEIIHE,

( P& ) f# /A CloudFormation 237 Braket 2534 25


https://aws.amazon.com/sagemaker/pricing/
https://console.aws.amazon.com/sagemaker/
https://skillbuilder.aws/learning-plan/EH35DWGU3R/amazon-braket--knowledge-badge-readiness-path-includes-labs
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/cfn-console-create-stack.html
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ZE A CloudFormation #137 Braket £ A TEE K FHTE=ELSE :

1. 31 SageMaker Al £ B HHREIE TS,
2. #31 H SageMaker Al #&{EHY AWS Identity and Access Management (IAM) &€&,
3. £ FHEI SageMaker Al EFEA#1T{EH amazon-braket-

BRI LA RIER M WFRE Braket ERRAEEFEAEmBHERL, BUAUASIERMERETHTH
Braket EREAEREM IAM AR,

AR :

« SBB 1 : B3 SageMaker Al £&niBEHRERES

« BB 2 : #31 Amazon SageMaker Al EEH IAM A&

« B3 BIFHA W SageMaker Al £ A H 1T{EEE amazon-braket-

HER 1 B3 SageMaker Al £fiBEAREIE S

AT HIEAREY SageMaker Al £aniBHHEIE TR, EHWHE B5] Braket B9 SageMaker Al #52
AEITER, WELWBH CloudFormation ERHAHAREE , 552/& ( CloudFormation £ &1E
) B AWS::SageMaker::NotebookInstanceLifecycleConfig.

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

exit 0

S BB 1. B3I SageMaker Al B AREIESTE
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B8 2 : B Amazon SageMaker Al I#£E8) IAM B

&8 E A Braket R A ITERE , SageMaker Al @R REHITIRE, S0 | BREFERAENE

B - W ER T Braket Eie &R, EERLARHITER S , SageMaker Al B & &1t Braket L#1T B1E,
ERAYTHABEER NG SageMaker Al KRB ITHHETIRIE, MEFHMEEN , F28 (Amazon
SageMaker Al Bi% A E15r) F#Y SageMaker Al &, Amazon SageMaker

ERA T3S HIREN ERFAHEFT TR Braket ERRAHTAG, EALRBENFREEEE,

@ Note

AREEACEEEFTER M Amazon S3 @#1FATR L s3:ListBucket s3:GetObjecti®
fERyFF ATbraketnotebookcdk-", A amBHIHREIE TIEE BB LT o + 8248 R Braket #iL
RERIETH.

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/"
ManagedPolicyAzrns:
- arn:aws:iam::aws:policy/AmazonBraketFullAccess
Policies:
PolicyName: "AmazonBraketNotebookPolicy"
PolicyDocument:
Version: "2012-10-17"
Statement:
- Effect: Allow
Action:

S BB 2 : 31 Amazon SageMaker Al B1EH IAM B 27
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- s3:GetObject

- s3:PutObject

- s3:ListBucket
Resource:

- arn:aws:s3:::amazon-braket-*
- arn:aws:s3:::braketnotebookcdk-*
- Effect: "Allow"
Action:

"logs:CreateLogStream"
"logs:PutLogEvents"
"logs:CreatelLogGroup"
"logs:DescribelLogStreams"

Resource:

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

- Effect: "Allow"
Action:

braket:*

Resource: "*"

S 3: BIAFHEA B SageMaker Al £ AH 1T{EB amazon-braket-

{8 SageMaker Al £ BHESBNSE 1 ML 2 hEIH IAM BERET SageMaker Al

BERAHITERE, ERAHTERREE Braket BETH , ATLAEIB Amazon Braket 12 & FH.
W It CloudFormation BRAEREEREMNFMEF , 528 ( CloudFormation fEA&EIERE) HHY
AWS::SageMaker::NotebooklInstance,

BraketNotebook:

Type: AWS::SageMaker: :NotebookInstance

Properties:
InstanceType:

ml.t3.medium

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

RoleArn: !GetAtt ExecutionRole.Arn

VolumeSizeInGB: 30

LifecycleConfigName: !GetAtt
BraketNotebookInstancelLifecycleConfig.NotebookInstancelLifecycleConfigName

S$E 3 BUFEAS K SageMaker Al EEEAH{T{EEE amazon-braket- 28
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£ Amazon Braket ZEZHNE FEH%

Braket It £ Z &K Jupyter ELAIRIE |, M BB EEZMAMER, Braket ERRAFAALZE THAEE
%=, BERANBEZABEIE | @ Amazon Braket SDK, A Amazon Braket SDK , A LI BEE &
BE, AREBEBEE RGBT, Tﬂ‘:’FIﬁE’\J%?%H%%H*ﬁﬁ%ﬁtﬁﬂﬁ%ﬂ#ﬂﬁﬁi‘%ﬁﬁ,fo

FEAEIF

- BEEENE—@ASH

- NISERER

« {8 OpenQASM 3.0 #ITERH B

- REERIEE

« Amazon Braket B ARE 2 &

- BILEZREER

« f£A AWS Boto3

EEERE—EER

RBEBELTHNITER R  FEFEREMANVERES , BURZE Jupyter TTE R ITER

Notebooks (1) ‘ c ‘ ‘ Actions ¥ ‘ Create notebook instance
‘ Q  Search ‘ 1 matches
NamelJamazozraket ‘ X ‘ ‘ Clear filters 1 ®
Notebook name Instance Creation time Status URL
@) amazon-braket-test ml.t3.medium Feb 05, 2024 20:28 (UTC) © InService amazon-braket-test-fgn4.notebook.us-west-2.sagemaker.aws [4

Amazon Braket EEAHTEE STE L L E Amazon Braket SDK R EFrEHacE, R
Fconda_braket® /UM FHERL AR,

BELWE MBS 29
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[Z Launcher

|E| Notebook

Start on Braket

Console

A

conda_braket

Other

Terminal

B AREREER "

=

Qiskit and Braket

Text File

B L #ITRERUIEER,

«
. oo

L
Y —.

Pennylane and Quantum
Braket algorithms

M @

Markdown File Python File

A

conda_braket

=1

Show Contextual
Help

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

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

ZRH) Bell ARREE I,

import boto3

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

# Create the circuit

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

BULERERTRENE

print(bell)

T :# 0 # 1 #

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

T :# 0 # 1 #

FEAREIERR E T ENER

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

BEITERC AR

# Instantiate the local simulator
local_sim = LocalSimulator()

WHITERR :

# Run the circuit

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

print(counts)

BRZERINELLERNER

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

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

FERER SRR LT ENER

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

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

ERFENEMERBFET, MREEEMMRTE S3 RFITEMET , 5528 Amazon S3 A
.

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

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

# The name of the folder in the bucket

my_prefix = "simulation-output"
s3_folder = (my_bucket, my_prefix)

BRAE LHITERSV1 , ELERHERE run() FRIFEEMAMESI B S3 AEFEFEBUE

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

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

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

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

(® Note

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

£ QPU E#1T
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£ Amazon Braket , R EBF—TENE , I EEREFSK LT EAINEFERE

f5l, Amazon Braket B Tai%iﬂ?’(?ﬁl%ﬁ Quantum RIEE T (QPU) HE. EAUEZENEERER , U
REBRS|IZEETH AWS EREFHRITEAEENTAMKERNMEEER. TG REBNAHTE
BLIQMEE,

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

HE , BEFEEFHEXBonQEE

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

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

Management Console,

# Print your queue depth

print(device.queue_depth().quantum_tasks)

# Returns the number of quantum tasks queued on the device

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

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

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

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

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

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

BEENE—EER 33



Amazon Braket

FMBABER

# '2!

BELNE—RBEFRERER

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

Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements °

Permissions and settings

Amazon Braket » Algorithm library

Algorithm library

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

Algorithms (11)

Open notebook ¥

Q Filter algorithms

Q GitHub [2

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

o D

Berstein Vazirani algorithm

€) GitHub [

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

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

Grover's algorithm

) GitHub [1

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

AEPEN Texthook

Deutsch-Jozsa algorithm

) GitHub [2

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

Quantum Approximate Optimization Algerithm

Braket TR ARMRE ZEXEPEETREREEZNRA. E1E GitHub EEUNEE SEIEE AV

B RERRERLT RS EYEE

EETLANIBER KRBT Braket EE LR E,
£ SDK HZEBERR

FERUERER, RAETHEE, EHRERNREASEREXEZRENES, TED
BEE WRBAqubits, ERRERTEERERNT

&t 8] LA F Braket FHIARE B

Amazon Braket £ AR E 124,

EAREH -

- FEME

BAE

%, REEARKE QPUs R ERE

o MEFMER , B2

MBI AEEENER A, MREBEELAFEER , KL

SEBMAF
TIRMER , LR EAMAERSZERIAE

BELNWFE —BETEEE
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. BHNE
o FB)qubitfl B
- BFimeE

- MFER

FEME

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

g6 EHRER

LL & — Bt E & A qubits ( 285 q0. q2. qlfl q3) WEFIER  HPTSEE, & qubit
Hadamard &M% qubit CNOT . ERILUEBFEWY print BRI EBLILER , 0T 56T
TNo

# Import the circuit module
from braket.circuits import Circuit

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

T +# 0 # 1 #
Ht#H#H

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

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

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

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

gfl . ERSBBILE
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EgflH , RPER—MEER , AT 2SRBETASENRE. RATUEEELSBWEREILH
VER , IERXBERE , AR ERE LBAETERHIT.

from braket.circuits import Circuit, FreeParameter

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

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

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

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

FEE , my_circuit REW , AEAAFERACREITERBILCTZEFEESHENTER,
A  BRERFHREE

TrHEfEEEEFERAEFNERIEUN[CABHNER, BuLIERAELESSRELFARFEE , Hling
HRy &

from braket.circuits import Circuit

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

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

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

print(my_circuit)

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

from braket.circuits import Gate

# Print all available gates in Amazon Braket

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

HREXBNE LS HAERE,

['CCNot', 'CNot', 'CPhaseShift', 'CPhaseShift@@', 'CPhaseShift@l', 'CPhaseShiftl0',
'CSwap', 'Cv', 'Ccy', 'CzZ', 'ECR', 'GPhase', 'GPi', 'GPi2', 'H', 'I', 'ISwap', 'MS’,
'"PRx', 'PSwap', 'PhaseShift', 'PulseGate', 'Rx', 'Ry', 'Rz', 'S', 'Si', 'Swap', 'T',
'Ti', 'U', 'Unitary', 'V', ‘'vi', 'X', 'XX', 'XYy', 'Y', 'yy', 'z', 'z2z2']

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

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

circ = Circuit()

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

# cnot gate

circ.cnot(@, 1)

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

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

circ.cphaseshiftoo(o, 1, 0.15)

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

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

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

circ.cphaseshiftl0(@, 1, 0.15)

# controlled swap gate

circ.cswap(Q, 1, 2)

1£ SDK HEBER 37
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# swap gate

circ.swap(0,1)

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

# controlled Y gate

circ.cy(0Q, 1)

# controlled phase gate

circ.cz(0, 1)

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

# X rotation with angle 0.15

circ.rx(0, 0.15)

# Y rotation with angle 0.15

circ.ry(Q, 0.15)

# Z rotation with angle 0.15

circ.rz(@, 0.15)

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

# identity gates applied to q@, ql, g2

circ.i([0, 1, 21)

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

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

circ.pswap(@, 1, 0.15)

# X gate applied to ql, g2

circ.x([1, 21)

# Y gate applied to ql, g2

circ.y([1, 2])

# Z gate applied to ql, g2

circ.z([1, 21)

# S gate applied to q@, ql, g2

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

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

# T gate applied to g@, ql

circ.t([0, 11)

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

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

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

# exp(-iXX theta/2)
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circ.xx(@, 1, 0.15)

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

# exp(-iYY theta/2)

circ.yy(Q, 1, 0.15)

# exp(-iZZ theta/2)

circ.zz(@, 1, 0.15)

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

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

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

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

import numpy as np

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

gl BRERE

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

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

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

# Or with add_instruction/add functions
instr = Instruction(Gate.CNot(), [0, 11)
circ.add_instruction(instr)
circ.add(instr)

# Specify where the circuit is appended
circ.add_instruction(instr, target=[3, 4])
circ.add_instruction(instr, target_mapping={0: 3, 1: 4})
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# Print the instructions
print(circ.instructions)
# If there are multiple instructions, you can print them in a for loop
for instr in circ.instructions:
print(instr)

# Instructions can be copied

new_instr = instr.copy()

# Appoint the instruction to target

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

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

g6 mRsAREXENRE

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

# Import the device module
from braket.aws import AwsDevice

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

# Get device name

device_name = device.name

# Show supportedQuantumOperations (supported gates for a device)

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

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

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

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

xx', 'yy',

zz']

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

€5 UERBH S REREE T EN RN EEE

&R LAE Braket TR ANKERR LMBEEEEAN. AF , UBART A X FERHERNERASRE
B, THRABRELNAE QPU E’Jﬁﬂqubltﬁ-ﬁ ExEHENmEREEREE.
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# Import the device module
from braket.aws import AwsDevice

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

# Specify the qubits

a=10

b=11

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

fidelity = edge_properties_entry[@].fidelity

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

BAE

EXETEE-EFEIEPERERGBTZEETER. EXEBEH , BHZTLUIER 100 BETFE
¥, REERZ 100 ETRASHENE-SHER, HLRETKERESERITZENEERERE ,
WD EFEREERMEE. Bl , Amazon Braket Local Simulatorfl AQT. IQMA Rigetti 2 & > £72
X5

EZ ProgramSet

THE—EEABEH REBNAEASHCERNT S BN ERProgramSet REE

from braket.aws import AwsDevice

from braket.circuits import Circuit, FreeParameter

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

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

# Define circuits

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

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(

1£ SDK HEBER 41



FMBABER

Amazon Braket

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

EXNEITSHERE —FEX : circl, circ3, circ2f circuit_bindinge
circuit_bindingBXNEAREAFAENSHREHT , BEYIATHTE. Htt=E&28EZEXA
ZEBN—ETHTE, ESEEARL \BITHTE W TEFMR.

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

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

8 executions

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

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

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

program_set_2 = ProgramSet.product(

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

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

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

28 executions

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

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

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

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

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

5 executions

BAlEERBEEGERNB AL FTENABAERFECircuitBinding() , MAR .

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

observables=observables[:3]
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program set ProgramSet.zip (
circuits=[cl, c2, c3, c4, c5, c6, c7],
input sets=[il, i2, i3, i4, i5, ie6, i7],

cq Co C3 [ Cs [ c7
obser;ables:[ol, 02, o3, o4, o5, o6, 0o7]
)
|
04 % 03 04 05 O¢ o7

7 executions

MERXNENFMEANEF , 552/ amazon-braket-examples Github FHIEREERI K,

RESERELBMITEAE

BAENTHTAHHSRER - SHBEERNYE. CRAUTEXREFFEERTATENEED
R

# 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
FEARRAE , EUURBEXRTMAEERNHERE , XNE-EXBANESERBEREM.

BEITENE , FEATIENRHEL,

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

FHARigettiZER , EEKEH s THE B EHEATIIER , ZHNEXNETESRIFE RUNNING REE, 40
EERNER  BEBEEHNERRERRAESES.

DR
AT T HENBR D M ARE A HTENERProgramSet,
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# 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)

Yo
I
%
5
]
fin

SR EE B qubit B —EBHY qubit, MARBEE FERPHFIE qubit.

BB MRS R ETEAERDE , BSBEIIQV 2B L NBETH,

g3l : SRIE qubit BV F5
T 52X TS EEIB R E Bell REZIE A qubit 0 R REZB 5 B £,

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

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

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

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

# Get the results
result = task.result()

# Print the circuit and measured qubits
print(circuit)
print()
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print("Measured qubits: ", result.measured_qubits)

FB)qubitfil B

ERR EETER LHITE FERERIgetti , B LURIEME A F Bqubitlil B 3R Hlqubits A FAE R %
B . Amazon Braket 32 & 1 Amazon Braket SDK Al Bl B REFNZE FRIEE T (QPVU) BN K
FREER , SMEqubits AERBEREREER,

FEqubitil BT REUE SN ERMHATER , YREMBBIqubitBiE. TRAESMERERESREZ
RITNEEREERRFENMEERRGT , WTIEEERNER,

T O €5 REE A {AqubitsBATEEL &

# 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)

WMEFHMER |
EBE Qubit,

ELCENFERERNETERLHTETERE , EUUAETRESTEERERVITER , MT
SETEAER. EARFRE , CTUEERRBRERFER K NEFRFHIFEIND (RigettifE <
B). AREREENFENERERBEABENEREZR , EUNEEREEERR LHTHRENSE
BEE. Z¥REFIRLEEEMBERE(CIRRERZHRERRESF , #MBRENER T BIRE
FT#I1T.

nlh

2/ GitHub E# Amazon Braket 4] , SREERMS , LhEREA : £ QPU £ E

AQT. . lonQ# Rigetti REXEZFMmEIQM , BEFEFAREFE, FRAZEFRER L BREERE
HEEMNRE  URFREEEN EFWUREE , qubits AR EREAEE X ENRERE, THEMER
ML RERERGFT AR FREEZ BN RERERFE,
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device.properties.paradigm.nativeGateSet

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

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

from braket.aws import AwsDevice

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

FHZERFRESEHBNENER, BIBEE Amazon Braket EEEE LIEEMN BB ER |, 7 Braket
QPU #£E, EXRAHTERMEEEENILATHETFTE  SEERCKINER., NEFAENA ,
ES M Verbatim fRE&H|ZEE A,

(® Note

MREFEH OpenQASM & AQTH lonQ REBAE , MAELFEKEREZEM
5 ZE qubit, BIZEEM#EA |, #pragma braket verbatim® % OpenQASM Z
BdisableQubitRewiring 7 i&&,

FERAR Bt
EERTERCABMAEESS  AUUBERE  OTHAR.

# Import the device module
from braket.aws import AwsDevice

device = LocalSimulator(backend="braket_dm")

BRLEBMES A EZERAER
1. T LEZEMAER,
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2. RABANEMAER , YEREBESIEAEA.

THEFBRERAEREEMCHANELRERMART Kraus BEMN 7%,

import scipy.stats
import numpy as np

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

# Create an arbitrary 2-qubit Kraus channel

EQ = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.8)
El = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.2)
K = [EQ, E1]

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

from braket.circuits import Noise

# Inject noise approach

# Define phase damping noise

noise = Noise.PhaseDamping(gamma=0.1)

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

circ_noise = circ.copy()

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

BT

i

BREVERERBE AR , T3 MEHHIFTR.
g5 1

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

%
g5 2

task = device.run(circ_noise, shots=100)
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MFEEZ S| , FFSH Braket MFUEEEEE T 806
BEEH

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

(® Note
RZBETSHERE QPU LHTHERNBIRRRE,

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

from braket.circuits import Circuit

# Define a circuit with parametrized gates

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

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

T  # 0 # 1 # 2 #
HAHBHHAHHRHH HHtHHH
q0 : ## Rx(0Q.15) ########H#H#HHHHHHHE X #4
HAHBHHAHHRHH # HHtHHH

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

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

Total circuit depth: 3

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

moments = circ.moments

for key, value in moments.items():
print(key)
print(value, "\n")

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

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

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

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

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

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

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

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

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

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

BH T LUEIR A RFEFIEEEKMoments,

from braket.circuits import Instruction, Gate

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

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

T :# 0 # 1 # 2 #
HEHHS HHHAH

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

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

T :# 0 # 1 # 2 #

EREAFE

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

« AdjointGradient EERHTHEAEEBENTRE (MESTEMY ), KTHRNEETEER
WITERNFEWEESEAERNATIRM B ZE LEE, BREETE shots=0 BFERA LS %

- Amplitude BEE&HHEHBHPIEEE FRENIRIE, SEEARN SVIMAKABIERSS.

« Expectation BEREEAHAENTRRE , AEAEAERENEN ObservableHAIRIEE. &4
BEEqubits ARBIETEANWBE , BIEEEENEEXESRITEHRTAqubitsiy B2, MEXR
EEBZ , AIMERIEE REEfE 1 LiBYE |, qubitifqubits FITEREFTE o

* Probability EEAIEEZFERARENER, MRREEBE , EProbabilityEEAIEMA
ERMRENEE, MREETEE , qubitsAIRSEEEECERNENZREER, SEEERESEN
QPUs Rl A& % 15 {8 qubit , M AR ESRRS ARKEHNEER KD,

« Reduced density matrix qubits ft RFEEIEE B R FRENFEEEMqubits, HERSLL
RREAEBV K/, Raket B85 B BENEERFIqubits B &% 8 .

« StateVector BEEZEREOE, TAEFAEERE LFEA,

« Sample BEEIEERBEqubit E B ATBRMWAEFTE. MRKIEEEE , AIWHABEEREE1 L
EE , qubititqubits FTERZEMAE . MRIEETHEE , AEEEENHEXESRITHEHE
qubitsiy EE,
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+ Variance B EIEE B Equbit M B R B (mean([x-mean(x)]%)) , Y TBRABRNFERSE
B, mMBARIEEEEZ , BITTEREE REEE 1 LEE | qubititqubits FITEREAE . B8, BE
HEEZHENEZRTqubitsBREEAIERAMN BE,

TRHEEXENGERER

A#  Svi DM1  TN1 AQT  lonQ QM Rigetti

sim

BiiEE N Y N N N N N N
=

Amplitud Y Y N N N N N N
HtE Y Y Y Y Y Y Y Y
Probabili Y Y Y N Y Y Y Y
ty (7]

HEME)

RERE Y N Y N N N N N
{6 5B e

AREEM Y N N N N N N N
%

B Y Y Y Y Y Y Y Y
S8R Y Y Y Y Y Y Y Y

BULREREBUERBEIENGERER , WT SR,

from braket.aws import AwsDevice
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
# Print the result types supported by this device

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

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

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

HEWI ResultType , B THMEIER , DT SIEHIFRR.

i

from braket.circuits import Circuit, Observable

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

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

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

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

® Note

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

Al EAIE B
Amazon Braket Y Observablef&E 5l o] &R E 43 E M AT ERIE,
BRRE—ETERANE—FET D ERAZEEME qubite WREEEMBERZEREHNIES 2 ATEH2N4E

B , B4Rt qubit, Alt , REERNSEREZHEEERTEHR, EXRETUEMEEN £
EZEREEMmqubit , REERAR HRRqubitiRIETE,
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AHRAEEATERYNEEMASRAEE (ERREER ). EEEISUnTA
MAdjointGradientfE REEM ,

Observable R @& T EREE,

import numpy as np

Observable.I()
Observable.H()
Observable.X()
Observable.Y()
Observable.Z()

# Get the eigenvalues of the observable

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

# Or rotate the basis to be computational basis

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

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

# View the matrix form of an observable by using

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

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

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

011)))

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

Eigenvalue: [ 1. -1.]
Basis rotation gates: (Ry('angle': -0.7853981633974483, 'qubit_count': 1),)
The matrix form of the observable:
[[ 1.4+0.7 0.+0.7]
[ 0.+0.] -1.+0.3]]
The matrix form of the tensor product:
[[ 0.+0.] ©0.+0.j ©0.-1.j 0.+0.j]
[ 0.+0.] -0.+0.j 0.+0.j 0.+1.7]
[0.+1.] ©.+0.j ©0.+0.j 0.+0.j]
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[ 0.+0.] ©0.-1.j 0.+0.j -0.+0.3j]]
Factorize an observable: (Y('qubit_count': 1), Z('qubit_count': 1))
Self-defined Hermitian: Hermitian('qubit_count': 1, 'matrix': [[0.+0.j 1.+0.j], [1.+0.]j
0.+0.311)
Sum of other (scaled) observables: Sum(TensorProduct(X('qubit_count': 1),
X('qubit_count': 1)), TensorProduct(Z('qubit_count': 1), Z('qubit_count': 1)))

Parameters
ERUUMAREZS Y, ELEESHRAEEEZE—XATHTZR, MATAHMNEEHE.,
BRETHSHEEAFEREEE , AR

- RESBHE
- MAIEFEANSE

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

theta = FreeParameter("theta")

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

Bt e

SVI1 RESFETHAFEHENEBEE , 2EZHE Hamiltonian, EEES S8 , FEEEERRE
(AFBHEX ) RNEESE,

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])

HEESHEFRSIBEEEZHILERSBRITAZH, £ BTILERKAdjointGradientEE
AR RATRASEABEE. THEA B REERMAERAER

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

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

MSERER
B Braket BRI R AGREFEHERER , WS TAERMHEMIED.

% E%1B Braket Direct IR EREREHIEE |, 556K Braket X124 | BIELAIBEEHH Braket Direct
ARBEEBETEREZER, THEREBEZZREAHER :

- FMELMEE: MELHMGER 11 THEBER , £2xE , SALE7T, SETANRAKERRA
30 piEBRE. B Braket ERX AKX GBI EE R IEBBRNHIT , FEAR K use-case-to-device
BE., REZHESEE LA Braket WiEIE , KBS WA E A4 E Braket THEERVER | filL0
Amazon Braket Hybrid Jobs, Raket Pulse 2 $&tt Hamiltonian Simulation,

- ETEM Braket LERM  WENEMLABBEET. THEARAET  URCBENTH
T,
- EHEBETBHRE T —ETALEN TEERE,

(@ Note
HABRSMERRENELEEE , RAEBEBE AWS Support, HRIIEBRIRE , £
A[ LA AWS re : Post @388, Quantum Computing Stack Exchange , A AEE A BIE
5% i [21 B Y 5 28 X6 78 R T Y RS R

« Quantum FEREMHERHESR : lonQ. QuErafl Rigetti %1518 RHAEZREE R AWS Marketplace,
- FERRHEHAR  FENERALBZEHEE,
- EEH S THE FNEERHEIT R AWS Marketplace , 5FSE FEREE M.

« Amazon Quantum Solutions Lab (QSL) : QSL 2 —BiHEHRNBEXREEXK , i FEEE
R, BB EERMIREE FEE I FT AL ITH B s1kEE.

- BHEBHE QSL , FRIER , ARERBBEANERARGIFAET.
« QSL EBA#&EBE T EHREEHIE  WRHAREIR,
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https://console.aws.amazon.com/support/home#/case/create?issueType=technical
https://repost.aws/tags/questions/TAhMWeHkpfSMSCxIFNqcqYog?view=all
https://quantumcomputing.stackexchange.com/questions/ask
https://docs.aws.amazon.com/marketplace/latest/buyerguide/buyer-proserv-products.html
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fEH OpenQASM 3.0 TR E

Amazon Braket BEXEFERNE FEEMNEEZH OpenQASM 3.0, AfEMAEIEEIRHE R Braket
X#EH OpenQASM 3.0 TR &M, Braket ®FHRERILUEIEMEA SDK $2X Braket % , HEH
Amazon Braket APl 1 Amazon Braket Python SDK E#32 OpenQASM 3.0 ZRFFIEFER %
=

REETNEESELSERUNMTR T IREABERHZERELH,

+ EFREH Braket £i& F3E T HIER OpenQASM £ FE#E
FREZENRENERER

£/ OpenQASM #& & 5 &F

FRZEFim=EEE OpenQASM

HWEE B OpenQASM RERE

FEFMERMSEERISEIENEN , ELIEEA 1 Braket LA OpenQASM 3.0 BfE , MUKk
—SERNER.

ARG :

« ffEERE OpenQASM 3.0 ?

- AREA OpenQASM 3.0

+ OpenQASM 3.0 KiB{EA

o SERIRHE

+ Braket X EHLE OpenQASM Ihag ?

« BRI EH OpenQASM 3.0 B FEFH
« XET[E Braket & LAY OpenQASM

« {8 OpenQASM 3.0 & #E A

+ Qubit £ OpenQASM 3.0 E FELLR

« {E£H OpenQASM 3.0 EF{mZ

 Braket £## &

- HER

« £ OpenQASM 3.0 SHE#E

« {E£H OpenQASM 3.0 BIE4EE qubit
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https://openqasm.com/
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-troubleshooting-openqasm.html

Amazon Braket HBEABER

fTEER OpenQASM 3.0 ?

Open Quantum Assembly Language (OpenQASM) RE FIE R PR ~iE. OpenQASM 2 — &R
HMRRIERE  BZARFERERENE FEXRE. £H OpenQASM , EAETTURNFRFENRE
FEERERRNE TRENAEIRE, B OpenQASM (2.0) EHZEE FERRITEXNERARE
REARER,

FTHRZAHY OpenQASM (3.0) IER ERINVIR AN B EEZIEE , HIMNAREBRIZEG . FETIFNER
BERE , ARRKREAEAENERERES 2BAMNEE, BE 3.0 RNFMAEANBIETE
GitHub OpenQASM 3.x Live Specification LEE. OpenQASM HIRREEH OpenQASM 3.0 HfiTiE
EFXFESEE  ZZE2 AWS £ IBM, Microsoft # University of Innsbruck BIE &,

AT {EFH OpenQASM 3.0

OpenQASM R FRIEXNZEE  EBRFEBEFEENRKEEFEREEEFES , ANIEEEHAS
EREREZEENRT. ¥ OpenQASM Y Braket X EH# —F I HRAARZFAERETEEEN -
FE,RADERAEEZERBHETNHBEENE R,

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

OpenQASM 3.0 HiEEA =

#% Braket X% OpenQASM 3.0 , WiRHtEE B A PR REMRN IR, EXRTERETUEERE
HEBMNPEEE#ESS L F A Braket M{THEMIRIE |, BT LAGE A Braket £ OpenQASM #1TAPI,
B LUEIBEEIR A OpenQASM FHRIEFIE LA REAEBREE REIT OpenQASM 3.0 X , H
FRELR B oA ERIZMH4E Braket LHEERN SR, OpenQASM Braket FAE W I UE ST
OpenQASM 3.0 WE=FEXE, NIEMMWHEHEAI S MR B MMIFE OpenQASM RN EEHE
Braket £/,

FORIRF

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

R R B E — R {EH Amazon Braket , BIZEE A Amazon Braket, t1ERA , FSBIFUH Amazon
Braket,
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https://en.wikipedia.org/wiki/Intermediate_representation
https://github.com/openqasm/openqasm
https://aws.amazon.com/blogs/quantum-computing/aws-joins-the-openqasm-3-0-technical-steering-committee/
https://aws.amazon.com/blogs/quantum-computing/aws-joins-the-openqasm-3-0-technical-steering-committee/
https://github.com/aws/amazon-braket-schemas-python
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-enable-overview.html
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Braket 3z £ HFL OpenQASM Ih&E ?

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

TP

« XEM OpenQASM E R FFH

« XK OpenQASM BRiR

« Braket OpenQASM pragmas

o ZAEEHEE L OpenQASM MEPRETHEEX B
- {8 OpenPulse X EHIRIEFTCE

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

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

(® Note
pi = OpenQASM HHREEH , BEAESHER,

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

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

X EH OpenQASM BRIR T

Amazon Braket X & T %1 OpenQASM BRIR =,
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* Header: OPENQASM 3;
- BRURES :
- bit bl; (MEM creg bil;)
« bit[10] b2; (#HEM creg b2[10];)
- QubitEf :
- qubit bl; (MEM qreg bl;)
- qubit[10] b2; (#HEM qreg b2[10];)
- EHANRS : ql[0]
« B A : input float alpha;
- BB MR Equbits : $0
- REFXEAREMERE
« h $0;

« iswap ql[@], q[1];

® Note

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

- BFHHRERAR, Bol , BAFIEAREFBERBRTE. BFHRPqubitsTEREREMER,

#pragma braket verbatim
box{

rx(0.314) $0;
}

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

* b = measure q;
Braket 2 £ L OpenQASM Ih&E ? 60
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* measure q # b;

- ERRANEBR LEBERARNEAEENMFFNREN  AREHERFEENANT. cfitEx
VTHERHBTERENKEEY  RRTERFEEERTH 2  BRERERNE,

* barrier;
* barrier q[0@], q[1];
« barrier $3, $6;

Braket OpenQASM pragmas

Amazon Braket 2 T %1 OpenQASM pragma &R,

- MAWE
» #pragma braket noise bit_flip(0.2) q[0]
« #pragma braket noise phase_flip(0.1) q[@]
* #pragma braket noise pauli_channel
« & pragmas
* #pragma braket verbatim
- FERER pragmas
- ERTTENERER .
- REEM@E : #pragma braket result state_vector
- R4 : #pragma braket result density_matrix
- HEIEHE pragmas :

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

- ZERERER .
- ¥RIE : #pragma braket result amplitude "01"
« W3R : #pragma braket result probability q[@], q[1]
- EERRNERER
« HALE . #pragma braket result expectation x(q[0]) @ y([qll)

« MR . #pragma braket result variance hermitian([[0, -1im], [1im,
0]11) $0

4L 1 1 . i I u | L daN
Braket&iﬁ@%eﬁﬁ;&élﬁﬂféﬁ DLdKkELl LESULL SAlplc TI\PLl) 61
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® Note

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

AEIEEEES E OpenQASM KV E R ThaE X 2

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

N BERCS

« OpenQASM W RE
- EREH

- ERRE

- BHFTFE

- EREE

- QASM &%

- THITERF

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

£ OpenPulse X EWIEEME
*4E OpenPulse ERHEA
Cal E# :
cal {
}
Defcal [E## :

// 1 qubit
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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
https://openqasm.com/language/index.html
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defcal x $0 {

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

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

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

=73

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

BRI

// prebuilt

waveform my_waveform_1 constant(le-6, 1.0);

//arbitrary
waveform my_waveform_2

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

BRIRERESS

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

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

defcal my_cz $1, $0 {

Braket 2 £ L OpenQASM Ih&E ? 63
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barrier q@_ql_cz_frame, q@_xf_frame;
play(q0_ql_cz_frame, wfl);

delay[300ns] q@_xf_frame

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

bit[2] ro;

my_x $0;

my_cz $1,%0;

c[@0] = measure $0;

ERARE A -

bit[2] ro;

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

B IRREH OpenQASM 3.0 E FEH

& ] LAE A Amazon Braket Python SDK, Boto3 2 AWS CLI , # OpenQASM 3.0 EFEF KRR E
Amazon Braket £ &,

TEARES -

+ OpenQASM 3.0 F2=\ &l

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

« f#/H AWS CLI 23 OpenQASM 3.0 £
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OpenQASM 3.0 F2= &4l

£ EE T OpenQASM 3.0 175 , BA LA %4% GHZ AREEMNEZA OpenQASM 3.0 = (ghz.qasm) B
%, W SIEBIRT R,

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

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

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

C = measure (q,

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

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

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

# Import the device module

from braket.aws import AwsDevice

# Choose the Rigetti device

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

program = Program(source=ghz_qgasm_string)
my_task = device.run(program)

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

program,

s3_location,

shots=100,

BV IR EHI OpenQASM 3.0 B 71 65


https://en.wikipedia.org/wiki/Greenberger%E2%80%93Horne%E2%80%93Zeilinger_state
https://github.com/aws/amazon-braket-sdk-python
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)

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

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

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

import boto3
import json

my_bucket "amzn-s3-demo-bucket"

s3_prefix = "opengasm-tasks"

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

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

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

B WIRAEH OpenQASM 3.0 B FEH
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https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://en.wikipedia.org/wiki/Greenberger%E2%80%93Horne%E2%80%93Zeilinger_state
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fFF AWS CLI Z3I OpenQASM 3.0 {£7%

AWS Command Line Interface (CLI) t2 AT FAZR#E3R OpenQASM 3.0 =X , 10T Sl €851 7R

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

"name": "braket.ir.opengasm.program",
"version": "1"

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

} 1

S EAT[E Braket &£E& £H OpenQASM

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

//0penQASM as available with the Rigetti device capabilities

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

% &[G Braket #ZE& LK OpenQASM 67


https://aws.amazon.com/cli/
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FMBABER

//0penQASM as available with the IonQ device capabilities

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

HRXERMEEFINEE , pulse MU SHEREGetDevicemMER, T 5 FIFRRigettiFE

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

"supportedQhpTemplateWaveforms": {
"constant": {

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

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

I

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

}

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

"supportedFunctions": {
"shift_phase": {

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

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

},

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

}

]
I
I

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

% &[G Braket #ZE& LK OpenQASM 69
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"supportsLocalPulseElements": false,
"supportsDynamicFrames": false,
"supportsNonNativeGatesWithPulses": false,
"validationParameters": {

"MAX_SCALE": 4,

"MAX_AMPLITUDE": 1,

"PERMITTED_FREQUENCY_DIFFERENCE": 400000000

}
}
}

ERB AR TSER -
HEE

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

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

% &[G Braket #ZE& LK OpenQASM 70
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E/
=

HIRE QPU LEEMFALREATER , UREZBNWEEBY, LEBPIEHNMEERTEEEA
ERXMO0penQASM 3. 0BRXFRAAELEAERNERIIFT. FENEMCBFHEIIE
« }EZR ID (frameld)
« £ OpenQASM 3.0 FEELE ARV KB,
- EIEIR |D (portld)
- ERNIEREREEE,
o BHE (X))
- ERHNTERIBEAR,
- HBEE (centerFrequency)

- FHRNERBERHRO, —RME , PRARRBHIOERRZLBERR. At , ARR/ERRE
EHROERNBEEZEERN, BUUERIFSHPRIFARE.

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

SupportsDynamicFrames :

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

SupportedFunctions :

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

« shift_phase
- BERNERERAEENE
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» set_phase

- BERNERRESEENE
« swap_phases

- MBS Z ERYREER.
« shift_frequency

- BERNARERREENE
» set_frequency

- BEARNARREREENE
- T

- BIRRE
 capture_vO

- EEEIEAE LAV EER TR &

SupportedQhpTemplateWaveforms :

HREE EATANFALRERTRE , URAEEBN S| BMEE, RIZFAKR , Raket Pulse BB SR
B LRHALEZENREER , a8

EH
Constant(t,T,iq) = iq

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

= HT X
Gaussianic 10 A | Zalb = )

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

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

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

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

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

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

erf((t —t1) /o) + erf(—(t — t2)/0)

A X 2 x erf(W /20))

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

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

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

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

SupportsLocalPulseElements :

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

SupportsNonNativeGatesWithPulses :
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FRABRMRAEUTURTEAEFREREEREERNESER. Hln , MRREdefcal ER AFEH
B qubit EEHEE 6 SRELEEXNPERAERLERE , fINEE, S AEEENETRIFEER
EnativeGateSet& @M BE,

ValidationParameters :
HERRE TERBBRR , TIF -

- RIENRAMBBURARIEE (EENELRE )
- REFOERNERERER , A Hz HEN

- RDOREREAFERED , AW AEN

- REREAAESE LR, LY REN

5 OpenQASM X EWRIE, FREMERER

EETHESEEEZEML OpenQASM 3.0 ThaE , B LASEZEEHEEEE £ action MHH
braket.ir.opengasm.program&if, 0 , T5|2EMA M Braket State Vector ##iss X ER
EMBEREESV,

"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,
IICZII’
Ilhll’

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

rx",

ry,

rz",

Sy

"si",
"SWap" ,
Iltll

7’
Iltill

’

IIVII

7’

vi",

X,

xx",

Xy,

Yy,

Yy,

z,

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

zZ

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

X,
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Yy,
"Z"’
Ilhll’
Ilill’
"hermitian"

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

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

"name": "Amplitude",

"minShots": 0,
"maxShots": @

X ETE Braket & & £# OpenQASM
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}I

}

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

}

{1 OpenQASM 3.0 R &

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

// ghz.

gasm

// Prepare a GHZ state
OPENQASM 3;

qubit[3] q;

bit[3]

h ql@e];

c;

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

#pragma

C = mea

THRE

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

braket

sure q;

noise
noise
noise
noise
noise

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

REFTE X EMN pragma MFEE FRIE,

braket
braket
braket
braket
braket
braket
braket

noise
noise
noise
noise
noise
noise
noise

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

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

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

BHEE
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3]

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

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

Kraus EE& ¥

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

« M EqubitsTEHIB 2, FEERPHEINERERELRS,
SIBBENRENSNAR 8 MER., ERTTREEH 2x2 BMEEMK.

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

« Kraus ER FWERMRHBELMEZTNE & 2 5EME,

Qubit £ OpenQASM 3.0 EFTELAR

Amazon Braket ERigettif & £ X # OpenQASM AN B Rqubitk " E (MNFE-—F T#H , FSREL

HMHE), ##EE. qubitsBEEFESHMERRBEEEERAR , FREAqubItsTEMMNEE HiEE . E ,
RUAMEAqubitif , Bl&7ERigettift B L FEFXRA PARTIAL rewiring KB

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

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

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

Qubit EFTEAR
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£ OpenQASM 3.0 EFim:=

E &7 Rigetti, ¥ SHERHNEBFEREHTEFERKINQ , BALE R EFRTERREEH
TIRNER K EFETEARR. LIIRBRAEFRE. £H Rigetti RE , B UG IEERED
RE -BEERIRAREETNEERDT. FEEFREERNKBER D , CERERERINERARE
Mg, Bal, lonQ EXEREERNZEFR= , BLERTHEEESHERTEAEFZHRER.

£/ OpenQASM , EAI AR ERR BT A REBEIEE —FTEM pragma , REFERN KRS
FRAREREEAARZEN. THEXNBEEHREBNAFEA #pragma braket verbatimigHRiE
R B &,

OPENQASM 3;
bit[2] c;

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

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

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

Braket ¥ &

OpenQASM 3.0 E#& Al |, I B o LAfE Amazon Braket T A HEE, £ AL, £
OpenQASM 3.0 FRRRXREA MBI BN ERERIBEEREARET K ERER,

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

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



https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Verbatim_Compilation.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Getting_Started_with_OpenQASM_on_Braket.ipynb
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£ OpenQASM 3.0 STERE

£ shots=0 ( %4 ) X THITE , Amazon Braket TERBEMAKERSI LNHEEE, E2EB
FEABSER(CAERERN, FEETEEENEE , BTURMEER pragma , T HIEHIHE
XIEFTRo

OPENQASM 3.0;
input float alpha;

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

h ql@];

h q[1];

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

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

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

& W T BAME pragma FiEEal1ET , MARHBIILABELS . EXRBIIENAMBEinput2
YEtEHE K ESRAEBIEARK , EAREELENEE, EHERT , pragma HBRREEKT 54
PRERR.

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

Amazon Braket #J OpenQASM 3.0 EEXEMETHAER K SFEFELEHEF. REEM. Hermitian
ATERMTSuUmEBR R, EEHERSEEFANGSEEE FXETERE expectation() BEHR , M
BEREEETHANSEFAYEATEEN qubit,

£ OpenQASM 3.0 JAIE4EE qubit

Amazon Braket 32459 2K f 4% 45 [5] 58 1858 38 1 5 1 20 B 4G I 48 4 38 & B 4R 3T OpenQASMEB R, | HL e

TRIEMM B BB qubit T, HINEEEBATSAE  TRETEEESBEMNNE, f
M, ETHRABE BT, BTLETE qubit B , 22 VRS —18 qubit, BRTARE =@
qubit,

partial_measure_gasm = """

BEERE 80
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OPENQASM 3.0;

bit[1] b;

qubit[2] q;

h q[@];

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

FEHESH , FHME—EEEME qubit q[0]F WEFERKq[1] , ERMIRAERESE —@ qubit IR
e, ERMHIT FMEKDbLO] = measure q[0] , ATBIE qubit [0] HAREE , YBERFRESERMLT
b [0] &, ZEHTUIEDBERG , T LLIE Amazon Braket IR EH A ERE D EE RS EHIT
THERE,

from braket.devices import LocalSimulator

local_sim = LocalSimulator()

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

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

FBALRELBREEIESHHE , FERBEHBERBESH
requiresAllQubitsMeasurement #{I ; MR 2 False , BIZE DD RIE,

from braket.devices import Devices

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

f£)E#8 , requiresAllQubitsMeasurements False , RRIIEFTE qubit EBBLERIE,

RRERINAE

ERREHEERNTER , HUAMAR  BNSENREEcHR, ELEMRAIRESEEHEE
BN EBEMEE, EALUEIR Amazon Braket SDK % B Byl A BEER 1 ERRE ThAE,

EEFRAERMIR  BEBRYE TIHIFIEE experimental_capabilities 28, SIS EER
EA "ALL" , LR AREBNAETAERMIIEE, THEHMI RSNMEHEE LHITERRMAER
Ihee -

(ERE ) RRERDEE 81
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from braket.aws import AwsDevice
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/quera/Aquila")

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

)

(® Note

ELRERERMN  REAMEBE , AT B TEA, KEMRETRECSRMHRETE ,
BERRTREREERESE, ELAASEETHEARBMAERIIE. RAUSBNEBEREE
ﬁﬁé%iEIjJﬁbo

EAREAP :

« 1 QuEra Aquila EFERA #5458
 17HY QuEra Aquila #9510

- 77EX QuEra Aquila £ H) BB L&
- IQM £E LW EREER

£ QuEra Aquila EZER A #455R

Local detuning (LD) 2 — A FREEKZEHEMY , EATETNZEEER, LD BUSRBTEET
K ZE R B2 qubits , BR T — BB A Rydberg-Rydberg EEBIAILLVEBYHWABZH , BTEH
qubit BEIRFREH Hamiltonians,

BR IR 4

AHABRMUNZEEXTAESE AHS BEX AT , EERABEPREEN. &
HAZMUNSEFISAAFRENGER , BFrEEBPRIFRTF, A, &
HRAERUNSHIINHERS , TEBRERERMEELR - H# Braket SDK
flaquila_device.properties.paradigm.rydberg.rydberglLocal,

PR :

1 QuEra Aquila L FER A #4545 82
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PITEATHAZMUNEFERR (AFEENNEEZHEPREARTHT )  KESHERL
Aquila BIHEMEEERTIHEN T2 REAERN -, NRFFE , REEBKER AHS FHENEZH

T & B A M R AR L
Analog Hamiltonian simulation Spin terminology
qubits 4 e 4k S 5o 52 S 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)

g4 -

1.

BREREEE R T IR ISR

&t SRR Bp 48 2 89 R 1R M P& B qubits BB EE RV RS EE |, ERDMVHRENRIHR
EHVRMY qubits R EERERNMDMAUAR. BB A HEARMUNZERE , TUERE
B IEE R

. EfRIEFE R IEARE

g ERAEA Rydberg EFIREEREER , mEUNMERRFERKE 22 SiFPEERE , #1H 9-
atom I P REFHHE . EEBIR R , PHFAZRRVSEE TR M AHS EX &
AREREESEIR P ERER RN ERER,

BRI RAE(LREE

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

1 QuEra Aquila L FER A #4545
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WBRFEARFRERN , TERRERA MWIS Hamiltonian HhEARRE |, LAS R EEREERT

=

ZH! QuEra Aquila LB &4

BREMYEIREEESERMNEM, ERLIIEE , AHS BRANEREFHH T E# Aquila —fiX3h#E
B y FRNENRE.

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

EEMIRFRANERMIIGER  KEBMER LETRHNIIsEMGetDevice RSB BRI ST
EN—MR TR, 8 AHS EXFABE —MIENRFHESIE | EXERERSEMN. £EKE
Rpre_sequenceVEonH , B RIRIEFARN 0s E WM , EMBRENESERNBILZHHNEE,
HHRREEFHZREFHERIIPREK,

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

17EL QuEra Aquila RIS 21T 84
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RFEMBERITURRIESHERE Y, BBERAEOFITR Y, AHEARGFIEERENEEK
HITERE.

2. ERNEEMBS THATEBNESZHE

Aquila R SEHIEREAFITETEBRERUMESMNATAES : EBE—BRFHITHRERH
BNEMNZTRER, FREZTARE , AUBEEZEIR,

1ZEY QuEra Aquila LY R 23 444m

BRELMYRETREEERBERS c EEEEENEM, £ AHS BXNF , RFLUERIIBES | 3L
RONEERESR. FAMER LMDy BEELERAT (HEERS )  SHEEEBRPERS

B (TRERS ), FHRENEMARIE  KINERIIEEERD  #MELERZNETHE

5l, BEARNLLERTIELERF cBNKRPBREEEERMTER  BEAFEYRR , EREREFIEHARK
LEESER AR, EBRIEIENEL R =BEBER,

BR I 46R 44
BRUEMBENS/NERFIBES 0.000002 2R (2 um),
BRI -

EEMRFRALERMIEK  KEBMEER LB RN IIENGetDevice P SEB R RS ER
—fi TR, B AHS EXEABH —MRUENEFHIKE , EXERFHEEN. FFEEEHE
Rpre_sequenceMH T PR IEZEFAHN 0, EMEEINETRDB RIS, LHREER
BHZRTNERI|PHREA,

17EL QuEra Aquila L HI B B34 85
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BE=AF. NEFM Kagome iR , LAk —EE &,

2. JRABNETRS

£ AHS BX , BBRBERFH  BNERRARED., ERXFNENIIBEATEOARBAE
TRRFHEASRBENES  RAEER FEBNAENERTZ &/ &R 5 EHER SRR

#l., EF/EIENESIREETREERERMN Shastry-Sutherland ¥+ &%,

IQM R E LN EIREE

QM £ E FWBREERTMAPERAE (MCM) MO RIERE. ELHEAFEFHRASNFEE

ABEBFEEARENEBNEFTEECAYRNERE FRE L. LERMIRAINERRETEE

&, REEFRME |, LIRTRE FIRREENIEERE EHS,

EIMER

« measure_ff : BEFIEEHMWRE , RIE qubit, YFEAEZREESBHEREER,

QM R E BT
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« cc_prx : BEEREZEFNGR K RATREERREDESREAFEBNERE |14 REKTER,

Amazon Braket #%i8 OpenQASM. Amazon Braket SDKH X £ EREE B Amazon Braket Qiskit
Provider,

PR &R 4

1. measure_ff ERFPNEREESB N AR -,
2. cc_prx X EFEAHERNEREES8neasure_ffE 28R4,

3. EE—ERH , qubit LAMAEIEEEREEHE —1@ qubit 24 , ERISEBEIHS —1@ qubit &, £
TRNERF , B UERRNEEE,
a. f5lan , 7R qubit 1 B qubit 2 ¥4l , BIFEHRMERIER P qubit 3 24, 7E qubit 1 F qubit 2

ZBEERBRFIENREEERE. BRIEE qubit2 EFTEBHER , B8l Qubit 2 ATELH qubit 3
( = qubit 1) 4,

4. BHEREEREZHRBHERM qubit. IQM Garnet 1 Emerald £ EH qubit ANV R T HIEE&
.,

5. EAELYRNERALAUZEZAARER. BBE-—FSTHEFER , F2H LA OpenQASM 3.0
HEATE F i o

PRI

MCM REEAREBXPHAIEEES. MCMBER 0= 1) TEEEBERPER,

IQM & FW B REE R 87
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EBEEGSERMEIQMEER qubit 74, Garnet 20 qubit £EEE 2 18 qubit B4 , ™ Emerald 54
qubit Z£EFE 4 & qubit B#H.

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

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

4. AR BT REER

PREERTEBEREBMNANRREME  UREAERERE FREPNMEA. L EERRE
qubit RFRERMRR TR, MABEHEAZRENREENRERG,
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MEERABEERNFMENR , 5528 Amazon Braket EFLAREFEFHHLEH,

Amazon Braket - #9 i & 5 &l

A& 2148 FER D qubit BIEELLEASE, BB Amazon Braket LG ERE | B LUFEARE 24
Ihee , LMERAREIRRRER, &£ LUEB Braket SDK, f#H OpenQASM 3.0 =% E#2i%38 Braket APIs
FEHURE 4], B% , NHB1E Braket R ARIREIZRSIH — Lo pa@ <.

TP

- ¥

- EEE

- B

- {8 Hello Pulse

- ERAREFERERE

-7

ERR-EREHR , TARMARTEANMETNKE. SEMAENRERBNBERERNENR
REFREIARBSEE, BAREBRE qubit BF , EEIRTE qubit AVERIER, HUB , DIREY
RIEE SR, 7E Braket Pulse 7, 2IBREURNEE., BERNER. REREME , LA LLEE
HAERNE , NRFEEZRRATERCHAIRA,

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)

-

iR

EEER —EHRHR , AKRESH qubit MEM@MA/MMEERTH. EEPREREEBEREMA—ER
H , EAEATUE EELURFEMEL qubit, ERENRARKREERTBNE—FH, LFHEH
ELRRIRKEEE  BEERMATUAERKRENBHEEE.,
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https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/experimental_capabilities/dynamic_circuits
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from braket.pulse import Port

Port® = Port('"channel_0", dt=1e-9)

BRI

KRR -—ERBEMAKNES , ATAREHHERE FRHFAS , BEBE ERBENAR. BALUE
BEMBFFENEARTEAERBREREELERE  EEEEENER.

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 R HRERNKILENE , @FEBRE. SHRE , UREK_E#FE (DRAG) KT
£ BER. BALUEIR sample NEHEURLER | UESUREAEAR |, 0T B & BT 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
times_2

np.arange(@, zero_at_edgel.length, drive_frame.port.dt)
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

0.0 0.2 0.4 0.6 0.8 1.0
Time (s) le—7

FE#RR BN SE R GaussianWaveform, FKiEZE 100 ns WIKERE. 25ns WE

B, UKk 01 IRE (EEEN )., REUREREAF L. GaussianWaveformiEZ MM &
zero_at_edges ( Bl # ZaE), %A BTrue , WG ERBEHKEN , Z t=0 Ml t=1length BV E
NRE  WEHABRHIRE L BHEAEHEZamplitudes| &,

&£ F Hello Pulse

EARER |, Bi§ T B EEME ARigettide B L K ARE KRR MEBE — qubit MIE, HEHMLE
A ZE qubit 83 Rabi #x& , WEH 0 REHM 1 ARE 2 B Y1 qubit. A EIB R IE /Y AR E &K & M P&
EX , Rabi #xB A LAFTEE — qubit B8, FiEE , RAKRERE pi2 RENFKEREGRE L ERA
REEEREMTFINERELR,

BE K BERERERFY , 5BEA PulseSequencedhl,

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

device = AwsDevice(Devices.Rigetti.Ankaa3)

THREFH S SME T : BHRORFENRE qubite IREFFBETUAERELHE. BRT —LH5R
W, BN AR | SLHIAMRRATUERZE qubite EEBIREF 28 , B4 AREEA AR
%o EEEERMAMNERM Rabi iRBAVARE , MBABEZRARNAE qubit AREE, LLBBHIFERA qubit 25 KT
%o

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

BE  BUKERBSHEEPERNER. BERRAEATEREGEREN qubit TA. BEXXHSEHRTE
REWKEE. EAREFYFreeParameterPXEM Braket , MAREXRBTEEBILINEFE. &Ll
FRRBSHERIUBENRERS —X  RAERERTENE ABEANTHRNIREF 5.

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

% , BefnE—eMAREF5. EREF5D , SERSIE LplayBRIEENRE , LEE
& capture_vORIEHRRE,

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

RHESEREGRE , YAEREX

HH

QPU, # QPU L#TAREF5I28l , FABETHSENE,

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

qubit B2 AT EREERTE 0 AREH 1 MREZEIREM qubit IREBEIRE, LAEERG , BB
HY Rabi 28R | W HFARENRE , LEBESEMN 1-qubit B8, Hlin , BBETEDNER | BHEMEY
A 154 ns, HIL , pil2 MRFAESHEEZRE = 38.5ns WREF 5,

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

£ OpenPulse B Hello Pulse

OpenPulse R—EFES , AREE—REFEENREERIZESH , LB OpenQASM 3.0 HIEH — 3P
4. Amazon Braket ZE A OpenQASM 3.0 & REOpenPulse B2 R ETARE

Braket £ OpenPulsefiAEBHPERTE , MEREE TP REMRE. OpenPulsexx &L
defcal( "ERRIE, WERE ) EFFERANFEIESRE, BBELESL , BUUEBEBRA S

EREEREESTHNERE,

A LAEFPulseSequence T 5ar 5 #4R Braket By OpenPulse 23X,
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https://openqasm.com/language/openpulse.html
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print(pulse_sequence.to_ir())

B LA E#E 4 OpenPulse =,

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);

}

ERAESREMYProgramff, A% , BEXERXE 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)

ERRE FEREFE

MAAEBEFTERVAERE QPU XENFRERENAEEARE. RE TS AEREMNEFER
IE, BFNEMTERARAEARERAEFNRE , IRFREREENEAGE , fINLEREERE
HY AR ErE 1T TR

Amazon Braket X #1# Rigetti MR R AR EIRERE.

import math

from braket.aws import AwsDevice

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

device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3")
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calibrations = device.gate_calibrations
print(f"Downloaded {len(calibrations)} calibrations.")

® Note
EEAREEENRE QPU , BEEXTR—K, Braket SDK A BREES H#THI FEKIE

device.refresh_gate_calibrations()

EEHIEENRERE , flth RX = XY B , SEEEEGateHFNREBE qubit, Hi0 , &7
LBEERZ 0 B9 RX(11/2) qubit K ARE B4,

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

pulse_sequence_rx_pi_2_q0@® = calibrations.pulse_sequences[rx_pi_2_q0]

BRI LAER filterREBEL —EHEHERNRIE, BuLIEEREZFES FEQubitSet, NIRRT
SEVYMM , HPhEE RX(11/2) M 0 qubit WATERE,

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

R, CUMEBEESTRERRRHRESREMENDE. N BEETIBH

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

A LLEB S PulseSequence I FHEIE Egate_definitionsE#F 5|8 qubit 0, LAFE K
BETrxBEERERHTE. BOLKE GateCalibrations ¥#pulse_sequencesty BHEEEF
H, IEREENFREHSUE FERREHENRERERK.

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

H L2 RE AR 5

HHEZWIEER (AHS) REFEENHEES , HERNEFERERERANEERE, MAR—E
EHNEE  EFSEER X REEERRL%E qubite AHS B 2HERENEZRHE BRIz’
HKSEMESR. RHEHN Hamiltonian ERBHEFRKEMATIINFE  ELERANIHRERHRE
Y BSRIEE, ¥R N-qubit Z#E , Hamiltonian T E# B FH 2"X2N T HEEER R,

BESMENIT AHS B Quantum & E EEBFHAFAREAIBEFIS E , £ 85T Hamiltonian TEEEF
REHNRREESE, flm , AR -FEBMUNIRENFZSE. AHS SHlFEEBEEFERATSERN
FREFEFRAENBENBERY , fINERENEYVESEFLES, EMBRENEFEEET
(QPUs) , flan2kR B 1 Aquila Z£EQuEra , EBRE AR AHS MR ATIEE , X AR A X FRERE
NEFEER AR LHRAVEE,

EREH -
o AHS &%F . # 178K % — B L Hamiltonian 15 &t
« £/ QuEra Aquila EXEHRER

AHS I&1F - #1TIRH E —EIZE L Hamiltonian & #§
REFIR M ITE —EEE L Hamiltonian EHENEEEN.

AR :

- EEEEHE

- ZH

- BF

- BB

- AHS X

- EABERR T
- PHERBER

« £ QuEra B Aquila QPU E#i1T
- 7 QPU KRR

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

HREIFZEBN FRENEXES , BEASE—E/UREENR (SERERALUR "AL, |14
MIETL #ARE ), MARD , BUEERKERR -~ LAREENHMEM BN EBRR, EIEH
Bl |, B REUTEFBARBNREHIEF , EhEfREEaEREE,
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ZHE

BRSERA—EPERFRAKRESXRES , M "AE, M "ETy REERER S B LUBER Rydberg
REM R F R AREETIRTS. B, RMEY 2 XEE5. BAATLUER TIREABRER LikheE
IR,

JoRIGH - BEE pip R Braket SDK, ( NIREE K2 Braket SEEELAHTER | Ik SDK
SRAREERR, ) FEERE , BLLFEMA shell v H EBEZE matplotlibpip install
matplotlib,

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

a = 5.7e-6 # Nearest-neighbor separation (in meters)

register = AtomArrangement()

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

BB AGER BR

fig, ax = plt.subplots(l, 1, figsize=(7, 7))
Xs, ys = [register.coordinate_list(dim) for dim in (@, 1)]
ax.plot(xs, ys, 'r.',6 ms=15)

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

plt.show() # This will show the plot below in an ipython or jupyter session
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le—-6

_.
—
-
-
-
—
=

le—-6

BE)

A7TEENENER  RMRTSEEHOEECHREER, RMEIEER van der Waals B , iER2H
FHERFEE (HUWRE AquilafEEQuEra) REEE., FEAEENARKRZE , LEBAH Hamiltonian 5
HA L ABMRRTAEEES (, K)o
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— <N-1 N
Hinteraction - Zj=1 Zk=j+1 Vj,knjnk

EER , nj =141 | REET , DAERE | ER LA REH , TEEM1NE, FUAB0. B

BV, =Cel(dj)® . HF ¢Cis REIRRE , M dis 5 | M k RN BLEEIES. HEEHER
VEIRRE , B NS K R THLE, WETRESEEESNEER (KRVE) o EBFMH

AT AHS SHEMESES , LEBSHILRMBEERBER "L, RE , ER-EEBXEBA "Rydberg
L HRR.

=453 [

£ AHS BB , FTARE (/R ) WHEU "AT, RERKE , ERFIENSHEER. BT
BRI EEREHEERNEER , RMAEE T REAKN —BEBRBAV , TRESRELREIRGSEERS
" EF RREMVET S B BIRE. HHERY Hamiltonian ATAR AR

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

Hei DLR(t). o(t). A(t) RRFBEMBEKNSEIRIE (tt#BA Rabi 58%), R , URFEFERENER
WA TR, WM S_ Sl L #1|and Su =(S- ) =l 1##L | D BIREEE k WRENIREEEF M
N 1 @ O#E Y| REZEHEMNESE 7, BEBMAVN DLR o —BunBErFrEEEN ", M
b, ARRE , M A BrAIEESE "m L, AREBABERER.

HERART AU RIENERANEWEE  FEATIEXNREEEBML,

from braket.timings.time_series import TimeSeries
from braket.ahs.driving_field import DrivingField

# Smooth transition from "down" to "up" state
time_max = 4e-6 # seconds
time_ramp = le-7 # seconds

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

omega_max

omega = TimeSeries()

omega.put(0.0, 0.0)

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

delta = TimeSeries()

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

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

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

BT AERAATERRRBCERBUNERFS.

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

ax = axes[0]

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

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

ax = axes[1]

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

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

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

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

ax.set_xlabel('time [s]')

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

N o+ o

Omeaqga [rad/s]

(=]

1e8

Delta [rad/s]
(=]

0.050 A

0.025 A

0.000 - r +

phi [rad]

—0.025 A

—0.050 -

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

AHS E=

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

ahs_program,

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

HEAME SRR E81T

HRLEHRD (DR 15 X5EE ) , BILE AHS 88 QPU L#1TE 28 , F AT LATERE Braket
SDK RV A#E AHS iR LHITE . HRAHESERR &I Braket SDK £ EHUE , R RIEER
R ARE R UE#EHT,

EER , BT ERREREASE (HlW100 8 ) , AAXEERESERE FARENKBE
82 WHRKKGREPRIEDS ; Bit | #@NREEE  AREBMENEANITRE.
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from braket.devices import LocalSimulator
device = LocalSimulator("braket_ahs")

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

).result() # Takes about 5 seconds

TR EERR RS R

BMATUEATIHNBRRBREGR , SRS EENRE (TR "dy ®F "downs . Tus &
R Tupy & Tey RRZEMEY ) U ESEERBEERERRERENRE

from collections import Counter

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

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

e: empty site

u: up state spin

d: down state spin

Args:
result
(braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuz

Returns
dict: number of times each state configuration is measured

state_counts = Counter()
states = ['e', 'u', 'd']
for shot in result.measurements:
pre = shot.pre_sequence
post = shot.post_sequence
state_idx = np.array(pre) * (1 + np.array(post))
state = "".join(map(lambda s_idx: states[s_idx], state_idx))
state_counts.update((state,))
return dict(state_counts)
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counts_simulator = get_counts(result_simulator) # Takes about 5 seconds
print(counts_simulator)

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

counts AT ZHEFEEEREESERBERBARE. BRAETUERAUTEARTEEREL.

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

plt.
plt.
plt.
plt.

plt

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

xticks(range(len(configurations)))

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

grid(axis='"y"')

.title(f'{name} configurations')

plt.

show()

plot_counts(counts_simulator)

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

=
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=)
3
b=
=
3

BT , RO TURIM T8 | #EE R E RN,

1. —fRmME , FEHHEME
"E, RENWREEER.

2. —mMmME , BRIFBRBEDHE  FUNEEFEDZ "up" BENREREFN,
3. RERMMREEE R TEMNNERMREE "dudududu" M "udududud",

dududuud
uddududu
uududdud
uudududu
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4. FE_EARERNREREPREIME "ML, B  EESREA 1. 2. 2, IEF R van der Waals
BEEthE®e (HARAE/D ) T—EZRIEH.

#£ QuEra 9 Aquila QPU E#11T

HII-

FRIEM © BRT pip T2 Braket SDK 24\ , MR AR Amazon Braket T F , FRELETHMSE
A FIZER,

(® Note
MRIEHEREY 2 Braket FEEECAMITERE , B Braket SDK EFR LR K HTERE.

ZEMBBEKER , RAITLLELRE Aquila QPU,

from braket.aws import AwsDevice

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

A TR AHS B BEQuEratdss , RMEFEBZWERIAFAE , SAFS Aquila QPU 7EFF
WEHEE, (ELERHEBTES "MWTE, WEBESHEE, BRMAUNEBEER
ZRaquila_qgpu.properties.dict()F#TREFECM. WFE Aquila THEERFERWEEMER |
2/ Aquila EEEAE N, ) RPN discretizeFERBITIIRME,

30

discretized_ahs_program = ahs_program.discretize(aquila_gpu)

B , R Aquila QPU E#1TRERX ( BRIR 4T 100 fEIKRE ) o

(® Note

EAQuilaEE 8 EHTHRRXEELEM. Amazon Braket SDK @2 R4 EHISE , THE S
ERARE | W3E TR BHERA,

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

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

HRETEBARFESRIEFESIRIATHEAZE (BFURATAKERMN QPU AR )  KIFLCTE
FAEH ARN , LERMBRATUEATIENFH RRBEERE,

# Optionally, in a new python session
from braket.aws import AwsQuantumTask

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

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

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

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

*[Output]*

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

status: COMPLETED

—BiR&A COMPLETED ( thaJLA%¢ Amazon Braket TR ANE FEKRBEMETRE ) , BT
FERATIHARNEIER -

result_aquila = task.result()

2H QPU #&FR
FREAHBENget_countsEE , RPITTUAGTETE

counts_aquila = get_counts(result_aquila)
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print(counts_aquila)

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

WiEA R EMplot_counts :

plot_counts(counts_aquila)

no neighboring "up" states configurations
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£/ QuEra Aquila X EHER

L EHERHE Aquilat¥2z TIRER EB X HQuEra, WWERENFMEANT

1. BREHN S 1L Hamiltonian Aquila
2. AHS X 2H

3. AHS ERR A

4. Aquila hEEB

AR

- EEREX

+ Braket AHS XX & E iR

- Braket AHS E##E RE B HR
« QuEra EEBMEBHER

REREX

KB WAquilat¥zs REQuEratE g T %] ( BFREMMK ) EZREEX

N N N-1 N
H(t) - E‘;‘:l Hdrive._l.: (t) + Zkzl ch»cal detuning k (t) T Zkzl E}j:k_]_ V;:dw,k,ﬂf

® Note
FRAKMAR —EEEREIEE , 1iEIB Braket Direct F35RKEUE,

where

* Harvex®=( /2 JPEG(t)®?VS_ \+ 1, JPEG(t)e ™Y S, ) + (=giobard(t)NK)
- DLR(t) 2K S HEEIFIE (HEA Rabi S8 ) |, B{IA (rad/s)
. o) REREAKENSEE | MIIESEN

« S_k M ., Sare & atom k WIEEREMBEAHZEE T (L |I#=|g#. |1#=|# RER K B2 S_=|
gittr|. S.=(S-)'=|rg))

* globalA(t) REFEARKE £ EFHE
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Amazon Braket BISt A B
* ng & atom k Z Rydberg AREEM R SLEE T ( B n=|rt#r|)
* Hiocal detuning k() =-1ocalA(t)h kNk
* ocalMt) BAMIBRERAEEMEKER , BELA (radls)
o hy RBHEKRESER , MR 0.0F1.0 2HENEEEET
* Vydwk,=Ce/(di)°nin ,
« ¢Cis van der Waals R& , B A (rad / s) * (m)"6
« dy, B atomk M | cEHWEEEGHER , LARKBEN.

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

e 2-d RFHES (@K x FEE, Blum BEA) , Bk, I1=1,2, . .N2EKYREFESRd
« LA (rad/s) BEMNARFREIEMKME. £15 Rabi A%

. o), BRI S HRE | BB (rad)

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

* ocalA(t) , BEMREEENFEMBEKYE (28 ) BX, BEUR (rad/s)

« hy, RESRABIEEN (FE) WHHEKESR , AR 0.0 M 1.0 2ENEEERT

@ Note
FERERLEFSRNEF (B1S.. S.. nEEFEEEN ) =X Rydberg-Rydberg B EIZRH
(C) st Eeo

Braket AHS R &E B iR

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

® Note
MREHMRF RRAAKBEINEE , localDetuning=[JFEE T HEHIHER .

Program(
braketSchemaHeader=BraketSchemaHeader(
name='braket.ir.ahs.program',
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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('0'), Decimal('15700000.0'),
Decimal('15700000.0'), Decimal('Q')],
times=[Decimal('Q'), Decimal('Q®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]
),
pattern='uniform'
),
phase=PhysicalField(
time_series=TimeSeries(
values=[Decimal('®'), Decimal('Q')],
times=[Decimal('Q'), Decimal('0.000003')]
),
pattern='uniform'
),
detuning=PhysicalField(
time_series=TimeSeries(
values=[Decimal('-54000000.0'), Decimal('54000000.0')],
times=[Decimal('Q'), Decimal('0.000003')]

),
pattern='uniform'
)
)
1,
localDetuning=[
LocalDetuning(

magnitude=PhysicalField(
times_series=TimeSeries(
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values=[Decimal('®'), Decimal('25000000.0'),
Decimal('25000000.0'), Decimal('Q')],

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

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

JSON ( &4 )

(® Note
MERIBHIR S RERA A TIEEIHEE | "localDetuning": [1FEETHIEHIHER

{

"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]
}
},

"hamiltonian": {
"drivingFields": [
{
"amplitude": {

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

},
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FMBABER

"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]

description

W|TWIRETH 2-
d BEEEE

.
"pattern": "uniform"
}
}
1,
"localDetuning": [
{
"magnitude": {
"time_series": {
"values": [0.0, 25000000.0, 25000000.0, 0.0],
"times": [QE-9, 0.000001000, 0.000002000, ©.000003000]
},
"pattern": [0.8, 1.0, 0.9]
}
}
]
}
}
FEML
BEXEA type
setup.ahs_register.sites List [List
[Decimal] ]
setup.ahs_register filling List [int]

£/ 1 FREeiE A
BRUGRVR T | £
A 0 HRRCZEUL R
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R

hamiltonian.drivingFields []
ries.times

hamiltonian.drivingFields []
ries.values

hamiltonian.drivingFields []

hamiltonian.drivingFields []
times

hamiltonian.drivingFields []
.values

hamiltonian.drivingFields []

hamiltonian.drivingFields []
ies.times

hamiltonian.drivingFields []
ies.values

hamiltonian.drivingFields []

hamiltonian.localDetuning [] .magnitude.time_se

ries.times

.amplitude.time_se

.amplitude.time_se

.amplitude.pattern

.phase.time_series

.phase.time_series

.phase.pattern

.detuning.time_ser

.detuning.time_ser

.detuning.pattern

type

List [Decimal]

List [Decimal]

str

List [Decimal]

List [Decimall

str

List [Decimal]

List [Decimal]

str

List [Decimall

description

Bii B 4 1@ A BF
2t | Omega(t)

ERB)IRIEAY(E , Om
ega(t)

5 B R @ 1Y 22 B AR
3 , Omega(t) ; &
ZA R 'uniform’

2 BB R A B
25, phi(t)

BB EREYE |, ph
i(t)

BB P ERfY ZE R AR
= , phi(t) ; HER
'uniform'

EREOmNEE
2 , Delta_global(t)

EEENFARME |, De
Ita_global(t)

EE YRR Y 22 ]
#3{ |, Delta_gl
obal(t) ; ABER
‘'uniform’

Delta_local(t) Zs#
749 B2 R S Y R AR
ER A
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ERXRN type description
hamiltonian.localDetuning [] .magnitude.time_se List [Decimall Delta_local(t) A4
ries.values 74 BE R FE Y R AR
CSEAE
hamiltonian.localDetuning [] .magnitude.pattern List [Decimall AEFARIEE
FY 48 5 A8 41k (X
%, hk (EY
FER setup.ahs
_register.sites FHY
k)
e B RHR L
BEXMA type description
braketSchemaHeader.name str REBHEENERE ; LER 'braket.i

r.ahs.program'

braketSchemaHeader.version str B R A

Braket AHS E&#E REEHER

braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuantumTas

(g8l )

AnalogHamiltonianSimulationQuantumTaskResult(
task_metadata=TaskMetadata(
braketSchemaHeader=BraketSchemaHeadex(
name="'braket.task_result.task_metadata’,
version="'1"
),
id='arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890Qabcdef",
shots=2,
deviceld='arn:aws:braket:us-east-1::device/qpu/quera/Aquila"',
deviceParameters=None,
createdAt='2022-10-25T20:59:10.7887",
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endedAt='2022-10-25T21:00:58.2187",
status="'COMPLETED',
failureReason=None

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

JSON ( &4l )

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

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

"createdAt": "2022-10-25T20:59:10.788Z",

"endedAt": "2022-10-25T721:00:58.218Z2",
"status": "COMPLETED"

}I
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"measurements": [

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

1,

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

"braketSchemaHeader": {

"name": "braket.task_result.quera_metadata",
"version": "1"
iy
"numSuccessfulShots": 100
}
}
}
FEMMN
EREREN type description
measurements [] .shotResult.p List [int] BEFKENFIEPREVT (8
reSequence BREFLE—E)  MRUHA
z= R0 ; MRWMECER , Al
1, ERTEFEENREFIIZ
ﬁﬁi]\“%
measurements [] .shotResult.p List [int] BEEENFRAEMT : MR
ostSequence R FER Rydberg REESRLE A

=, BB 0 ; MRFRFERNE M

f# /A QuEra Aquila 2338 HHER 117



Amazon Braket

FMBABER

ER e R

o A £
ERHE R

braketSchemaHeader.name

braketSchemaHeader.version

taskMetadata.braketSchemaHeader.name

taskMetadata.braketSchemaHeader.vers
ion

taskMetadata.id

type description

&, AR, ARITE TEERR
FFIEREGRE

type description

str ERE IR
28, 4AH
5= 'braket.t
ask_resul
t.analog_
hamiltoni
an_simula
tion_task
_result'

str IR AR
PN

str ERERN
28, BH
= ‘braket.t
ask_resul
t.task_me
tadata'

str FERBERA MR
=

str ETEKHN
ID, ¥ AWS
ETEK , E
=ETFEHK
ARN,

i
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FMBABER

ER e R

taskMetadata.shots

taskMetadata.shots.deviceld

taskMetadata.shots.createdAt

taskMetadata.shots.endedAt

type

int

str

str

str

description

BT EBNE
SRYE

B FEBT
PENEES

ID, ¥R AWS

RE 6 ERE

B ARN,

B HRREE
ic; BX A
= 1S0O-8601/
RFC3339
FEEKR
YYYY-MM-D
DTHH : mm :
ss.sssZ, FAEX

RE,

EFEBE
RS ERER
ic; BX4E
= 1SO-8601/
RFC3339
FEER
YYYY-MM-D
DTHH : mm :
ss.sssZ, FAER

RE,
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FMBABER

ER e R

taskMetadata.shots.status

taskMetadata.shots.failureReason

additionalMetadata.action

additionalMetadata.action.braketSche
maHeader.queraMetadata.name

additionalMetadata.action.braketSche
maHeader.queraMetadata.version

additionalMetadata.action.numSuccess
fulShots

type

str

str

braket.ir.ahs.program_v1.Pr
ogram

str

str

int

description

EFE®

H AR RE
(CREATED.,
QUEUED. RU
NNING, COM
PLETED. FA
ILED), FERA
s

W\ 0

BFEBHKX
MRR. R

(BB
Braket AHS £
NGB R —
&)

BRI
8, 4AH
5= 'braket.t
ask_resul
t.quera_m
etadata’

ERE IR Y AR
PN

TERINNE
SREE ; A
ENFEROER
SRYE
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FMBABER

ER e R

type

measurements [] .shotMetadata.shotStat int

us

QuEra £ EBMEBER

description

FEAEE (B
Ih, #H K
Ih, KB ;
AR K
Zh .

braket.device_schema.quera.quera_device_capabilities_v1.QueraDeviceCapabilities ( €4l )

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

),

executionWindows=[

DeviceExecutionWindow(

executionDay=<ExecutionDay.MONDAY: 'Monday'>,

windowStartHour=datetime.time(1, 0),

windowEndHour=datetime.time(23, 59, 59)

),

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

),

DeviceExecutionWindow(

executionDay=<ExecutionDay.WEDNESDAY:

windowStartHour=datetime.time(0, 0),
windowEndHour=datetime.time(12, 0)

),

DeviceExecutionWindow(

'Tuesday'>,

'Wednesday'>,

executionDay=<ExecutionDay.FRIDAY: 'Friday'>,

windowStartHour=datetime.time(Q, 0),

windowEndHour=datetime.time(23, 59, 59)

),
DeviceExecutionWindow(
executionDay=<ExecutionDay.SATURDAY:

'Saturday'>,
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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(

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

JSON ( 61 )

"service": {
"braketSchemaHeader": {

"name": "braket.device_schema.device_service_properties",
"version": "1"
},
"executionWindows": [
{
"executionDay": "Monday",
"windowStartHour": "01:00:00",
"windowEndHour": "23:59:59"
},
{
"executionDay": "Tuesday",
"windowStartHour": "00:00:00",
"windowEndHour": "12:00:00"
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",
"windowEndHour": "12:00:00"
}
1,

"shotsRange": [
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i,
1000
1,
"deviceCost": {
"price": 0.01,
"unit": "shot"
},
"deviceDocumentation": {
"imageUrl": "https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5¢c5c878/
abcfcb6fcaz26cflc2elc6.png”,

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

.

"devicelLocation": "Boston, USA",

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

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

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

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

"version": "1"
I
"paradigm": {
# See Aquila device page > "Calibration" tab > "JSON" page
}
}
PR 765 B8 14 M8 iz
Pl 75 18 14 4R 12 type description
service.executionWindows [] .executionDay ExecutionDay BITRBRNKRE ; XER

'#Xx,. "I R,
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FMBABER

AR 75 B P AR

service.executionWindows [] .windowSta
rtHour

service.executionWindows [] .windowEnd
Hour

service.qpu_capabilities.service.shotsRange
service.qpu_capabilities.service.deviceCost.p
rice

service.qpu_capabilities.service.deviceCost.unit

aabS=e ki Jvi
PR R A

action [] .version

action [] .actionType

service.braketSchemaHeader.name

type

datetime.time

datetime.time

Tuple [int,

int]

float

str
type
str
ActionType
str

description

MBxR,. "28H—,.
FEfg—, ., TEH=,.
EMm, ., "EHMEH, .
P28/, = "2H88

AT ERBAEEFAY UTC 24
AN

AT R RS SREFAY UTC 24
AN

KENREHETRM LR

BETABNMHNEEERK

WEERHEN , fl
& : 'minute'. 'hour',
'shot', 'task’

description

AHS BB HERHN
JEN

AHS EXEBHER S
B ; HHER braket.i
r.ahs.program'

RBBHEENEE ;

W ZH = 'braket.d
evice_schema.devic
e_service_properties'
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S R type description
service.braketSchemaHeader.version str FEAB HER A iR S
service.deviceDocumentation.imageUrl str FEMBGH URL
service.deviceDocumentation.summary str K& FNEEHER
service.deviceDocumentation.externalDocumentationUrl  str SAEB3Z M4 URL
service.deviceLocation str KEMENENE
service.updatedAt datetime FREHEEB MR
i ]

£ AWS Boto3

Boto3 &AM Python B9 AWS SDK, i%if Boto3 , Python BIS AE T LAY, REMEE AWS R
7% , a0 Amazon Braket, Boto3 12 ¥1#E @A APl , LAIR ¥ Amazon Braket BY{EFE7ZE

#8181 Boto3 Quickstart IEFAFPMIE TR , TRNMEZEFEEE Boto3,

Boto3 12 #tE& Amazon Braket Python SDK &t £ iV &% 0 Th&E |, B R EMBITE 7
%, Python EF —BFER#% Boto3 , HAERKOVEE. MRERECHAEMBBRERSZE , £t
FEEZ % Amazon Braket SDK,

Flan | EEMFL BECreateQuantumTask , Amazon Braket SDK &5 RIE3XE Boto3 , ARE ML
AWS API,

EAREAH
« BBk Amazon Braket Boto3 A F i
« %7 Boto3 F1 Braket SDK By AWS CLI :2E &

B L Amazon Braket Boto3 A F i

# EF£E Amazon Braket {£ Boto3 , &4 EE A Boto3 , AEEZR A NRELEZE Amazon Braket Y
FiwAPl, ET5& 64 , Boto3 AFi®& A braket.,

import boto3

( #Pg ) A AWS Boto3 126


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

braket = boto3.client("braket")

® Note

Braket & IPv6, MNREFEAIPv6-onlylI#EEE K IELHRARITEEEFEH IPv6 RE , BEH
EHBIRE  WEHBI FIPS iwEIEEP AR,

RELCRIbraket AF , A LAY Amazon Braket FRISIZEFERMEEEE, B LE AP S
ZHEEFERNEEE R FEER.

THEHREBUAIER REME FEH.

- BEXE

W E

BVEFEY

BmE TEH

BEESETER

BUHE FEH

HEERE

* search_devices(**kwargs)

ERAEENEGRFHESKE

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

HHEE

* get_device(deviceArn)

#EEY Amazon Braket F A RS E,

# 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']}")

BUEFEH

« create_quantum_task(**kwargs)

BUEFER,
# 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")

HEE T2

* get_quantum_task(quantumTaskArn)

HEEENE FER.

# 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'])

BEETEH

* search_quantum_tasks(**kwargs)

EENCEEHERMENETER.

# 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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BUHE 7127

* cancel_quantum_task(quantumTaskAzrn)

HUHEENE F1EHK.

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

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

% E Boto3 # Braket SDK ¥y AWS CLI F2EHE

MRIEEESEAMEIEE , & Al Amazon Braket SDK #K3878:& AWS CLI B2 AE R, BMEZRLEZE
Amazon Braket it A E#1T BRFRISTERE , RASHKERHEERMBELAHTERITTHN IAM A
&,

W®E , MREELRHE (Fl20 Amazon EC2 #1TEE ) MTERE , BUURILEE AWS CLI FZE
2. RO LASERERRETEANGTE , MTAREMBEEERFRER,

AEREMMERE LR CLI profile IR IMAAS I ERE T A Amazon Braket R , LUE A
REAKRERFF AT EITAPIFE ALY,

FEAEIF

- SR 1 BRESRH AWS CLI profile

- $ER 2. B Boto3 TIERSERYIH

 HBR 3 : 1§ Boto3 TYEREER#f A Braket AwsSession

SR 1 BREAH# AWS CLI profile

3

BHAYHNEE , RPANAERIFEAE  URNASREHFERIERL, NESLIBHHMEENR
208 -

- BRIRGEA
« 5RE AWS CLI LAfEF AWS IAM Identity Center
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EZE#F A Amazon Braket , B4 ERMEAE MABBIBA CLI profile 12t X =M Braket 5 1. I
i, A LLUERE AmazonBraketFullAccess BUR,

SER 2 . B3] Boto3 T/EMEER Y&
&E= 1 Boto3 TIEFREERYIH , BFATIEXSEH,

from boto3 import Session

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

® Note

MRFAHNAPIFIEREprofile AR EH TN EBERS , LT LIEE Boto3 TIEFH
BRHEE , TS EHIFR,

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

HRIEES W5lHregion , FRREEZEHF — @A Amazon Braket AWS [E15] B {Eus-
west-1, fl#0 us-east-1, %,

B 3 . # Boto3 TIEREERBf A Braket AwsSession

T3S BIFE R A0 481t Boto3 Braket TAEFEER , W HATTIERR{LEX TIEFEERFHVEE.

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/sv1l'
device = AwsDevice(sim_arn, aws_session=aws_session)

FEIBRETRE , BUUSE FERRREZBITER{CAWsDeviceWI#F ( filanmEny
device.run(..) ®H ). ZEEBETHFAEAPIRIUETLEREZEFIEESR B CLI B EREIEE
BtEY IAM B profile,
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£ F§ Amazon Braket BIEE8HNE FEFKE

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

£/ Braket W#EHEzE , BALUMEAFRENEFERINEE L MAZERE FRENRBIFNOR,
ERCRRBFEETEESS  #REFABTRENER , NEERNE FREEZNERBERRN.

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

B Braket WERE LHEARCNETFEY  CTNESRENAR, BUEWREE , YRE
HERY  ARBNEEERETER L. SEDRNGEMRNY, SEERIRE  BRMEETE
HRINEE.

TR -

. BRTEBRIZREE

- AMBTHERESR

BETERRERREERSS

Amazon Braket I EAFEREE TAFHE FERNERS, SUUENEREFER , UHTS
EFfEN.

1E R Es

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

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

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

BT LLEGHE QPUsHIFE B EEESCREATEDE A MEMN E 71, Bu LA REEE S
QPUs , # W BUBQUEUEDER REMNE FET, BFE , £ QPU QUEUED AT AMEERA , T
KXTATRER I EUE QPU & F£7%,

TP

o AERAECEEHE SR (braket_sv)
o M EAEMEEERSR (braket_dm)
o ZN# AHS #E#ESS (braket_ahs)
KRB EEHEER (SV1)

- BEEMEERSR (DM1)

+ Tensor #EEEHEER (TN1)

- BARABRIEEERR

+ L8 Amazon Braket & # 85

+ Amazon Braket £y & F{E &5
- FRAREERSIZEFER

THERREOER KSR (braket_sv)

AHRREM EHE#EES (braket_sv) & Amazon Braket SDK 9 —&B% , AI{E R RVIRIE A RS 1T,
TCIEBESENEER (&% 25 fBqubits) LETRIEREERFT , EREURREH Braket EFCAHIT
B8 = AN IR IR Y T B AR A%

YIS BERR X B Amazon Braket SDK FHVFTEFE , E QPU REX BB TFE, BTN EXKER
PRI EXENRIE.

® Note

RIS ES X B HERE OpenQASM TheE |, ELINEERBE R B QPU B HniE s, WFE
T ERENEFMER , 5528 OpenQASM Local Simulator 582 2 Y E3 451,

wE M E AR B SRV EEAIE A , 552 B Amazon Braket 4,
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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://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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A7 EREMEE SR (braket_dm)

T B PRI HERT (braket_dm) 2 Amazon Braket R EHH — T , AIELRRRHREEH,
7. EFBESEEEMA (HS 12 fEqubits) /N EEE EPRRRERET , SREURA LR Braket £
AT ERBRAERFNEEAE

BRMERULTBENEBCERSFHEMARE  KHERBRERE RNMEAER, ShabUSMFR
FEREZERBERNEE qubitsM FE , ELERSERFHIT  EREETHEMA.

RIBIEEN BE , braket_dmZABEEEET 7 LUR M T 5% Rshots :
- BREREKEPME : Shots=0

(® Note

MR RS S Y OpenQASM IhEE | BLEINAEMAER B QPU £ B H i #s5, WE
S EINEERMEMAERR |, 5528 OpenQASM Local Simulator 25224 hi2 AV 51,

BRE-—STHARRERGERRR , 525 Braket MFEHEE T E P,

A## AHS #E#E25 (braket_ahs)

Z#% AHS (Analog Hamiltonian Simulation) # #2858 (braket_ahs) & Amazon Braket SDK #J—&B
7, TEENREFRAEIAIT. CTARER AHS BEXHNER. CFEESENEEM (&S
10-12 R ¥ ) LETRERERE , ERBURREN Braket ZERR A ITEB R AMIRENEBRE,

AEERSEYEEE—ER—BBEN. —E (f— ) EBRUNETER 7SN AHS X, W
EFFMMER |, 7526 Braket AHS 25l # Braket AHS F2UFEEEIR,

EEE 5T A AHS #5552 8 Hello AHS : #{TEHE — @& L Hamiltonian #E# B @\
F¥ L Hamiltonian & &5 E L4,

REEM EE =T (SV1)
SV1 RHE. Sk, BAREHBERE. TTLUEESRS 34 @ WEKqubits, BEANMERR

MEMREZME , EATUEH 34-qubit, BENALER ( BRRE =34) KWFEE 12 MEFRET
o BEBall-to-all ENERFEES SV1. TUREREDEHIREESFEAERER.
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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://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Noise_On_Amazon_Braket.ipynb
https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/ahs/analog_hamiltonian_simulation.py#L29
https://github.com/aws/amazon-braket-schemas-python/blob/main/src/braket/ir/ahs/program_v1.py
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SV1 TR LRA 6 NF, HFERE 35 BAETEFER , LUERFHEZ 100 8 ( 7 us-west-1 H
eu-west-2 4 50 @ ) WITETFERK,

SV1#ER
SV1 RIBIEEN HE , WUERHTHERshots :

- &iffl : Shots> 0

- FEHj : Shots>=0

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

- ¥Ri@ : Shots=0

- BEHEE : Shots=0

MEBROFAET , F2EEREE,

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

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

#EREMEESRRR (DM1)

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

DM1 BYBI{TRERI LR 6 NS, TERRA 35 EASTRTAEY , URAS 50 BALTEFEH.
DM1 &R

DM1 RIRIEER BB , THURH TR Rshots :

- &ifjl : Shots>0

 FEHA : Shots>=0

- BEH . Shots>=0

« ¥ : Shots> 0

- BREMRIKIER : Shots= 0, &% 8 {# qubits
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Amazon Braket HBEABER

NERRNHEET  BSEERER,

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

54 51 38 A1 R 1

AmplitudeDamping

Probability has to be within [0,1]
BitFlip

Probability has to be within [0,0.5]
Depolarizing

Probability has to be within [0,0.75]
GeneralizedAmplitudeDamping

Probability has to be within [0,1]
PauliChannel

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

At most 2 qubits

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

Probability has to be within [0,1]
PhaseFlip

Probability has to be within [0,0.5]
TwoQubitDephasing

Probability has to be within [0,0.75]
TwoQubitDepolarizing

Probability has to be within [0,0.9375]

Tensor R EEET (TN1)

TN1 BR—ERE. SXENREMBERSE. TN1TUEESE 50 Equbits BERRES 1, 000 &
FEPBEEREE, TNEIERANBRER, EAAMEENS , UREFERERNEMW
Bl SINEFELRER (QFT) Bif,. SLUAMERRTINTLER, 8% , ERERSERBDER
MARERRE , Bt TN1AIBFREMAET —ERRNSTRE  BAWMEMR R R M WHEREER
TN1ERZATRERS , TN1 T2 EHKHE.

TN1 BT RS A 6 /NF, EFRA 10 18 (eu-west-2 HHY 5 1@ ) AITEFHEH.
TN1 &R
W HEPE R — RIIE TR R, REAFFIEHEIEIER , REIHEREZETERA L,
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JEZE : Shots 4%& > 0,

EREHTIE
« BAR
- HiE

NEGERNFRES  F2REREE,

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

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

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

A NREER TN1

o ERall-to-all B,
- FRALE AETNERDZERERIshots , ATH WEE "8E,L TN1,
- EZEEFEK LD EI KRB shotiE#,

BA A A HR 18 Bt am

RBREFRNEFESARRERERARTEREEZEANF, I cBSEARNERRP , LEREE
BEEBHTER LBTEE. WAFEAMAERBERERNEREE c BBEFMBNAE, B
FEEEREEE-—NERMERED  MRARXNERRTURNBEROCEREBER , WHLERBRERMR
FNERIATRE. MBNMRBERRERENERRTE , EVRSERNENERE , BEEATHIE
%, WERRERERIERNELBABCESERNFAES , F2HEM Amazon Braket BS
ERITESEB MR,

PennylLane §Y I EEKEES

BAILAE A PennylLane BB EE 25 /E A Braket LV N EREREES, £ PennyLane HIBISHEHEES |
B AEREREEEES L , fINETEEN , AERNEEFTEBE, Lightning.qubit £ 525 A%
B Braket NBIsf{ A% EFEA , X MARNBRIERESRFEA , M Lightning.gpu EERAFEHRAEEE GPU

BN R R 2R 137


https://docs.aws.amazon.com/braket/latest/developerguide/braket-result-types.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#choose-a-simulator
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https://docs.pennylane.ai/en/stable/introduction/interfaces.html#simulation-based-differentiation
https://docs.pennylane.ai/projects/lightning/en/stable/lightning_qubit/device.html
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FITERNREIREERESIHT. MEMHA Lightningning.gpu K& , 3528 Braket Hybrid Jobs Zie A
F R EREE R .

EE# Amazon Braket & ##88

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

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

AEERRN NIRRT EARRENER | FIINARITRESRN Braket EBRCAHTER, BFE
BHREHE AWS BT, SEBNABENAMREETRR. BREEESFCHYRANERET
Rz, ESEEFERIEFEBIRNSEN - LHEBENAT, WRIRFZEFEH , ET6E
TE., ERELE—MMEEREY  TIESI BB ERENMHTRE  SHEBHEANESR,

HRRE

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

HRMFIREE

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

TERRRE R EAE RS ?

SV1 RERNREMEEKR, CERFEFMENTRRINY , IRFERAERFEFERAERE. ©
iAWY , BMERIFET TN RN, BFEBNSVIRRERATRESREESHRTNRER
EARMEE M,

TERZEREMEERERR ?

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

TERREMRIRIESERR ?
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TN1 REFERREBABBILEF.

- BPAVEIREH 8 FRED A qubits.
- BFEMNREAREEZBIER,

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

- TRURPEER : HULMEER , TN1 88 E-EUARENARABEBENG % HPaFEshSEHH
LEEMEMENAER. BATF  LETILEER , RS sAERKTNIATHERE. ©85%
BE—ERR  WRBRERRFFAERDBITHTE AR, EHEKE  ERTTRARR
Ho

o WP ER - WEBREONERERTETNATRER. BRE—RIEEFREEK, ELFRENIEF
HEENHERRANEE., it , BRERSATK , UEHBREHFRBERNERERE, ERERME
BREIWERER , SRERNBETNIBEE - , UEEERNER.

TN1 B E AR ST

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

R TN RBITEREER , MFRERTHHENEESRSKENE K MARLE®RE, RITER
BRE K RNESZHEFHLETUESE®K. B& , BRERREAEENET.

FAAERR HEAENERERARTNIE—EN TRA, . CREEREEHEESLES,
BEASEERENHEED

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

SV1 HRBREMqubitEF , RETRESEE  RACER LERTFE UMY , BIEFEERTEL—
B, TERYEMLEERTAE, it , ¥R30-qubitiffh , SV1 KEFE 2730 EiE4E, HRCIEEMN
7 BRFlqubits , AmazonRaket SV1 #E#E2RHIRE| A 34, B LAGERKE | BIXA FEBE qubit B
SV1, BESEBEMEE,

AR RS 139



Amazon Braket HBEABER

HRFZERIWEE , TN EEREET AL EANWERSV1, S N1 RABFENESE. ©
EXregft—RenEREASRNES K MARSRERIRERFAENERE. RAUER  vEFE
HERE , DI EEFEN T  EMEEEFENFIERER

R TN1, qubits¥l FEMNHEREE , EBFNEREERR, 0, TN1 FESERFERERERE
SHOER (BF) (7, S#EREEqubitERIESKITHMIT qubits) , ARER (HEE) EF
BOSENER (B ). NARSETNIRESE 8 5 EqubitsEEBEqubits B Efth qubit3XF, 40
RRZYEBULUSBAEHENRRR , SIINELER , ALRES, ENHER—NERERT , A
SEMEMTNIBITI(,

B PR F TN1

TN1 REMRELLSVIBNAEREMESE, SRELEFR  SEERBERBTNIRLEE  WETR R
BEFAILED , REMT :

« RARRE — mREFAEH , AIR#BRIBRIFNVEERE  BERESRNEER, TNIEEHITI
. WU RESERELLITHEERFAL : No viable contraction path found.

- WiERERARE — EREER P, TNIAILURBIEERE , BEEERAFERRT, HEER
AT, WHEERRE , RAgl8e , METERERZEBTNIERLE, B tgFIELUTHER
#E . Predicted runtime based on best contraction path found exceeds TN1
limit.

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

RN BTRE BEURRshotzt Bl AHRFMWIBERT , TN1KER B SR EBUR Rshotit B A
LEREBDH T E#0shots, filgn , LAILIERER 100 HE FEHshots , ZREBTNIHEAT AR
fE, BMRERAL 0 EMER , AIRESREET. £EBBRT , HEHE 100 B , BT
shots A MEEERER 10 HE FEH 10 BEFEH , Y EREESHER.

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

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

A Braket MBEHAAEEENTSEAEE, LTRMEERENENTR, NBELTRHN LA
%Y, BESEEREEA.

Amazon Braket £ £ F{E % &34l

AHERLSHRATHHEFERVRE  EMEEIMRE R, A Amazon Braket WERIEET |
BELSEEERELLHITER |, 4l SV,

TP

- BEEEE

- BRREPIEFER
- RXBELER
 }§XE shots

- WHER

- BREHPIFER

BERE
B, BERYEEERFEBNEE. WA MMRZERERS SV,

from braket.aws import AwsDevice

# Choose the on-demand simulator to run the circuit
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1l")

BRI R R ER — LB, TR

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

Sv1

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

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

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

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

cz', 'ecx', 'h', 'i', ‘'iswap',

si', 'swap', 't', 'ti', 'unitary', 'v'

v,
vi', 'x', 'xx', 'xy', 'y', 'yy',
('supportedResultTypes', [ResultType(name='Sample', observables=['x', 'y', 'z', 'h',
'i', 'hermitian'], minShots=1, maxShots=100000), ResultType(name='Expectation',
observables=['x"', 'y', 'z', 'h', 'i', 'hermitian'], minShots=0, maxShots=100000),

z', 'zz'])

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)

RREBHIEFER
RREHIEFEBUERFEES LH1T.
from braket.circuits import Circuit, Observable

# Create a circuit with a result type

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

# Add another result type

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

# Set up S3 bucket (where results are stored)

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

# Submit the quantum task to run

my_task = device.run(circ, s3_location, shots=1000, poll_timeout_seconds=100,
poll_interval_seconds=10)

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

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

device.run() S EEIB CreateQuantumTask API B B 7%, EEEWRILEENz® &
FEBREHATY , BERREFEUAELEELBTEFEIEAL, EHERT , £EA SV1, £EX
RIEE® , AmazonRaket B ERBE ABRPIEEN Amazon S3 &, BRT AEIEESE 2N , FTE
#8s3_locationHEEMNESI &,

(® Note
Braket 2 FEBEERN K/NREHI A 3MB.

RRBBILER

Amazon Braket FEE M AME RN QPUs X BEERXAEKKIEERLESENE, BULUEH
inputss|8¥ #iTHERMEdevice.run() , MTHIEHIFTR, inputs XERFHREZHBBENFTH
HhR5|RESHER,

ZYIRFUTUAREEREL QPUs LHIT2HERNNEE. $2BERUABRTERRIEXEN QPU
5 , Raket EiRFZFER —X , YWREER, RESHEFTSENFEZMEAER , SREAMEBER
MAEBATHEER, WEERE  Raket EHDEARAREBHEENERNREESR , UERESH
BEWER,

@ Note

BR 7 AR B & F2 X Rigetti Computingz 7t , HFTEEHIT. UFEAERN QPUsEZESE
ez,

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(l, alpha).cnot(@, 2).xx(@, 2, beta)
circ.variance(observable=0bservable.Z(), target=0)
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# Add another result type
circ.probability(target=[0, 2])

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

}EE shots
shots 5| B RIEFMEMNAIEEHE shots, FEBRBSVIZEMEERER.

« W shots = 0 , EHB[EHTRUNEE  WECMEEREEDN true Ho ( FEAR TN1, )
- R BEFEshots , REWH T MPRERAPEEBEEET QPUsHshotFfF. QPU KEERFF

shots > 0,

MEERESEETFEENRASFEBREBMNWERN , 5526 Braket Quotas,
SR

1T Brmy_task.result() , KEFABREHASEALEETEBRIRESRNSHRERARR

« poll_timeout_seconds REBEEESRI/H QPU £ E LHTETEKE K H¥EFTERE
2RI E, EFRES 432,000% , D5 K,

« FE  HH Rigettifl & QPU £ElonQ , BB B AFLERNWERE, RSN WAREAE |, BT
EETERBBEEARAERER, fln , E QPU EXFEHE K SERAKERIFES,

« poll_interval_seconds REWHAEFIHHNER, CEREELEREEESN QPU £E 31T
B TEFKEFI Braket APIAERSARRERSER, TEREA 18,

LEFESHATRBREE—FARAN QPU RERE, flin , REE —REZRERIE TREEEM.

BONEREEHETEIRABBN P RENEE, KUUERATIHHSRBENERER

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:
[[1 0 1]
[0 0 0]
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[0 0 0]

[0 0 0]

[0 0 0]

[1 01]]
Counts for collapsed states:

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

Probabilities for collapsed states:
{'101': 0.22, '000': 0.766, '010': 0.011, '111': 0.003}

WARE ISR

HREEIETE ResultType , Rt EA LR ERNER. FREESUFEEZERNIEFETR.

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

# Plot the result and do some analysis

import matplotlib.pyplot as plt

plt.bar(result.measurement_counts.keys(), result.measurement_counts.values())
plt.xlabel('bitstrings')

plt.ylabel('counts"')

Result types include:
[ResultTypeValue(type=Variance(observable=['z"'], targets=[0], type=<Type.variance:
'variance'>), value=0.693084), ResultTypeValue(type=Probability(targets=[0, 2],
type=<Type.probability: 'probability'>), value=array([0.777, 0. , 0. , 0.223]))]
Variance= 0.693084
Probability= [0.777 O. 0. 0.223]
Text(@, 0.5, 'counts')
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700

600 -

500 ~

400 -

counts

300 +

200 A

100 ~

101 000 111 010
bitstrings

EAA R AEE T

BH LB EE FEREERAEERSS | DUETHRERRERTMAE., ERSSELNAKIREH
1T, AEBTEEIETE Amazon S3 VB, RRSEEELN TEREPIHE, EEEAAEERESS -
HITEFETR , B REEHE shots B,

@ Note

qubits NEEE R T RIBNHITRE MR AKBEBUAM Amazon Braket EEEANHTEEER
HETE B AR AR

Tolam£EMEE , XHTERCREME (B|MEA ) FTHEERESS.

# Import the LocalSimulator module
from braket.devices import LocalSimulator

# The following are identical commands
device = LocalSimulator()
LocalSimulator("default")
LocalSimulator(backend="default")

device

device
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device = LocalSimulator(backend="braket_sv")

REEATIHEEATETFER,

my_task = device.run(circ, shots=1000)

FEITERCARRERRE (M) S FEFE8ERE , W TR,

# Import the LocalSimulator module
from braket.devices import LocalSimulator

device = LocalSimulator(backend="braket_dm")

EAMERRR ERIEKE qubit

FEREQEBEFRBNAIRBEEFERERTEATHER , AR aUAEERM qubit 75 , BEH

AEBORE,

Bl | ETRHERGEH , BRI E qubit EER , W RFEIBZEE B qubit BWmeasurelESHIEE
TR SR IBIE S — 1@ qubit,

# Import the LocalSimulator module
from braket.devices import LocalSimulator

# Use the local simulator device
device = LocalSimulator()

# Define a bell circuit and only measure
circuit = Circuit().h(@).cnot(@, 1).measure(0)

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

# Get the results
result = task.result()

# Print the measurement counts for qubit 0
print(result.measurement_counts)
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THE FRERRSS

5/ Amazon Braket WA ERSRTE  SUUEABERENZEFETRES K ARGEERE FFE
EHITEM, BERSBSEAEBEREENRERZFZER K BLETUERRBHAENE,

AN, ARERFEZB T IEFERE FEEMT

- ERAREREERRERBMEAEE

- BEBLEAEREZERTHFERE
- EEREREERRIEER

- ERATEREEERERESFEREETER

IMEFAAMEERSNEFMER | 5526 amazon-braket-examples GitHubf#fZEH Amazon Braket
FEFERNTEIER,
EAREH

- AEERNER
- BUAEEERS

REEERAVER

- FRANBHEEREER , RERERFBEZFER,
- EREBRRERXEEFERCIYBELITEIE.

- HERBMANMAERETERER | U THEARR.

- BLRBRFRNE FEREEN THERE.

B SRS

FARETREERRTUEERETREN —AREBMEY, EEERKER A SHSSEAREH
TERBCRENZKFIREER, TIIRENFHEA REUTEZEERIgetti's Ankaa-3EKE,

from braket.aws.aws_device import AwsDevice

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

FMBABER

T oI RIE—E JSON AN K EBIEE L AN ¥Ankaa-3E EREER,

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)

ERLEBUA T A BT

- EARBTE QPU £KER B
- RERBEETRER JSON £
- EFTERCERSRCNSEXREBUNE

B AR
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£ Amazon Braket #{TIEHE F1E1%

Braket 121 Tﬂ&"ﬁ*‘%’]%%%ﬂ%ﬁﬂﬁféﬁ%ﬁ%ﬁﬂh AT LA AQT, lonQIQM, # ZEHEERETE
féRigetti , LA ¢ QuEra FHUE L Hamiltonian Simulator, &t AEEFE LA , W AEEEBER
HLIEEmES AU,

« Amazon Braket T2 AR M EBEAFMRE | HEEREY, EBMERERNE FEK,

« &8 Amazon Braket Python SDK AR FEARIXMHUTEFEHK. ARELHTEBFALREN
Amazon Braket Z5EAFHL

« Amazon Braket AP| A[i%i8 Amazon Braket Python SDK F1Z 5 A FHl, API MMIREBERBLUERNFR
AARNEAEFEENEARN , B EREFY

7B AR Y E5 45) R & AN APIE 3£ | Amazon Braket Python SDK BL & Python SDK for Braket (Boto3)
R{EA Amazon Braket, AWS

A Amazon Braket Python SDK KIF¥#IE A

= Z# A Amazon Braket Python SDK , 55 5£ &2 8¢1E AR Braket (Boto3) #Y AWS Python SDK , LAf&
B2 B AWS API, &7 LLAS Amazon Braket Python SDK iR A AR E T F 2 Boto3 HEFBE K

o

- Boto3 G2 BE FIEMSE AWS APl, ( 551% , Boto3 25 EHM AR Python SDK AWS API,

RZE#E AWS fR# X Boto3 S H. )

-« Amazon Braket Python SDK @2 AREFEKNER. FiE. RE. FRERENHMBINKEE
B, BREUREAR , CHSEARETERATENEE.

« Amazon Braket Python SDK AIiEBERRAER , FXRASRAEBARNTEFTHRAAENMEEHRM
AR,

- MBRERBFEHETA , B LUEEBE R Amazon Braket Python SDK B A{E{T Python IS,

Z 4t Boto3 2 #% , ¥Ei® Amazon Braket Python SDK B2 E 7N TBHMBUN TR :

1. (1ER ) ARENETE,
2. EAERATEL SDK &,
3. EEE QPU & #E=R

4. HITERILER,
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5. #ITER,
6. ERER

ANE P S R BHE P R S E o

MEEZEH , FS M GitHub £#Y Amazon Braket EHIREFE,

FEARRS

- BEFAEBIRRE QPUs
BT ZERR
BB T EBMEHAT ?
ERRE

86 FR AR AR B 1

KEFEFERRXE QPUs

Amazon Braket ATREFRBEAIMTE FEBNRE, SALERNRIEFER  LAUREET
EBHIR,

Quantum ZIEE T QPUs)

A LABERS [ QPUs 12X 2 7175 , (B{FH S Amazon Braket T ANEBEE TETRNEETH
BRRET, BUERAEFEH ID HRETFTENER K BF2ET—.,

« AQT IBEX-Q1 :arn:aws:braket:eu-north-1::device/qpu/aqt/Ibex-Q1

* lonQ Aria-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Aria-1

* lonQ Forte-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Forte-1

* lonQ Forte-Enterprise-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Forte-
Enterprise-1

* |IQM Garnet : arn:aws:braket:eu-north-1::device/qpu/igm/Garnet
* |QM Emerald : arn:aws:braket:eu-north-1::device/qpu/igm/Emerald
* QuEra Aquila : arn:aws:braket:us-east-1::device/qpu/quera/Aquila

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

BT LLEGHE QPUsHIFE B EEESCREATEDE A MEMN E 71, Bu LA REEE S
QPUs , # W BUBQUEUEDER REMNE FET, BFE , £ QPU QUEUED AT AMEERA , T
KXTATRER I EUE QPU & F£7%,

EREH

+ AQT

* 1onQ

.+ 1aM

+ QuEra

- FiYl : BEFEBKIERE QPU
- BERZENER

AQT

AQTH IBEX-Q1 QPU 2 AR S S EAN ESES SHEERRET Ca’ BTN RITAER,
HBERETRET , YHFEWME 19 EN SRR OETHHLE,

SREREAMANENZERNEREZCEERET qubit EEERRBA. qubit BREHERIFE
FTEMBARBEMNEREEHED, EL qubit tt EEERMMREERBNER L BHRETE
H, All-to-allE#R2E BB FRIRPAVRIER Coulomb EEIRERK. EASHBEXEER , AITE
3R BE B E 41t KO AN

AQT HEXETFIEFRE,

'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’
Iprxl

BBZEFmE  AQTREXE T HIRERE,
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® Note
AT ERBIAQT R & & B Amazon Braket 2 B EIZREE :

« AQT Mglmer-Sarensen (MS = RXX) FEY¥fE = Braket #9 ' xx ' &
- AQT R B FEZ Braket B9 'prx ' Fi&
- 'rz' MEGEMEE

lonQ

lonQ IRELAFEAERN QPUsUABE TR MARER, lonQ'sHIEQPUs BETEHIEMN 171Yb+ B
THE ZEEEREEEANMERASEHEREEZ[ZRE,

lonQ REXETIIETFEE,

le’ lyl’ lZl’ IIXl’ lIyl’ IIZl’ lhl’ lcnotl’ lsl’ lsil’ ltl’ ltil’ lvl’ lvil’ IXXl’

yy', 'zz', 'swap'

EBiBZZFm=E , IonQQPUs X E T 5 FEERE,
'gpi', 'gpi2', 'ms'
MRESEFARE MS HERIAEEMARBRZSHY , Mg TEL2REN MS FiE, TLEEN MS

ME—REHT 12 Wik, EEREETANAELHTHLEREN MS BE , EOUUNEE=ESH
RIEEMBENAE. NEFMENA , F2E braket. circuits.gate 4,

ELEREMERRRERFRELLEN. FRE-—FTREFRE , FE2HREFES
QM

IQM EFREREEANBFEEREE K UEBEE T qubits BEMH., IQM Garnet & 20 qubit &E&E , M
IQM Emerald 2 54 qubit &&., EMEREHERFEBRAE , LBA Crystal BARFAE,

QM £EXE T3 & T FE,

"ccnot", "cnot", "cphaseshift", "cphaseshift@@", "cphaseshift@l", "cphaseshiftl10",

ecr", "cy", "cz", "xy",

XX , HyyH’
Sill Iltll Iltill IIVII Ilvill IIXII Ilyll IIZII
’ ’ ’ ’ ’ ’ ’

"CSWap", "SWap", Iliswapll’ Ilpswapll’ ZZ , Ilhll’

i", "phaseshift",

rx", "ry", "rz", "s",
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BBZEFRE  QMEEXETIIRERE,

ICZI’ Iprxl

Rigetti

Rigetti E FEEREBEANFEEERMES UL FARNES AEEqubits,
« Ankaa-3 RfiR—E 84 qubit £E , FIATIEEMNZ R K.

Rigetti REXE T JIEFFHE,

'cz', 'xy', 'ccnot', 'cnot', 'cphaseshift', 'cphaseshift@@', 'cphaseshiftQl’,
'cphaseshiftl1@', 'cswap', 'h', 'i', 'iswap', 'phaseshift', 'pswap', ‘'rx', 'ry', 'rz',
'S', 'Si', 'SWap', ltl’ ltil’ le’ lyl’ IZI

BBZEFiR=E , Ankaa-3XETIRERERE,
'rx', 'rz', 'iswap'

Rigetti BEE 7 REEE AL R +1/2 F 2m WAEHIT ' BE,

Rigetti & BERRMHMEGEMRIZS , T XEAnkaa-3RH—ETIEENALEERF

“flux_tx', ‘charge_tx', ‘readout_rx', ‘readout_tx’
QuEra
QuEra Rt MRERFREE | ATHTHELERRERR AHS) EFE%. SLESKARREGEE R

ERHEERRES qubit BWEFEMEAKE FEIRE,

—{B A AT LATEFE Lk Hamiltonian BN EX PREELEBENER , FERRE qubit TFH/MEE ,
LUK At i Y B R AN ZE B AR 4 1. Amazon Braket 222 A2 , 73%iB python SDK #J AHS & #H
BEEERERXbraket.ahs,

MEFHMER , B2 EE L Hamiltonian B EHIEZZAHERA QuEra By Aquila BEERRELEER,
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https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
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ol . KEFEBRIE QPU

Amazon Braket A B&EE QPU £E LHITE FEK, TIHEHFIREUNAEE FEKIRRZE Rigettisk

lonQ &,

EERigetti Ankaa-3%E , AREFHBBRNERER

# 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': {'0Q':

'1': [, '2', '8'],
'2': ['1', '3', '9'],
‘30 ['2', 4, '10'],
4': ['30, '5', '11'],
'5': ['4, '6', '12'1,

|6|: [|5|’ |13|]’

l7l: [l@l’ l8l’ l14l]’

|8|: [Ill’ |7|’ |9|’
l9l: [lzl’ l8l’ ll@l’
|1®|: [|3|’ |9|’ '11',

'11': ['4', '10°,
'12': ['5', '117,
'13': ['6', '12',
'14': ['7', '15',
'15': ['8', '14',
'16': ['9', '17',
'17': ['10', '16',
'18': ['11', '17',
'19': ['12', '18",
'20': ['13', '19",
'21': ['14', 22,
'22': ['15', '21°,
'23': ['16', '22°,
'24': ['17', '23",
'25': ['18', '24°,
'26': ['19', '25',

1,
'15'],
'16'1,
'17'1],
'12', '18'],
'13', '19'],
'20'1,
'21'],
'22'],
'23'],
'18', '24'],
'19', '25'],
'20', '26'],
'27'1,
'28'],
'23', '29'],
'24', '30'],
'25', '31'],
'26', '32'],
'33'],

gfl . BETFEBRERXE QPU
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'27': ['20', '34'],
'28': ['21', '29,
'29': ['22', '28',
'30"': ['23', '29',
'31': ['24', '30,
'32': ['25', '31',
'33': ['26', '32',
'34': ['27', '33",
'35': ['28', '36',
'36': ['29', '35,
'37': ['30', '36',
'38': ['31', '37,
'39': ['32', '38",
'40': ['33', '39',
'41': ['34', '40",
'42': ['35', 43",
'43': ['36', '42',
44" ['37', '43",
'45': ['38', ‘44,
'46': ['39', '45',
47" ['40', '46,
48" ['41', '47,
'49': ['42', '56'],
'50': ['43', '51°,
'51': ['44', 'S0,
'52': ['45', '51',
'53': ['46', '52',
'54': ['47', '53",
'55': ['48', 'S4,
'56': ['49', '57',
'57': ['50', 'S6',
'58': ['51', '57,
'59': ['52', 'S8,
'60': ['59'],

'61': ['54', '62',
'62': ['55', '61',
'63': ['56', '64",
'64': ['57', '63',
'65': ['58', '64,
'66': ['59', '65',
'67': ['66', '68'],
'68': ['61', '67',
'69': ['62', '68',
'70': ['63', '71',

'35'],
'30°',
'31',
'32°',
'33°',
'34',
417,
'42'1,
'37°,
'38"',
'39°',
40",
'41°',
'48'1,
1491,
"44',
45",
'46"',
'47°',
48",
'55'1,

'57'1,
'52',
'53',
'54'],
'55°',
'62'],
'63'],
'58",
'59°',
60",

'68'1,
'69'],
'70'1],
65",
66",
'67'1,

'69',
'76'1,
'77'1],

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

4317,
"44'17,
457,
461,
1471,

'50'1],
'51'],
'52'],
'53'],
'54'],

'58'1,
'59'1,

'61'],

'64'],
'65'1,
'66'],

'71'1,
'72'],

'75'1,

gfl . BETFEBRERXE QPU
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'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'],

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

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

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

'81': ['80', '82'],

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

'83': ['76', '82'1}}

tiRFEEconnectivityGraph¥ltHiRigettig & F & {E qubit BI#FIL qubit,
E#ElonQ Aria-1%#E

$HAlonQ Aria-12 & , connectivityGraphZH , M TFHE&EFIFR , RAEEREHall-to-all, H
It , connectivityGraphTEEFMAN -

# or choose the IonQ Aria-1 device
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': True, 'connectivityGraph': {}}

MTBNEFIFTR , BATLLREFRE shots ( FEFR{E = 1000), poll_timeout_seconds ( FHFRE =
432000=5 KX ). poll_interval_seconds ( EE&{E = 1) , AR MREBEIFIEETRRSIMHFATER
DALE |, Al FRERAAME (s3_location).

my_task = device.run(circ, s3_location = 'amazon-braket-my-folder', shots=100,
poll_timeout_seconds = 100, poll_interval_seconds = 10)

lonQ # Rigetti KBS BB REMNERFEEEHZENRERESE , LA HRqubitE 5|5 Z @5
QPU qubits Y E B,

g . BEFEBRRIZE QPU 157
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® Note
QPU RERERR. EXNFER , BUUBRHRENEHFRHE,

Amazon Braket AJ LA fE45E T AR AEIT QPU E 7K , BENUEEBREREFEYK (258
) , AAFEHENERNPEENBIURBEREBEN S3 #Fired, T —&Hmr , B
£ AwsQuantumTaskFtE—HE FEHK ID REFRE FEK,

BRERZFNE

EETERFECERKE LHTHR , AINETREER (QPU) , XEALKERFEEARE T ER
MEENTEZIHN. flU, #SRETFEROD TERSEE QPU BBXENRERERE. BEE
FERNEREFHHHRNEENRECHARERRA. ELNBEYNHABELHE, AEINEERE
FRABRAMENMRNEE, SLERAULTRENERS , AN D Rigettifl IQME FEEHR
BREFEREZFEH,

task = AwsQuantumTask(arn=task_id, aws_session=session)
# After the task has finished running

task_result = task.result()

compiled_circuit = task_result.get_compiled_circuit()

® Note
BRI T < ERRIonQE BN RZER B L.

HITZEER
Amazon Braket RERMEERHTZHEEFEIAN G E  BXENE FEBEHRIK,

EXAEREAZEARAATIEEENRE LS. EMTREKZERENXTEKAE — Amazon Braket
BFEH. BEBRERFTEMEL  STEKREMH T REXENMRAEHE , FrREFFEHTHRERE 100

=
HTJ'O

Bal , IQMA Rigetti HFEXZERERE, H$EXNKRRXE QPUszHI , BEE%KTE Amazon Braket
Local Simulator LTI, FERMEREREBXERAE , LA LUEA Amazon Braket SDK #2182
EMNEM , HIE Amazon Braket TR AP BRBERBEER.,
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https://aws.amazon.com/blogs/quantum-computing/amazon-braket-introduces-program-sets-enabling-customers-to-run-quantum-programs-up-to-24x-faster/
https://docs.aws.amazon.com/braket/latest/developerguide/braket-send-to-local-simulator.html
https://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://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/
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T A& REBMAFHITIERE,

from math import pi

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

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

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

EFEE—STHEREXENTEAFR (Hln, FRAE-EXARIZSUTBAEERSHERERE)
FMEEIEXNERER |, 5528 Amazon Braket BZ A SREHMNENE—H , LAK Braket 4] Github
EERNEREER K,

18 Amazon Braket £E&#H AT LAEH Quantum FEH#RNREE, HXERBHREEREEEEES (DM
® TN1) LHTHWEFERESHNEASV1 , RATHITAFTRESEE FEK. HXRBETREFLT
BEBEFERK, flon, MREEEETEE 10 BEFERNGE K BELEFEKRHPHNENRLE
I, BRACERERIR. ETXEREAENEELFAZARIYTIEESR K FEAETFEBHH]
REE,

TS REIATHAIT —H B F T

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

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

MEHOREENEEMENR |, 5528 GitHub £# Amazon Braket €34,
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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
https://github.com/amazon-braket/amazon-braket-examples
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ARG :

- BREXEMAE

- BREFERMXEEMKER

« Quantum E##IXEEF PennyLane
. ERHREENSHILER

BAREXNEMAA

BEAEZBRES 100 BEANSREHELIE-BETERD , AHRBITSHEEFER. £RHE
RER , BRAFEN—XBEEHER , N ELREMAEEXNEHERE , SRR ERREXENX , 7

y /AN

RIEFRIERAR, A ZFIEAREEFZEANSEENHBEAEBELNIEEH. IQM H Rigett
#5 & LA & Amazon Braket Local Simulator B BI X EERE,

MEFHMES , F2EEAE—H , THEFANEESR, REERNEXBEM,

BN E FEBHIXERENKRA

AREFEBHAREENRER AN —LIBER .

- RIFER K EFEKHREESAFMERERAKE FEH 3 R

- —HREBATHETES , HIW0 qubitsty 34SV1 , TREESELERERE, HA—MHEFEKZ
Bl , AT AR Erun_batchigikE. RMTEZERA TN1EE run_batch,

« TN1 AR EAE XMERREREIBHRA (WFEFHEF  F2E TN R, BBEHATUHIEE
BAG  EHERFPRBEER ESHIEERMN 'max_retries' B ERES 0 TN1 ( 52 H Quantum
EBHRER | 5 186 17)

Quantum EEHIREIEF PennyLane

B &7 Amazon Braket L PennyLane & , FEEBEHTER{L Amazon Braket #&&parallel
= TruefFEXE RAARIKEE , T HEBIFT R,
import pennylane as gml

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

BRI EMR A 160


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 HBEABER

# 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)

WMFEER PennyLane #XEENFHENR , F2RETERN FTRE L.
ERHRBRSBILE

RXUSSRLEBNEFERIRE , EUREMinputsFH , ARURAFHNRMEEFER , 8@
AFHListl |, EEBIBRT , % i- BFHAGRESE i- BFEHEY , WTIEEFR.

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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FHA U ERE-SHERNWATREE , YUEFEBIRNFERRR, MREESE N B A
FH  ARRIEN BEFER. Fi- AEFERHEEERSE i- @AW AFHEHTHER,

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)

BN EFEBMEFHT?

ERIRERERE , Amazon Braket EHEXERIEEMEE. Quantum Processing Unit (QPU) K&
TERBEFEESRKRIIEFHEATINEE, BRREEEREABIEMENRRE , BURRHAL
Amazon Braket E FIRXWEBRENE MM | LURPATE QPU WA AH,

RS

« QPU AT F 4 B B M AR 78
- fTHA R

- REETFHHHEABA

QPU T A 4 B B M AR B8
QPU TAMEEEMR.

1£ Amazon Braket F#EAMNEEEEH , B AEFHMEHN T ARBRMNEERE, I, EE
HEEHHNEEREFERFNESEHNENTIIRE,

MREFELCER LB  BERTAMRRAMN  KEHNSWA KR, FlW , ©URRERIEENHEE.
T+ 4% SR F R R T AR

750 B %

ERXEBFEBHESEL 2 , EUUEEBREXRETIIRE K KBRREANEZLETERIES
%

BN EFERMRHIT ? 162
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TIRE

Queue depth RIESH BRI EXEEHFATIINEFEBNESIRYE., RENEFIBNEESKE
#AT P T3E1B Braket Software Development Kit (SDK)= #EXAmazon Braket Management
Console,

1. EBTIREREENEEFSULERRIEFHITHNE FEHE R,

2. BREIEFERTIRERIESHFER HITHERRE FEKEZAmazon Braket Hybrid Jobs, &4
EFREEBNEEZEIT,

3. BREEBKTIRERERNELE LEATINEBEEREE, EFRESETEN—IB2 Quantum
tasksi2RX EHFEEIERF , E PR Priority Task Queue,

BEZEB mRITIRENE FBraket SDKAIMMER T HRABH B , ARG HEFERIESEBH
fFHMVE :

device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")
# returns the number of quantum tasks queued on the device

print(device.queue_depth().quantum_tasks)
{<QueueType.NORMAL: 'Normal'>: '@', <QueueType.PRIORITY: 'Priority'>: 'Q'}

# returns the number of hybrid jobs queued on the device
print(device.queue_depth().jobs)
131

KETEIESESERKRERE QPU WRESEHEHN THEEHEN QUEUED ARAE, Amazon Braket o]
@ﬁﬁ%ﬁ;%'fiﬁ*ﬂmz::'E.E;]'%{TEH_L Bo

TFIiE

Queue position RIEZBEETIFETFEFERESEBNERINE, TTLUER 5 SETFEHR
Braket Software Development Kit (SDK)Z R & fE#Amazon Braket Management Console.

BEZEB BRTICERE FBraket SDKAISMER T HIRABH B , ARG HE FERIESERH
fFHIfE :

# choose the device to run your circuit
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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

REBFEANEAEA

E QPU M TAMEESEE FEHNMREEER |, Amazon Braket 2AE 4 EIXE Amazon
EventBridge, FEMB TILTR  BEBEFHASBABRKENE FERREEEEA !

1. 37 Amazon SNS FEMEFBHREANITR. EFHBE4IEANTHAMEBURALHN EiF, 0
EHMER |, 3528 Amazon SNS AFIMEERE T

2. 7£ EventBridge H 2 #5% SNS FEBHANH A, MEFMEF , FSBFEH Amazon
EventBridge E5#2 Amazon Braket EventBridge,

(A ) XE SNS BA

& A LLEB Amazon Simple Notification Service (SNS) FREE A , LAEFE Amazon Braket E FEH T
REFWEIRE, IREAHEFFERE , FATNEBENEREA ; fin , EARIAKBEFEL , X
EEETHBRZHARREFIRE. WREBTEEFEFEKTHK , BRI LERE SNS B4,
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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 £ AEZ L 5| BRI ES R, MEFMENR , 5520 GitHub A Amazon
Braket £l , 435I 2% E@ AW EHI E LA,

e R E

FEUERLBEREFIGEENETRE, SN HFEHIERYE , EEBYNETEEHMEFMABNE
REIT. FTE Braket HEEE T 1 NEHEEN SN EITTEFT , BE&RZTUURA 48 /NEUH , BEH
NSE, RMEZREMEA Braket Direct Reservation ARN SERZHRBIERTHES , BESIIRY
REBFELEFEATIEFERNESER,

ERTDEETEREETT (QPVU) LHTSAEEFEEFNRSEYE  EAXEFINNWRAECRRREN
BHERRE, SuUUERMNEEEERIEIR Amazon Braket BEE F AR T HEAENEFEEH

= oo

BB,

® Note

EREH | REREMEREH. i, HRlonQEE , HREZRIENRESFEHHERS A
500 ( FEERIA 2500).

IR ERRS

MAREFHAREHEATHAAMEY THE T THEERMUKFEHENERAT. HBEREERIES
MEEER  KTFESHHAFTFERNTI, HREERENEHFRENEBFIE , FiItR
THREHSERZEREHENEE LHT.

BRMEREREZFHARMRNRATNRERREE , MRZBEBEEREN SRR L. Einlf
EEBRERGERR K FERBENENRERZERERE  UREARETUAZERNBMELAEN, B
CREERERFITESR , AINELEEFER LT REIMANER , RN LEBEARK

fcv)
Eo

ARG :

- MAEIRE

- EREHBEBRTEFES
- EREHBBTEERNES
- REGREGEREAEER
- FEREFNHERENRE
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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

Amazon Braket HEABEE
AR R

BERNRE , FIRET 5L EREBE Braket BIFK :

i)

BB Amazon Braket £ &,

AR BE K iR IF Braket Direct , REEHAFEERY , BEHEEEE .
ENESERENEE,

RUHEEHBEER S EEBNEFBY., FHELRUELEHRENERE FE4itbit,

EEFRMATERBVAEBEAT , RUEAREITIREBNEAFMAET. flw , AENR
BERE. HERERGAENIERE.

o M w0 bd =

RRXKRER , LEWIIKE Braket BN EFHH  HHE=RBSR, HEIRER , EEBET
BHWEIRE ARN, BEZEHARE ARN REBUREEH. ERERE ARN WERTELNERS
RRXE-RERTS , MEFTESERZHBE AT,

® Note
REELKEIRE ARN & , T ERZENRE.

REUED 1 PEHNEERM  FERETRSFRNNRERERS (2RRENRRABFER
@ ) . Braket BREHEMBRE 2 RZED ZEAMEEEF.

Braket BB 518 400 B T B¢ BUABIE | UK PESE Braket BERH) 30 2 TR,
EREBHBATETER

REVREMESEMWRE ARN &, BUNRVERENEATHNEFER. ERARE ARN X8
Quantum EEMESEBFSERIEREMTIIP, EREFRBREZIRXNEBERE QUEUED iR
&, BEEIENRERB AL,

(® Note

FEER AWS IREMEBREN, REEIRE AWS WIRE AT LUEREHHRE ARN,
ERZBHE , TURKRELREBN —REHE. EERFCEIUMN Braket ETF T KRR ERZ M
EAH% | 557F Braket TR AFREETEKEE L "TEE ARN, #L , SifEMA SDK EHfEHK
PESHPERE. B EERE 5 5788 {15 E WL F 75 B E H Rt 7 AR ER Bt
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-reservations.html#braket-create-a-reservation
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IBALAE A Braket, CUDA-Q, Qiskit, PennylLane=}BE##EEL boto3 (£ Boto3) Python SDKsZE
VEFER. EEFARYE , BXEHE Amazon Braket Python SDKH 1.79.0 iRELEFThRAS, &1
LUER THRRNBEHRE KW Braket SDK, Qiskitfit G FPennyLane /A 2,

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

f£FDirectReservation AR EEEHITER

EENRRRERBTEBRNEE S Z2FADirectReservation B EEE, BBIEETHNELE
HEMRZE ARN , AFEEEARR]E Python withRRAX PR Y NMAEBHEEEENEBER
ERHIT,

B, K ERETERVNEKE. ARCEARBEATEMNTER. FREENEETHFEHEE with EHR
R#IT ; 7 withEREE 2 AMITHVEMIR B BT S EREAVR BRI |

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

bell = Circuit().h(@).cnot(@, 1)
device = AwsDevice(Devices.IonQ.Arial)

# run the circuit in a reservation
with DirectReservation(device, reservation_arn="<my_reservation_arn>"):
task = device.run(bell, shots=100)

BAILAE A CUDA-Q, PennyLane#l Qiskit A EREREFRIETFELE , R
EDirectReservationABEEIN E FEKFEMNMERAPAREERNT, a0 | EiB Qiskit-Braket 121
E  BULBITERE , WTFFIR.

from braket.devices import Devices

from braket.aws import DirectReservation

from qiskit import QuantumCircuit

from giskit_braket_provider import BraketProvider

gc = QuantumCircuit(2)
gc.h(0)
gc.cx(0, 1)
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aria = BraketProvider().get_backend("Aria 1")

# run the circuit in a reservation
with DirectReservation(Devices.IonQ.Arial, reservation_arn="<my_reservation_arn>"):
aria_task = aria.run(gc, shots=10)

Bt , THEXNBEMEA Braket-PennyLane AR ERNERZHEAITER,

from braket.devices import Devices
from braket.aws import DirectReservation
import pennylane as gml

dev = gml.device("braket.aws.qubit", device_arn=Devices.IonQ.Arial.value, wires=2,
shots=10)

@qml.qgnode(dev)

def bell_state():
gml.Hadamard(wires=0)
gml.CNOT(wires=[0, 1])
return gml.probs(wires=[0, 1])

# run the circuit in a reservation

with DirectReservation(Devices.IonQ.Arial, reservation_arn="<my_reservation_arn>"):
probs = bell_state()

FHRERERR
FE , BUUFEATIEXBFEIRERERS.
# set reservation context
reservation_context = DirectReservation(device,

reservation_arn="<my_reservation_arn>").start()

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

EFFEETESE —ERERTHITREN Jupyter FRA , BB RBEBEEREFHIT,

(® Note
BE.start() FUNREFEEZXR AT R
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HFEVBREREEFEERN | BN Jupyter FioA , AFUUTARABTRARSELBEEN,

reservation_context.stop() # unset reservation context

@ Note
REERFALRENRBNEREED (FSHRELR

). reservation_context.start() M reservation_context.stop()FETEEH
BEKRIERE, kit , ERZERMMEATRER  ZBUNTEMNE FEKASHESHNREHE
B, YERESEEEENRBHEHT. AERAZTEEEEENREER,

BMEREHBEEERSE ARN

EREHERMEBN S — @R EZREFY FAREERE ARNdevice.run()o,

task = device.run(bell, shots=100, reservation_arn="<my_reservation_arn>")

A EEEEEE FEKERSE ARN B EE ﬁﬁﬁﬁ:ﬁ%’,ﬁﬂ?ﬁ}lﬁo SETIIEIE | BRE

ARN ¥ ZELFEERZHEBTHESEETE. T8, FEE , £ Qiskits EE=FEXER
PennyLane , AJRERERIERWEHEA ERNRE ARNo IXIJH: , B DirectReservation AR
BEE,

B boto3 B |, FBEEVEKEEERSE ARN A5,

import boto3

braket_client = boto3.client("braket")

kwargs['"associations"] = [
{

"arn": "<my_reservation_arn>",

"type": "RESERVATION_TIME_WINDOW_ARN",

response = braket_client.create_quantum_task(**kwargs)
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EREHBAITEENER

# Python HEMEARESERBTHER , BULUEBEEreservation_arnBRBF 5| BEREZPHTE
EE%K., BAEBINFEEEHLERARE ARN, EENE , NESEKreservation_arnR g
EREHBRFREBERES,

® Note

ERBPEATHESNEBRASERERELRIBTREARER, EREATENER
Braket R BN EHIER. MREFECHRAESEBTNREFTERSZNARRE L RTES

#DirectReservation® A

THEABRENAEREHFATESNER

from braket.aws import AwsDevice
from braket.devices import Devices
from braket.jobs import get_job_device_arn, hybrid_job

@hybrid_job(device=Devices.IonQ.Arial, reservation_arn="<my_reservation_arn>")
def example_hybrid_job():

# declare AwsDevice within the hybrid job

device = AwsDevice(get_job_device_arn())

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

task device.run(bell, shots=10)

HRER Python P BHNEARNER (E2HHARAEEEPEIENE—BESNEEK— ) , &
AIAER N i EEreservation_arnfIBF 5|8 , ERE R HITELER,

from braket.aws import AwsQuantumJob
from braket.devices import Devices

job = AwsQuantumJob.create(
Devices.IonQ.Arial,
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
reservation_arn="<my_reservation_arn>"
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R R R AT BN

REFBRE , CRTBHRERENEAEFIE. ERALREFAFINTARGTERRTBEEEN
Ho
(® Note

REHEREFER RUNNING IRENEMEBHRESECE. RMIBBEERRER | £ EN R
BENERREER,

BIERGERE  MINGRERBCBRNFERR 2 , EASEREARBUNERAREFTN.
i, MfEback-to-backfR BEHWAAERIRE , MAFE —ERETNEANSFTEABHSEBHECE. ©M
TeEF_EAREHEE,

(® Note

FEAKR AWS IRFNERAKERE, IEEERSGHAERE K HUFEFHEBEEEAT,
b, EREASEAM  HEREBNEERERENER.

HHREHERANRE

BRI EHENRERBRENED 48 MERBUERE, HEHUE , FUBUEFREEBEKIIMRE
HRE T M

HRENHE  E4ARCERENRE , RREUHNFRE,

B i e R PR A0
Quantum $4ESMBARE — B 5 IERSME B 7 B RN P S S MBIV BN

Quantum RESXFREHRANTE  EMEEHNTHEERE. HARHE FEF O BEAGERE
RAER ,BENETREXRNRETHENEERSNERR, RTEEHAMREEEE , FREA
SEFEHENEMAR TEFERENT L, EEFEZBRETIHRER S REASERMIEMTR
BENFEIRET R

EAREH -
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« lonQ £& ESREREREIL M

lonQ % & By 5 RRAR AR KA
HERERSRPTSEERERLESLURER | UBHRUENHRR.

® Note

HRAE lonQWEE : ERABFEEIEE , § 100 BEFERS , ARED 2, 500 EEZRE
BAEBNEE, YREEFRE  KEREENRE , AFEREREBEDEE 500 EHFEEG

= A
lonQ KBERBAERREMVERERS X,

RESHERRFIZERE T , ELLBFEARTEN qubit FIIRERFTRNRED ., ERER
e/ bﬁ/ IBERFRENTEERENF , REERRERNZE | fIUREBERENE —HERN
qubit, EEEEBANEARR , URIEZE qubit MFE

NMEHRFRE=NFHEER  F2RBEHBEEEE T EHWEE,

(® Note
ERAEREZEDEE 2500 EHEE

BEERA TR , FlonQERE LMITEERRREE=NE 7E5% -

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.error_mitigation import Debias

# choose an IonQ device
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/ionqg/Forte-Enterprise-1")
circuit = Circuit().h(@).cnot(0, 1)

task = device.run(circuit, shots=2500, device_parameters={"errorMitigation": Debias()})

result = task.result()

lonQ & K EE FRIE M BT 172


https://docs.aws.amazon.com/braket/latest/developerguide/braket-error-mitigation.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-error-mitigation.html
https://arxiv.org/abs/2301.07233

Amazon Braket HBEABER

print(result.measurement_counts)
>>> {"QQ": 1245, "@1": 5, "10": 10 "11": 1240} # result from debiasing

EETHERZAE K SUNEFEFERNASEMENEMEREE., AESRNABKENGHER
BRAE—o#, ERPEENEMEREE  fIMEARE  FSEAREREFTBRTE.

#HAL

BETUFRERBABRCNTRRREERRKATENIEME, RILELRSESENER , X
BREFA-BNEE , AARNEBIEATRNABER, NFFHER K F2REEHBEERE TEMK

WAL,

EENRE , RILERRBUESHHNEARE  EALESHRRENFSTURRE, MRIBMERE
M, ATREEH RS,

BT LAt GateModelTaskResult Braket Python SDK A K additional_metadata #{uHHIER
Lo MERMER, FIs  KRICFISEQAEFE  MEELQEHMFRELHERSMH, TIEXHHR
FERUNAESREIAMLEREFER 2,

print(result.additional_metadata.iongMetadata.sharpenedProbabilities)
>>> {"@0": 0.51, "11": 0.549} # sharpened probabilities
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£ Amazon Braket J& & 1E 5%

Amazon Braket Hybrid Jobs I BEHITREETEMER L , IRFEERK AWS ERNEFEEE
7T (QPUs), BEXKELMBBRNERER. PTEELE , YETHEBBRITER , HEERE
XRERANER,

BEEBIEEERBEAVMTHRBERTRE X  ELEEREESREAEREEERNE FEEER.
BEBREE®  ERFEEUFTZE  Raket EEAIRENBRRURBHHTENER E. EEZE
SRR, R AT AR R

o REEEBEINETERZENEE QPU £ENBRSEXIEFTY. LELIEF THRREMS
NFREFNHMERZHRENRTENETEH, EHBRESEELZFIER K Hbh—BEFE
BHNERBCRALETETFEENER, WEEELINEFTEE FIEUSE(WEEE (QAOA), BLE
T eigensolver RE FHEEEE, WU M LUL PG HEIRE L HEE  BLEBMRA, BERETE
B, flamiRiE R EE,

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

* Amazon Braket Python SDK,

« Amazon Braket ¥4,

* Amazon Braket APlI,

AR :

« {ABF{FE A Amazon Braket JE &1

« £/ Amazon Braket BEEBHTEEER
- BREEBHNEIERES

- EVREHEH

- BHBREER

- HIIEHWESER

» B Amazon Braket {£ PennylLane

« ¥2# Amazon Braket i CUDA-Q
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A B4 Bl Amazon Braket ;j2 &5

Amazon Braket BEEEB A REHTRENETFEREE L , HIIEEF Eigensolver (VQE) F & Fif
PREEEE (QACA) , ELEELFESEREEEREE FEERE , USEILRSETFRENN
#E, Amazon Braket Hybrid Jobs IRt =RAFXEE % :

1. 3B : Amazon Braket BES RN MEEAREECHREHTESEE L, ECNEIHHTE ,
TEELAFIENNEZ QPU, FEEEE LA FTINEMTE T, EREBRRESEEZE
W TREBEE RS A8, Amazon Braket Hybrid Jobs th X IE 2 EiRE., BULUFERRESHIE
REF , M Braket EMME—AXEE , MAEEEFHEULERERETRESEEH , EMNR
AT,

2. R . Amazon Braket BEEEKABLBRENEEEFRE , Y ERSEELHTHRRAEH
TR, CRERMEELESH  ARENEEHPHTHNEFRE (EFEEEARERE
2% ) » Amazon Braket B EBREEENTH. BMBERER. EHEAERENASRRREFHITT
EEE, &4 REE Amazon Simple Storage Service (Amazon S3) , W HEEER,

3. #84Z : Amazon Braket Hybrid Jobs $2{ton-the-fly)E & , 3 FENBF 4§ 7] BT EE LIS ER S
# Amazon CloudWatch 1 Amazon Braket £ & |, EEETLUBHSEE EMEE,

£/ Amazon Braket B EBHITESER

ZEFE A Amazon Braket BREERHITEAEE , EXLAEEREE L, EUUEREEELESTE ,
th A BUEEE A Amazon Braket Python SDK 2% PennylLane RE&ZT ., MREEEFEHAHAM ( FHE
BRIBEREE ) BXNE , B LUMEH Docker EXECHBIIARMRG  HhagELiEE, WEFHH
B, F2REALBE2NESE (BYOC),

EE—BRT , #BTREMEH Amazon Braket BILESEBAPI , Y EHRPREERELIESHERBES ,
ERNESEKECANEBEEETERE K ARNSEEZAREPEE, GEEAXRENEREEARKS
HERARG, FEZEEREHTESETE , B LLEE QPU, BEFERSE ( Hl0 SVIDM1EE TN1)

RERESEEATERES, EBEERESN QPU , FREREIKAH[SHERREBIHEIT API F
n, EFRAABRERSER K SRESAHREEEE ZESHBHERNESEP. PennyLane HWEIEEESER

RAERFALEENESEXASS  HEFEH. MREFEHRHE PennyLane E#E55 BT E B HTE
G , BAUEEHTEREE  URESEEFANHBTERIE. NESEEENEBATX , T2
Amazon Braket EE B H,
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/o, Amazon -
“€ Cloudwatch {5 Amazons3

= Amazon Braket

Amazon Braket Console
Amazon Braket

i
_ |
!r f{éé}T On-demand

Amazon Braket Hybrid - | Simulator
Joks AR | Amazon Braket
D T Simulator

E‘ — Jobs Instance TE!:!ET Embedded
t
I
[

Amazon Braket Notebook/
Local IDE

WMRENEBELEREFTRNAHBRELSR , Amazon Braket B BIFKRHTREEYE. EERBESE
BHITER (EUUEAPIFIUARETATEEEE ). BITEEZE, KEREA Amazon S3, UK
BHER, WERRATHEREAZFTINEHAENER.

BEETREEER (QPU) WAETESAEBBRHAZIIRG., X, HAEERBRET—EESERE
QPU E#1T, I AREHAFATHNESERHE , LEBRBAFHRG, MREHEREER
QPU , £ESEBE REAFNE QPU WEFK{TS. Amazon Braket &R ENFTFEAVE S ER BT @
B, YERELITENESES. BEEEEPE , CNESEREABRIEFFR , EXRTEEER
FHEFEBERE LHEATHIEM Braket EF A ZRIFT , IRREBEFERESREDER
R—REQPU, BAEBTHKE  REBLER , EXRTERAEINEAENEN,

(® Note
KEREBEHMUN , BHBREEHE AWS BE EXBREMEEMN PHIT,

EEESZMN QPU BEERGIF | B LLEEEZBEDEEEEE |, 4l Hamiltonian HWEEE |, EAEE
EN—E0, EEIEESBEEFRLE Amazon CloudWatch , EHEBR#E , £ Amazon Braket XA &
LUR FENBS M9 XN EERo

® Note

MREBEMSH GPU B THEE K FHEXFERAEP —EEAR Braket L RERIEEIEH
GPU ZiE#35 ( Hl0 1lightning.gpu). MREEZEE S —E CPU B afrEESS ( Hl0
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lightning.qubit® braket:default-simulator) , BIF&FEH GPU , MAAJRERELE
TREMH A,

BEEEBHNEERSR

R HEiERE Amazon Braket Python SDK FigffAwsQuantumlob.create REMW T EH S , URER
HERE B ME,

BRTBRTEREZESHNERZN "‘E’an.:.Ei%L‘IHﬁ%E?iﬁ’Jﬁ)\%ﬂﬁﬁo EENESERR
% , AmazonRaket E#EAREER RN — S0 MMM B ABR I ITERE LB THNESR .
EREEBTAE  EEEH F"im%ﬂ’])’ﬁﬁﬁﬁ%‘ﬂ%@i’ﬂ?‘éiﬂ’ﬂ Amazon S3 &,

(® Note
BEZERSHREE , BFERELEHER,

Amazon Braket B IR BERFEEB NGB EXNEE , UABLESFHANBENES ., WFEFHE
#A , 528 Amazon Braket SDK H #) braket.jobs E#f. Amazon Braket

EAREH -
* BA

B

- REBY

- BERREY

WA

MAER : A input_datasSIBUEEREAFHNMAERER , Eﬂ_fﬂ—rﬁﬂ)\ﬁﬁlﬁlﬁ1 HERAR
&%k, A& SDK B AwsQuantumlob.createEHEHhEZinput_datas| &, ESE@AER
BRIRREY RUNNVENBFERRMK " "AMZN_BRAKET_INPUT_DIR", tu%izuﬂﬁlmér‘t,ﬁ%’
ER R A GBI %EEF , 5528 Amazon Braket Hybrid Jobs 1 #J QAOA #1 Amazon Braket
Hybrid Jobs Jupyter Z524H #) PennyLane # Quantum Machine Learningo Amazon Braket
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® Note

EMAEREKR (>1GB) i , BEREGAEKCIEERENESHE. ERRALRKE AER
SH HEE S3 fFFE %?&ﬂ% S3 BRMEBEZRAENEKBER , REBLESRNEKBERE
R ZE Braket R

B2 WREEA hyperparameters , ©fiAIEREZE TFH"AMZN_BRAKET_HP_FILE",

® Note

NEMARTESBABAEE  AEBELENBESRAABIESENHMNET  BLHE
FAB S B — B A github EE.

REY  FEEELLEENREEBPEANjob-arnteER , FBEMA
copy_checkpoints_from_job@f, i tTEERBREHERNERIFRESHT
#checkpoint_configs3Uriky , EH AJEEK#1TAMZN_BRAKET_CHECKPOINT_DIRMRIEE
BRENBRPEH. FEREA None , RRRESZ—BEEREEBENRERENTERARTHNEESHE
%o

B

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

EBER . BN EELETHAETERREBYHFMEHEENTER

A "AMZN_BRAKET_JOB_RESULTS_DIR"#EERHE| HIEEM S3 fLBoutput_data_config. M
RAEEHE , AIFEFRA s3://amazon-braket-<region>-<accountID>/jobs/<job-name>/
<timestamp>/data. EfIiE SDK B EE save_job_result , EZREEE EZIE BT
B, B LAER T A F B H E i F R R,

BREY NRECEEFAREYR , ZUUKCHREERESH RENBE &
F1"AMZN_BRAKET_CHECKPOINT_DIR", #&thaLlsave_job_checkpoint A SDK i# B2 X &
o

TREEEE B LU EE I REERARELESEBN -y , XL BSEESERHTEHERE
% Z| Amazon CloudWatch , 3£ Amazon Braket & FHE R, NENAFEREE EZISENEH |
552 B B Amazon Braket B SR #HIT QAOA SEE %,
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MERBEFERBLNERAENR K F2RABSEEXHIHNRETFER,

B

Amazon Braket IRt H{ERESE , UFHCEASMANB LN ES, UTEXES L Braket FEAR
RIEBRY,

AMZN_BRAKET_INPUT_DIR - #i A& # B # opt/braket/input/data,
AMZN_BRAKET_JOB_RESULTS_DIR - EE AEH# R i & L B 8% opt/braket/model,
AMZN_BRAKET_JOB_NAME — {E# &,

AMZN_BRAKET_CHECKPOINT_DIR - #2Z&E 2 H #.

AMZN_BRAKET_HP_FILE - @B E8MNER

AMZN_BRAKET_DEVICE_ARN - #£& ARN (AWS ERE )

AMZN_BRAKET_OUT_S3_BUCKET - &t Amazon S3 f#1FErEE , fCreatelobiFERMW s
ZEOutputDataConfigo

AMZN_BRAKET_SCRIPT_ENTRY_POINT — CreateJobi R FIEEMIEA
#ScriptModeConfigo

AMZN_BRAKET_SCRIPT_COMPRESSION_TYPE - CreatelobiER HiEEN BiEE
BScriptModeConfig.

AMZN_BRAKET_SCRIPT_S3_URI - E & SMEH Amazon S3 {ii& , MCreatelobFE KM PR
FEEScriptModeConfig.

AMZN_BRAKET_TASK_RESULTS_S3_URI - BB EH AR FERIKE FEBFERH Amazon
S3 &,

AMZN_BRAKET_JOB_RESULTS_S3_PATH - FHER#E R M Amazon S3 L& , fCreateJobiER
B AT EOutputDataConfig,

AMZN_BRAKET_JOB_TOKEN - HAE K AB[MHIEBIMNEFER K EXEEE
CreateQuantumTask® jobToken ZE M FE,

7 B2 B B
Amazon Braket RS BHHRAESY , THCRSRRANRLNED, SLHHRANBEHRA

RPTESEBEREZRE RPN, TH G REBOAEREM.
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from braket.jobs import get_checkpoint_dir, get_hyperparameters, get_input_data_dir,
get_job_device_arn, get_job_name, get_results_dir, save_job_result,
save_job_checkpoint, load_job_checkpoint

get_checkpoint_dir() # Get the checkpoint directory

get_hyperparameters() # Get the hyperparameters as strings
get_input_data_dir() # Get the input data directory

get_job_device_arn() # Get the device specified by the hybrid job
get_job_name() # Get the name of the hybrid job.

get_results_dir() # Get the path to a results directory
save_job_result(result_data='data') # Save hybrid job results
save_job_checkpoint(checkpoint_data={'key': 'value'}) # Save a checkpoint
load_job_checkpoint() # Load a previously saved checkpoint

FORIRMF

HITE—RESEK2R , BXNERELEREHNFUEBRBILIK, EZEHECHEEERNTT , 3
% Braket =& £ AIRYIZE FZEFF A, Amazon Braket WA EEEm OB EBFHLP—ERE
ACRREEREMBTREEENNGT , SsE8FEUERAR  UEELSHARESHEACKRARS

4738 A1 7}’%
TREER.
Amazon Braket X Amazon Braket » Permissions and settings
Dashbaard Permissions and settings for Amazon Braket
Devices
Notebooks General Execution roles
Hybrid Jobs
Quantum Tasks The AmazonBraket)obsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [. You can verify that you have existing

roles with this policy attached.

Algorithm Llibrary
Service-linked role

Announcements ( )

Permissions and settings

Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [

‘ @ Service-linked role found: AWSServiceRoleForAmazonBraket [A

Hybrid jobs execution role ‘]

The AmazonBraketlobsExecutionPolicy [/ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

EERTCNACREERUTESEBNESNT , FENRERAACKE. NREEEMN , &8
BEHRIBEHNAL. FEEFALNBBREASE ARNs , FERE T A K,
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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

MBLRELERHATRAEHHTNAL , LRRBRTHXACNAL. ERRYARACR
B, UEBEERHHANASE,

SORTRHF T
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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.]

NMRABERWEL , KEWRBIEZ LA,

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. ]

MRERBETHEHNGT , AISEEEEN. EEEBRT , FHEENAL AWS EES,
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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

BIUBREER

AERBUMEER Python BB EILEESTK. HE , EERAH Python EXBEILRESER |, 4
MIERIFNE S ZIRE (IDE) = Braket Fio A& , E20H SAKEXBIELESEEHT,

TP

o BIUIWHIT

- ERCHER

- BEER

- EAREH

- BEBEXBERESEEHT
- BEEREEKERA API

- FAAKEARTESAEBIETEE

BT

—BEBERYITEEEBHINAE , B AILREETT. %18 Braket EREHHNERET D RE
EEETH. cERTHREHTHNEE:  YI2BRNEEE o NEREENETEH. RTE

BIUREEH 183
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BERESHN , CETURAEEMBRUEER, BEEETHREMKEBARFERE. EAREE
BEABREBE  EERFREPHAITHE BRI

bell=Circuit().h{®).cnot(@, 1)

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

Algorithm

Quantum Task

Create job

Script
Track status i

Entry point and
Analyze results other code

— =
i —

User

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

B, BERBUTEEZESHHNELRH#S , ZETHERIL AEEREL S NERIAESR,

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(0, 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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1 Braket EREAHAMIRIEN B Bl THEB & |, £ B algorithm_script.py R FLHE
£, algorithm_script.py #XR B8 start_here( )/EBFTEINE AL,

EE |, 7288 algorithm_script.py #ERABRH B &P I Python f£3R 5 Python £ieA&, HIETHEEM
BESEK K YEEBEFMAERLERE , flMNRMAREBHRERBERER, HIETHBELFTEREE
BEABESBNETEHRE,

® Note

MEMMAEEETL RGN B &R Braket ELAR L ERERWFMER , Sl
algorithm_script.py #8 R , 5528 Amazon Braket Python SDK #1178 58 — {EE 2%

EEEEANE—ERGS  ESLEERIFILEE, ERCURBEEENETHE, HESNERET
BREE (QPU) BBE , BETHESHdeviceFiEENEEHSARIERESRNERK , L HEE
ERECEMARIESE F£HAMZN_BRAKET_DEVICE_ARN,

(® Note

BABEERBESER AWS EiF 1y FRIHMEE., Amazon Braket SDK & B B2 Bt 12818
AWS EiF, a0 |, us-east-1 FEVBSEK TR lonQ, DM1, SVIH TN1 £E |, BFEE
£ /A Rigetti £&,

MREBRIFE FEMMIFESES | A Braket BHELNERENEHR , UHITEEBRIEFFRNAE
BT EH.

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

BYBwait_until_complete=TrueREFMERX , BENEBEHTRIIENR 5 ERT KNS
., BEZSEINELUTIEEFIME®EH,
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FMBABER

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
Additional Requirements
Running Code As Process

Test job started!
Counter({'00': 58,
Counter({'00': 55,
Counter({'11': 51,
Counter({'00': 56,
Counter({'11': 56,

Test job completed!

Code Run Finished

'11':
'11':
'00"':
'11':
'00"':

2025-09-24 23:13:40,962

(® Note

Requirements
Check Finished

421)
45}1)
49%})
443})
441)

sagemaker-training-toolkit INFO

Reporting training SUCCESS

BT LA B ETHEAREE AwsQuantumJob.create FEREFER , HEREEEME ( AKA &
RIERMEERE |, = tar.gz MR S3 URI), mMFEIEEH , 552 B Amazon Braket i Github
REEFREEEERRSH Parallelize_training_for QML.ipynb #&%R,

ERENER

®E , BALE Amazon CloudWatch FEXBFF#H, AEEERM , FEEKFHEFAEELMAERE
R BFBERSIER | BEHFEE aws/braket/jobs , R BEFELEEKBBHEFRSER. &
LiRgiflg |, B1A braket-job-default-1631915042705/algo-1-1631915190,

ERENER
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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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FMBABER

CloudWatch X
Favorites >
Dashboards
» Alarms Ao @o ©o
¥ Logs

Log groups

Logs Insights

¥ Metrics
All metrics
Explorer
Streams
P> X-Ray traces
» Events
» Application monitoring
P Insights

Settings

Getting Started

l CloudWatch > Loggroups > /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 Message

There are older events to load. Load more.

2021-11-10T17: .993-07:00
2021-11-10T17: .993-07:00
2021-11-10T17:01:01.993-07:00
2021-11-10T17:01:01.993-07:00
2021-11-10717:01:01.993-07:00
2021-11-10717:01:01.993-07:00

2021-11-10T17: .993-07:00

2021-11-10T17: .993-07:00
2021-11-10T17:01:01.993-07:00

2021-11-10T17:01:01.993-07:00 brak dk-pythe

2021-11-10T17:01:01.993-07:00 brak dk-pythe

2021-11-10T17:01:01.993-07:00
2021-11-10T17:01:01.993-07:00
2021-11-10T17:01:01.993-07:00
2021-11-10T17: .993-07:00
2021-11-10T17: .993-07:00
2021-11-10T17: .993-07:00
2021-11-10T17:01:01.993-07:00

Y Y YV VYYVYYVYVYVYVVYVYYVYVYVYVVYVVVVY

2021-11-10T17:01:01.993-07:00

BT UETRATEIBESEKER , RAERRE

Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

BB EEBREHTRKEE Amazon SSHEE - LR m. &

View as text

Clear m

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779fa6/ test /unit_tests/braket/circuits/test_gates.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779fa6/test /unit_tests/braket/circuits/test_instruction.py
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eec053328733F34779f a6/ test /unit_tests/braket/circuits/test_moments. py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779Fa6/ test /unit_tests/braket/circuits/test_noise.py
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee053328733F34779f a6/ test /unit_tests/braket/circuits/test_noise_helpers.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779Fa6/ test /unit_tests/braket/circuits/test_noises.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/circuits/test_observable.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779fa6/ test /unit_tests/braket/circuits/test_observables.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779fa6/ test /unit_tests/braket/circuits/test_quantum_operator.py
ging-3f8850942c09911b104eee053328733F34779F a6/ test /unit_tests/braket/circuits/test_quantum_operator_helpers.py
ging-3f8850942C09911b104eec053328733F34779F a6/ test /unit_tests/braket/circuits/test_qubit.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eeed5332873334779fa6/ 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-3f885a942c09911b104eee053328733F34779F a6/ test /unit_tests/braket/devices/test_Local _simulator.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779Fa6/ test /unit_tests/braket/jobs/
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779F a6/ test /unit_tests/braket/jobs/local/
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779fa6/ test /unit_tests/braket/jobs/local/test_local_job.p;

Custom &

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

braket-job-default-1693508892180

RE , MBS EBIMRE,

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:::device/quantum-simulator/amazon/sv1

Status reason

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

braket-<region>-<accountid>BEABR jobs/<jobname>/<timestamp>H #& .,

% S3 mIFIrE B WA |, amazon-

f& AT LA

ERENER
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{# /i Braket Python SDK B3 /B&E#Hcode_locationt , IBEEFEMN , UBREEKELRMH S3
VAT

(@ Note
It S3 FFRTR AR AWS B EBETRUNEEN F.

jobs/<jobname>/<timestamp> BH#BE— @A FERK , HPhEZEmodel . tar.gziERHHE AR
SiENEE, EE—EEA BB Kkscript , HPEEsource.tar.gzBRPHEELIESIEK
M. BREBEFEBNERUNRES WEBE &P jobs/<jobname>/tasks,

BUURBFEELESHBELENAER  UERXESEEESHHIESERYH LK Amazon S3 HHY
EHERK (£85 model.tar.gz B tar BiEERP ) FERELER,

I XA E A JavaScript ¥4 RS A (JSON) A REFEERP. MRERBEEFFILANF ,
MEFEAMLESIWER , SRR MEA BE , UEARENEREXFIL. NEFHER , F2H
braket.jobs.data_persistence #&#H

EERTRESEBNER , BT L #ADD M ITH B ZE algorithm_script.py %=

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)

RBERER 188
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results.append(task.result().measurement_counts) # ADD

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

print("Test job completed!")

RE& | BELUEBM NI L #ADD print(job.result()) FHEMNITREREKIESBHNIEEE
%,

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.arn)

while job.state() not in AwsQuantumJob.TERMINAL_STATES:
print(job.state())
time.sleep(10)

print(job.state())
print(job.result()) # ADD

EHESS | BB wait_until_complete=True REBRE ML, B LE hFIEELLETE
fH, BELBTHEAERE K cSBWEEAIS M job-arn , EEFT 10 WEH RS EENME
EXEEEHKA RALLCOMPLETED , 2 RSB REFERNER. FSRELUTEHH,

arn:aws:braket:us-west-2:111122223333:job/braket-job-default-123456789012
INITIALIZED
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
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RUNNING

RUNNING

COMPLETED

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

ERARER

EALERREURFRAEHNPRREES, £ —POREEESTEAT , T UFEL T
#ADD SERRITT R IR E MR

from braket.aws import AwsDevice

from braket.circuits import Circuit

from braket.jobs import save_job_checkpoint # ADD
import os

def start_here():
print("Test job starts!")
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

# ADD the following code

job_name = os.environ["AMZN_BRAKET_JOB_NAME"]

save_job_checkpoint(checkpoint_data={"data": f"data for checkpoint from
{job_name}"}, checkpoint_file_suffix="checkpoint-1") # End of ADD

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

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

print("Test hybrid job completed!")

ELHTRESERKE  ceEREHBESPNRESEBHRRPLATERR /opt/jobs/checkpointsi%
RE IR <jobname>-checkpoint-1.json, FRIFFAEBE T WTERER , FAEBSEKESBRET
g,

MRCRERENBEEEREENREHBARESEE , BEELESHEMEA from braket. jobs
import load_job_checkpoint, B ANEEEESHNBEENT,
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from braket.jobs import load_job_checkpoint

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

HALREHCE  BUURBREAZ WAREEESE checkpoint-1,

(@ Note
checkpoint_file_suffix AR S LI EE L BRERFIEENER.

BHNHREFETHEEEE L —EEBEEKjob-arnky , X EM #ADD M EFERIT,

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
)

RAREXBERBESEBAT

Amazon Braket Hybrid Jobs IRt BEEEFEMEE LN ZTEWHH , S Amazon EC2 EEERE
Amazon Braket Quantum Processing Unit (QPU) 7ZEX. E/tmeiEi%qJE_LH’J;?T}i% S @R EFE
BWEEIER TS , RSN EEEZTERE FERTIFHNREMPE. 6 QPU ZSHEZEERIN
BEXNEKTY , BREMEEREAREHNTEBRENES.

EAREH

o A Python EXBFEILESHER

« REHM Python EXMEBERE

- BERBEIBAESEXHITHEE

- BERNEKEHEENREER
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A& Python BRXNBEILES TR

BT LAB T A Python 2RI A Amazon Braket B &1E#. EHLUEIBEMAehybrid_jobZ#iE
BHEBREXBRITIRE , T IEXNBELMR. BRBETIRE , B LURZEFEARE Amazon
Elastic Container Registry (ECR) ¥ B 5] &85,

(® Note
FERXE X & Python 3.12,

A LAEAehybrid_jobZAfiIE B R FEEK B, Braket /iE1EE AWEXNHFE R A Braket BE

EREELIETH. A%, REEHEEE Amazon EC2 ${TEBEMNEMEEAUA HE., B UEH
job.state()=X Braket TR AEREREBNEE., TIHERABHF RBUMAE LHTHEMEBNF

%l State Vector Simulator (SV1) device,

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}

R LM —% Python ERB — I A BRBREVBESAER. T8 , RHHHERAFELESAEHZ
B,OMARHENGER. FEERRTHEEIER , BEM job.result().

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

@hybrid_job #HMEEHFWEBSIBREEREEKTELTINEE - THBERTASV
EiSR, EERE QPU BXIER , B4 EARAEBPEANEE ARN FEEMHERFEEN
ARN, BT HERER , B LA HBREXEBget_job_device_arn()R{AE HELHWEE
ARN@hybrid_job,

@ Note

BEBSEBELBE—SENRMBERD , BAEEHE Amazon EC2 LBV RBRLTRE.
e, HRFEEENTHEESE  PINE -SRI -—HER , CUEREUREEAEFER.

i

run_hybrid_job() EREEHMA 5/&8num_tasks REFHBIMNETFELEHE, EEEKEEB SN
A AESE,

@ Note
BB YT Braket THATETRATE , R4S 2500 BF T

EREME &

# run_hybrid_job()E&HF , RARBREEEWIEEEL iL#klog_metrics, HESHBBERE
BEEHRSIZEHE T Braket TERAEEF. BAIUER EE , ©HREXNETHHTHIA , /A Braket
FUASIE MERRIT F BB i IE HE B FEF A, LIAEPHIERIERERE "HE,  RHREREENE — (@
=,
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HEHE R

BEEBTRE , BAILMER job. result() HEESAEKER. BORAX PN EANHEHEH
Braket BBl FiEE , KBEONMHLARTE , BESAXEHAFIIL, flm , THREXS
BB K EY S5

import numpy as np

# Working example
@hybrid_job(device=Devices.Amazon.SV1)
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

FHE8E

BIBEFER , KEAEKN RSN BBHE., SHUEERELRA S BXZTNATERE. H
m, ETHIEXED , FEEES "my-job-name”,

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

R

AEEBRERR SI BB EEMER local=True REIL, EEELABEERENBHRIREPH
ITRERER  PINENELHER, AMERRFETEBRNERIRFTS. HRSHRI MPI Fi
PEERGI , AEFE ATRE T AFERA /Y Braket IRIERH. THEXBSERAEKEMS SV1 KERNRE
MRS ER,

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

TEMBHMBESEKIEE, MFRIBFE , 552/ braket.jobs.quantum_job_creation 1848,

BAREXBERRSEBHT 194
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ZRHAb Python EHNMRHRENR

BRI A BETHATHIIRE | UMERAZREH Python B, B UEMArequirements. txtEER, EH#
BHEEE S B1HEEE (BYOC), i , requirements.txt ERAUREETEERHENWEMENY,

giskit
pennylane >= 0.31
mitiq == 0.29

EEMMA requirements. txt BRBFTHTHIRE , FSB TR IREH,

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

HE , BUNREEHBBMS Python BE , TR,

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

HtRRB T AEEREEEE , b liEEAE—EA , T IEXBHHIFR.

@hybrid_job(device=Devices.Amazon.SV1l, include_modules=["my_modulel", "my_module2"])

def run_hybrid_job(num_tasks=1):
return ...

HERRFLREESEHATER
EER ARER

BIBAMEREE | S LUEIBIEE Amazon Simple Storage Service (Amazon S3) #1778
REHBANRER S, BHAUIEEREERE , A% Braket SEBHFER LEES3://
<default_bucket_name>/jobs/<job_name>/<timestamp>/data/<channel_name>{u &Y
Amazon S3, MREIEEAKER , ARELRBERS "WAL . TIHIEBXBERREFIEET N
numpy #&=Rdata/file.npy.

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 ...

H S3 , BUAEMEAget_input_data_dir()1#BhFEN funciton,

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")

B LUEIR IR HSEEEMN S3 URIs SAHEER K FHRIEE Z B A ERRIR,

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
ERMAERBEA >1GB) B, EEUAEBZAE@ERENSEHRE, ERRATEM AERE
—REEZE S3 RENER , S3RTEMEEEHFR. H&E , EHFRERRXE Braket R
%

HEfERE#EFE S3

FEREARASEEETNRENEERRANTNER  BXLEKEENEEMNNZEMEERBEARE, T
I €55 B R 12 numpy BESIF] matplotlib Bl

import matplotlib.pyplot as plt
import numpy as np

@hybrid_job(device=Devices.Amazon.SV1l)
def run_hybrid_job(num_tasks=1):
result = np.random.rand(5)

# Save a numpy array
np.save("result.npy", result)

# Save a matplotlib figure
plt.plot(result)

plt.savefig("fig.png")
return ...

FIERRESBEAS A WERmnodel . tar.gz, BALEA Python job.result() HE T&E#E
R, R Braket EEF AN REEAKEEREEERRER K,

s TENRE

HREEERTHESEE  EEREHRTEELINDPERE, BUFERAR
Esave_job_checkpoint()##BIERNKE , S ERFFEEZEAMZN_BRAKET_JOB_RESULTS_DIRE
8, 2N THEEHBEXNESE FHget_job_results_dir().

UTREARESAEBREH TERENHARENNRETFHEM

from braket.jobs import save_job_checkpoint, load_job_checkpoint, hybrid_job
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@hybrid_job(device=None, wait_until_complete=True)
def function():
save_job_checkpoint({"a": 13})

job = function()
job_name = job.name
job_arn = job.azrn

@hybrid_job(device=None, wait_until_complete=True, copy_checkpoints_from_job=job_arn)
def continued_function():
load_job_checkpoint(job_name)

continued_job = continued_function()

EE—EREEHF , save_job_checkpoint() EFAZSEERTFZIERNFHREL , RIZFE
%, BREHSETRIILANT. BEREHFTERMEN Python W1H , K10 numpy R , &0
7E data_format = PersistedJobDataFormat.PICKLED V4, WREREEEESE "HREL B
FERRT , LUREEHKHKR<jobname>. jsonh R B BEYNBEEREIESR,

BEEVFNREEEBRURREREE K KMAFTEEE
copy_checkpoints_from_job=job_arn , E# job_arn2 & aIEKMIESER ARN, A% 6 &
e M E SR load_job_checkpoint(job_name)&E A .

BEANEBEMAEAENREER
B2 FESH

FRALEMEEIBEINESTIKRFRALH - cASEERNEFTERTARBHT, BALER
Braket Management Console={ Amazon CloudWatch B3R E AR ERE , EREEEEUHT
iF , Raket EE A ERMNBARUREDHTEE L , Y EEEEZTRRFHEGE R,

BITREBRLEEE

BEABALRANTRBAEFEMEREINTE, YRARETHE  FEAEFEBI—HETFE
%, HRHE QPUsBRIEFFE , HREEH QPUs ETZRREBEFUTHEETEREENRERD
BITRIURE EZZB RN,
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A A IR E TR

£ QPU LHITEREERH 28] , BRELEEES SV1 L8117 , U CUAEPRIT. B/ IRE
AR, BALNERASEERINT | UETRERBEENEE,

EFABEERR (BYOC) IEER M

ERSRUREPHEEHNRBRERKYE  UBYTERNER, EBERFPHEMEENN, MK
HEMERTE |, &R LARS LB AV RM AR A2 H B E.

ZYTER D BB

FEHTREER  FEEEAREN MPI XEB , £E-BEEHHPHN S BT ER LT ARER
%ﬁo ﬂu%ﬁ%§¥ﬁﬂ§§ﬂ nﬁ/ ﬁmﬁ*ﬁﬁ%o

ERSEER
BIEREEBREXNSHERSERTE QPUs LEAZEGEZEDES , AXEEEENHTRRE,

EHRER
HRREEITHESEHR  BREHRTEEEN P EIRE,

MEE—SHEH, FARGIMRZFEER , 5528 Amazon Braket 4l GitHub,

BEURESERKER AP

"‘_IJ«MEFH H#Z17H Amazon Braket RS XKL E 2 EEAPI, T8 , APIEREFER I, EEEHRE
SREMERNTTE,

@ Note

KR ZIBZHEME A Amazon Braket Python SDK B2 Amazon Braket B EE., ©IRHES
ENFERENRE  HEZNRESNEERIHT,

AEEEREEH NELSBSAPI, MREREZFER AP, FrcE , WA EARESEM |, WERTFET
ZRREBEEHE , BENBESAEBEUHT,

EEMFEH AP, EWIRFEZESESR AmazonBraketFullAccessEEBRN AR,
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® Note

WMEMAER AmazonBraketFullAccessSEEBRMEACHWFMEN , F2REBA
Amazon Braket EH,

A BFEE HTAC. LAGKEERR R, BAIUER Amazon Braket T ARV A®, EARF
IHMRERE LNSTARKRSIERRELESEBRNRARAL.

CreateJob API ZELEERSEBNMELES . HEMEM Python , B EFEEETRERER
A tar £, Hl40 inputtar.gz BR , RARFITTIETH. ENAERANERNRRLD (<>), UFE
BENRFEFANEE RS EHRBEE, BRNGTENEAR,

from braket.aws import AwsDevice, AwsSession
import boto3
from datetime import datetime

s3_client = boto3.client("s3")
client = boto3.client("braket")

project_name = "job-test"
job_name = project_name + "-" + datetime.strftime(datetime.now(), "%Y%m%d%H%M%S")
bucket = "amazon-braket-<your_bucket>"

s3_prefix = job_name

job_script = "input.tar.gz"
job_object = f"{s3_prefix}/script/{job_script}"
s3_client.upload_file(job_script, bucket, job_object)

input_data = "inputdata.csv"
input_object = f"{s3_prefix}/input/{input_datal}"
s3_client.upload_file(input_data, bucket, input_object)

job = client.create_job(

jobName=job_name,

roleArn="arn:aws:iam: :<your_account>:role/service-role/
AmazonBraketJobsExecutionRole", # https://docs.aws.amazon.com/braket/latest/
developerguide/braket-manage-access.html#about-amazonbraketjobsexecution

algorithmSpecification={

"scriptModeConfig": {
"entryPoint": "<your_execution_module>:<your_execution_method>",

BEREEHER AP 200



Amazon Braket

FMBABER

"containerImage": {"uri": "292282985366.dkr.ecr.us-west-1.amazonaws.com/
amazon-braket-base-jobs:1.0-cpu-py37-ubuntul8.04"}, # Change to the specific region

you are using
"s3Uri": f"s3://{bucket}/{job_object}",

"compressionType": "GZIP"
}
},
inputDataConfig=[
{
"channelName": "hellothere",
"compressionType": "NONE",
"dataSource": {
"s3DataSource": {
"s3Uri": f"s3://{bucket}/{s3_prefix}/input",
"s3DataType": "S3_PREFIX"
}
}
}
1,

outputDataConfig={
"s3Path": f"s3://{bucket}/{s3_prefix}/output"

I

instanceConfig={
"instanceType": "ml.m5.large",
"instanceCount": 1,
"volumeSizeInGb": 1

},

checkpointConfig={
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints",
"localPath": "/opt/omega/checkpoints”
},
deviceConfig={
"priorityAccess": {
"devices": [
"arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3"

I
hyperParameters={
"hyperparameter key you wish to pass": "<hyperparameter value you wish
pass>",
I
stoppingCondition={
"maxRuntimeInSeconds": 1200,

to

BEREEHER AP
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"maximumTaskLimit": 10

iy

BIREEKE  BULUEB GetJobAPIE £ AFIEAERFMHEEN., EERH
fTcreatelobBXIEM Python TERBIESRESEBFMER , mEMEFIFIR , FEATS

Python ﬁi%o
getJob = client.get_job(jobArn=job["jobArn"])

EEZBUHREMET , CancellobAPIFEE A E#Amazon Resource Namefy () AL 'JobAm',

cancellJob = client.cancel_job(jobArn=job["jobArn"])

IEAILAEA checkpointConfig Z8create]JobAPISMEEIEES HW—2 2.

checkpointConfig = {

"localPath" : "/opt/omega/checkpoints”,

"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"
1,

® Note

localPath checkpointConfigFaEA FY{E—FEZEKEBISE : /opt/ml, /tmp. /opt/
braket= /usr/local/nvidia.

ERAARER R ES XN ER A EITHE

ERBRIFTNRESEELR , AEEX T HSEEENAFEE £ETH. THBEXNS —HIEE , AZE
BT 85T 8I7E Amazon Braket BEEBHPEANERNE , BEFFEM A Braket REEBHTRESTH
RERESR M, MRk , 387E Amazon Braket Notebook 1 1T{EBE = R FH A Fim AT ES TR ,
BlMELHEKR R EREK,

EAMERD  BNASEFAREEIEERKE  BEAEEXPHHERN Quantum EEET
(QPU) #1T B , TEEEMREED.

EEFRAAMES K F& BHAwsQuantumlobBER A A LocalQuantum]obMEMLE, 4l
wm, EEREBEVENE—EESEEHTEY K FEEABIREESTEIESE , WTHAR.
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from braket.jobs.local import LocalQuantumJob

job = LocalQuantumJob.create(
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",

@ Note

2 7 Amazon Braket ZEE AP FE AR Docker EELREE LM AKIRIE D |, FrEFERA KDY
B8, BT LATE Get Docker HH L3, EIZR % Docker iR, WA , AEEXP R ERES
2,

HUHBSER
EARBERERRFRBREORARER, BETUNE TLAREARRBREA.

EREFERATECHESAR  FHESEREMENZIENESESR , ARRBET X IIEERT
ENEUH RS ER.

Amazon Braket X Amazon Braket » Hybrid Jobs

Dashboard Hybrid Jobs (4) C Actions & Create hybrid job

Devices i i
View hybrid job
Q, search ‘ Y 1
Notebooks Cancel hybrid job
Hybrid Job:
yarid Jobs Hybrid job name Status Device Manage tags at

Quantum Tasks

braket-job-default-1693603871840 (®) CANCELLED arn:aws:braket:us-east-1:device/gpu/iong/Aria-2 Sep 01, 2023 21:31 (UTC)
Algorithm library [+] braket-job-default-1693600353661 (@ QUEUED arn:aws:braket:us-east-1:device/qpu/iong/Aria-2 Sep 01, 2023 20:32 (UTC)

test-job-example (@ COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Jun 02, 2022 22:26 (UTC)
Announcements o
Permissions and settings @] Test-ashlhans (® COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 May 25, 2022 19:50 (UTC)

HRWECE , FEHRERK , ERARVPBARUE , RAREIEE.

BUHR&EH 203


https://docs.docker.com/get-started/get-docker/

Amazon Braket HBEABER

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

—

= E1¢ Braket Python SDK FARXBECERESER , BEMA job_arn RFFIESEK , RAEFUHE
E® cancel®® , T HEXTBFIR.

job = AwsQuantumJob(arn=job_arn)
job.cancel()

cancel #TEVHKLERBEEEHKEEH  UREASHEUHAMENERIFRIHRENHEE T
%o

SHIBN: A=

Amazon Braket Rt LB HEZRBITBERNEENHT AN , BERTURBHEEREFHTERE,
AEHRRBITBEEEKNEE  REREFLESTHEREIBERS. BB THNAEABESEB&E
{ETERE., BREEBHTER , URFASEFEERIENEE. ELBFTHMAHBIEE Amazon
Braket tmk'ﬂﬁiﬁ’%i?ﬁﬁﬂ’ﬂi’%bo

TR

- EREEEESHBNIRER
- EAEZH

- BELWEBSEBHITER
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- ERZEESZERNEESNER

ERREEESTHBNIRE

Amazon Braket X B EE T HARERNIRE -

- ERAREE (FEER , WRKREEimage_uri)
- B CUDA-Q WA

- B7% Tensorflow # PennyLane BV &85

- B PyTorch, PennylLane 1 CUDA-Q KV &85

TREHRARRSRHEEENEAENFHEER,

Amazon Braket & 28

Type

BR#& URI

AN EXE

Base

292282985
366.dkr.ecr.us-
west-2.amazo
naws.com/
amazon-braket-
base-jobs:latest

CUDA-Q

292282985
366.dkr.ecr.us-
west-2.amazo
naws.com/
amazon-braket-
cudag-jobs:latest

e amazon-br
aket-default-
simulator

* amazon-br
aket-penn
ylane-plugin

* amazon-br
aket-schemas

e amazon-br
aket-sdk

» awscli

TensorFlow

292282985
366.dkr.ecr.us-
east-1.amazo
naws.com/
amazon-braket-
tensorflow-jo
bs:latest

e awscli
* numpy

* pandas

* SCipy

PyTorch

292282985
366.dkr.ecr.us-
west-2.amazo
naws.com/
amazon-braket-
pytorch-jobs:
latest

» awscli
* numpy

* pandas

* SCipy

ERREEETHNRE
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Type

Base

CUDA-Q

TensorFlow

botocore
boto3

dask
matplotlib
numpy
pandas
PennylLane
PennylLane-
Lightning
qgiskit-braket-
provider
sagemaker-
training
scikit-learn

scipy

PyTorch

ERE

ERETHNRE
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Type

HtiE = =

Base

* 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

e amazon-br
aket-penn
ylane-plugin

e amazon-br
aket-schemas

* amazon-br
aket-sdk

* ipykernel

- A

+ 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

- A

* matplotlib

* networkx

* Openbabel

* PennyLane

* protobuf

* psi4

* rsa

* PennyLane-
Lightning-gpu

+ cuQuantum

+ cudaq

* cudag-gec

+ cudag-solvers

& 0] LATE aws/amazon-braket-containers F R MEEAMRBBRSEER., ZEENTESEEH

KA AR, &7
eu-west-2) ,
HIBEEMcreate(...) MY |

north-1.

BERBFEMA

A:EA

= = =]
LEZUBEEBREER

A LA Braket FREVEMRI A A AWS [E1F (us-east-1, us-west-1, us-west-2, eu-
EENEE, ERSEXESHPIETI=@E5&2z—
SRR, BRI LG H MK R ERIBEH

ERREEETHNRE
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TEERENAS (BRBIBTRHBNRA ) , BA Amazon Braket B E G BMRMEREREND. T
SIS BB AR us-west-2 [EiT,

- BRI : image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-
jobs:latest"

- CUDA-Q B : image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-
cudag-jobs:latest"

« Tensorflow % : image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-
tensorflow-jobs:latest"

« PyTorch 8§ : image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-
pytorch-jobs:latest"

image-uris Z A LAE A Amazon Braket SDK Y retrieve_image () BMEURIMEE . T 5| &i
REIWMMAAE us-west-2 FEELE M AWS EiF,

from braket.jobs.image_uris import retrieve_image, Framework

image_uri_base = retrieve_image(Framework.BASE, "us-west-2")
image_uri_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")

FHBHER: (BYOC)

Amazon Braket Hybrid Jobs Rt ={EFRTEEMN TR , AREFRREPHTENR, NWRHP—E
REXEENFERARS , EREEEIRESEEFRERMEELESH., SR EEELETHIEH
£ requirements.txt BRIFIEAERDWHEKMEPip.

MRELAB[HIZELNFEARS  REBNREREREREH , 8l Braket Hybrid Jobs X B &
B H BiIDockerBRMEHTREMEH , ABHEEE (BYOC), FHREERBESEMEARGINERT

B,

EAREGH :

- AEEEBECHNARIZHAERIRE ?
- BieAWE S

- ERBCHWARFTEIT Braket ESER
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AR B CHNRRTALERIIREK ?

IR BT HAES (BYOC) # 2 Braket Hybrid Jobs , AR ENEREGLZEHCHNEE  EHEEH
FRECHERE, RIBEMNIEESER , e — LA JUEBRMAENEYE K MEESTRTEMNBYOC
Docker’ & - Amazon ECR L& - BETH & URI BH,

® Note

MBEEEFEOEA/NFEFEENEM Python E4 (BEELR 1018 ) , BYOC AJRERRIE
TRHEE, Bl MREFEHNE PyPio

EEEBRT , B UEAE+P —@EFELEEER Braket BB , ARTEEBRIE
#requirements. . txtERETEERFEH+P, EREEHEN , W EEpipREEFEEREINE
. MREBBLZREREEHN , TRNBTRHBETES ARIFEM, BE Python , IREA A RELEH
RARBRBE A TEENTELEERE CUDA IR,

B E RIS SEMEAIE Python S ( Hli0 C++ = Rust) , RAEAE(FFEIB Braket BEEER
EBREME K Python fRAESF , BYOC 24 EM, MEHBETIIER , E2ETIHEMNIRE

- BEANKBEARESR A MALEEHUREARSFREXSR , TRITHE, £H
BYOC , & A BAfEDockerRIEFBARETR , WIS BERIFRESH/VENR.

- BEANSRBELZLFIG, flin BRAEELFERE SSH SRS EEFMMIE GitLab =
GitHub FE L.

- BEERERBER Braket RENBRTHWAEEREN . HREBRE , BYOC TREBERES
EHRBFENRBEBKRE.

BYOC tE o] E B A EEDockerFes IR HIaEAE , HEHF] SDK WEEEAUHESFEA,
& 0] LATE Amazon ECR R EREIE & MY 55 1 3R 1T LR 1ES

(® Note
B AEST A E AN HRERE,
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BB RNE S

EAREGH | KR Hstep-by-stepis® , FREIEFE Ebring your own container (BYOC)#11T#Y Braket
Hybrid Jobs - i§ =5, BR , URESELETSE. BRNSER , LG MBITEN BETDockerik
5. MEFEREHINES

1. #EDockerBRMEH ZHH M. K WHEEKHPEFEA Python SEEEZE T
2. fEFJE Python BEERBWEELZESHROUES TR , = x86 LU CPU 45,

HRRA 2, ERBREABETREREM.

E Braket HIITEMNESEKE , TEREFERMN Amazon EC2 HTHEEHEMER | REHIT
DockerBff URI B ASEERME , MEH E B F#, £/ BYOC Thiehs , B LUIEEFAE Amazon
ECR EFEHRFEENMEGE URI , Mt EEEEABEIIEZEE, Braket Hybrid Jobs % B T &R
HITER,

BEWEES 1?:5%1“1@3{@%ZDockerHR{%FﬁﬁaE’JﬁEE#o NRETABBRENEE
Dockerfiles , 2R Dockerfile X% Amazon ECR CLI X4,

FERAEX :
« Dockerfile fy EL 7B 1%
(EA) BRBNAREAMETT
- FH ZEMENKBINESRIESH Dockerfile

Dockerfile FyEL 7R &

MREFERAZ Python , T B ETE Braket RN BRPRENABR LRERE | AIERRGH
EIEZFEE T GitHub #7FEM Amazon ECR LHYH 1 —{E Braket A5 &, EFEE[E Amazon
ECRETHDERFE , TreiRBIMREIEERS., #lin , BYOC Docker #ERME—1TA LR : FROM
[IMAGE_URI_HERE]

EE | EEHERMW Dockerfile , LZHE MR ELENIEEZ AN EE, AELEEEN Braket MK EE
SHENBSREARESE  ALEFEERLOREEEXESE.

MR EBEFEAIE Python FES , I8 C++, Rust 5 Julia , EELE LI x86 CPU REEBM & |
f5lan ARM , BAREEEERB A BMG LEE . & BT Amazon Elastic Container Registry
Public Gallery & EFF ZEHF B, FHLREBRARN CPU B GPU , YR FERFLEFEAN
GPU,
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(EH) BRENBAREARETH

(® Note
MRERAGEMREFNIEEFLZER Braket G , BT LABGB AL,

EETREEEPHITIHE Python BRI , FEAERDREARN Python TS, Bl

i |, braket_container.pyAmazon Braket Github E# python 516, &2 Braket ASLEEHIMR
ﬁﬁﬁmﬁi@/ﬁiﬁ/ﬂ STRAYREEERREEENETH. FREARESBREXAMEH Python , B
AT LARKED3E Python IEETE. EREABEMNE I , BALUFE Python EEEZIE TR Python 712
FREFNNEFRE, FBBEKLLEE , ST ARAEARESBRAEFE Python EEZETE. 4l
m o, BALME R thekick_off_customer_script() EE , BIEREIERERBE Rust BFo

BB A LURIZR B 2 W braket_container.py. TEZBSBAER. XRHEFMNEMXENESR
£ Amazon S3 EHREIBHBF , LEREENRREH,

A ZEFMENHREMARE ST Dockerfile

(® Note
MRBEHFASLEERN Braket RBIEADockerE MG | AIRB[ESHBEEE.

MRAEGEL—ESBFEITHERENERESH , ITESHERIBRTD , TERREBHERS
SAGEMAKER_PROGRAM braket_container.py , REE B AFNBREARETBHIRAS,

LA 2Dockerfile A& GPU MEEHKH1TEE LERA Julia B EH -

FROM nvidia/cuda:12.2.0-devel-ubuntu22.04

ARG DEBIAN_FRONTEND=noninteractive
ARG JULIA_RELEASE=1.8
ARG JULIA_VERSION=1.8.3

ARG PYTHON=python3.11
ARG PYTHON_PIP=python3-pip
ARG PIP=pip

K
o
il
"
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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#L274
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L274
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L139
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ARG JULIA_URL = https://julialang-s3.julialang.org/bin/linux/x64/${IJULIA_RELEASE}/
ARG TAR_NAME = julia-${JULIA_VERSION}-linux-x86_64.tar.gz

ARG PYTHON_PKGS = # list your Python packages and versions here

RUN curl -s -L ${JULIA_URL}/${TAR_NAME} | tar -C /usr/local -x -z --strip-components=1
-f -
RUN apt-get update \
&& apt-get install -y --no-install-recommends \
build-essential \
tzdata \
openssh-client \
openssh-server \
ca-certificates \
curl \
git \
libtemplate-perl \
libssl1.1 \
openssl \
unzip \
wget \
zliblg-dev \

${PYTHON_PIP} \
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${PYTHON}-dev \

RUN ${PIP} install --no-cache --upgrade ${PYTHON_PKGS}

RUN ${PIP} install --no-cache --upgrade sagemaker-training==4.1.3

# Add EFA and SMDDP to LD library path

ENV LD_LIBRARY_PATH="/opt/conda/lib/python${PYTHON_SHORT_VERSION}/site-packages/
smdistributed/dataparallel/1ib:$LD_LIBRARY_PATH"

ENV LD_LIBRARY_PATH=/opt/amazon/efa/lib/:$LD_LIBRARY_PATH

# Julia specific installation instructions
COPY Project.toml /usr/local/share/julia/environments/v${JULIA_RELEASE}/
RUN JULIA_DEPOT_PATH=/usr/local/share/julia \

julia -e 'using Pkg; Pkg.instantiate(); Pkg.API.precompile()'
# generate the device runtime library for all known and supported devices
RUN JULIA_DEPOT_PATH=/usr/local/share/julia \

julia -e 'using CUDA; CUDA.precompile_runtime()'
# Open source compliance scripts

RUN HOME_DIR=/root \

&& curl -o ${HOME_DIR}/oss_compliance.zip https://aws-dlinfra-
utilities.s3.amazonaws.com/oss_compliance.zip \

&& unzip ${HOME_DIR}/oss_compliance.zip -d ${HOME_DIR}/ \

&& cp ${HOME_DIR}/oss_compliance/test/test0SSCompliance /usr/local/bin/
test0SSCompliance \

&& chmod +x /usr/local/bin/test0SSCompliance \
&& chmod +x ${HOME_DIR}/oss_compliance/generate_oss_compliance.sh \

&& ${HOME_DIR}/oss_compliance/generate_oss_compliance.sh ${HOME_DIR} ${PYTHON} \
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&& rm -rf ${HOME_DIR}/oss_compliance*

# Copying the container entry point script
COPY braket_container.py /opt/ml/code/braket_container.py
ENV SAGEMAKER_PROGRAM braket_container.py

WEHETHILEIT BRENESTE AWS | LUBEARFSMEHBRMERIBRE, flun , BBIEES
R BEENEMELZEERNBMIT license,

MREEESESFLERNE , HIMEEEFE GitHub = GitLab EEEHWRERNTE , 5521EDocker
MG HERA SSH £@REFME. X, ma’(f)’é%Docker ComposefifEA , LA Docker #7EX
HBEEMENEMEK LM SSH, MFEFHFMER , 528 Docker P Z£F A SSH £ FIFAE
Github FEFEIEE,

BB R _EEDockerbk &

EHAEMESEMN Dockerfile , BIMETLUMKRIEBRIE VI FAE Amazon ECR f#FE , IREAPEKXEF
ENRE, Rl E, ERARMGYBE LEEHRERE,

BEEBHEE, BEREMHEEMREG, NF BEMNTERPdocker buildfl—LE&ifl | 55288 Docker
BB

HRERERNEHIER , EAILET

aws ecr get-login-password --region ${your_region} | docker login --username AWS --
password-stdin ${aws_account_id}.dkr.ecr.${your_region}.amazonaws.com

docker build -t braket-julia .

docker tag braket-julia:latest ${aws_account_id}.dkr.ecr.${your_region}.amazonaws.com/
braket-julia:latest

docker push ${aws_account_id}.dkr.ecr.${your_region}.amazonaws.com/braket-julia:latest

8RB ER Amazon ECR [

Braket Hybrid Jobs Docker B4 BfEFAH Amazon ECR fZEHRFEE . RIZTERR , A8 Amazon
ECR fFEETZRMHY Braket Hybrid Jobs IAM role i {F{a] H fth 2 £ F /R BRAK 1Y 6 A & B9 SEERIZ Y
B, flnipfEE S BLE, ZXESRERFERERRFEENGTT. —BMMS , AEZEEFIMEHN
BESAENAMBER TN , MARAFER WEM Aimage URIIZEE M.
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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.docker.com/reference/cli/docker/buildx/build/
https://docs.aws.amazon.com/AmazonECR/latest/userguide/set-repository-policy.html

Amazon Braket HBEABER

& EHC AR AT Braket BEEH

EEFHAEECHNAREIREER , AwsQuantumlob.create()FEEHimage_urilg EMW I EBH
W, EBALAER QPU, BEE#E#ESS | S1E Braket Hybrid Jobs RN ERKEIERE EHITENERE.
BMEBRELE SV, DM1 , ARBEEEMN QPU E#1T. TN1

EEEEREES LHTEXE , BFEH RiEEinstanceCountEFEAM instanceTypeH
InstanceConfig, FEE , MMRBEIEE instance_count > 1, AIEERREHNENBTTUE ZE
FHEIT, BULIEENFTERKELRA 5. 6l :

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
FREE ARN ERHERAERSERPRERNVERSS., TESINESEEREEN
device = "local:<provider>/<simulator_name>", F&ic{¥ , <provider>#l

<simulator_name> REEBEFHR. F. _. - .. FHRHA 256 BF .
MREFHEIFER BYOC BARMEA Braket IREHEVETER , LEXERESHNEES
JEAMZN_BRAKET_JOB_TOKEN#sCreateQuantumTaski@ERHFH jobToken S8, MER
B, AEFERTEEBEEEIER , XA—MRBIEFEKTE,

ERES

BUNEZLBEABRERRELMENESHY , SINBEBTRFSEXND, BE2HEBRERARNEHE
EENEEER , Y EEE TURARNKEURE EZNMEE. & EX Braket EEERHERESH
REEREBBNENREEATH., BEEERSREERREAENESRE. FRABZENE—F
ERESBERERFTHRHYRAERAFTH , MTHEXBAT.

from braket.devices import Devices

device_arn = Devices.Amazon.SV1
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hyperparameters = {"shots": 1_000}

RBEBELREXBT BRI EZRNESE , UEFELBENEELIPFERA. BEHT MIIE
NS |, FERESEERERNERPEILRS "srcy WEK, £ "src" B#HA , #i¥
0_Getting_started_papermill.ipynb, bookbook_runner.py F requirements.txt 2 I =R,

import time
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_arn,
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)

EERBEAKESBHRFIESE , 5828 notebook_runner.py python R+ H
load_jobs_hyperparams () ¥, EETREEKETHZAFIESE , F3/7T TIEXR.

from braket.aws import AwsQuantumJob

# Get the job using the ARN

job_arn = "arn:aws:braket:us-east-1:111122223333:job/5eabb790-d3ff-47cc-98ed-
b4025e9e296f" # Replace with your job ARN

job = AwsQuantumJob(arn=job_arn)

# Access the hyperparameters

job_metadata = job.metadata()

hyperparameters = job_metadata.get("hyperParameters", {})
print(hyperparameters)

METRNAERBSENFMED , 5528 Amazon Braket JESEEHZE R H) QAOA 1 Amazon
Braket JE&E# LA PennyLane Ml Quantum #8528 E., Amazon Braket
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/0_Getting_started_papermill.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/notebook_runner.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/requirements.txt
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/7_Running_notebooks_as_hybrid_jobs/src/notebook_runner.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb

Amazon Braket HEABEE
RELNEBESEHHITER

*ET%@E’JE%:‘E B REETRINER, BIFFAL , Amazon Braket €7Eml.m5.large#1T1EE L3
THENEELESH. T8 , BUAEERATIHIEANBRSIBELESEHEFETHITEEER,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge"), # Use NVIDIA T4
instance with 4 GPUs.

),

MRBEEHTARER , LERE %ﬁﬁbqﬂizbﬁ"zli%# , WA LA PIEE instanceCount I
TREAARNR—EInstanceConfig , UBERZEHTER. LRA 5, Hlu , BOILUERE 3 B#IT
&% , MR,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge", instanceCount=3), #
Use 3 NVIDIA T4 instances

),

ERERZEHTEER K FERBERAENTFTIHEIBESHER. NFMAES I QVL FT{LI
REHINFMRET  FSEATIEHIERLA,

TH=ZEERRIHEE, SHEM GPU MIEHAITERAN T HHITERERNRE,

(® Note

EERAESEENAREREEHNTERER , 528 Amazon Braket Quotas EH,
BEHITER vCPU CiEE (GiB)
ml.m5.large ( 8% ) 4 16
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb

Amazon Braket

FMBABER

BREHITEE
ml.m5.xlarge
ml.m5.2xlarge
ml.m5.4xlarge
ml.m5.12xlarge

ml.m5.24xlarge

B EEF T EER
ml.c5.xlarge
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ml.c5n.xlarge
ml.cSn.2xlarge
ml.c5n.4xlarge
ml.cSn.9xlarge

ml.c5n.18xlarge

GPU fE#11T{E
i

ml.p4d.24xlarge

vCPU

16

48

96

vCPU

16

36

72

16

36

72

GPU

sci=ie (GiB)
16

32

64

192

384

sefER (GiB)
8

16

32

72

144

10.5

21

32

72

192

S8 (GiB) GPU ii%ae

(GiB)

320
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GPU mE#TE GPU vCPU LR (GiB) GPU 2R
i (GiB)
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

BREFTEEFEA 30 GB WERH#TT (SSD) AR, E- , R FEHNERE HEAN S XARRT
finstanceType. T %%l =% 0014448 788 NE 50 GB,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(
instance_config=InstanceConfig(
instanceType="ml.g4dn.xlarge",
volumeSizeInGb=50,
),
),
£ PERETRRFHFETE AwsSession

FAZ B S WAwsSession#T{ER 7] AR R EARAEM |, FlANsEsH B EMTEER Amazon S3 f#1F
IFEIEERFTIE. RIFTERR , AwsSessionEBTELEEREM Amazon S3 fEFETEEMIE "amazon-
braket-{id}-{region}". 78 , B LLEEER BB STERH Amazon S3 RFETEM
BAwsSession, FRAEALLBEMAEAwsSessionYHFEA AwsQuantum]ob.create() 5%,
FiERREM aws_session 28 , I THBXIBEHFIFT R,

aws_session = AwsSession(default_bucket="amazon-braket-s3-demo-bucket")

# Then you can use that AwsSession when creating a hybrid job

RELHBEEBHITER 219



Amazon Braket HBEABER

job = AwsQuantumJob.create(

aws_session=aws_session

{5t F 2 Blilm = R IR R & S AEF

Amazon Braket &4 E QPUs LS 8iR:E, ENELRAREER —X , MARESEELFNE
KRBEE  URPREEDSERESBHEBNENER, ETUABERZESERNATRHE , BA
BV EBESBENREER. AEHSENERERIBRMIENE S —E QPUs #4A Braket i&
%, HRREBHTHESTE , Raket EEMESRKEFEBFEAERIEHENETHIREER , U
BREERENRER.

EREVSHER K LLRALEEREZETRIRASBMABA, EitsEfld , RAERANEBHE
B, YRREBARBEE cHNEAEREE, HRABTHEEH , BUUSRRERFZERLHNTE
MEE  SINEFRSEREERTHNSH,

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.")

BALMERATIHERETR  RREFEEESTHUESER S I28IT. EXESHIEEN QPU £#1T
BEAKE  ERAGEE -RITHER. ETHHTH  SEREARSNER , HNESEHN
VTR , MAFEEABEANERTT.
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from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_arn,
source_module="algorithm_script.py",

® Note

BR T IR B & FE X Rigetti Computingz 7t , HWFTEEHIT. UFEAEREN QPUsEZES E
mez,

2B Amazon Braket £ PennyLane

BEEEEIRARNEEERNETEREE L, BERREREERTER EC2 HTEBRERHSE
) L3817 MEFRERSEEENINJETEM AT, BRAERBRLFERESTBYEANTESRE
E. WMEFMERR , 2B H Amazon Braket E#%,

Amazon Braket A& 1E Amazon Braket PennyLane /A2 3 Amazon Braket Python SDK F&i
BIELRAREENHRST , RENBTRESXNEFEHE L, Amazon Braket Ef|E5E 4L SDK BE
B, WEEERE PennyLane ABERXNERTRENATHERESNEE L. T8 , RMEREH
PennyLane , RATCRMEEEWEER.

ERESERTFEREE

BEETREZHRSHERRRREE , RARRETERREBRSELMA , Rt EELER,
HEZEENSEETHENSRSEMMANEE ; it , REFATHERZTESEAMAMT
HES  MEMREHFIER,

WMEBFREEL , Hl2 Shor (B FHEEB(EESH ) = Grover BY (Grover il ) , FREBTHHEER
BEE. Rt , eMERRENETRETRTUER , BEBAMATRET (NISQ) K&,

HESETERZED , ETREE (QPUs) AIMAER CPUs WREIRER: | KAIREBHEE L
PINEBEMNE. ERSEENIIEHEEA , ERIATEHETS,

AR :
« Amazon Braket ¥ #t PennylLane

« Amazon Braket E | E R AFHESEE E

( #P& ) PennyLane ¥E. Amazon Braket 221


https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Quantum_Phase_Estimation
https://github.com/aws/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Grover

Amazon Braket BIB A BINT
- EFRHER PennylLane E#ESHESEE X

 PennyLane EWE##E B AL Amazon Braket {2 ## 85

- FRESEKM PennyLane 1T QAOA JEE %

« £/ PennyLane REIERRHITES TEEH

Amazon Braket ¥ &t PennyLane

Amazon Braket % #& PennyLane , ER—EBUEFAES BRI SAERNF R RIATRERE
o BHLIMERMER  LIFESREREENARINIFETER , LSEKRETLE, EFHBIETNRE
L EERBBENRRA R,

PennyLane EXERHABNWMEFBE T ENE , BIE PyTorch # TensorFlow , FIIHE FERIR
EHEBEE,

 PennyLane F23\ & - PennyLane B 8% %% Amazon Braket £52 4/, & ZE# PennylLane 7E
Amazon Braket & , FFEHMELRALFEA T TSEA PennyLane R E,

import pennylane as gml

HEETATHEEREAM, HE , B UREIEEZEN IDE £ Amazon Braket £ PennyLane,

 Amazon Braket PennyLane /MR — EEFEALBHCSH IDE , B LLF B L% Amazon Braket
PennyLane AR, SRR 24 PennyLane B2 Amazon Braket Python SDK iE# |, EIt& ]
LATE Amazon Braket #& & £ PennyLane R#{TER, &E X% PennyLane /N ER , FEAT

BlEn o

pip install amazon-braket-pennylane-plugin

T3 ga5 & n1aI £ PennyLane HE%E ¥ Amazon Braket £ & H) 7BV

# to use SV1

import pennylane as gml

svl = gml.device("braket.aws.qubit", device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/svl", wires=2)

# to run a circuit:
@qml.qgnode(svl)
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https://pennylane.ai
https://github.com/aws/amazon-braket-sdk-python
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def circuit(x):
gml.RZ(x, wires=0)
gml.CNOT(wires=[0,1])
gml.RY(x, wires=1)
return gml.expval(gml.PauliZ(1))

result = circuit(0.543)

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

MEHZREZLFIA PennyLane WFMHEF , 52 E Amazon Braket £ flf#7E.

Amazon Braket PennyLane 7\ 2 Al 4 A E TR IS E PennyLane FH#) Amazon Braket QPU
MARERSEE B, TREMEAR PennyLane B Amazon Braket E £ E :

« braket.aws.qubit £/ Amazon Braket FRISHE FEEH T , 2IF QPUs FMiEHE S
+ braket.local.qubit fEF Amazon Braket SDK Y ZN #1& #2285 11T

Amazon Braket PennyLane SMH RN RHABERIE. B PennyLane /A #MER GitHub EFER
greo

% PennyLane MEFMHE , 552 B PennylLane 815 ERY X #,

Amazon Braket il ERR AT RS EE

Amazon Braket BB R B R EEHHIERLRAK , ELELRATMKIE PennyLane ABEARHATEANEE
Eo BALIBBEREAREEEL A ER Amazon Braket JB & NEHIZEEE A |, HlH0 Quantum ELLH
E1LEE L (QAOA) ¥V E Eigensolver (VQE),

Amazon Braket 885|252 4 $8 Amazon Braket Python SDK, BRZEHIRMEAESLR , A13EIB Amazon
Braket HE FEEWREEEE, E2—EHANERERENE K SEHHEREESI/ERAENE T
37
S

&) LAfE A FR AP B9 & ) 2 50 AN — 2P R 3R Amazon Braket,
B ARk PennylLane & NESEE L

Amazon Braket B &EHIREFEM PennyLane W& MEE CPU # GPU B afigEsiss. LRIIMN KR
BESTLUEEBRABSEHASY , YIEREMREDElightning. qubitE#EEES., A NVIDIA
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https://github.com/aws/amazon-braket-examples/tree/main/examples/pennylane
https://github.com/aws/amazon-braket-pennylane-plugin-python
https://pennylane.ai
https://github.com/aws/amazon-braket-examples/tree/main/examples/hybrid_quantum_algorithms
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-examples
https://github.com/PennyLaneAI/pennylane-lightning

Amazon Braket HBEABER

B cuQuantum XN EMEN1ightning.gpuiBissE, ELXABRERB[IEEBSSERZEL |, Hl
METFHREE  BLEELIVURGHEZEN T EAFER S EPRR, BUYUE—ZHZE CPU
GPU #1788 L #1TEL R EBERSS,

EFH BERER , FRETLERAERIHEEESSN QPU ESE. 10 B9 Amazon Braket FEEE #38

, WEENRE PennylLane £/ AR FE R R TR(UEREEZREXR.

A HEE EEES © B2 Hybrid Jobs BRESEEMER , REEMXAEMESehybrid_jobEMHEHNEE
Python B8, EEF A PennyLane lightning.gpu E#s , BHEEE FIEE GPU H1TE
f8InstanceConfig , T HBEXNTHEMT :

import pennylane as gml
from braket.jobs import hybrid_job
from braket.jobs.config import InstanceConfig

@hybrid_job(device="1local:pennylane/lightning.gpu",
instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge"))
def function(wires):
dev = gml.device("lightning.gpu", wires=wires)

RS RMESIERE , BB EA PennyLane REXIE RSB RELR ST

PennyLane R B#E BB Amazon Braket & 25

£ B A Amazon Braket fJPennyLane/MBER |, BT AE AR E R EE RS SV1 LT,

RN TERTERFAEEHE

AEEEFEABMASERM S E , BHUBE diff_method="device' ##EE gnode , MF 2
diff_method='adjoint', FHEZBILLT &I,

device_arn = "arn:aws:braket:::device/quantum-simulator/amazon/sv1"
dev = gml.device("braket.aws.qubit", wires=wires, shots=0, device_arn=device_azrn)

@gml.gnode(dev, diff_method="device")
def cost_function(params):
circuit(params)
return gml.expval(cost_h)

gradient = gml.grad(circuit)

PennyLane LHYEi#E BB Amazon Braket 25
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https://developer.nvidia.com/cuquantum-sdk
https://docs.pennylane.ai/en/stable/introduction/interfaces.html#simulation-based-differentiation
https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb

Amazon Braket HBEABER

initial_gradient = gradient(paramsQ)

(® Note

B#l , PennyLane®2iEHE QAOA Hamiltonians B2 #83& 5| , 3 5 ©FI#§ Hamiltonian
PEAZERIE, MREBELER $1T QACA KEMA SV1 MBHEEZELTheE
PennyLane , BIEEB RS HRS|IREE Hamiltonian A4S , A RFIR : cost_h,
mixer_h = gml.gaoa.max_clique(g, constrained=False) cost_h =
gml.Hamiltonian(cost_h.coeffs, cost_h.ops)

# AR SR A PennylLane 1T QAOA SEE %

EARGH | EEERABENANE , £/ PennyLane BRI SERZRBEERNESRER, BULUE
REEEESHRMAR Quantum ELIHREERE (QAOA) B, BRI EER Max Cut &iE
{CEEHENRAEE , EESHIETFER , UFEABETRAEREENSH , MR THEREE
€. EHEFF K RTHERR  RMATEEZESHBIELRERSR , BEREHRBNFERARE
BEEBEEREBMAERMMERINERAEERMEBERSE, HiE¥parametrize_differentiable®

FA , TrueRBZBITUKETEN QPUs LS EBHmZETEBHESUSHTREARENESR,

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,
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parallel=True,
max_parallel=max_parallel,
parametrize_differentiable=True, # This flag is True by default.

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

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

p = int(hyperparams["p"])

seed = int(hyperparams["seed"])

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

shots = int(hyperparams["shots"])

# Generate random graph

num_nodes 6

num_edges 8

graph_seed = 1967

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

# Output figure to file

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

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

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

def qaoa_layer(gamma, alpha):
gml.gaoa.cost_layer(gamma, cost_h)
gml.qaoa.mixer_layer(alpha, mixer_h)

def circuit(params, **kwargs):
for i in range(num_nodes):
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gml.Hadamard(wires=1i)
gml.layer(qaoa_layer, p, params[Q], params[1l])

dev = init_pl_device(device_arn, num_nodes, shots, max_parallel)

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

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

for iteration in range(num_iterations):
t0 = time.time()

# Evaluates the cost, then does a gradient step to new params
params, cost_before = optimizer.step_and_cost(cost_function, params)
# Convert cost_before to a float so it's easier to handle
cost_before = float(cost_before)

tl = time.time()

if iteration ==
print("Initial cost:", cost_before)
else:
print(f"Cost at step {iteration}:", cost_before)

# Log the current loss as a metric
log_metric(
metric_name="Cost",
value=cost_before,
iteration_number=iteration,

print(f"Completed iteration {iteration + 1}")
print(f"Time to complete iteration: {tl - t@} seconds")

final_cost = float(cost_function(params))
log_metric(
metric_name="Cost",
value=final_cost,
iteration_number=num_iterations,
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# 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

Br 7 AR & B A F2 X Rigetti Computingz 7t , BWFTEBEHIT. UEEAEREN QPUsEZEZSE
=,

£ PennyLane RERIERERHITES TEEH

FH 2K EFE F WME Amazon Braket ;2S5 E# LEAR B PennyLane B ABRER ST RBTREES TR
&, Pennylane B9 GPU B #x#8#E85 1ightning.gpufEf Nvidia cuQuantum 2 E R iR B K 1E
B, AR GPU KB CELTEFTE Braket EEBHETHRE , FAETUZAEH, EHER L,
EMEREHNAFER 1lightning. gpu RINEEERXITEESH,

#% lightning.gpuf QAOA THEH

ZRIZERAPH Quantum ELIRE(LEE L (QAOA) i6l, FEEMARELRESE , Fi%
SldeviceBIEEAKRAMNFESE : "local:<provider>/<simulator_name>", flfN , &
@"local:pennylane/lightning.gpu"% & lightning.gpu. BRERBRIRMHGESTEN
KEFHRGURBEH N ERHGETH"AMZN_BRAKET_DEVICE_ARN",

device_string = os.environ["AMZN_BRAKET_DEVICE_ARN"]
prefix, device_name = device_string.split("/")
device = gml.device(simulator_name, wires=n_wires)

EHEERL , LEBRMERE PennyLane AREEM ERE ST 1ightning.qubit ( 2L CPU BE# ) M
lightning.gpu ( A GPU RE# ) . AEEBREBITFESH , LHEREFE.

RELEEBITERBEIBRBEST. LAMEBEMTERBEIRIIT QACAEE X !
ml.m5.2xlarge# ml.g4dn.xlarge, ml.m5.2xlarge SI{TEBEHNEEZXFRAESETHEN
HE, ml.g4dn.xlarge 2EEHE— NVIDIA T4 GPU 1 16GB iC1E 8 1Y iNiE:EE 31T EEE,

BEHIT GPU , RME AT EREMENRENERATER (F/RAML.m5.2x1arge# 7@
)

from braket.aws import AwsSession
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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")

AR, BAFESELAARSEBERMIRE  URRKNESERSIBPHNERRESH,

@hybrid_job(
device="local:pennylane/lightning.gpu",
input_data=input_file_path,
image_uri=image_uri,
instance_config=instance_config)

def run_gaoa_hybrid_job_gpu(p=1, steps=10):

params = np.random.rand(2, p)

braket_task_tracker = Tracker()

graph nx.read_adjlist(input_file_path, nodetype=int)
wires = list(graph.nodes)

cost_h, _mixer_h = gaoa.maxcut(graph)

device_string = os.environ["AMZN_BRAKET_DEVICE_ARN"]
prefix, device_name = device_string.split("/")
dev= gml.device(simulator_name, wires=len(wires))

® Note

MRIEA f§Einstance_configAfEA GPU B T{EE , 85812 devicefiBRERM CPU
B RS (lightning.qubit) , BITE A GPU, MREFBEL GPU AEE , FHXER
BMAR GPU B i&#358 |

m5.2xlarge BITEENFYHRBEEEFENE 73 % , Mml.gsdn.xlargeHTHEEN R BEEER
B A 0.6 ¥, R 21 qubit TERRE , GPU TEBEAIRA 100 FHEE, MREEF Amazon
Braket Hybrid Jobs EEEE , A LAE EIm5. 2xlarge T ERNE 2 ER A5 0.00768 USD ,
Mml.g4dn.xlarge¥TEEMNE D ERAA 0.01227 USD, EItHITEEF , /£ GPU #1T{EE L
BITEEREEFE,
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Quantum 2 EFNERFITEE

MRENTHEAHEEREENELIIENEFHSREE QL) , BUNERERNFTREEE SN
BITHEEH, £QVLH , BRES-RSEETER., ERTREUTERTIISERPEERE. £AE
BEIRERR  EETNSBEEN , UEEANBREERK, BARBBEHHE-BEHNMER ,
UREBEENEFHRANBER EQULH , BERXBESEUFIIAATE  BFOEREESEN
BIER, WEFREE  BIREHEREER IR,

HREEERMNBERTBCRREMERE , R FTRHMER K | BT SRS G ETRE R R
HRBNERNEE, EBMABERTTEE, £/ SageMaker W7 X E R FITIENE , Amazon
Braket Hybrid Jobs T 38 2158 8% 2% ith {6 F & 1 7 17 BE 32 AR AN R

EERETIERFETEEN QML IT/EEH , HFEARB 24 UCI REER Sonar EREEAZHEN
DENES, BMEREREE 208 BEREY K SEAEHEES 60 @Ihee , ELINsEEBMNEAIRES
MHKREMR, SEERBEERLRAS "My XRREE , 5 "Ry XRAE. RN QUL BRI S@A
B, BARBHBNE TS , URBHE, WAMNELERE PyTorch FEENERGREHERK. EF
B PennyLane B9 gml.gnn 48 PyTorch HEREKRES, NMETEEHNFMEN K F2E
BMMEHIERL AR, E LR QAOA &l , EAILAEA PennyLane AR GPU B8 #8582k K A
GPU My KIhgElightning.gpu , ARE R AR CPU B R EEES 4 LLAY 3K BE,

EERVREMER , BULLUEBHBEFSI BT IAwsQuantumlob. create S EEE SN, 4
EMEMERE,

instance_config = InstanceConfig(instanceType='ml.g4dn.xlarge')

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

}

job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
source_module="qgml_source",
entry_point="gml_source.train_single",
hyperparameters=hyperparameters,
instance_config=instance_config,

)

HRERAERTTREE , £FEMB W SageMaker 7 HABREEF EETHTFHERTERXS , XU
ERFITILIRR. B, BEEAN EH , ZsmdistributedEHERER TEEH S HIIZE
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GPUs MZEMTEBN AT 2 BEEHEZE, LWEH S Braket PyTorch l TensorFlow BaaH &
KRE, dist BEEHEEARMVESE LS , JIFRH GPUs B (world_size) BAK GPU %

M local_rank® rank# . rank 2 GPU EFrEHTERANEE RS , M local_rank2#1TEEE
W GPU M%&5l, flan , mREMEHTER , SEHTEEEHE/E GPUs BRI , rankEE
# 0% 31, local_rank&E# 0 F 7,

import smdistributed.dataparallel.torch.distributed as dist

dp_info = {
"world_size": dist.get_world_size(),
"rank": dist.get_rank(),
"local_rank": dist.get_local_rank(),
}
batch_size //= dp_info["world_size"] // 8
batch_size = max(batch_size, 1)

EE | BublDistributedSampleriRi® & world_sizerank , AR CEEZEERFAZR, It
IR S % GPUs FEERENEREE,

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

)

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

BE B LMEA DistributedDataParallel ERIKBAER LITERIE,

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"])
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model.cuda(dp_info["local_rank"])

UEREAERFTREMENEE, EQVLY  SEELEMEERIINIGEE, NREE
GPU 1 {TREEMINGS , BF SR REENET  SREEHEE, EEBREEEN , KRER
BE 0rank 89 GPU #1ZF5IED,

if dp_info["rank"]==0:
print('elapsed time: ', elapsed)
torch.save(model.state_dict(), f"{output_dir}/test_local.pt")
save_job_result({"last loss": loss_before})

Amazon Braket Hybrid Jobs X #& SageMaker 7 8 &R F1TE XN ERIML . g4dn.12x1arge#,
TEBER, BULUEBREERKTH InstanceConfig SIBRBREHTHEEER, EE

# SageMaker 7 MR ERLITEXEMNECHAERETEE , LFENEMEENANES

8 , # "sagemaker_distributed_dataparallel_enabled":REH "true" , i
"sagemaker_instance_type"REABEEFEANAITEREE, smdistributed EHEE
RAEMEEZSH. ENERELESTHRTIEEAREAEM. & Amazon Braket SDK 1 , BRI A E
HEAEBF 5|8 distribution, HEEIMIESEKdistribution="data_parallel" & , Amazon
Braket SDK € BB AR A AMEESE ., MREEA Amazon Braket API , BIZEETISEMEES

o

REHTEBNERNFLTEER , fREUTURERESERK, ml.gsdn.12xlarge HITERHE 4
Bl GPUs, EE&E instanceCount=1 K , TEEHEHBEETER+PH 8 B GPUs, EERER
EinstanceCount KR — B , TEEHS I BEIFMERTERP AR GPUs, £RAZEHTER
R, BESTERSRELFEANBEMELEA. SN, ELCEANERTEER  FERBASE
HBTERFTRENOE , RAETEARTERRRATENIEASR,

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="gml_source.train_dp",
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hyperparameters=hyperparameters,
instance_config=instance_config,
distribution="data_parallel",

(® Note
ELERBREEKENF , train_dp.py—REAERFEITRENEBIEELZESE., @IFE
REEERBLAEFEIEELECTHR , ENTTEESIREREE. WRERERBEH
BEZETHBNER THRAERFTRERE  EEEBTe@EERR , ESE GPU T
REEEEEREHENERNEE  BREXE,

MRERER , ERSEHTERTEASERBENREAERY. NRAET | SoBasER
x,

B Amazon Braket £ CUDA-Q

NVIDIA's CUDA-Q 2 —E#HEREXE , EA S CPUs. GPUs #l Quantum REE T (QPUs) BWRER
HRENRERETEELAMERGT. TRER—WEXZRFEE  TRERASEE—EBXPERREERN
EFES , BtIERE, FAERE CPU M GPU #EESCUDA-QINEE FRENEBEMBITERL,
CUDA-Q T AR 4 Braket £ A 1T{E58 (NBls) F Amazon Braket ;B & 1F %,

EAREAP :
« NBIsf#y CUDA-Q
- BEEHK+HH CUDA-Q

NBIsH #y CUDA-Q

CUDA-Q FEFX & 7E Braket NBl IRIEH L , E A LAAT#E Jupyter MEIBREE , ARIEE CUDA-QF
Braket BB 3B CUDA-QEIHIE 524, EEE0_hello_cudaq_jobs.ipynbE R & i BH R &I %
AR, MEFEZCUDA-QEIHI , 5528 nvidia_cuda_q/B &AW A RAIER,

B AT LAERTE NBl R RER IRACUDA-QEEMHEME=FEH., flin , BAUEERLSEXBRET
AT TGS , BB LREEREFN CUDA-Q. Qiskit, PennyLane #1 Braket EHhRAN,

%pip freeze | grep -i -e cudaq -e qiskit -e pennylane -e braket
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb

Amazon Braket HEABEE
BEEHHPH CUDA-Q

# Amazon Braket J2&E#HCUDA-Q LER WREBMNERTEERE. EEHTERBRSEIESR
RBEBT , BREAEXSFEAEMNEM. Amazon Braket Hybrid Jobs thiR it AT IERE AV BEER.
EUURBDNHTEERREETRERFNIR  ARRRIRAEEERTFAEHENABRHNITE
B ETTEENER.

Amazon Braket \BEEH & GPUs , IR &A1t CUDA-QHE L EEEE, B CPU BEHEEME

kb, GPUs AT KiEINEE FRENER , SR EFAS qubit FTEERKEF., £ Amazon Braket JE&1E
HCUDA-QLfERA B, Pt ERBEE, BAEETESEEEEH 2 B S EUE o BRI
o, EECUDA-QIEESNERFTILIZEFAEZFEIRBERIEAR K MTARAXKEEER
REEMRE,

EERBER |, 3528 Amazon Braket CUDA-Q #i4ll Github EHI AFIEEH , LAEF Braket 12 HY
CUDA-QEE KA.

THRERXBH R A Amazon Braket Hybrid Jobs #1TCUDA-Qf2 X hello-world#I &4,

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()
cudaq.set_target(device.split('/')[-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

LREEHIEEE CPU #5E88 LAY Bell RS, WHAISELRNECEEM Braket Jupyter EFEA L#
7o HR local=TrueiRE , ERHTHETHE , RS ELNFERRDRE , ABTHRAR
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FESEHNCUDA-QEER ., ZAGAIER R |, BAT LU local=Trueiff& , WEEFHTEK AWS, EE
-5 TR FSBE A Amazon Braket ;8 & E#.

WRENTHEEHEES qubit 78, AEEBRAEREEE , BAUEBIEE
instance_configiXERFEAERAN CPU BEHER, TIHEXNBHBRREBMNAEhybrid_jobs
#IE B ERE instance_configitE., WEXIXEHTERBEBANFAEN , FSRARELNESE
BHTEE. WEHTEEERNNEE , 528 Amazon EC2 H{T{EBIEE,

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

)
def my_job_script():

HRERESWIEAS 6 S LUE CUDA-Q GPU EEE LHITIEER. EEMMA GPU &E#

25 FBEARWEM nvidia, nvidia %L CUDA-Q GPU eSS B, =E | EHXE
NVIDIA GPU By Amazon EC2 #{TEIREE, THREXBHEETR GPU REMNhybrid_jobZHiE
Ho

@hybrid_job(
device="local:nvidia/nvidia",
image_uri=image_uri,
instance_config=InstanceConfig(instanceType="ml.g4dn.xlarge"),

)
def my_job_script():

Amazon Braket JESE#H NBIsXEMFH # 17 F 1T GPU #E#CUDA-Q, &0 LIS 1754 Z E r #8
BEESRZEER , UBAIEERNNE. EEFTEEZESAEE K BHEELESBETTS
BE,

REnvidiaRimmgpukVRE, ERVTILAHRRARENLEERE, FTEEMEM MPI £ GPUs 2
EATERA , Bt MPI EEEHT 2B , YEZRTK,

EE  BBERE RigEHTERexecution=cudaq.parallel .mpi., FHREXNBH RERELE
-8

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

)

cudaqg.mpi.finalize()

Ehybrid_job&#EBEH , IHEFLEZME GPUs WHTEREE , MTHEXTEH KRR,

ehybrid_job(
device="local:nvidia/nvidia-mqpu",
instance_config=InstanceConfig(instanceType="ml.g4dn.12xlarge", instanceCount=1),
image_uri=image_uri,

)

def parallel_observables_gpu_job(sagemaker_mpi_enabled=True):

Amazon Braket 4] Github A By F1THE B E 5 AR Hend-to-end&fl , REW{AE GPU Rk L#1T
ETESEE  LUIREOEREE MERMRBITEITEE,

HEEFEMEMITIHEEH

SERERSFAFER  BUNERELE QPUs EHTER. REA B ZE4#2 Amazon Braket QPU |,
fFltn IQM. lonQ=k Rigetti &€&, THREXNFHERFRAWNAAR B FRFZRERIQM GarnetEE, MEAHA
QPUSHYEE |, 582 B Amazon Braket £ &,

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

MERBESEBKNFMEN  ESERARAEERPWER Amazon Braket EEEK, EEBHE—FS TH#E
CUDA-Q , 582 F NVIDIA CUDA-Q X .
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Amazon Braket tXfE2 &

FERARHPRREEBRERATERS R , LUHBI#ER Amazon Braket HIF R,
EAREH -

» AccessDeniedException

Y CreateQuantumTask ¥ /ERF 8 4 8558 (ValidationException)
- SDK ZheEE LB

« B ServiceQuotaExceededException , JERER KK

- THEZEREAHITERPEFLEE

- HEE Python 3.12 FHik

- WEEZE OpenQASM

AccessDeniedException

M RIEE R A= A Braket BFULE] AccessDeniedException , A AL S ERESRAGELFZINE
15 B A 215 A Braket.

FEEERT , FFHRENAEE AWS BEE | I THETIIMLEREER !

- MRAHIEFHESNAGRSE,
- MREEFAERANABAFFER Braket.

MRIENABKEMER Braket REZFHEERSE , MIERELEZRERIPEARE.

04 CreateQuantumTask #R{ERFE £ #5355 (ValidationException)

MREUBIFELL BEEER - An error occurred (ValidationException) when calling the
CreateQuantumTask operation: Caller doesn't have access to amazon-braket-..
ERELRIENREEM s3_folder, Braket T AL EHBEMV M Amazon S3 REFETRNFH.

MBEBAPIEIZZE SRR EE Ll F98552 : Failed to create quantum task: Caller
doesn't have access to s3://MY_BUCKETEEREZLEAB KRBT ETE Amazon S3 FEFETER
&s3://m,
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SDK Iheefs LiEE

B Python fRZAS 485 3.10 REFTARA. ¥ Amazon Braket JESEH , HMEZEMEA Python
3.12,

RO /89 SDK MG B HER Rup-to-date, BHEHMEFL AR python #wmEE2REHT SDK , FFHIT T 5

DA
AP 1 .

pip install amazon-braket-sdk --upgrade --upgrade-strategy eager
EEEMBEBER  FRITTIGT
pip install amazon-braket-schemas --upgrade

MEERK B S KA FIRHEZE Amazon Braket , FEHEFREMNAWS [E15 258 E A Amazon Braket 1%
Ay E 15

7 ServiceQuotaExceededException , JESERF KK

MREEIB B RERFRENLTE FEKRE , BIEHE Amazon Braket REERHATEFEBHES
ERAREERY, MERBRFNFMEN  F2HELEEE.

MREHERFANZSEESERPHERBREITETER , LA BEIILIER,

EECEHEBPERESREBNATEFEIBEE , BFH search-quantum-tasks APl , 20T %
X IBE BT T

DEVICE_ARN=arn:aws:braket:::device/quantum-simulator/amazon/svl
task_list=""
for status_value in "CREATED" "QUEUED" "RUNNING" "CANCELLING"; do
tasks=$(aws braket search-quantum-tasks --filters
name=status, operator=EQUAL,values=${status_value}
name=deviceArn,operator=EQUAL,values=$DEVICE_ARN --max-results 100 --query
"quantumTasks[*].quantumTaskArn' --output text)
task_list="$task_list $tasks"
done;
echo "$task_list" | tr -s ' \t' '[\n*]' | sort | uniq

& AT LAE A Amazon CloudWatch 1R RiR et ¥ 8 EE I W E F1E% : Raket > By Device,
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FMBABER

FEBRYITELHER

1. EREMERR[EZENTTEFEIRHENRKE I, EEERANSVIEE,
2. BEERXBPMServiceQuotaExceeded IR , REER.

THEELRAHTREEHFLER

MREFRANELETHELEE  FEATIIERE

1. BRI E RN EMELR AR T HES T,
2. FILENELTAHITER,

3. MIBRIERY ERLAHITEER.

4. FRATENBBEMMOVELAHITEE,

5. BERLA LEBEMVFAITEE.

WEER BT Python 3.12 FHik
H£%WHEHE 2026 F£1 A 21 H

BLE

B 2026 £ 1 A 21 B , Amazon Braket AP E ZEAFTEEMNZT EAR MG (Base, CUDA-

Q. TensorFlow # PyTorch) B Python #1THi# 3.10 7Rk E 3.12, AEEEEEE RERHAENE

RIT R

FEAEIHF

- ERERAS

» Braket REEFHA

- BENEBLER
 Bring-Your-Own-Container (BYOC)
» Braket EFEAHITEE A K

T EELRAYITER T FLEE
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wRIERAR
SDK Python XA T B RFEEER
$RER -

RuntimeError: Python version must match between local environment and container. Client
is running Python 3.10 locally, but container uses Python 3.12.

JRE : Raket SDK {838 F| &M E5C AR EE 1T Python 3.10 , (RS EB AR IEE#IT Python 3.12,
BRAR : BENELZAFARE Python 3.12 HA§ PIN FHRZE Python 3.10 &5,

Cloudpickle 31t 8538

$HER -

TypeError: code() argument 13 must be str, not int

RR : MEr&BE SDK B , B Python 3.12 A#Y CodeType BEEHEE E |, Cloudpickle L~ 5
{t Python 3.10 1 3.12 2 A ER .

BRFR . BRENEZRARNARIZFEAERH Python R,
Braket S E £

MR EIE Python 3.10 £#11T Braket ERAHTEBARESER , B FEEIRATFIER
RIEBABRRETRRMERA Python 3.12,

TLEMERRE :

1. [E:F&] A Python 3.12 B MW ERLAHITEER - 5528 Braket ELRAHTEE AR
2. $]i#Z Python 3.10 &8 - BB ES T LM

BRI LR

EEFAehybrid_jobHMIREE , LIIRIKM Python RAENLERFE B EREY Python MRA<,
215 1 : £/ Python 3.12 88 (&%)

MREBAEREFRE Python 3.12 , AIEFEHRFNER (FERTE).

HERIERAS 240



Amazon Braket HBEABER

218 2 : £/ Python 3.10 &&5

mRBHBRETE Python 3.10 £ |, FE7Eehybrid_jobZff1E B FEAMEIEE image_uri B8,

Python 3.10 B2 1E% :

REE B Tag

Base 1.0-cpu-py310-ubuntu22.04

CUDA-Q 0.12.0-cpu-py310-0.12.0

PyTorch 2.2.0-gpu-py310-cu121-ubuntu20.04
TensorFlow 2.14.1-gpu-py310-cu118-ubuntu20.04

T5IEHERM us-west-2 [EiT,

SSEMRE URIs :

Base: 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-jobs:1.0-
cpu-py310-ubuntu22.04

CUDA-Q: 292282985366 .dkr.ecr.us-west-2.amazonaws.com/amazon-braket-cudaqg-
jobs:0.12.0-cpu-py310-0.12.0

PyTozrch: 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-pytorch-
jobs:2.2.0-gpu-py310-cul2l-ubuntu20.04

TensorFlow: 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-tensorflow-
jobs:2.14.1-gpu-py310-cull8-ubuntu20.04

g4 -

from braket.jobs.hybrid_job import hybrid_job
from braket.devices import Devices

device_arn = Devices.Amazon.SV1

@hybrid_job(
device=device_arn,
image_uri="292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-
jobs:1.0-cpu-py310-ubuntu22.04"
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)
def my_job():
pass

@ Note

 Python 3.10 BB RETA , EFERIIEH.

- FBREREFELETRNRER,

Bring-Your-Own-Container (BYOC)

MRIEH Dockerfile fEFI EERHIEB N Braket SEMG , £ 2026 F£ 1 A 21 BB EESIRE
Python 3.12 X B F B,

= ERHE Python 3.10 X EH Braket ZEME , FFEHEM Dockerfile :

28 ( F#k#EE4S Python 3.12) :

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

FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-cudag-jobs:latest

FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-tensorflow-jobs:latest
FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-pytorch-jobs:latest

2% (fREETE Python 3.10 £ )

FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-base-jobs:1.0-cpu-
py310-ubuntu22.04

FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-cudaq-jobs:0.12.0-cpu-
py310-0.12.0

FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-pytorch-jobs:2.2.0-gpu-
py310-cul2l-ubuntu20.04

FROM 292282985366.dkr.ecr.us-west-2.amazonaws.com/amazon-braket-tensorflow-jobs:2.14.1-
gpu-py310-cull8-ubuntu20.04

Braket Z 50 A< # 1T 1B 88 F#Kk

AIKB TS ERARE Python 3.12 :
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/A Important
REBREZABITER A  FRELCETHERENAMBEELRANER, MREBEELIERLE

1. BRI TE RN EMELRARN T HES T,
2. FILENETAHITER,

3. MIBRIEHY ERLAHITEE.

4. ERTRINBEEL TN ELAHAITER,

5. I ELRER LEEHHNTER.

HFER2 B OpenQASM

AEFRAEA OpenQASM 3.0 B EISEREF AT ae B AV SR B HE R 1515

ARG :
- ERARXIER
« IEEBqubitsiEFa

B S B qubits B E B qubitsiE 32
- EHENERERqubitsPERERERMNAE
- BB EFHEFqubitEE MR FIAEEER

BIERBZEF pragma 52 55
- BF AR RERIERR

EF LR ERqubitsil FR
¥ pragma k4 "braket" $552
o BE— qubitsiEERA L5 FER
« W {EqubitfiEqubits F HY B B8 RELREE R
- AEEREXIEERES

}

« BF

HEEZ B OpenQASM 243
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SEFRN TR

Braket B B8 EEZ S OpenQASM BXHAHNERERERABERER, Hlw , TH IS5
i

OPENQASM 3;
include "standardlib.inc";

HEXBEELEERFAL - No terminal matches '"' in the current parser context,
at line 2 col 17.

IEHEEqubitsEE R

qubits E# EIhREtrueF requiresContiguousQubitIndicesi EA NWEE L FHTEEN 28
S

EEEERN LHTEFEBRIonQ , THEASHREER,

OPENQASM 3;
qubit[4] q;
h q[@];

cnot q[0], q[2];
cnot q[0], q[3];

WEXIBFEELHRAS | Device requires contiguous qubits. Qubit register q
has unused qubits q[1], q[4].

BEaBERqubitsEE E#qubits#i iR
FAFEMBRENqubitsTEEERqubitsEERE , WEHEEFE, TIHEXNBEEEER,

OPENQASM 3;

qubit[2] q;
cnot q[0], $1;

WEABEELERAE : [1line 4] mixes physical qubits and qubits registers.
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EHENERXERqubits PBERERBENAE

AREMEBEXPqubits ARIEMNBERERN FERIER, THEXRSELHER.

OPENQASM 3;
qubit[2] q;

h qle];

cnot q[0], ql[1];

measure q;

#pragma braket result expectation x(q[@]) @ z(q[l])

HRENBEELEESRALE © Qubits should not be explicitly measured when result
types are requested.

1B E 7 M qubitaE i BR By 85 38
RAH—EEGEMA—Equbitiif. THRXBREEHES,

OPENQASM 3;

qubit[2] qO;
qubit[2] qi1;

WEABEELHERAL ;. [1ine 4] cannot declare a qubit register. Only 1 qubit
register is supported.

BIERBEZEF pragma $ERH9 5 R
ELFRIESBSLEMNLEZEFE, THEXBEEERR,

box{
x(0.5) $0;
}

WEABEELHERAE  In verbatim boxes, native gates are required. x is not
a device native gate.
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FHRBRD R4 REER

BFHREERRERENER qubits, FTIEXNBEEEREREHR,

#pragma braket verbatim
box{

x $0;

}

WREXBEELERFAL : In verbatim boxes, native gates are required. x is not
a device native gate.

& ¥ iR D B B qubitsia iR
FFHANLASAEE qubits, THRXBEEE LMD HEBqubitsiEE,

qubit[2] q;

#pragma braket verbatim
box{

rx(0.1) qlo];

}

HEXBEELER : Physical qubits are required in verbatim box.

& pragma R4 "braket" #5532

BBREZRFEPEE "Hf) . THBRXREELRR,

#pragma braket verbatim // Correct
#pragma verbatim // wrong

HREABEELHERAL - You must include “braket” in the verbatim pragma

B — qubitsfE R K 5| #5338

B— qubitsEERE RS, THRKXBEEEHEE.

OPENQASM 3;
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qubit q;
h q[o];

HWREXBEELEHER . [1line 4] single qubit cannot be indexed.
T8 , BE—qubitFESIRY RSN TFFIR :
OPENQASM 3;

qubit[1] q;
h q[0]; // This is valid

M {E qubitf B qubits 2 By B B8 R E AR $E ER

EEFFAEE qubits , FEAME qubits IEREBFERE

#8 , device.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubits#&
#ME device.properties.paradigm.connectivity.connectivityGraph= REEEFE
Fdevice.properties.paradigm.connectivity.fullyConnected,

OPENQASM 3;

cnot $0, $14;

HEXNBEELRES : [1line 3] has disconnected qubits @ and 14

AEEREEES

LocalSimulator X & OpenQASM VRS TIEE , ELLThEE AIREMETE QPUs SEFE R L
A, RENERXSE BENTESAELocalSimulator , T A& R , HSESRINES,

gasm_string = """
qubit[2] q;

h q[e];
ctrl @ x q[0], q[1];

gasm_program = Program(source=qasm_string)

HEXBESELES  WEXRFEA LocalSimulator F1 37 #) OpenQASM ES WAL, QPUs SFEE
BRI IR — e ThaE

R qubit B & qubits 7 (9 25 B8 SR EAR 5 R 247
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MEXEH OpenQASM IhALHISHEEH , SBREAMIEHEE £ OpenQASM KM AL L EETE.

%II
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Amazon Braket &£ M4

MERZEME AWS REESEEIEF. 58 AWS BF |, BAUZSRNERMPOMBIREE , ELRE
ERARMERZEHBEBNERMEE.

Z2MR AWS EEcBNARERE, AFSEEAKEERAERNEZSYE K NEBRPNZTSM

- BIRNL LM -AWS ESRERE PHIT AWS RIEWERRE AWS i, AWS Bt AZEHAR
SERANERE, FAWS €RFEHR  F=FRERASSEHIENRIBTRMZLENENH. BET
fRE A Amazon Braket W& HRETEl , B2 BAWS AT EIR REEE,

- BEENLEY - ENETECRAEER AWS R, St S4EHEMEREZES  SFRERNKE
., BATMNERNEAERENER,

XA 5B T fRIN{AIEE A Braket REAHAREMEEE, THEERPMARE Braket ARFEE
WEZLHEEHRBEE, ZHe T HRNMAFEHAIEAM AWS BRI 5B &R EE MR E Braket ER.
ARG :

- HEAREBEZEEHE

- ERRE

- ERMRE

« EEH Amazon Braket FJ1FER

« Amazon Braket RIS ER AR

+ Amazon Braket H & # B 5%

« Amazon Braket PV ER L LM

« Amazon Braket FERR it BRI TR £ 1%

« Amazon Braket B Amazon VPC i 2

HEARBRZEEME
REMR AWS REZMOAFRE, XEEEHED BUERAERHELAERAHES

- BIRNZEMH - AWS EEREE AWS R FHTHERRE AWS Eif, AWS 2B LR
SEANRSE. £ AWS SR Ed  FZFEXESEHARIBRBRMANZLIIN, EETHE
B Amazon Braket W& RETE| , BFSBAWS &R 5T &I E i R
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- BinEet - FEEEFELL AWS ERRELZENAR, LABTETE AWS RE SFEAz 1Y
LZeERNERER,

ERRE

AWS HESEEREAR Amazon Braket PV ERMRE ., MILERFTR , AWS BEREHRITAE
W ERIE AWS Eif, FESHECHERRR LFEERARNEHE, fERBESEMER
AWS R WELERNEETK, NEEREBAENGFHES  F2EERELEERREE, 0E
EBEBMNERREBNHEEEN , FSEAWS T2 MIER LHAWS HEEFEEAN GDPR Z5EE X

==
=18

ERERREEYN , RARBEHRE AWS IRFE 2 AER , A AWS IAM Identity Center 5 AWS
Identity and Access Management (IAM) B2 EEBIERE, wt—R , SECHEHASESRHETH
HEKPAENRT. RftERERATIANREER

- BERFHECHZEERRE (MFA),

- £/ SSL/TLS B2 AWS ERBEH. BMFE TLS 1.2 WEBZREMEH TLS 1.3,

o M %E API F{E A EEEIEE 8% AWS CloudTrail, tNEFEEA CloudTrail B MR AWS SEEIHN
B , B2 BAWS CloudTrail € FR&EER) RHER CloudTrail B,

- £/ AWS MEZBBRAR , URHPHWAERERZ 2SI AWS R,
- FRERNZERLRIE (B0 Amazon Macie) , HBIREMREFEE Amazon S3 HWEUBE R,

o WMREE AWS FBTTHRES APl FE BFEE FIPS 140-3 BN ZIGmEEHE |, 5368 FIPS
wE., WEHEE FIPS M FIPS WwEMNWEZSHEAE , B2EE AT EFRIEZE (FIPS) 140-3,

BMEZIBZRCEBUTELEFNEFBH I SRALHRER , HEEESEHERNNIEZHNT
F FlB B, EBREEEMEA Amazon Braket HEAELRAE. API AWS CLIS AWS SDKs#Y
fit AWS R B, ZEERIEHRIXNEZRUTWANTAERTTEARTERZE AR, R
BRI EAIBREKREEN URL , RFEZIBRF VN ERBCEHAARBIFRN URL FIEBFEA

BERRE
90 X# , Amazon Braket & & BB IRSLE TEHRBBN A B TER 1Ds MEAPRER. Mkl

BERMREBER , EEAERANGEREELZBZEBR Amazon Braket TR A ETIES K , BSREELR
# S3 EEFITEH,
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MREFEFNEFME S3 AFHETER 00 RWELEFEBNGER | ELREBRCHKMER ID MK
ZEFHRBYEMDEER, FHLHE 0 RXAREFERA. EALUEAREFNEARENELER.

EIE¥ Amazon Braket F912EL

ARERAFIT Amazon Braket HRFFEEAENBCEIMATNFTT. LAURT (HELB ) &S
PREAEAERACHAENTA, BEERM , FHEER Amazon Braket BUREEZ Gk F F X
ERERAE , WELTJBEFR,

R FERIRY |, BAERA Amazon Braket, & ERA Braket , BBLLUER (1) EEEH IS (2) £
8 AmazonBraketFullAccess BURMIEAER ARG B A , W EHE I Amazon Simple Storage
Service (Amazon S3) EFITEHFFT,

AR :

« Amazon Braket &R

- FRFAHE

« AWS Amazon Braket ) ZEBUER

- REEAEFIRERE

- REFEAEFIRESCAHITERE
- REFEAEFIRRE S3 RERE

Amazon Braket &R
Braket 8 2 —B&ERERE : quantum-task iR, It AWS EREENERER (ARN) TR :

- EJREM : AWS : Service : : Braket
« ARN Regex : arn : ${Partition} : braket : ${Region} : ${Account} : quantum-task/${Randomld}

FLANA®

& 0] LATE Braket £ noteboook EIRFEHE!, EFC A2 Braket AJ AR K Amazon
SageMaker Al ElR, & E#H Braket fEAZERA , BAEIBELBHEES B 1AM A

AmazonBraketServiceSageMakerNotebook,

BEEVERAS , ELAEREAEESHUHER NI ARBKRNAE,
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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*"
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}

FEEVAC BMEREVECAHEHEVRHUHNTE  SSENEEEAREN, ECDERE
AmazonBraketFullAccess B3,

BIUfABeR , BullARKBEBNWMEELAEEFAZAE,
AWS Amazon Braket B9 S&EBE

AWS SEHEEH AWS AWS SEREEYHEENBIBNESEALSEARGIEMTT |, LUER
A AR A EIRIGEAE, FEANAE,

aclE , AWS XREBXRTRIAERTFRECARFNFERRETT , HAELFAIAHAE AWS &
FEA, RMZBEERBENEARIINETLFEERCER , WMEE-SRBDFTA,

RIEEEE AWS SEHREPEENTT, R AWS EFH S AWS EREFESNST , IFEHFS
SRREZNFTETEE Y (FAE. BEAMNAR ), AWS RKE EFHN BREIHH AP BET AR
RERKE , AWS RREREEH AWS ZEBUR,

MEHMER , B2 IAMERERETN AWS ZEHE,

FE

- AWS ZFE B : AmazonBraketFullAccess

- AWS ZEHZE : AmazonBraketJobsExecutionPolicy
« AWS ZE K : AmazonBraketServiceRolePolicy

- AWS ZEBEM Amazon Braket E#i

AWS ZEBE : AmazonBraketFullAccess

AmazonBraketFullAccess BI3R &3 F Amazon Braket B24ERIFFE] |, SR EL(EFERIFET -

- & Amazon Elastic Container Registry T #& 2% — EUA T &AM Amazon Braket Hybrid Jobs Zh&g
ARG, BRIV ARSI "arn : aws : ecr : : repository/amazon-braket",

« {RE AWS CloudTrail B : $r8IFTE#ER, EVEMYIHERTRBFMNELEN, AEEEEHEGEMN
BRI HEESEH LB, AWS CloudTrail B iE RS SEBIRF P4 FTHE Amazon Braket API
SEENED 8%,
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- FAAGEREZEHER - ERFHIRIBREEEARE, RBEEACTAURREER AWS &R, BR
82 Amazon Braket FRIEEH. 1A |, #& IAM B E&EIEZ Amazon Braket CreateJobAPIN: 2 37
A WA5EIE A AmazonBraketFullAccess B EEZEAE,

- BV AREE, AXEHNEHAEFEE , MHEBRFNVAEAFGER - B, FHRABERS S
Amazon Braket A2 EEH . EHESTKAFZHALNIEE, I SEHEMN Braket 5§ , ¥ i
B BER, £ CloudWatch FRERREE R,

« 1£ Amazon S3 REFEFRIMEUNERER , W HFERTFIE - EERY S3 fFire , Fid
FIRF R S3 fEFETER |, WAAYWHBAZIRE P& BEBEA amazon-braket- WEAIREFETE |, I
WHPESYH. Braket EEELH T , T2 CREEEFIKERNERBARBTIR | Xk
REEFIrREREM.

. &5 IAM B8 - 1% IAM B8E5EE Createlob AP,

« Amazon SageMaker Al Eio A - B M EEEE A E R SageMakerEL A HTER , RIEA
"arn : aws : sagemaker : : notebook-instance/amazon-braket-",

- BEIRIEHIEE — B EE . SageMaker Al £ZEAFH] Amazon Braket Hybrid £#% , BN ERT BB
IR AR F R B,

- BREMEE - ERXIFEHZH , TREALREE FEREL,

EERBUBERNEFT , F28E AWS ZEBEKSZF M AmazonBraketFullAccess,

AWS ZEBE : AmazonBraketJobsExecutionPolicy

AmazonBraketJobsExecutionPolicy BUER &% F Amazon Braket BEAE R ERNHATHRHT , W0
TFr7R :

- & Amazon Elastic Container Registry T#H & 25 - BEUM T &AM Amazon Braket Hybrid Jobs &g
HASRRBRIETF T, REIMBEFEER "arn : aws : ecr : * : * : repository/amazon-braket*",

- BYAFHEANRFEHNERAGEHEAE  UHERFHNAEAFER - B, FHRABKRIIRSEF
Amazon Braket AEMWEE#HKEN . ERESTHEEFEHEALNIEE, ESEEMW Braket B ,
rMEHGER, £ CloudWatch P EREER,

- BERFEFE Amazon S3 BEETEF - JHEIREFH S3 REFTE. BYHBRALHNIREFL
amazon-braket- BIEMNFAFEEFETE , WREZHEPEEY 4., Braket EEELT , T84 ES
EREEETFIBARNERHMAGEIR  YRBEFEITEEREM.

. EE IAM B8 - 15 IAM BEEEZ CreateJobAPl, B&M%BEZE arn : aws : iam : : *role/
service-role/AmazonBraketJobsExecutionRole* &3,
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Amazon Braket

FMBABER

EERBRNBERNETT |, 528 AWS ZEBESE M AmazonBraketJobsExecutionPolicys

AWS ZEBUER : AmazonBraketServiceRolePolicy

AmazonBraketServiceRolePolicy BIZ R &% F Amazon Braket 1Y

ATA , ERELMEMKAIFTT ¢

« Amazon S3 - FIHEIRF R FEFE , WEMHRARFHEBHEAELS WIEARMFRTE , WRFPEW

BYIHNEFTamazon-braket -,

« Amazon CloudWatch Logs — 5| i M AFHEE. BEUBBARKSER

Braket Z 3 #) H & B EMIEF A,

NMERBEGACNFRER , 52 H Amazon Braket [RFEEAE,

, AR HEEH A S Amazon

EERGIBERNETT |, F28 AWS ZEBEZE P M AmazonBraketServiceRolePolicy.

AWS ZEBERM Amazon Braket E3T

TRIEHABELRBEFHER Amazon Braket AWS ZEBKREH N FMEA

gE

AmazonBraketServiceRolePolicy - &R
EERE

AmazonBraketFullAccess - Braket B3

BEFIEER

AmazonBraketFullAccess - Braket B 58

BIFEUR

AmazonBraketFullAccess - Braket 8958

BIFEUBCR

Description

24 Taws : ResourceAccou
nty : "${aws : Princip
alAccount} R EEFIEE
Amazon S3 #1 CloudWatch H&E
1k,

#7118 Tpricing : GetProducts s B
1E.

24 Taws : ResourceAccou
nty : "${aws : Princip
alAccount} RHEEHIEE S3
E1F,

#118 servicequotas : GetS
erviceQuota # cloudwatch :
GetMetricData E1{E.

B

20257 H 118

2025 4 A 14 H

2025 3 A 7H

2023 3 A 24 H
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FMBABER

gE

AmazonBraketFullAccess - Braket 5

BIFEUBR

AmazonBraketFullAccess - Braket B 5E

BIFEUR

AmazonBraketJobsExecutionPolicy -
Amazon Braket ‘R & EF KRS TS
THER

Braket EFRIEHIEE

[REFERAEFIREERE

Description

78 s3 : ListAllMyBuckets
A R AmEERN
Amazon S3 fE1FETEE,

Braket 5% T AmazonBra
ketFullAccess B9 iam : PassRole
Fn] |, LA8E& service-role/
iz SN

Braket EF T RS EKHITA
& ARN , LA8%& service-r
ole/ B&,

Braket BitRIEME AWS ZEH
RWEE,

B

2022 £ 3 A 31 H

2021 £ 11 A 29
H

2021 11 A 29
H

2021 £ 11 A 29
H

EERFI4SE Braket EBNFEAEFR , LA LUSERF TBRFTEEREAMAE,

THEMER A RIRS

« CreateQuantumTask - EBERERE LBV E FEK,
« Createlob - ERERERE LBIESERK.
- GetDevice - IEERBMBIEEXENFEMEN.

TSI BIPR#IFE #FFE QPUs AWS RS 123456789012,

JSON

{
"Version":"2012-10-17",
"Statement": [

{
"Effect": "Deny",

REEREFIEELEE
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"Action": [
"braket:CreateQuantumTask",
"braket:Createlob",
"braket:GetDevice"

1,
"Resource": [
"arn:aws:braket:*:*:device/qpu/*"

]I
"Condition": {
"StringEquals": {
"aws:PrincipalAccount": "123456789012"
}

(@ Note

RBERPHEBRbraket : GetDeviceBifE , LAEIB Braket iR & RUA LR &Y & BB AR
FEUE , fInRET AL, REERNEE.

EERBUEND  FEZREEAMazonWERMTES (ARN) XA L —EE6PRE TN FH, thFH
Rt BIR{E. £ Braket 7 , RERREAUFULHITE FEBHN QPU SiEHRR. TANKESS
EEEEH L, AMEGBERANEEHELRENFE

* arn:aws:braket:<region>:*:device/qpu/<provider>/<device_id>

* arn:aws:braket:<region>:*:device/quantum-simulator/<provider>/<device_id>

UTREEREFIREN S

- EERIAMEREEMNFATAE QPUs : arn:aws:braket:*:*:device/qpu/*

« {EiEH us-west-2 EIFFHFTE QPUs : arn:aws:braket:us-west-2:*:device/qpu/*

- HER , EEEE us-west-2 EBIFHFHTE QPUs (RAEEBERBREER , MFA_REFER)
arn:aws:braket:us-west-2:*:device/qpu/*

- EERFHFIERESEERIFEEMER : arn:aws:braket:*:*:device/quantum-
simulator/*
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- EERFISERMEFTIREE (HlW0 , FEHRIgettiQPUEKE )
arn:aws:braket:*:*:device/qpu/rigetti/*

- EERFBETNIEZEEMNFE . arn:aws:braket:*:*:device/quantum-simulator/amazon/
tnl

« EEREIEMECreateHEMFR : braket:Create*

BRI E R EFEUS EERAATEE

& ZRFGELREFHUSE Braket ERLAYTERE , BB ERHFTRRTEEREAG. £H
HEE

THIEFERABREEREMES FE., FLMFEREEELRABTERNETT AWS RS
123456789012 , ZHTEREBBREEEFEIENERETE (S, FHEALliceAFREA W
BEEAHTEBamazon-braket-Alice),

JSON

{
"Version":"2012-10-17",
"Statement": [
{
"Sid": "DenyCreateDeleteUpdateNotebookInstances",
"Effect": "Deny",
"Action": [
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:CreateNotebookInstanceLifecycleConfig",
"sagemaker:DeleteNotebookInstanceLifecycleConfig",
"sagemaker:UpdateNotebookInstanceLifecycleConfig"

1,

"Resource": "*"

"Sid": "DenyDescribeStartStopNotebookInstances",

"Effect": "Deny",

"Action": [
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance"
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1,
"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:username}"

1

3,

{
"Sid": "DenyNotebookInstanceUrl",

"Effect": "Deny",
"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl"

]I
"NotResouxce": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-
${aws:username}*"

1

PREIEREFEUSE S3 MEIE

HERBBEEAEFIEE Amazon S3 R , BAULSERBHREMEEREAS, FHESH
8o

T 5 €5 PR B A A A H A4S ESIFFETRE (arn:aws:s3:: :amazon-braket-us-
east-1-123456789012-Alice) MEFH , b EMRFIE LY HIIBE,

JSON

"Version":"2012-10-17",
"Statement": [
{
"Effect": "Deny",
"Action": [
"s3:ListBucket"
]I
"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice"
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},
{
"Effect": "Deny",
"Action": [
"s3:GetObject"
]I
"NotResouxce": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
]
}
]
}

HERHFEBEECAYTREEN REFRE , ST ERBRFTEEEZRIUITAC,

Amazon Braket RIS EE A

E B Amazon Braket i , STEZHIRFHEY RIGELAE,

R EZEAEE—BEREN AM S8R  FHBERTEEEERZE Amazon Braket, Amazon
Braket RIS EE A BTELEEZR AT E Braket AWS RIE RF[AFIE M BFTENFEST,

RIS EE A EEFEZMENTE Amazon Braket , BB LFHHIELEMEFT]. Amazon Braket
EEHRBELEACHTT, BRIFLEFELTE , TR E Amazon Braket I REEA®, E&
MEF R SREETEENFF TR, 550 R BEEM M EA4E IAM BB,

Amazon Braket 5% 7E #9 IR #5:E 45 A 2 AWS Identity and Access Management (IAM) AR 352 # & € Ih
BEMN—%2. WEFHAWS B HttXBERBELEACNENR , BFSBAWS £/ IAM WiRE , X
ERBEEACRTSRETRNER. BEEFELNR  UBGEXRBHNRBEEHE XY,

WERBEZACBE AWS EBRNFMEN , 552 B AmazonBraketServiceRolePolicy,

Amazon Braket B4 15 B 3%

(@ Note
AWS R BETHEF=FERHEEN QPUs , I RIFETECSHNBE IR,

R EEAE 260
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EETH RS AWS ¥ TR ESRTBHER , F2RAWS B SR EHEANRRERLRE
BHEHRE. WFE-MREFA  FSHEAWS 5K E,

B LAER TEE= SRS AWS Artifact, MFEFMEF , F2RE F FTHIHKST AWS Artifact.

BER BNESREME AWS R BURRERNEEE, BLANEREE , UARERAERENER.
WMEER B REETNFMENR AWS R , F2H AWS T2 X,

Amazon Braket P EREREZ =4

Amazon Braket R 2 E R , 25 AWS 2R ZENRE, WFE AWS Z2RBEUR 10470 AWS &
EEBREWEEEN  BF2EAWS BEintd, EEFAERREZSNREELERITEN AWS R
1B FE2E %L L X AWS Well-Architected Framework Ry B i 25 He R &,

BRI LAEF AWS 2419 APl FELY | BB MEEEFEL Amazon Braket, fEA&ERMVEAZETHER :

- Transport Layer Security (TLS), EMFE TLS 1.2 WEZEFEA TLS 1.3,

- BfeEXEIEFAZR(PFS)WETEEM , Hlan DHE (Ephemeral Diffie-Hellman)=} ECDHE (Elliptic
Curve Ephemeral Diffie-Hellman), JRARF (M0 Java 7 IEFIRA) KL EZEELER,

ST AR ARG B PP ILE LE API #24F |, {E Braket BEXEUERAEBRNEFIEE , HhaiE
RIFRIR IP i atBIPRHI, &t LAE A Braket BUR2RIZ IR B 4FE Amazon Virtual Private Cloud
(Amazon VPC) im# S 4FE VPCsTFEl, B L , ER2REHMEFIFE VPC HIEE Braket ER
AWS K #83& 17 B

Amazon Braket TEEHERHN L £ M

Amazon Braket L8 QPUsHE= S EEBHEREFTE. B&E QPU LHITE FEKE , Amazon
Braket S EREEETIEEN QPU #TRER |, £/ DeviceARN A BI%F-

WMREFEH Amazon Braket ElEFR —EFE=ZHERIEHERENETEEER K SHERREMEEB
BRI H BESREZHANERIZEMEEE AWS, B0 L7 Amazon Braket TR AN EEBEFHMETE
BRP#EEE QPU fTAZEEBVEM AWS EiZHHEBEEA.

LHRBREERL. ARREERMENRNBTSISERGE=S. AWS IRF BEFTFSERIEE=
o
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FEERSEEBENERTNE, SHEME  EARERE, Amazon Braket =5 HER T AH
EREBREEUNNE N ERRERAEHAT, BEERYE | HREBEZE Amazon Braket , L7
% S3 BEEES,

Amazon Braket E= T EFRBHEEN T EEMRYK , URANTSBEE T2, FHEGH, &8
RENERZENEE,

Amazon Braket B9 Amazon VPC i 2,

AL R A E VPC 13, £ VPC Hl Amazon Braket ZE I FAEER. M EIHEEA AWS
PrivateLink$ i , W i A FBAIE R B EB B EE., NAT #£E. VPN EL S Direct Connect iEARHY
&% T 1ZEX Braket APIs, VPC I TERBAIEELH IP it BN T2 Braket APIsiB&A .

BEMHRMBZHEFRETN - LS EELEEETERT,

£ B AWS PrivateLink , VPC 1 Braket 2 I RET B Amazon{Eig , ERSBHERK
FEREALACERNZSY K RACTREEHELAEHBRAKRNEE. NEHAENRA K F2
B {Amazon VPC R EIERM) PHEANE VPC inFE AWS R,

TP

« Amazon Braket VPC i B ZEEH
* EXE Braket # PrivateLink

- EEENHBNHEAMER

« {# 8 Amazon VPC i Bh R 2 17 B

Amazon Braket VPC ir B EZEE1E

TEIRERE Braket BT H VPC s B2 81 , S4B (Amazon VPC A EIERE) I Hinm S KR
Rt

Braket XEREH VPC HILEFTA API 81E,

RIRFARR , RFFEIR VPC iR T B FH Braket, MIREIEE VPC ImFBER |, B LURHFEL. MNFE
FHEEF , F2E (Amazon VPC EAEIERE) RV inREEREZES VPC s 28 7B

£% 7€ Braket # PrivateLink

& E AWS PrivateLink ¥ B¢ Amazon Braket £ , &2 8% 31 Amazon Virtual Private Cloud
(Amazon VPC) in B A R , A% BB Amazon Braket APIIRISEZ E ik 2,
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UTRIEEFN—HRLR  HREDEFARPELEDS R,

R EI B Amazon VPC REEE LK AWS ER, MIREEH VPC , BT LARKIBIL 58,
« A Braket 23 Amazon VPC 7B,
- EiBi%BEEN T Braket E FEH

S 1. REERE Amazon VPC

FARCIE , MREHIRF EEREPER VPC , B LIRS B,

VPC #ZHRMAKERE , fln IP st E5E, FH%., BRAXNAKEE, EXL S8 EER
B REE AWS ER., MEHE Amazon VPC WEMAER , 5528 (Amazon VPC FREREFE) .

BRK Amazon VPC it & |, WHEMR FHENK., Z2BENMERRERIFMN VPC,

BB 2 - B3 Braket W/ HE VPC i B

EAILAE A Amazon VPC E## A, AWS Command Line Interface () 2 Braket BRIEE2 I VPC % 2
AWS CLI, tNEHMEF , 528 (Amazon VPC EHEEE) HWE VPC in%,

EEATEATDEYT VPC %% | B Amazon VPC =124, BEUREEER , AREBER IV
o, B TR ID U RESE, E4Y Braket T EMWE | iER —endpoint-urlEEMN —
B3 API,

£ T 51 IR # & ¥ 1L Braket #Y VPC im % :

* com.amazonaws.substitute_your_region.braket

MEFHMENR , 5528 (Amazon VPC FREER) PHEANTE VPC in2FE AWS RiE.

SER 3 BB EERE 1T Braket E FEF

B VPC imEiz® , B UHMITEE endpoint-url B8M CLIF , UIEE APIS BITREMNT
EwE , HIa0 T 5 EE 4] -

aws braket search-quantum-tasks --endpoint-url
VPC_Endpoint_ID.braket.substituteYourRegionHere.vpce.amazonaws.com
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MREA VPC imHEUAFAE DNS =#EH |, AIFEEE CLI oA IRMIEES URL, M
#h , CLI 1 Braket SDK FE5% £ A #Y Amazon Braket API DNS F#Z BT AEN VPC iH%, HIE
NN T HIEFIFTR -

https://braket.substituteYourRegionHere.amazonaws.com

BERNEBAMEA RN Amazon VPC E#77E Amazon SageMaker Al £5E24 , AWS
PrivateLink {2 i 5% E i B UL Z £ B #E E SageMaker £ AK &5 , iE8 Amazon Braket £ A%
f2Lo

MRCEBTFERNEFNTSR , FicBiEEW Amazon Braket BUfXA Amazon SageMaker
Al, st RBEEE , MRENEETE us-east-1 , SFEZFEHE Acom.amazonaws. us-
east-1.braketHEHRHERE AWS B B,

BER YRR A

- MENMMAEAFAE FHEKEY VPC WEA , FSBMEALE FHREBENL VPC,
- WMEERBBFEH Amazon VPC XA B MR ERBMWET AWS CLI , 528 (Amazon VPC f#
AE&EERE) PHEY VPC %%,

- MEEBMER BYNREREHENA CloudFormation , 552 BCloudFormation { fEA&EE) +
) AWS : : EC2: : VPCEndpoint &R,

£/ Amazon VPC i By BUR 2 &1 17 EY

& E 24| Amazon Braket BEARFE , &R B AWS Identity and Access Management (IAM) 3% 24
KiEEZE Amazon VPC in%, WBEREEETYER :

- AHTBHENERAN (ERERAR ),
- AEATRIENE
« AHBTBENER.

WMEFMES , F2H (Amazon VPC EREIEE) FHEARIBEEEZS VPC I8y 7

g/ : Raket BIfFRY VPC im B BUR

T B BIFE R Braket WimBBUR, EEI RIS  LBRERTAAEER LB ERAFIHAY Braket
BFFIE,
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{
"Statement": [
{
"Principal":"*",
"Effect":"Allow",
"Action": [
“braket:action-1",
“braket:action-2",
“braket:action-3”"
1,
"Resource":"*"
}
]

18] DR 2 2 B R BUR RZ LAY IAM R R, FEFHEEFA ML

3
B
a1

« Step Functions # Amazon Virtual Private Cloud ¥ B BUR
- BFREESEREEIRM IAM FF A
- FRRSBEREHY VPC N EFR
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B S5AC 8k A Ba i

#iB Amazon Braket [RIFIRRE FEKE , BT LUER Amazon Braket SDK M E#E A F V) E R 2T
BMRENEE, EURMEPXAE , LEMTEEENEE, RETMBENREREE , WERE
HENBERRENEFEARKXHRENTE Y, EEFEHETHEF , Raket B ERRBEEREE
) Amazon S3 U B, EFEIBNERKEIREERTRE , AHEEEFREEE T (QPV) £E& L#1T
WEHE. EXTERHRBTTFINRE  RAEFEREREZBAEAEHAHA,

AREEFFAUEES -

« CREATED — Amazon Braket B W EI&H & FF#,

« QUEUED - Amazon Braket EREBZNE FEXK K REEESSEEE LT,

« RUNNING - M & FEKEE QPU REEFEHE L#1T,

« COMPLETED - £ E FEHKETKE QPU HEFE &R L#1T.

* FAILED - ZMEFEKRERBTHELR. REBEENEFEIEAMNER , FESBARXEFHE
%o

« CANCELLED - £EBUEREA#ES. EFEBRHIT.

TP

« % Amazon Braket SDK B i & 71E#
3B Amazon Braket XA EREFEHR
- 1252 Amazon Braket &R

« f£f EventBridge EE{R I8 & 1115

- {#f CloudWatch ESi2 154

- f£A CloudTrail FR&EHE FEK

- {#F Amazon Braket 93P R0 8%

£ Amazon Braket SDK B}t & FT 7%

fitdevice.run(..) EEZEEFH—EFEH ID NETFEHK. EULIER EHMEHR
REtask.state() , MM T HIEHIFFRo

¥ : task = device.run() B2—EIELERE , ERXRFRETUEREESSREEF TR EE
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HEHE R

BN FFtask.result() , AR EHSHBEWT Amazon Braket , AEBEFEBRART
M. SDK AT PEENWMBASE . run(). EFERETHE , FREHSH S3 FEITEBAIGE
R WHEHEMEGEAQuantumTaskResult ¥4,

# create a circuit, specify the device and run the circuit

circ = Circuit().rx(@, 0.15).ry(1, 0.2).cnot(Q,2)

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1l")
task = device.run(circ, s3_location, shots=1000)

# get ID and status of submitted task
task_id = task.id
status = task.state()
print('ID of task:', task_id)
print('Status of task:', status)
# wait for job to complete
while status != 'COMPLETED':
status = task.state()
print('Status:', status)

ID of task:
arn:aws:braket:us-west-2:123412341234:quantum-task/b68ae94b-1547-4d1d-aa92-1500b82c300d
Status of task: QUEUED
Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: RUNNING
Status: RUNNING
Status: COMPLETED

HUH 2 F1E55
EZEBCHE AR , F®W cancel()F% , M T HIEHIFTR.

# cancel quantum task
task.cancel()
status = task.state()
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print('Status of task:', status)

Status of task: CANCELLING

BmEPEER
BULMECTRE FEBNTRES , T I &R,

# get the metadata of the quantum task

metadata = task.metadata()

# example of metadata

shots = metadatal['shots']

date = metadata['ResponseMetadata']['HTTPHeaders']['date']
# print example metadata

print("{} shots taken on {}.".format(shots, date))

# print name of the s3 bucket where the result is saved
results_bucket = metadatal'outputS3Bucket']

print('Bucket where results are stored:', results_bucket)
# print the s3 object key (folder name)
results_object_key = metadata['outputS3Directory']
print('S3 object key:', results_object_key)

# the entire look-up string of the saved result data
look_up = 's3://'+results_bucket+'/'+results_object_key
print('S3 URI:', look_up)

1000 shots taken on Wed, 05 Aug 2020 14:44:22 GMT.

Bucket where results are stored: amazon-braket-123412341234

S3 object key: simulation-output/b68ae94b-1547-4d1d-aa92-1500b82c300d

S3 URI: s3://amazon-braket-123412341234/simulation-output/b68ae94b-1547-4d1d-
2292-1500b82c300d

WHE FEBRER

MRBHBROEECRREFEBERET , AECBRAERANER , BUUFEHEE—H ARN (EF
£7% ID) EEtask¥tr. A&, BRI AN REFFXRETEHN S3 #Firitask. result()EE
ER,

from braket.aws import AwsSession, AwsQuantumTask
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# restore task with unique arn
task_load = AwsQuantumTask(arn=task_id)
# retrieve the result of the task
result = task_load.result()

i#1B Amazon Braket TS EEE FEFK

Amazon Braket 12tiEi8 Amazon Braket T A EREFEBNERFR. FMTERIHNE FEKEHS
5|7 Quantum EEBAH , M TEFFTR. KREREFZFEN K EXTEREREERE PEINE
F1EE AWS EEH,

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [}

Quantum Tasks (10+) | (& | | Actions ¥
| Q search 1 > @&
Quantum Task ID Status Device ARN Created at

(@] d87730f0-414{-4a60-9de2-7fd18c20f7f2 (© COMPLETED armaws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
(@] 62a5b6f9-2334-4bad-af4f-aSaeebbe6032 (© COMPLETED armaws:braket::device/gquantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
O 85f05c¢12-c4d0-42bf-8782-b825775f057a (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
O 1fal48a2-aaaa-4948-b7df-808513145a20 (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
(@] aee8dZad-a396-4c11-9f13-9aa62db680b9 (¥) COMPLETED armaws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
(@] dfee9d7af-3aae-4e57-bd64-29d6f9521937 (¥) COMPLETED arm:aws:braket::device/quantum-simulator/amazon,/dm1 Aug 31, 2023 19:11 (UTC)

R

BALEREEIESIERE FEK. BESTLIRE Quantum £35 ARN (ID), iRE, REMEIK
B, ESZIEENK  BEERGEBETR , MT IR,

Amazon Braket » Quantum Tasks

() QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [7

Quantum Tasks (10+)

| (@]} | | Actions ¥
| Q, |search 1 > &
Properties
Status Device ARN Created at
Status
Device ARN 7f (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
Quantum task ARN
D32 (@ COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/sv1 Aug 31,2023 19:11 (UTC)
Created at
O 85f05c12-c4d0-42bf-8782-b825775f057a (© COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
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TEERRIREE—B IR D BSEFEBNES , WEBMFWY KEGtask.ido

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [7

Quantum Tasks (1) ‘ c ‘ ‘ Actions ¥ ‘
| Q, search | (1) matches
‘ Quantum task ARN = arn:aws:braket:us-west-2:260818742045:quantum-task/4cd1a3 1e-61c0-469c-a9cf-a2fbe7b4e358 ‘ X ‘ ‘ Clear filters
1 &
Quantum Task ID Status Device ARN Created at
4cdla31e-61c0-469¢c-a9¢f- (® COMPLETE arn:aws:braket::device/guantum- Aug 31,2023 19:10
a2fbe7b4e358 D simulator/amazon/sv1 (uTC)

A, T EMTR , EFEENMRETTEER QUEUED AREREITER., B—TEFEH ID 88 RH
MEFAEE, LEESRETHYREEREE FEBNBRETINE.

Braket > Qua Tasks > 3d1

3d11c509-454d-4fe2-b3b9-fad6d8eab83b

Quantum task details Actions ¥
Quantum tas| k ARN Status Queue positi

@ QUEUED (Normal)

Devic Creat

P wrQ) —

sh w o statusreason

EFNPEIMAESER —BOMH Quantum EEEEEBEIERF., EESEBZIERH
Quantum FEEEFEEWNTHELIERF,

B EEH Braket SDK WE FAILUEBREAR T AMEGHEE FEBNESERFIVE. WFEFHMAE
A, A2EBENERMEIATER.

&= =2 Amazon Braket ER

BERREERSE AWS Bkl AWS BRI BFITBEER. SERETEER K TE-—F THENER,
BESERETUSREE, ELEBARENE. UNEERNER , KUUERREIENE.

£ Amazon Braket T2 AF |, BULIEEZE FEKRERAE , R EHARBNERFE, &0
D8R, BRESEIENER. BULERUBERE FEKRERSE , ARBBEFEE AWS
CLIZ BB IRERAPI,

ERRER 270
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BE AWS M REHNFEEA

- MEREH—REF  2FERBNERED , F2HE (B AWS BRVNERRESRCAEER) +
MTEREREES 2.

- MEARELRFNET  F2H (AWS ELLE RN ERFEEREAEER) PR E R HIA
ETO

- MESEERANELERR  F2RIERL AWS ERNSEER.
- BRIXEERENREEE , 528 Resource Groups it APl 2%,

\)ﬂ

AT & E1R B 7 Amazon Braket EBNEEBEH,

FEAEIH

+ Amazon Braket # AREREHN X EEIR
« f£H Amazon Braket APIEEE

* £ Amazon Braket P EEZR

* Amazon Braket F# AWS CLI R €84

ERR
BRI EREBREEERNER. Hla , SRR "8 EEREEHES LERVIMA.
BE ERBEMEIRD

- EBLI® (W CostCenter, RIEHER), EBEREEDXNE,
- BAERENZEASMN (H/20 111122223333 = Production), ZHREBEEARLERAERAZEF

F, BEERERER , BERESED XNER.
BE B ST T IEME -

- BBIMBBEN AWS B, 52 AWS BRE XEFR , Rt G ERNERERGRETE
RBHEIR , s HERMEE.
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- BHHEAY AWS AR, SERTBAE AWS BREE EEEJZZIKMIE BRI EBAELER. AWS EEAFEER
DEENRA , YEEZARESBRERE. MFFMER , F2H AWS IREEMAEE FH
ZIEETNERARTEERR,

- BEY AWS BRNERN. NFFHEET  F2EEARREHF.

Amazon Braket F AR ERRN X EEIR

Amazon Braket FHY T 5| ER|E T EER -

« quantum-task EJR
- BEEZHM . AWS::Service: :Braket

 ARN Regex : arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}

AEE . U LAE Amazon Braket &P ERMEE Amazon Braket ZER2AWESR , HFERFRE
PEREBEFELAER , BERLRAER LR Amazon SageMaker Al &R, MEFHMEN , F2H
SageMaker XM EEARFHTERTEER

£ 8 Amazon Braket API#&EZ

- MREFEH Amazon Braket EE R EAPIFREZER , 5®A TagResourceAPl,

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

- FERERPBERER , 50 UntagResourceAPl,

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN

- BEJHEBEEREERNAEER , ™0 ListTagsForResourceAPl,

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] "
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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g
T 5 EAPRHIE A Amazon Braket E/R EHIEE :

« BEUERGERNERBE LR : 50

- REBRE LR : 128 1@ Unicode F 7t

- HERE LR : 256 {8 Unicode F7tT

- HE|BNENERFET : a-z, A-Z, 0-9, spacefliEEFx: _ . : / =+ -Mae
- RE|RANESESI KX NE.

- FEFEA awsHAREBNTFE ; ©REM AWS £,

£ Amazon Braket P EEZH

BO LR EAERLINBM, & LUER Amazon Braket £ 4. Amazon Braket 3 1R,
AP, &k, FIHFMBRER AWS CLI, HFEFMMEL , 5528 Amazon Braket APl 2%,

RS
- ¥ ER
- BEER
- MEER
- BBRER

g ER

FAUETIRESEESEHNEETELRNER

- BIREN BRE : £/ Fi84 , HTE AWS APl HEE Tags S8 EE Createl®fE,

- BIYERE FRAEIRAEEEETEBRERAER , E AWS API FHEIY TagResourcel®
(=

EECRIERRFEER  CHOEERIYEEERE RN,

BIEER

BALUERAFRAEEEIKERNELAER , MY ListTagsForResourceAPIHRYE , KR
Amazon Braket FEA A ZEEEIRH AWS ER,
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SO LERA TS AWS APIST S RBIRER FNER :

+ AWS API: ListTagsForResource

B R

BEULER FRAEEEEFABHELLFERKFEERR , IEAT IS T REDEEETRLE
B2 BRBNE, ECEEEFENERERE K SERXTRNE !

 AWS API: TagResouzce

BRER

FBAILEBEEEBRN SR, FAXTRABEZETIBRELEER , EFUY
UntagResourcei® el , REFRBHRER,

+ AWS API: UntagResource

Amazon Braket Y AWS CLI #Z52 &4

B & A AWS Command Line Interface (AWS CLI) B2 Amazon Braket E885 |, A TR B2 &M
ARV ERELBUCZEFEENEBRNES TGS, THEHP  FEEESVIEFERSE LHT , X
EEETRESBT (QPU) Rigetti WS ERE, KA EEHflGTH , EMEEHMXESECR , ER
EEREEER, TUBERT , EBHNRSIEA state , A Washington, ELZER T ARTGEIDE
WA B ERE FER.

aws braket create-quantum-task --action /
"{\"braketSchemaHeader\": {\"name\": \"braket.ir.jaqcd.program\", /
\"version\": \"1\"}, /
\"instructions\": [{\"angle\": 0.15, \"target\": 0, \"type\": \"rz\"}1, /
\"results\": null, /
\"basis_rotation_instructions\": null}" /
--device-arn "arn:aws:braket:::device/quantum-simulator/amazon/sv1l" /
--output-s3-bucket "my-example-braket-bucket-name" /
--output-s3-key-prefix "my-example-username" /
--shots 100 /
--device-parameters /
"{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.rigetti.rigetti_device_parameters\", /

Amazon Braket F ) AWS CLI #2524l 274
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\"version\": \"1\"}, \"paradigmParameters\": /
{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.gate_model_parameters\", /
\"version\": \"1\"}, /
\"qubitCount\": 2}}" /
--tags {\"state\":\”Washington\"}

L EHIREMAEER MTREEREAEE 7EH AWS CLI, EFBIREBIERER Braket &
R o

£ EventBridge ES12 18 & F1F 7%

Amazon EventBridge 852 Amazon Braket & FEKHPWAREE EEH, KB Amazon Braket S
HLEF SRR T ZE EventBridge, BAINRERAREHLZREBNEY , SEESHRERAKE
KB BB, IBENESBFESETIIERR

« A AWS Lambda BI#
- BXA AWS Step Functions R REH#EES
« J@X Amazon SNS =&

EventBridge B8 Amazon Braket ARAEREEH :

« Qauntum EHEHRESEE

Amazon Braket RERTEFEHRESFTEH, EEEHELERN—X , BAERKLF,

)<)

WMEFMEE

iull

, 5528 Amazon EventBridge IS4,

EAREH
« f£f EventBridge EE{2 8 F{EIGARAE
« Amazon Braket EventBridge =54 &i 4

{# F EventBridge Ef#: 8 F{EIGARKE

3%iB EventBridge , A LAEM R Al , E&HE Amazon Braket £ 5 EI Braket E FEKHMREETE
HEERENEME, 60, BANEVRE  EEAEFERNEREREAETHBAHARKE
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https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-events.html

Amazon Braket BISt A B
1. AWS fEF BE G EventBridge 1 Amazon Braket ZFFAIBIRFEE A
2. BBk Amazon EventBridge £## A&,
3. EAT%{E , 3 EventBridge R Al :
- SFERAIER  EEEAE4EINKRA,
- 7£ Event source (B4 RIR) & , i#EFE Other (HAth)
- EEHERXNERF , BEBFTERX (JSON fRmiESE ) , AR TISHERBAXFEY :

{

"source": [
"aws.braket"

1,
"detail-type": [
"Braket Task State Change"
]
}

= E1{ Amazon Braket fEERFTE S , FFHEER detail-typeEBE , T HIRERNBA R

{
"source": [
"aws.braket"
]
}

- BIRBERE  BEEE AWS R , HARIEBE , BEBZ , 20 Amazon SNS F&E= AWS
Lambda BX8{, #£ Amazon Braket RE|EFEHKRESFTEHE K SHEREE,

f5lzn | 5/ Amazon Simple Notification Service (SNS) ETEHEEH R LERFEEXEFHEHIXEA
B, BEEHM , B MEH Amazon SNS 1 AEIT Amazon SNS £, ZEEE— S TH B
2R A Amazon SNS B FEAEBE4H,

MBEBEVKRBNFREF , FSRELH S R ER Amazon EventBridge #i 8,

Amazon Braket EventBridge 4 &2l

% Amazon Braket Quantum E#§RAEREEHMAUMER , BB Amazon EventBridge FHIE
#o

T 5 EMHE LHIRE JSON "detail" HMALH,
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https://console.aws.amazon.com/events/
https://docs.aws.amazon.com/sns/latest/dg/sns-user-notifications.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-create-rule.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-events.html
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Amazon Braket LESC T
« quantumTaskArn (str) : EXNHEHHNEFERK,

- status (EA [str] ): EFEBERENMRE,

- deviceArn (str) : B MEFEIENFERAEEENEE,

« shots (int) : EEA&shotsidRM HE,

- outputS3Bucket (str) : FRAEEENE HFEFTE,

+ outputS3Directory (str) : FRAEZEEENBHESRFE,

« createdAt (str) : % 1SO-8601 FEMNE FEKEI M,

« endedAt (EA [str] ): EFEBEIERRENKE. EMUIETEEFERCERIK IR
TRRERF I fF 7E o

T 5% JSON 2R = Amazon Braket Quantum {EiEAREEES EE4RIETHI,

"version":"Q",

"id":"6101452d-8caf-062b-6dbc-ceb5421334c5",

"detail-type":"Braket Task State Change",

"source":"aws.braket",

"account":"012345678901",

"time":"2021-10-28TQ1:17:45Z",

"region":"us-east-1",

"resources":[
"arn:aws:braket:us-east-1:012345678901:quantum-task/834b2led-77a7-4b36-a90c-

c776afc9a71le"

1,

"detail":({
"quantumTaskArn":"arn:aws:braket:us-east-1:012345678901:quantum-

task/834b2led-77a7-4b36-a90c-c776afc9a7le",

"status":"COMPLETED",
"deviceArn":"arn:aws:braket:::device/quantum-simulator/amazon/sv1",
"shots":"100",
"outputS3Bucket":"amazon-braket-0260a8bc871e",
"outputS3Directory":"sns-testing/834b2led-77a7-4b36-a90c-c776afc9a7le",
"createdAt":"2021-10-28T01:17:42.898Z",
"eventName" :"MODIFY",
"endedAt":"2021-10-28T0Q1:17:44.735Z"
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£ CloudWatch E5#i5E

EALAE A Amazon CloudWatch E5#2 Amazon Braket , ESWERKRER WS HEE B W E B %iT
ENBERYIEEE, Amazon CloudWatch #& 8] LAE Amazon CloudWatch £ &R RRHEZ 15 @AGE
ENREEA , WBE 2 BREMNVESIER , LWEFE 7 # Amazon Braket e, BEEE ST
fi# 2B A CloudWatch 1E1E,

(® Note

B LAEEZE Amazon SageMaker Al =& FWERRAFHEAETE , SR Amazon
Braket 5 A&#Y CloudWatch HiFE&EF. Amazon SageMaker H At Amazon Braket ZiE 4<%
E 1 #EB SageMaker £ AEE,

EAREGH
« Amazon Braket I8EEM#EE

Amazon Braket {512 I #t =

51E A CloudWatch FVEAREL S, BERKRZFEIEFEZAE CloudWatch BN —HHER 2, SEREE
HNiEBEHE—HAHE, S8 —5 7 CloudWatch FHIISE#HE |, 5528 CloudWatch #E,

Amazon Braket &% T~ %) Amazon Braket 4B W 51ZEE B{EHiXE Amazon CloudWatch 154Z :

Quantum EEE

MREFEBEE , BINFERAEE. ©MEHERE CloudWatch £ A HH AWS/Braket/By Device
To

ER Description
T EFEBNEE,
HEE EEFERTRE , SRELER. eRARRE

TR BT TR BRE,

Quantum FHIEENHE
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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/working_with_metrics.html
https://console.aws.amazon.com/sagemaker/
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/cloudwatch_concepts.html#Dimension
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ETFEFRIEESGLULL deviceArn S AERNWHE M | #4348 arn : aws : braket : : device/xxxo

A CloudTrail i8N E FEH

Amazon Braket B 82 #& AWS CloudTrail , tLBR#E R HH Amazon Braket AWS fR# FHIERAE. A
B FTERENEERI 4%, CloudTrail €% Amazon Braket BIFTEAPIFEIUHEEL A S 4, REELAY LS
¥ER B Amazon Braket EE AL | AR ¥ Amazon Braket IRENREN B, MRELEIER ,
O] LA#E CloudTrail B4+ ZE Amazon S3 f#FETEE , ©2¥E Amazon Braket BV EH, WMREXK
REEH , BHAT LT CloudTrail ERANSHRERELEHTREZTFINEYS. EBALUFEH CloudTrail
FRUEERER , ¥IEim Amazon Braket IR HEHAGER, IREFERW IP ik, REFROAE, RBEFES
R , AR EMEEEER

EEE—L TH CloudTrail , 5528 "AWS CloudTrail fEFA&IER . »

EAEAH
« CloudTrail ##J Amazon Braket &&H
« Tfi# Amazon Braket AiERIER

CloudTrail 89 Amazon Braket &

ERENIIRE AWS tRFE B | 889 E SR CloudTrail. & EE)#E Amazon Braket & 4ER | ZEH
SHREHBELIOHEPHEM AWS R SH—RECERTE CloudTrall EHF, EBTALE hRR, BSH
TEHSENEHR AWS 1RF. MEFMER , F2E (£ CloudTrail B4 HEHBREH) hitps:/

docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html,

EEFERCE PNELSH AWS IEE |, &35 Amazon Braket WE4 | S5V EBM, &ZFEEEE CloudTrall
# BREERRMIE Amazon S3 fEFITHE, fkTEE , EAEEIRAPEVERE K REMSERZEM
BH AWS ElE, BRESCHEAWS 2 EFMEESNSEH , ¥4 A FEREEIEIEEN Amazon
S3 EFETEE, A |, WO LR EH M AWS IRIE RiE— S 9 FEE CloudTrail BESSFIWENEHE
#l, MEFMENR , F2RETIREA :

- BIBHHEIE

« CloudTrail X BEHRENES

« ER7E CloudTrail B9 Amazon SNS &l

» REZEEEEEW CloudTrail BFEESRE , MRS ERFEU CloudTrail HFEER
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https://docs.aws.amazon.com/awscloudtrail/latest/userguide/
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html
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CloudTrail €528%FTE Amazon Braket BjfE, #l#0 , ¥ GetQuantumTask=l GetDeviceB)fEAYFEAY
&7 CloudTrail BEFERFPELER,

B-EEMHVARERNSLSELEFRENET. B EATHEEHE T5IEH !

- REZFERE , REEATREACIBMSE I ERAENERRZLER.
« ZAREEBHS —H AWS RBRBRE,

WMESHMER |, 5528 CloudTrail userldentity JT#,

7 fi# Amazon Braket HEE1ERI1EH

EHtE—EEHRE  EEEHUAFERNERARMSRIZRIEEN Amazon S3 #FETEE, CloudTrail B&

EREGE—HZEAFER, —ESEHATMRFREME—FER , YT SHEREIE. BFRWB PG
B, BRSBEEEA. CloudTrail BFERTELMAPIRIMMNEEFH#HEEEH K Rt AT TISEIE

FER,

T5#H R GetQuantumTaskEIMERN BEEIER |, IS E FEKNFFHEH,

{
"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {

"sessionIssuer": {
"type": "Role",
"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"userName": "foobar"

},

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:56:57Z"
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},

"eventTime": "2020-08-07T01:00:08Z",
"eventSource": "braket.amazonaws.com",
"eventName": "GetQuantumTask",
"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "aws-cli/1.18.110 Python/3.6.10
Linux/4.9.184-0.1.ac.235.83.329.metall.x86_64 botocore/1.17.33",
"requestParameters": {
"quantumTaskArn": "foobar"

},

"responseElements": null,

"requestID": "20e8000c-29b8-4137-9cbc-af77d1dd12f7",
"eventID": "4a2fdb22-a73d-414a-b30f-c0797c088f7c",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

LUTHUR GetDeviceBMEMAFIRE , HEERRESHNFMAER,

"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",

"accessKeyId": "foobar",
"sessionContext": {
"sessionIssuer": {
"type": "Role",
"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"userName": "foobar"
},
"webIdFederationData": {3},
"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:46:29Z"
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},

"eventTime": "2020-08-07T00:46:32Z",
"eventSource": "braket.amazonaws.com",
"eventName": "GetDevice",

"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "Boto3/1.14.33 Python/3.7.6 Linux/4.14.158-129.185.amzn2.x86_64 exec-
env/AWS_ECS_FARGATE Botocore/1.17.33",

"errorCode": "404",
"requestParameters": {

"deviceArn": "foobar"
1,

"responseElements": null,

"requestID": "c614858b-4dcf-43bd-83c9-bcfof17f522e",
"eventID": "9642512a-478b-4e7b-9f34-75ba5a3408eb",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

£ F8 Amazon Braket BB 8%

B RAREREHEEETEERF, ELERLERNIREERTERBH , YETCHEUHNE
®EEH,

EEFEHARRES  BEREEE poll_timeout_seconds# poll_interval_seconds 28 , LUE
EFERUURKEHT , BEEFEIKRESHERE  YEERRAEERER., SR RFER
F| Python 851 , M= Jupyter £5cA , MEESHIUMEAET EPHNEFEIT.

AR IE RC 8% 2R
Bt , RELHKR , BB AFBEBRAXFERT , MTHI&EHTAR.

# import the module
import logging
from datetime import datetime

# set filename for logs
log_file = 'device_logs-'+datetime.strftime(datetime.now(), 'S%Y%m%d%H%M%S')+'.txt'

print('Task info will be logged in:', log_file)

# create new logger object

(R ) Fo8% 282
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logger = logging.getlLogger("newLogger")

# configure to log to file device_logs.txt in the appending mode
logger.addHandler(logging.FileHandler(filename=log_file, mode='a'))

# add to file all log messages with level DEBUG or above
logger.setlLevel(logging.DEBUG)

Task info will be logged in: device_logs-20200803203309.txt

BY W HTER
BEGUUENER, BEEXEZZEUYT , YEFRENER , WAL R,

# define circuit
circ_log = Circuit().rx(@, 0.15).ry(1, 0.2).rz(2, 0.25).h(3).cnot(control=0,
target=2).zz(1, 3, 0.15).x(4)
print(circ_log)
# define backend
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
# define what info to log
logger.info(
device.run(circ_log, s3_location,
poll_timeout_seconds=1200, poll_interval_seconds=0.25, logger=logger,
shots=1000)
.result().measurement_counts

BEARER
BALBATIGTRBERA ERNRK

%

o

# print logs
! cat {log_file}

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: start polling for completion
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status CREATED
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Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status QUEUED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0@dc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0ddc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status COMPLETED

Counter({'00001': 493, '00011': 493, 'Q1l0@1': 5, '1@0111': 4, 'Ql0l1ll1l': 3, '1@101': 23})

& HEEEZREE ARN

RERWAFERBE , WEAETEMIFTR , BT LLEE ARN Effl. £ ARN ID , B0 LARRELE TR
EFEENER,

# parse log file for arn
with open(log_file) as openfile:
for line in openfile:
for part in line.split():
if "arn:" in part:
arn = part
break
# remove final semicolon in logs

arn = arn[:-1]

# with this arn you can restore again task from unique arn
task_load = AwsQuantumTask(arn=arn, aws_session=AwsSession())

# get results of task
result = task_load.result()
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