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AWS Amazon Braket BI7RiE R/ s+ 8
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TS S3 f7 & 1

I 5 #h 8] 2 17 AR S5 (Amazon S3) Simp AWS BRSS le Service AT ERFBIBEANREFHEETES
F, Amazon S3 FERBIRHE TN EMEZEH, Amazon S3 RPN RHWFZAKNR 5 TB, &7
DURHMERIZE B A U4 303E £ %2 E Amazon S3 7@ , BlaE®, W, XA, ROXH. W
VIR, R EH Braket E FESLE R,

« RERE  BALLRENRUZGHY S3 FREBNITEMNER. BXEZELR , FSH Amazon S3
AP AR R R

PAASERER AT &

® Tip
BELATAREZEIEFITENERM AWS | 7T Amazon Braket 8iF % 1t% , TR —RFIZF
JREMBEZEEGE , RS ECHREHE,

{& B Amazon Braket , RO AR EH R EFITERR , TEMEERE, BNEREGRAESE, BT
BAEXENMNEZER , FHRRINWENTTE,

AKTAR :

o ISR BY R AN R BR

. TERAWERIESXE

AT - SR B BY AR R BR

Braket SDK N #&4R 1 7 @ B F TR BRI F Lot B A IRERRIE T, RINWENRAIEIZRHZ
BHEAREAE , AJRHERMHEEX Braket EFAE R T (QPUs) MRFEUFNEARAMEE, &S
BAGEERUETER , TE2REEMFRD SHiTH.

(® Note
LA RBRIEEHN Amazon Braket EEIZE M E FAE R T (QPV) EFFERABRMEER 5
A. ERNMiTZAAESENXEERAEMTRE. MitFTARITTAEARNRES |, B8
2AFEAEMERES (HlEL s ITTEZ ( Amazon EC2 ) M4 %A,

RARENTTE 9


https://docs.aws.amazon.com/AmazonS3/latest/userguide/bucket-policies.html
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
https://aws.amazon.com/braket/pricing/
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AR ER SV1

NTEROIERRARERINEE , RAVFHIE — Bell State BEEFH RN SV1 ELIZR LIETE,
B 5t A Braket SDK #83R |, E X N ZRRSH FTracker () BRBUR MBI RATRIBER A -

#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})

LRz 1T Notebook Bt , YRATLAHATF Bell State BV LA T, RIRSFDENE RRIENELTE,
CRENEFES. MITHRE, TBRNITERERBURLETHEVHNGE AR, SRELRH T
B gL BRI RE.

import datetime

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

tracker.simulator_tasks_cost()

Decimal('@.0037500000"')

{58 F R AN BR B BR 1R B B 1 AR
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B ERARARERERREITINRERN, N TEELEME LERNEH , BTRE-—NRAI]
i, BEXMAEN , B UEARARESREHRTRBHWERSEFZE, LT REIE Rigetti QPU
EXRAMEEE , FRAERREISN 1 %T. AERMNHRBHFETRXBERERHKRANA 0.30 £,
BMNEFERRENEEAR , ERERAEY 1 £x ; At , KBHFBRFEIT=R , EEIT—RIA
KRB 1 X7, BE , EFQHEEAR , EFRIFAFENRAKRAR , EAHHRH =RIENK.

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

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

® Note

BARERBRFREREABHTNIZ FESHFENE. ETNEDERES , RENHEEE T
B, BIRBETRAW , MGG RARNT2E REMARRERRSEF o

R B SRR
BEREL T fEA Amazon Braket M REXRE., TENE , RAREWEERE , FREEDER.
1 AR SRt T30 0E

- 7 QPU LEfT{hERZH , BEAELSRKIEHEE , XHEEHMATUMARE  mMTA2EER QPU
=4 %A,

- REGEFERLEITEBRNERTESE QPU LETEBRNERTRE , BETUERFERR SR
WBEIREE B RE,
BRI P 5 R R &

o BALLRERS] , BFLEARELENNAFEEL R LRIEFES. REGRINEES EZ2EH
AWS IAM, BXIATHITHIRENEZEE , BSHEEHIHA,

TH R RERE 11


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

Amazon Braket FEANGIER

c BIEBWETEEREER K, RR TFHRE A5 E Amazon Braket i %o

REKSER

o BEULLREKRSEER , UEEK LRI RBRANBAE, REFAMNHEEFS EZE T AWS
Budgets, BAIIREBENTE , HERASEAETHEBESIMESATKEIRE, EEAEULT
M1 IRBAWS Budgets,

FERESHITHENETNIE FES

- BESHEAET QPUs , ERMREFESUSHIEXREET , WELENSETESBRER. A
BIEE A {EshotiH BRI B TNIES . Shotit B A A th LA B F S HI A, SV

REMEXENWE FES

- BHARETEHINETFES AWS Kifl, EERERXNIITREFESH , BELERMAEX
o

. BALNESBNRE CNAE LEEREREAE KNS,
I &3 Braket B9 API SZ M 1Z#E

® Tip
BEUTAHARZEIEFITENERM AWS | JEMt Amazon Braket HZ %3 1t% , TR —R5IZF
JBRENBZ LG , RS ECHRFHE,

Amazon Braket 121 7 APIs SDKs, fl— M R1TRE , BU A EAECKREEMNEBEICAZHILUR
YIGRMEPBER,

« 5% Braket Python SDK ( ## )
- 5% Braket APl &

« AWS Command Line Interface
« EAT .NET B9 AWS SDK
« EAT C++ B9 AWS SDK

AP| ZEMNEF#E 12


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

Amazon Braket FRARIER

« AT Go By AWS SDKAPI Reference
« SEH T Java B AWS SDK

« @A TF JavaScript B AWS SDK

- AT PHP #9 AWS SDK

* AWS SDK for Python (Boto)

« &M T Ruby #9 AWS SDK

#&3% AT LAM Amazon Braket 232 GitHub 174 EE IR BV RS R B,
- XZEHE GitHub

B/
THERT22MT Braket WEASNKOIEFHEIR :

- Braket Python SDK-f£f Braket Python SDK #£ Python 4f21E & fWJupyterZid & LR BRI
B, REFJupyterE i AREBME , B LAE Braket i & FEIEF LIZ1TREE

« Braket Schemas-Braket SDK ] Braket fR$ 2 B &R,

« Braket BRIAERLLES —BAFTE A T Braket A B FELIE CRSBENBELERE ),

iy

REREMAEFURZIHRENEFEELE, HPE¥E Braket XEFNBEHURE=ZFXFENES , 01T
Fii/Ro

U 53 Braket ¥ :

« Amazon Braket EiEFE ——H Python fENTMEE FEZEZBE R, REEEZETEN , IBEAEL]
ERERRHBEERNE L,

+ Braket-PennylLane i #F-FPennylLanefE Braket £/ QML HE2E,

%8 =7 ( Braket HRAMG I HMHETTAR ) -

« Qiskit-Braket 1275 - Qiskit SDK i [7] Braket &R
+ Braket-Julia SDK- ( SE%&1% ) Braket SDK B9 Julia R & R

Rl 13


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

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

£ Amazon Braket 1 , ®RE R FK—1 QPU HIEHEE , IRALBAAERIZEZITE FES. Amazon Braket
R¥FMIonQ, . M=NMEEERLEEIQMQuEraRigetti, = A LABFH — MR A REREFH R QPU
®E. WFEIRE , BALUE Amazon Braket #2H| A1 %7 &M+ LB API HFFEZREE
%, FIENR RIS, BREBRBEMRELEIZIRE, GetDeviceFAEIIZSHEBIMAT , Amazon Braket
BElEREFERAEENEFIEBFHERS, MREFEH R Amazon Braket SDK , M A] LA AR & B
%, AT RB RGP R

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

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

# device = LocalSimulator()

#lLocal State Vector Simulator

# device = LocalSimulator("default")

#lLocal State Vector Simulator

# device = LocalSimulator(backend="default")

#lLocal State Vector Simulator

# device = LocalSimulator(backend="braket_sv")

#lLocal State Vector Simulator

# device = LocalSimulator(backend="braket_dm")

#lLocal Density Matrix Simulator

# device = LocalSimulator(backend="braket_ahs")

#lLocal Analog Hamiltonian Simulation

# device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/tnl")
#TN1

# device = AwsDevice('arn:aws:braket:::device/quantum-simulator/amazon/dml')
#DM1

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

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

T XFEE 14


https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
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# device = AwsDevice('arn:aws:braket:us-east-1::device/gpu/iong/Forte-1")

#IonQ Forte-1

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

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

#IQM Garnet

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

#QuEra Aquila

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

# get device properties
device.properties

XENEFEAIREHRS
+ lonQ
el

* QuEra Computing

* Rigetti

X RIS

o FEPIRAS B ERELLET (braket_sv) ('BRIAMERLES)
- BEREREEREELER (braket_dm)

o 73 AHS E#IES

- REMEELER (SV1)

- BREEKELER (DM1)

- KEMEELER () TN

» PennylLanelY A EBIEHLES

NENBFESERRESNERDSR
- LERERDES

XEBXMRE 15



Amazon Braket

FRARER

I &% Braket 8%

REE

lonQ

lonQ

lonQ

lonQ

QM

QuEra

Rigetti

AWS

AWS

REB

Aria-1

Aria-2

Forte-1

Forte-Enterprise-1

Garnet

Aquila

Ankaa-3

braket_sv

braket_dm

T

T

T

ETI]

Bilg &

WEE

ETI]

ETI]

ET]

QPU

QPU

QPU

QPU

QPU

QPU

2N 1t 15 L
i

2N 1t 15 L
-

%% ARN

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

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

arn: aws: braket: us-
east-1:: -1 device/qpu/
iong/Forte

arn: aws: braket: us-
east-1::-Enterprise-1
device/qpu/iong/Forte

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

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

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

FIEH ( Braket SDK
H Y A b AR L 2R )

FIEH ( Braket SDK
H Y A AR L ES )

X

us-east-1

us-east-1

us-east-1

us-east-1

eu-north-

1

us-east-1

us-west-1

XEBXMRE



Amazon Braket

FRARER

REE

AWS

AWS

AWS

REB
SV1
DM1
TN1

T

T

BEEL
25

BERM
25

BERL
i

%% ARN

arn: aws: braket:: 1
device/quantum-sim
ulator/amazon/sv

arn: aws: braket:: 1
device/quantum-sim
ulator/amazon/dm

arn: aws: braket:: 1
device/quantum-sim
ulator/amazon/tn

X

us-east-1
. us-
west-

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

us-east-1
. us-
west-

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

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

EEEFEEFXRTUHT Amazon Braket WEZFMAEE , TS HIL S Brak et A REE. QPUs

I 53 Braket X114

Amazon Braket LA T JLF Al f#i£3F © AWS X1

Amazon Braket Byt X 7] Bt

XA

XERL (FEFRL

MAEER )

Uiy T AN

3 BRim R

braket.us-east-1.a

QPUs Mig#l25

ionQ , QuEra, ,

mazonaws.com ( IPv4  SV1, DM1 TN1

R BR )

X35 i


https://aws.amazon.com/braket/quantum-computers/
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SEE=E X 15 FHRIFER QPUs FN1&E1l25
braket.us-east-1.a
pi.aws ( 1% )
ZEAEI ( mAERE us-west-1 braket.us-west-1.a Rigetti, , SV1 DM1
TAEEB ) mazonaws.com ( IPv4
PR )
braket.us-west-1.a
pi.aws ( M%)
EZEFEL 2 (HEXN )  us-west-2 braket.us-west-2.a SV1, DM1, TN1
mazonaws.com ( IPv4
1 BR )
braket.us-west-2.a
pi.aws ( X% )
PRESJLER 1 ( EFES/R  eu-north-1 braket.eu-north-1. QM
EE ) amazonaws

.com ( IPv4 {XBR )

braket.eu-north-1.
api.aws ( Mi% )

FREZFRER 2 (103 ) eu-west-2 braket.eu-west-2.a SV1, DM1, TN1
mazonaws.com ( IPv4

R BR )

braket.eu-west-2.a
pi.aws ( XX1% )

£ QPU &% LE1TH Quantum S AT AEZIR R FTE XM Amazon Braket BHAFEEF, IR
& E K2 Amazon Braket SDK , N LB EBHAM it X T |, A LAEEA QPU RRIEREFE
% . SDK 2HZIRIEEMN QPU tIBEZXEMN£E,

XEMimR 18
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® Note
Amazon Braket SDK B 81 7 XX PR IPv6 ™ & HY M £& .

BX AWS NAEAXBMNA T AN —REER , FSEAWS BASERMWAWS RS KigT S,

XEMimR 19


https://docs.aws.amazon.com/general/latest/gr/rande.html
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Fr 146 FH Amazon Braket

® Tip
BEUATHEREIEFITENEM AWS | M Amazon Braket BiF =23 it &l | TR — R 5%
JREMBFIMEE , RS ECHRFHE,

2 B8 /3 F| Amazon Braket Y% BR# 1TIRIESS , AT LAFF A EF Amazon Brak et T o

INREZ k3

- J5 A Amazon Braket

« fI# Amazon Braket £ i AL 4l

- {012 Braket £i2 236 AWS CloudFormation

/2 A Amazon Braket

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

o LB 2 & & BRI P /5 B Amazon Braket, AWS

ATAR :
« RREH

« 3 F Amazon Braket B35 5

FRZ M

5 AMIZ1T Amazon Braket , BB BB Amazon Braket RIEWAF
Af, XENPRETETE AmazonBraketFullAccess IAM KEEH ( arn: aws: iam:: aws:
policy/ ) « AmazonBraketFullAccess

/2 F Amazon Braket 20


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

MREREER :

EmHEMAF R T AE Amazon Braket BIRR |, iFiEid i flAmazonBraketFullAccess K B 25
MmEREZNEENKBEOAFR TR, Z1FA TR Amazon Braket FTERNINR , 5
%] & FE Xt U S b Braket B9 15 7] PR o

/B | Amazon Braket By 558

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

3. ¥ Braket ®FME L , B AT, #ARSEHERTE. RSSZESERITIBAEHR K5 SE%x
BUAT=ANTR

a. BIZRFMEXAE (SLR)
b. AFFRE=ZFEFITEN
c. BIEHH Jupyter & i ALl

EFAF=ZFETRE  LREREAXLHCERLERBCABFEEHMNELRME, AWSEHIH
FR MM Amazon Braket %I B H) “NRMIRE” TEHH “BFA” £+ LREH.

® Note

TERBE ‘BRAFE=71®’E WYUEIAFEH TS REME =5/ Quantum 8% , 420 Braket A
AR IREELLET,
MBEBEHRIE=ZFEH , NENKF RAEESXEEXRAAERAE=HIRE — X,

B2 Amazon Braket & 12 A< 32451

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

/B F Amazon Braket #5% 21


https://console.aws.amazon.com/braket/
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
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Amazon Braket IRt ST £ ER Jupyter EIEARMHIRA ], Amazon Braket 12 AL FIE T T A
SageMaker | L1246, U THZRER T AN FEFNABTE - CIEFTHEILZREH,

I &b Braket WEHTEF, :

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

2. FEHEHEIEARTTE R “XRIPERA Amazon Braket” XX &8 & “FFiR", RBMEEICARBZHRIUCIEERIA
Jupyter £i2 7K,

a. BIEEICARAREFR/LD .

b. MAVEIEAFFIE “EicA” WHEL , REN “FE".

c. HEMWELRAXFERMEAHRERAN , RBFEHL N InService,
d. Rl RE N E REEARREFRS,

I &% Braket MIEEF :

1. ¥TFF Amazon Braket 2%l & , REEEMNERFEREILL,
2. IEFROEEICARLH,
a. MBREHNEICART | FEERAERERLIEZBRIA Jupyter £iB A,
3. EAFBHFIMEFZRFMA N otebook SEHIEF , REEFREHEN THER,
4. AERABNE AREAEILEANIEFIRSEE SR,
a. MREA , BEEEZEICAZAERAMENZRFLNE., EEZILABNG , TERAEFL
FE BEEERANSE,
b. EEFZRAXGIERZLEREtE , FEMBIGHE , &F Braket U+ , RFIERE “FED
EER LW,

T

(@ Note

ERELNIE , BREN SageMaker Al £12A%6| 5 Git FEEERK. HE , FENT
E¥E)/Braket Algorithms#/Braket ExamplesM#XRzZi , IBREIIMFTLEE
BHEIEAREFIREBER.

5. (k) EASRRE , BALCIZERHRNR, EtEEMMELFRENEICA
a. EZERCAEES , BEEVRAIRE,

i. RAERT , BEBRLZFZENIRAEEFIRE mit3.medium. BETHEXREHENNESEE ,
28 Amazon SageMaker Al EEHY.

#12 Amazon Braket £ 12 43L 4l 22



https://docs.aws.amazon.com/sagemaker/latest/dg/nbi.html
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi.html
https://console.aws.amazon.com/braket/home
https://console.aws.amazon.com/braket/home
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi-git-repo.html
https://aws.amazon.com/sagemaker/pricing/
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b. BN Github R SBMBIRAZAIRXE , B8 E Gt BRETHIE , REM
B FHIRE RIS M url RS git IR, 4E Git f7AEIE URL SRR eh il AR
URL,

c. EIFRIMRS |, EEEMM AL IAM B, BIFRNBERMZERH,
d. EMEFRF , FEKJupyter NotebookSEFlE B B E XML& M iFERE,
6. EFELHRE , HFREFEMIRZLURBI BN EIZAELH, 2 B3,

(® Note

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

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

£ A €17 Braket £ 12 43| AWS CloudFormation

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

BT L E R AWS CloudFormation R E 2 EH Amazon Braket 12435 #, Braket £idA&AEHIE T
I,j# A SageMaker | #3%, {#/ CloudFormation , #&7J LA FA #5870 H fic B AV /AR S 4 R B B £ 1B A
2, BARSIHEL JSON T YAML BXEE. BUUUEFETEEN AN CIE, FHMMPIBRSEH,
LREEBECH AWS IKF 2/ Braket £idALfInt |, IFRUTESLXTXBRE R,

A Braket £1ic A 81%& CloudFormation #ir/5 , &L LAEH AWS CloudFormation kB R R. BX
EZEER , S HAWS CloudFormation A8 HHI7E AWS CloudFormation 2§ & £ Al 2 #4k

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

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

( =4 ) 82 Braket Zi248 CloudFormation 23


https://console.aws.amazon.com/sagemaker/
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/cfn-console-create-stack.html
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2. Bl H A SageMaker | #{E#I AWS Identity and Access Management (IAM) &€&,
3. RIEHAHIBH SageMaker Al Z£1243:4| amazon-braket-

BO Lt BRI ATE Braket EiCAEEFRAAEGAYNEE, BEAUAN D EMHEBRITREN
Braket £EiCAEEFEA IAM A€,

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

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

S0 1 : 812 A SageMaker | £ F B E B4

FE AL TR AR A SageMaker | 4 @ B HAEL BRI A<, iZﬂfIlZIKﬁJ Braket B XE XL SageMaker Al £
B4R, BREMmAR CloudFormation #IRAVELE LD , S FAWS CloudFormation A F 15
ﬁAWS..SageMaker..NotebooklnstanceLlfecycIeConflg'=F'E’Jo

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

exit 0

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

L& (EH Braket £iEAREHIRT , SageMaker Al 2R KREMITIRME, il , REEBEZFORZLE
FAEBBRIZ 1T Braket £idRNBMN, EEIEAREFAH , SageMaker Al éjﬂi"ﬁ’fi Braket LiZ1T#{E. £id

S| 1 8l A SageMaker | £ @ EHAE B4 24


https://docs.aws.amazon.com/sagemaker/latest/dg/notebook-lifecycle-config.html
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-sagemaker-notebookinstancelifecycleconfig.html
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AHPITABE N T AT SageMaker Al R REHITHHLRE, BEXEZEER , S SageMaker A
mazon Al F7F % & 158 #Y SageMaker Al A€,

ERANUT R ERPTHENRA Braket ZIEAMITAR., BUUREZEZE LR,

(@ Note

BRZASENN BN Amazon S3 Fi#EMs3:GetObjectiniTs3: ListBucket Mg
¥E. braketnotebookcdk-"4 /B HARL B A E EiX LN R sEE Fl Braket i AL EH
K,

ExecutionRole:
Type: "AWS::IAM::Role"
Properties:
RoleName: !Sub AmazonBraketNotebookRole-${AWS::StackName}
AssumeRolePolicyDocument:
Version: "2012-10-17"
Statement:
Effect: "Allow"
Principal:
Service:
- "sagemaker.amazonaws.com"
Action:
- "sts:AssumeRole"
Path: "/service-role/"
ManagedPolicyArns:
- arn:aws:iam::aws:policy/AmazonBraketFullAccess
Policies:
PolicyName: "AmazonBraketNotebookPolicy"
PolicyDocument:
Version: "2012-10-17"
Statement:
- Effect: Allow
Action:
- s3:GetObject
- s3:PutObject
- s3:ListBucket
Resource:
- arn:aws:s3:::amazon-braket-*

% 2 % . BlZH Amazon A SageMaker | I8{EH IAM A& 25


https://docs.aws.amazon.com/sagemaker/latest/dg/sagemaker-roles.html
https://docs.aws.amazon.com/sagemaker/latest/dg/sagemaker-roles.html
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- arn:aws:s3:::braketnotebookcdk-*

- Effect: "Allow"
Action:

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

Resource:

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

- Effect: "Allow"
Action:

braket:*

Resource: "*"

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

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

| £iBAEH, EidAKHIZ N Braket EFIBY , ATLUEN Amazon Braket #2%|& #1715,
BXIt CloudFormation #RE BRIV EZER , S HEAWS CloudFormation B F$8

BIAWS::SageMaker::NotebookInstance F ¥,

BraketNotebook:

Type: AWS::SageMaker::NotebookInstance

Properties:
InstanceType:

NotebookInstanceName:

ml.t3.medium

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

BraketNotebookInstanceLifecycleConfig.NotebookInstanceLifecycleConfigName

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

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

26
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£ Amazon Braket A2 RN E FFFH

Braket Rt 5T £ FEER Jupyter iR BNIFE |, EF A, Braket EidATME T RHIEZE, FIRA

BER—TRBETENE Fit EYARNE EXE#ITUHFZET,
ETAR

- BiERINE—&RRE

o REVEREW

- F#afERA Amazon Braket JBE SR

» {# OpenQasm 3.0 iIB1TRIVTRIE

- REZKEED

+ Amazon Braket £ BBk I2 &l

- BRRRE{EE

« f£A AWS Boto3

BRI E —R3FE

BHERALLE , ERERIRIQIZENECE , EARE Jupyter FEHTFFZEH,

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

I O3%h Braket 218 43245 2§ 56 2% T Amazon Braket SDK R EFr Bk 8N, B EMIE -/
Bconda_braket AW EFEIEA,

FA#&#IE | 23 Amazon Braket SDK, f&B) Amazon Braket SDK , BAI UMW EE FE % , AREL

BERNE —RFE
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[Z Launcher +

|E| Notebook

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

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

| oo

Console

conda_braket
Other
M
T e =

Terminal Text File Markdown File Python File Show Contextual
Help

IRALM—EEE R | R | T RO, B, WE— D EENRRSHEH , REETEN
9% LETRERURBLR,

B %S A Amazon Braket SDK &R H E X —/ME £ Bell State B3&,

import boto3

from braket.aws import AwsDevice

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

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

fRET AR XN 85 5 X B ER AT AL

print(bell)

T :# 0 # 1 #
HHHHEH
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q0 : ## H ####E###
HH#HHH #

HHHHH

ql : ######H#E X ##

HHHHH

T :# 0 # 1 #

A #8025 EIEIT YRRV R

BTk, ERIZTHERNE FE54. Amazon Braket SDK MiH A b4 #1 88 | TR S/ B 2 F050)
He WTFRIDEBEE , RINBIEAXRHER , &ZATIE 25 qubits P ( BUR T BV AR TEHS ) o

LT RERBUEAMIEBBRI 5%

# Instantiate the local simulator
local_sim = LocalSimulator()

RIGIZITEREE

# Run the circuit

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

print(counts)

RN ZSERXHFNE

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

IEIFREAR AR | RERNEMEIRIRSE |00 M |11 WHEEEN , (RAXIINEERABHEE (&
LA Eidshotl&® ) W44 00 11,

EREELSR LETENRE

Amazon Braket TR IZEREN S HAEEIEESV , ATETEANBER. SVIR—RRERSE
EHESR , AFHESIE 34 qubits NEFHEEE, BAIBISVIE “TIFMNIER 9 AWS 2H & Ak
FFEZER, SV (METNIA QPU Lt ) LETEFESH , EFESHNERGFHEELKSH S3
F#ED, MREBKRISEEMHN , Braket SDK ©amazon-braket-{region}-{accountID} R &8l
BE—IMRIAE#ER. ETHREZEER , B2 R EEX Amazon Braket B 175 [ R,
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Amazon Braket FEANGIER

® Note

EEENSSFRNEEEBEHN , LT RAIE Ramazon-braket-s3-demo-bucket HEM1F
BT, Amazon Braket WIZE BB ALK Llamazon-braket - &7 Mey E iR 5 =& FF
L, MREEEFRNAKRE S3 FHBEHWEER , B3 % Amazon S3 Al

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

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

# The name of the folder in the bucket
my_prefix = "simulation-output"
s3_folder = (my_bucket, my_prefix)

EZTRESV1 , E4FARBEMNE. run()BRARENNESHILEN S3 FHEBNVMLE.,

# 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 £ H| S RUEXEZNEFESNEZEE., SMEIESH AP Quantu m Tasks LI
+ , RN EFESNZNUTIRNTASR, HE , EaUlERAE-NEFES D EMRGERENE
FEE,

(® Note

90 K5 , Amazon Braket & Bl BR 5 EMWE F1E55 IDs BB E FES M EM T
. BXEZER , BFSRNERE,

£ QPU LiE1T

BERNE —RFE 30
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£ Amazon Braket , BREER—TRBAATEYNEEFITEN LETHHNE FBRER

f5l, Amazon Braket ftiFMlonQ. IQMQuEra, FiAEQPUEE . Rigettif® Al AfE “HIFM018 %" o
MAWS #ZHER “BE” EHF THRIBEXRTRARENTAMEONER. A TROIERT @EH5
IQM1L IR -

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

HEERBFEUTRBHNIoONQIZE :

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

ERREE , BETIEARZA , BAUEANATRBERRZNIIRE , AUBEEFESH
BEEFSHBE, WA, BFALEN RE” RHALERRBRHENBAIIRE. Amazon 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'

HIRIZITHESET , Amazon Braket SDK 2R H4 R ( BRIAERIETEIN 5 X ) » EBAILUER S
R.run() W HHFHpoll_timeout_secondsZSHRE XL ERIAE , WA T REIFAR. HicfE , MR
R BT RT B AE |, W ATRE SRR R AR ERNIREER | Fl0Y QPU 1] A BiR B A ih 5 1T 45 1%
B, A LU @A task. result () EHBREFHIT R,

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

A BRREFEFSREESESE , B LLFAZqueue_position() BRECREERIIIE,
print(task.queue_position().queue_position)

# Return the number of quantum tasks queued ahead of you
# '2'
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FEIREY 56

— N EFEE

Amazon Braket E2E R Python RENTEETE LN E R, REFETXEEE: K REFHE

MNMERNEBEEEREEZNER. B LUM Braket BHABRIEEE, BXEZER

Github B,

Amazon Braket X

Dashboard
Devices

Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Algorithm library

Algorithm library

&2 % Braket

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

€) GitHub [

The Bernstein-Vazirani algorithm is the first guantum 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.

Berstein Vazirani algorithm

) GitHub [2

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.

Tags: (QEENGILTS

Deutsch-Jozsa algerithm

O GitHub [2

Grover's algorithm

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

a quadratic speedup. For large databases (with a large number of entries, N) a quadratic
e can e SR— PR Avimtana Ear - Antabnrn i b arn millinn andrias -

) GitHub [A

Quantum Approximate Optimization Algerithm

The Quantum Approximate Optimization Algorithm (QAOA) belongs to the class of
hybrid quantum algerithms (leveraging both classical as well as quantum compute), that
are widely believed to be the working horse for the current NISQ (noisy intermediate-
scale quantum) era. In this NISQ era QADA 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.

Braket ##| 5RMH T EAEF BRI RAEEZNHELR, £F— GitHub #EUEEZSHEZN AR

B, RERE ALRRN WA RCEZLESMATREZNEILR, MREEFECAEI , T

UEZIRAWRIXHFKFHKE Braket BiEE

£ SDK & i

ATREHTEXERRE, EFETAH., FREBEUREESMIBIFNIN RS, ERBER/XNMAF
2 Bqubits, IERHIFRRTERRE S ITREIEE AR MM RFELIZREERF EE U,

B9 Bk 42 51

EHARE :

o KITFEBE

- BoNE

+ Fzhqubit B
- BFEFLE

YR AT LATE Braket P A EFTREKTEBEFE, QPUsEXEZEER |, 155 Amazon Braket &

MWERNE - B TEE
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- BER

RITHEEE

B FI TR B 27 Amazon Braket Python SDK Hbraket.circuitsHBIHRENM, £ SDK F , #R
AT LB ARSI — MR BB R Circuit()

T~ BN B

ZROIEEENT —MNEHOE N qubits ( F7128q0. . Fq3 ) ARHERBE qlq2 , SEHENEET
tb4% Hadamard TN E FLE4E CNOT [, S LB EAprint BRI MAL L BEE | I T HIFT
o

# Import the circuit module
from braket.circuits import Circuit

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

T : # 0 # 1 #
HHHHEH

q0 : ## H ######4##H#HHH#ES
HHHHEH #
HHt#H#H #

ql : ## H ####H##H#EHHHH#ES
HHt#H#H # #

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

HHt#H#H HHt#H#H
q3 : ## H ######### X #4#
HHt#H#H HHt#H#H
T :# 0 # 1 #

™ EXSBALRE

ERXANMIFH , BNELT 1B, HIMEBTERESH. RINAIUEEXESHNERCERE
B, REERTEEN , FRLERZE LENEBTFESET

from braket.circuits import Circuit, FreeParameter

1£ SDK 19 E B 33
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# 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(0, alpha).rx(1l, alpha)
print(my_circuit)

BA BN R ERREREN S loat (XEMAEHASHNRANE ) IXBFSHBREESINSH
ME , NTINSBILEEE R EZE— RS BILERE , TR,

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

FER , my_circuitXRRERN , REATERERXGULITS EREESHRERNH B,
R SRR

UTRAENT —NEE , HiMEARFMNIREKRIR[. SAUERAXESSKRIERIK] , fluns
:?Ryl‘—.lo

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)

REXRELEE T FBE NS,
T~ EEFERANEYO
LA R 4135 B8 f0{a &£ & Amazon Braket FFrE AT KT,

from braket.circuits import Gate
# Print all available gates in Amazon Braket
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gate_set = [attr for attr in dir(Gate) if attr[0@].isupper()]
print(gate_set)

AN EE: ok R g R ) O

['CCNot', 'CNot', 'CPhaseShift', 'CPhaseShift@@', 'CPhaseShift@l', 'CPhaseShiftl0',

'CSwap', 'CVv', 'Cy', 'CZ', 'ECR', 'GPhase', 'GPi', 'GPi2', 'H', 'I', 'ISwap',

'"PRx', 'PSwap', 'PhaseShift', 'PulseGate', 'Rx', 'Ry', 'Rz', 'S', 'Si', 'Swap',

ITiI’ IUI’ IUnitaryl’ IVI’ IViI’ IXI’ IXXI’ IXYI’ IYI’ IYYI’ IZI’ IZZI]

BEEAZRERRNGE , TR ENPRNE[— NI REEF, a0, fRESITE
FHcirc.h(0) , BE—NMITLAMN—BRIEBEKT, qubit

(® Note
MR , AT R £E—NREIFFIHA R TIAMEIE — BT,

circ = Circuit()

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

# cnot gate

circ.cnot(@, 1)

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

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

circ.cphaseshiftoo(@, 1, 0.15)

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

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

# controlled-phase gate that phases the |10> state, cphaseshiftl1@(phi)
diag([1,1,exp(1lj*phi),1])

circ.cphaseshiftlo(@, 1, 0.15)

# controlled swap gate

circ.cswap(Q, 1, 2)

# swap gate

circ.swap(0,1)

# phaseshift(phi)= diag([1,exp(1j*phi)])

circ.phaseshift(0,0.15)

# controlled Y gate

1£ SDK 19 E B
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circ.cy(0, 1)

# controlled phase gate

circ.cz(0, 1)

# Echoed cross-resonance gate applied to q@, ql
circ = Circuit().ecx(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, 0.15)

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

# identity gates applied to q@, ql, g2

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

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

# pswap gate, PSWAP(phi) = [[1,0,0,0],[0,0,exp(1j*phi),0],[0,exp(1lj*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, 21)

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

# T gate applied to g0, ql

circ.t([0, 11)

# conjugate transpose of T gate applied to q@, ql
circ.ti([@, 11])

# square root of not gate applied to q@, gl, g2
circ.v([0, 1, 21)

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

# exp(-iXX theta/2)

circ.xx(@0, 1, ©0.15)

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

# exp(-iYY theta/2)

circ.yy(Q, 1, @.15)
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# exp(-iZZ theta/2)

circ.zz(0, 1, ©0.15)

# IonQ native gate GPi with angle 0.15 applied to q@

circ.gpi(@, 0.15)

# IonQ native gate GPi2 with angle ©0.15 applied to q@

circ.gpi2(@, 0.15)

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

BRTTEMHINEEN , BEUUNBENXNE T INATHEE, SMNAUUREEFLEE] (WAUATIR
RBR) , BAIARBA TS EHqubits EXWZEFH4E], targets

import numpy as np

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

| RIA B

BRI LB R INES kT B A HKR, A Instruction B—HMEFIES , eHERTEEEFEH4 LR
THEFES., InstructionEZEFGateNIFTFXRAEMTR,

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

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

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

# Specify where the circuit is appended
circ.add_instruction(instr, target=[3, 4])
circ.add_instruction(instr, target_mapping={0: 3, 1: 4})

# Print the instructions

print(circ.instructions)

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

# Instructions can be copied

new_instr = instr.copy()

# Appoint the instruction to target

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

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

Rl EEBAERBIIFHIA]

U5 X+ Braket SDK FEYFRAT] , ER QPU REXFHFER/D, RANEREBMHFHIIRZ
XEFEN. LTERT ionQ REW R

# Import the device module
from braket.aws import AwsDevice

device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/ionq/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:
[lxl’ lyl’
'SWap', 1

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

xx', 'yy', 'zz'l]

XENNTREERENRE] , AGTEEZEFEGALET. HERITBEA , AmazonBraket £ B
AT YR 1%

Rl BUREAARRRZXFNRENNREE

&R LAE Braket 24 AH “RE” THLEEREERFEE. A, UEEAXTHHERNEESRER
B UTRBERIMITRE QPU BFNqubit 12BN A TREE,

# Import the device module
from braket.aws import AwsDevice

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

a=10

b=11

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

fidelity = edge_properties_entry[0].fidelity

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

EHENESETRERTNAMAETLE  TUERAMINERNEL N EFHERRETFLRTE,

(® Note
Hzhee , flaneh i BN M e BHRE |, AMER KR ThRERE | BS ML A IQM xF EHF)
DEE.

R MEEFEEBNTE

T RBREER T BIE N RSB DN EE 7 0 RETHINE,

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)

F Zhqubit &L

LIREER FitEY LIZTE 7B RIgetti , #RATLUE R A F3hqubits B SR 2 Flqubits BRLE A T REY
&%, Amazon Braket 2% & 1 Amazon Braket SDK AI# B EFfEE FAIEE T (QPU) iR EH
RFRERE , LEEATU N R ERRERERIE. qubits

F3hqubit B fE IR RE B E 1T B BES MubitiFtt, HRARNSRAF TUREZHE
REREHFE A CEBRRT , NTTREEEBNER,

LUTR REIER T t{aqubits 23X 2 Bo

# 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
"your-folder-name" # The name of the folder in the bucket

my_prefix
s3_location = (my_bucket, my_prefix)

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

BTHMEZER , TS HALIEAER L Amazon Braket =l : £ GitHub QPU &% 9l & F thi,
BEFicxL

HREETIINEFIIEN LETEF RN , (RAUMERREERTERRESETRONBEE , MEE
HTEAER. EAZEFRE , ERIUEEEATERRBREEANREENER , ELANREEPNE
E#D (REFRigettix$F ) . ENEHAEAENRFHREFNITT REEN , (REEZTUEEBHEE
M EZEITHINMEREM R, Verbatim miIFEETUBE X ARERCTRKREEZF RFIRE ,
MR IGHY BER T2 BB IRITE 1T,

. MQMiR& B B XFEF4HIF RigettilonQ , # EFEEARE], ERAZRFRIFN , BEURERSE
RYFRINGH |, SUBRIEERSEMAT] | qubitsH B B ERE A A SIFM AN T, BUT =I5 BB Al LA 4w
BRI EREFNRENTIR,

device.properties.paradigm.nativeGateSet
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3t FRigetti , A FET R EdisableQubitRewiring=Trueh 5Z&FiH1¥ — i FEHR<AqubitEFH /

%%, disableQubitRewiring=FalseMIREHRFFFEAZFRFICFKMEMZE , N EFHEBIEXKE
TEIETT,

MRNEBERBATEFREHAEIIIFEFRIEN QPU £&B1T , MWESERER , RRESRTIIEFN
BREMSBEST KM, EEURKBESHNE FRGEREXISRIFRIE , ZUWEHT BISRXLERZ,
ERUTRBERN , XIFEFRFNRZFETN IFHRE.

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

FRAZFIEEKLEILTEEMTINTEH, T Braket QPU i%%. EIEALHIFIZEERLIEE LT
HNETFES , BEEREIZR Amazon Braket EMTREI LIEEN LA BRTH, BXEZER | ES
% Verbatim 43 RAIEIZAK,

(® Note

WMREEA OpenQasm HlonQIFRwERE , H AEFLETHREEZMGFTYIES
FLb4s  MEEFEH , M#pragma braket verbatim} OpenQasm &% £ 2R
#ZdisableQubitRewiring#ri,

15 7 AR
EXOULARERRE RIS T A E R RR.

# Import the device module
from braket.aws import AwsDevice

device = LocalSimulator(backend="braket_dm")

R LUEE WA S AR K

1. BT L& E A B
2. RAYANERFT R , FEBIIBTIEARE,

UTREIERT EATREERCRFNE L BENBAE N Kraus BEN T E,
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import scipy.stats
import numpy as np

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

# Create an arbitrary 2-qubit Kraus channel

EQ = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.8)
E1l = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.2)
K = [EQ, E1]

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

from braket.circuits import Noise

# Inject noise approach

# Define phase damping noise

noise = Noise.PhaseDamping(gamma=0.1)

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

circ_noise = circ.copy()

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

EITHERNAF R EUEAER , WA TR REIFTR.

=l 1

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

C1%

w2

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

BAEZLZRH , FSH Braket A|JIE S EHLES R
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K E B

Amazon Braket PV E FEHEF —NE R “UiadE” BWELE. MomentsE Aqubit REEMAKR —F KX
[IMoment, WMomentsEWRFEBREREKRES TIut , HREMHNBEEW,

(@ Note
NZBEANNT QPU LHATKITRISEET AT E .

EEREVRE R IZER PN EERSLH, BUUNESEMA LG ENEEREcircuit.depth , BT R
BlFR Ro

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(0Q)
print(circ)

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

T  # 0 # 1 # 2 #
HAHBHHAHHSHH HHt#H#H
q0 : ## Rx(0Q.15) ##H#HHHHHHHHEHEEEH----E X #4
HAHBHHAHHSHH # HHt#H#H

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

HHt#H#H #
q2 : HESHHEHSHEREHESE X BEHHRSHERSHARSH B RS HHY
HHt#H#H #
HAHBHHAHHRHH
Q3 : HESHHHHEEEEE RS 72(0.15) #HdH#SHS
HAHBHHAHHRHH
T : # 0 # 1 # 2 #

Total circuit depth: 3
+THESBBRNEEEREN 3 ( ERADEL, F2) ., BAUEEENSZANTEERR,
MomentsBEEE N BREXT K FH,

- ZHARMomentsKey() , EZRHRBEIRER, qubit
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« ZEMNSEEHENInstructions().

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(1)]), moment_type=<MomentType.GATE: 'gate'>,
noise_index=0, subindex=0)

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

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

Instruction('operator': CNot('qubit_count': 2), 'target': QubitSet([Qubit(Q),
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)

& A LUR BN MK TMoment s,

from braket.circuits import Instruction, Gate

new_circ = Circuit()

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

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

T # 0 # 1 # 2 #
HHHES HHHAH

q0 : ## S ### 7 #HHHH#HHHH
HHHES HHHAH

# HHHHEH
ql : ####HHHAHERHES H H#H#
HHHHEH

T :# 0 # 1 # 2 #

HRREIK

EAME BN , Amazon Braket AJLUREIRERBEWLE R, ResultTypeBEEATBUREI AT EEK
&R,

« AdjointGradienti REIFTZMHAN TN NENHLEENKEE (QESFH ) . ZUMWNESEAEBEHD

ERFEREESBOIRMHN BREER. RBTE shots=0 BfFBEEALL T %,
« AmplitudelR[Elf HKEHHFIEEE FANIKRIE, BRESVIMAELURE LA,

« ExpectationRESEAMENRWHEHE , ZETUNEIEREFTENEHObservableZKig
Eo SAEEqubits BT RETMNERN BFR , H BEIEE BN BEXNE T AT MWEX RATE T
qubitsBHE, MERIEEBF , W ATMBERRAMNE 1 L1217, qubitH 1T A qubits FFIE B #ro

» ProbabilityiREIMZiTHESHWBR, MRKRIEEEHR , MProbabilityiREN A ESH

BR, MREET IR, WOOREEEqubits 2R ERLEREIR, HEELSR , QPUs ZXEF L4

BREIS 156 A, A ELIBRNR T RENRF KR,

« Reduced density matrixIREIRZEHIEE B Frqubits FREMZE R, qubitsh TIREILLER

KAEF K/ |, Braket 55 BB ER #lqubits h &k % 8,
« StateVectorREIZEMWRAOEE, SAEARMELIEZ EFEH,

+ SampleilREEE B Frqubit e M AT MEN RV E 1T, MRREEEIR , AR RLTUNIE 1
LIE1T , qubitF TR Aqubits TArE B#R. MREET B , WIEE BRI BELAEF T TRNRENR

ERHEE, qubits
. VariancelREI#EE B #RqubitEE I 5 ZE (mean([x-mean(x)1?%)) , HERE R L RA R TN

2=, MRKREEER, WANENKSIRE 1 £1E51T , qubit 1T Aqubits FAIE BHr. &M , #8

ENERBEBLNET AT UARA TRENRAKE. qubits
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FRARER

TERIREIFHERKE

i A SV1 DM1 TN1 Rigetti lonQ IQM
VS
PR N Y N N N N N
B
Amplitude Y Y N N N N N
HRLE Y Y Y Y Y Y Y
Probabili Y Y Y N Y Y Y
ty
KZRE Y N Y N N N N
il
RG] Y N N N N N N
%
HEA Y Y Y Y Y Y Y
BE Y Y Y Y Y Y Y

BULBIRERZFBURREFNERRE | M TROIFFR.

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

# Print the result types supported by this device
for iter in
device.properties.action['braket.ir.opengasm.program'].supportedResultTypes:
print(iter)

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

ZiAA aResultType , EBRFHEMMBIBESH , MU T ROIFTTR.
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[@])

@ Note
FTRNEFRHEUTENERNREMER., SN0, RigettiiRZFIRENEME , MlonQiRE NI H
BE=R, Amazon Braket SDK NFIEEREH T —MIEEM. B2 , W FREMEMNRE ,
XUENEEREFIUTEN , HEETHR EALEHTERNE. EREELERRELTEE
HitE  BRELEREXN Rmeasurements_copied_from_device E#Y, LIRS Amazon
Braket #{F7F % T E & GitHub FfEEF Y gate_model_quantum_task_result.py X HiF
N B

A B &R
Amazon Braket BJ0bservableZ RN 243 T AT W EIT R,

BREF—NMNINENE—EFHNATEN, qubitlIREFFNRZS N TERIFES 4 AT EXN Rig
EANMEENR , WeREER, qubithilt , KEFRRHNENE FHBEFE-—NERHNTAENR, X=
LR R A LU Z A ok & AR MAE R — 1 Lqubit , REEA TXLEFRRVEA FqubitiRIFRE,

A AN EHRMEMATURENR (LTRREREN ) » SuUmXFA|EJEAdjointGradient4
KERFERHN,

Z0bservableZX BIFLU T TMEN R,

import numpy as np
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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@, 17, [1,

011)))

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

Eigenvalue: [ 1. -1.]
Basis rotation gates: (Ry('angle': -0.7853981633974483, 'qubit_count': 1),)
The matrix form of the observable:

[[ 1.+0.] ©.+0.7]

[ 0.+0.7 -1.+0.71]]
The matrix form of the tensor product:

[[ 0.+0.] ©0.+0.j ©.-1.7 0.+0.7j]

[ 0.+0.j -0.+0.] 0.+0.j 0.+1.j]

[ 0.+1.7] 0.+0.j 0.+0.j 0.+0.7]

[0.+0.j ©0.-1.j 0.+0.j -0.+0.j]]
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)))
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5%

BERALNIERERS K. FLEEHSHBATENERBTETZR , ARTATIHERE.
BOEHSUHBEAFTHRRENEN , ZBWAT

- RESWIE
- BEEEABLESHK

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)

HEHE

ZSVISRA T ERWNAEE (B RSZTRETE ) WEREE. EX5SH% , FEEEEN ( ZH&H
B3 ) RELEESI AREE.

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

device = AwsDevice(Devices.Amazon.SV1)

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

FEESHEENSBEZASEILERNBRERNSEH, FALBEEIEITAdjointGradient&=4%
BiR , ENZRSHETRFE. ATKRBREERT EBMNTEBNAL

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

# Will succeed
device.run(circ, shots=0, inputs={'phi': 0.2, 'theta': 0.2})
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[E$%7E Braket EEEFIEPFEEFITEETRER , FEXIERENEZES,

EJE)S Braket Direct X ¥ & REWGEI |, 53T Braket #2548 |, £ M B H %2 Braket Direct , &
BEMBITREBWNI D, U TEREBUVGE 0] #1£$R -

- Braket }2BT[H] : Braket MABEIA 1:1 21, £EIEE , BAXRT K. BNTHANDLKTENRN
30 24 , BR %, SBraketE R K AT LUEREK use-case-to-deviceltl & & , T TE & & it Kl F Braketit
TEEMEI , HIREBAEX WM A K LLBrakethRERI W , fflIAmazon Braket/B&E55. Braket
PulseSR 8115 Z5/RUTAR L , WA BY 8 58 1R ith A B B 1T
- EEM Braket B ABTE , FRFEMHEERRELS, TESFBENMENITLER,

o @S B F R R EI T — N AR EREY B A #E

(@ Note
NFESEFRPFESELERR IS | FAVEIWIEEKR Support AWS » N FIEEREE , {R
LA re AWS : Post i35, Quantum Computing Stack Exchange , 1 A8 #R 1] LA
b TN EIR=S o EPiBs 7e o g ] P i

« Quantum BHRMEREMAN™® : lonQQuEra, , Rigetti@RENEEBEL AT AR IBEM T LIRS
AWS Marketplace.

o BRI~ M , E%EE Connect H3X A1 E IR,
o EiF TR EREMNE LIRS AWS Marketplace , 55 R %\ RS Mo
« AmazonE FRFREKE (QSL) : QSLR—NMNEEMEMETURSER , HEFITELTRA
B, TS BI R A RIIREE 7T E TG 1R AR E S el gE,
- EEXR QSL , Fi%$F Connect , AFEBRRELMAFEAER.
- QSL FBNFET B FHR S ERBRR , HFAREESR.

F 468 -8 Amazon Braket ;2 & B34
AFIREE XA HNEEURBXI{ATE Amazon Braket RiZEES L RHA,
B LAE R LLT AR TE Braket R iFEREES/ENL :

53 Braket Python SDK,
o I 53 Braket E4Ho
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« Y 5# Bra API keto

AFTHA :

« H4ARIES Job?

« {AIRdfE A Amazon Braket JE& T4
- WA, W, METENHBEK
o NEEMAE R

- ERABESHK

T 4ARIES& Job ?

Amazon Braket Hybrid Jobs A#ERH T —RETESETFLHREZEZNHZE , FELHE AWS BIRA
EFUEHET (). QPUsHybrid Jobs EFEBHERNELEER , BETENEZL , A ESKEBMEE
Bl , HbERE N EBRERN TR

Hybrid Jobs JFEEEKMEBITHERE R K XEEEZSREALHITERFENE FITERR, &R
Hybrid Jobs , ff X&EIZ1T/a , Braket FEA BN RB[ICHERETENE L, BEETHE , £H
AURBRLERT,

s BERESFLEIRNEFESSRTESHNMLARINTBIR QPU 8%, XMLERKD TH
RIENEF U EERIPSHENHEMES 2 BRLENET. SN TERBEEEELERRN , &R
BEEZEP , " TMETESHNERIRTANEBFESHER, WREZN RESEE FIROMRLEE
(QAOA), EHEFRIERBHFNEFINERF T BEALUL TRt EREEHE , MTERERKA,
MER B E B , Bl HRKRHAEE,

Al Bt fE F§ Amazon Braket J824& IT1E

Amazon Braket Hybrid Jobs fEREEBIZITESE TR HE L | HlNE 9 E FIFIERAESS (VQE) M
EFELCUELEE (QACA) , EIELHITERFREEFITERBRHES , MELYSETFRENM
#E, Amazon Braket Hybrid Jobs 2t =M E B4 :

1. AL : BEBECHRERETESE EAMEL | Amazon Braket BEAES MMM EET T, HIEWE
Wizt , EBME LB RLIEEN BAR QPU, BHNESEIRE LHMNEMEIS2HET. XES
BEEEMNETRBAESE. FEETWMNMY, Amazon Braket -BEEWE X IFS B RiIF. EATLUE
ARBSHBIRRHBE , AJS Braket AZRIF—IXBE , TEEFMRFNANE —BERFTEESH
B, NS ERIIZITEIE
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2. X : Amazon Braket Hybrid Jobs &1t T it BB RENEE , HERSELZETRHREFH
B1T. BRERHEZHA K ABFEREZTHNEFREZ (ETLERTHEDE ) . Amazon
Braket EFE/MRE A , BHEARER , EMAWENBTSHREFETIEAR , BEREREE
T E 2 17465 RS (Amazon S3) , RAEBRKITERR.

3. %% : Amazon Braket Hybrid Job on-the-fly s 2B XETEEN AR , HIE F 56 it [@ 31 5 #b
CloudWatch 1 Amazon Braket #Z#| &8RRI BE XN EEIER , MESAUREREEZNHE.,

A, BH, RREENHEB Y

BRT MR BE EM AN — MRS N NMI , BRRESELEUAEMMANB L, SRS HFL
B3hEt , AmazonBraket & 0B &L AR M AEHEZITEEZHANERP. BEESTK
fa , EEMIRE LR AT R R E B EER Amazon S3 LB,

(® Note
FiERRRMNREN , TERLEEERF.

Amazon Braket ‘M2t T 2NN BT ENMAEBIRE , UE{LERSEMANBMENRE,

AIT4B T Amazon Braket Python 34 & T E B #AAwsQuantum]ob. createEE IR BEL =
RHERBXHEHHRE,

ETHEA :
N
- Wi

DN

BMALYE  BIEAinput_dataZBIEEREN FHRNEM ARE M4 , 7L ABERMSES
®xt, A1 SDK BAwsQuantumlob.createEEHFE X input_datas ¥, X&TMAKEE S
FMET EFFA N BN RS X RS "AMZN_BRAKET_INPUT_DIR", BXIMAIEREEEFEABMA
BEM LA RA |, 1§37 A Amazon Braket Hybrid Jobs B9 QAOA PennylLane # Amazon Braket
Hybrid Job s Jupyter £i8 AR E FHLEFF T,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb

Amazon Braket FEANGIER

® Note

HMABIERAK (>1GB) i , BEELEERKINBAIFTERR,. XER A @M AKESE
% E4£ %) S3 FiEM , ABN S3 BEAMBBREESERY , &F , BEEFSEREERS
Braket BR%5

HBSE . iNRfE Ahyperparameters , M E1EHREZ E " "AMZN_BRAKET_HP_FILE" T ® A,

(@ Note

BEXNMAEBS BN ABEAEIXLEEEAREESELHANEZER | HSHEEH
BB ER o It github W H.

REL  ElEEjob-arnEEFWESELPEABIMES |, FF
Fcopy_checkpoints_from_job@if, P RHRESKESEHIFHAESEL

F, FEHEELETRERIETEAMZN_BRAKET_CHECKPOINT_DIRA HHIRZE LT

. checkpoint_configs3UriZiIAEINone , XEKBERBEMESHELHRESBERTFTLH
FHRERSEL,

B

BFES . BEFESEREMAE S3 LiEs3://amazon-braket-<region>-<accountID>/jobs/
<job-name>/tasks,

Job &R BNELEHARFEINETELTEBRNAEN

A "AMZN_BRAKET_JOB_RESULTS_DIR"#REHIF|FIEER S3 fLZoutput_data_config., MR
IBARIEELE , MERIA A S3://amazon-braket-<region>-<accountID>/jobs/<job-name>/
<timestamp>/data. 1R SDK #BIZSE %K save_job_result , INEEZMAF AR , &7
DERAZEBATFENTEX S BEibFES R

RES  MREFARER , TUFHEREEXNETELHNER
" AMZN_BRAKET_CHECKPOINT_DIR", #&tiA[LAsave_job_checkpointci A SDK #5BIzs B ¥,

AN  BULVEEEBRENAEEMAN -2 , XERREERSELEITHI ZIEE Amazon
CloudWatch F#3584.E /R1E Amazon Braket 2§l &, BxMAERAELIERN R , ESEER
Amazon Braket JE&1FSI121T QAOA &%,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
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INETE

Amazon Braket 2t T ZNMNREBETEXR ML ERBFMANBEHNRE, UTREBFIE T Braket EAKY
HETE,

« AMZN_BRAKET_INPUT_DIR— % A%#E B Fopt/braket/input/datas

« AMZN_BRAKET_JOB_RESULTS_DIR— opt/braket/model ZiF4E\l 4 RE AW #H H B &Ko

« AMZN_BRAKET_JOB_NAME : {E:L By & 5o

« AMZN_BRAKET_CHECKPOINT_DIR— K &E R B %,

« AMZN_BRAKET_HP_FILE— @ &8 S H,

« AMZN_BRAKET_DEVICE_ARN— i%%& ARN ( AWS ZRE# ) o

« AMZN_BRAKET_OUT_S3_BUCKET— CreateJob & R#I5ER % i Amazon S3 7%

#OutputDataConfig,

« AMZN_BRAKET_SCRIPT_ENTRY_POINT— CreateJob ERHIEEN A DO
RScriptModeConfig,

« AMZN_BRAKET_SCRIPT_COMPRESSION_TYPE— CreateJob ERFIEEMNEK
EScriptModeConfig.

« AMZN_BRAKET_SCRIPT_S3_URI— CreateJob ¥ERHIEEN A F MK Amazon S3 {1
BScriptModeConfig,

« AMZN_BRAKET_TASK_RESULTS_S3 URI— Amazon S3 V& , BRIABER T , SDK FEHEHAPZMET
SHEFESER,

« AMZN_BRAKET_JOB_RESULTS_S3_PATH— Ff{ESS S R Amazon S3 L& , WCreateJobidsR
FATiROutputDataConfigo

« AMZN_BRAKET_JOB_TOKEN— X FEE W BEsH |2 CreateQuantumTaskVE FES , RifkiE
B jobTokenS B ER/ &,

T Bh B ER

Amazon Braket 12t 7 ZAMNHBIERE , UELERBHAMNALENRE, XLEHBRBHEMNEATET
Hybrid Job B EMIAR AR, UTREERT MAEREN.

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
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get_job_name() # Get the name of the hybrid job.
get_results_dir() # Get the path to a results directory
save_job_result() # Save hybrid job results
save_job_checkpoint() # Save a checkpoint
load_job_checkpoint() # Load a previously saved checkpoint

o BRI TR
Amazon Braket X = A AR N E LM ATE LHIFE

- HMiAE (WRRIEE , Mimage_uri HERIABER)
- —/NKH Tensorflow KA 25 H PennyLane
- 8 PyTorch MY A 8F PennylLane

TRERTEXERRETENENFAEE.

I 5% Braket B85

3] PennyLane with PennyLane with PyTorch
TensorFlow
Base 292282985366.dkr, € 292282985366.dkr, e
cr.us-east-1.amazo cr.us-west-2.amazo
naws.com/: latest naws.com/: latest
amazon-braket-tens amazon-braket-pytorch-
orflow-jobs jobs
YRR PE * awscli « awscli
* numpy * numpy
* pandas * pandas
* SCipy * SCipy
HAt + amazon-braket-defa - amazon-braket-defa
ult-simulator ult-simulator
* amazon-braket-penn * amazon-braket-penn
ylane-plugin ylane-plugin
* amazon-braket-sche » amazon-braket-sche
mas mas

Pennylane

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

* amazon-braket-default-
simulator

* amazon-braket-penn
ylane-plugin
« amazon-braket-schemas

* amazon-braket-sdk

NEEMATE LRE
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RE

#a LAfE aws/ amazon-braket-containers L& &HMiFRFBRAREN , LR

PennyLane with
TensorFlow

* amazon-braket-sdk
* ipykernel

+ keras

* matplotlib

o M%x

* openbabel

* PennylLane
* protobuf

* psi4

* rsa

+ PennyLane-IN A%
GPU

e cuQuan

BERBD

PennyLane with PyTorch

* amazon-braket-sdk
* ipykernel

+ keras

+ matplotlib

- PL&x

* openbabel

* PennyLane

* protobuf

* psi4

* rsa

+ PennyLane-IN A% HY
GPU

¢ cuQuan

Pennylane

+ awscli

* boto3

* ipykernel
+ matplotlib
o PI%Ex

* numpy

* openbabel
* pandas

* PennyLane
* protobuf

* psi4

* rsa

* scipy

RHEENRABINER,

R F AWS X5 \NRiBRABESELHEREEF., ERIBZESELRN , B Ll@ES1EES /B

AHfcreate(..) BRAFRIUT=ZANSH 2z —KIEERRFESR. BHT Amazon Braketé‘%gﬁﬁ

BAiERE | RS EZ TN EMRBIMZ R BERNRED (LBIRETRARN ) -
RPIERT us-west-2 X1,

- EZARE R image_uri= “292282985366.dkr. ecr.us-west-2.amazonaws.com/: 1.0-cpu-py39-

ubuntu22.04" amazon-braket-base-jobs

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

* PyTorch i m@@ ag e_uri=

cu117-ubuntu20.04" amazon-braket-pytorch-jobs

“292282985366.dkr, ecr.us-west-2.amazonaws.com/: 1.13.1-gpu-py39-

image-uristh A LAE A Amazon Braket SDK Ffretrieve_image () BRI R, LT R
BB N4 M us-west- AWS X1 2 A R E 1o

from braket.jobs.image_uris import retrieve_image,

Framework

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

ERESH

SIEESHFLE , BANENEEMENESH , SINEI RIS K, BESHEBRERATEHEZNS
ANFHE , ARBERUNERITEREUMECEEN MR, E7X Braket BEELFERESH  £FE
FHEMNERBEENFH, FI5  SEELARFHRRERE, TRREANESN , LR
EENXWESHE, ERESENFE - SRNFESHREAEUNFTH | XAENATRBHEER

# Defining the number of qubits used

n_qubits = 8

# Defining the number of layers used

n_layers = 10

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

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

R, RHEE LEASHHNRBARTFEXNESH , UEERERNEZTER , HRNBWTHAR

import time
from braket.aws import AwsQuantumJob

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

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

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

(® Note
ETHALHARENESEE  B3HHAES.

RE , REAATRIBFESBMRIES AL AP

import json
import os

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

hyperparams = json.load(f)

(® Note

BRI ABENRE an EEEREEIBEESELHANESEE , HSHI github IT
H,

QAOA 7£ Amazon Braket Hybrid Jobs Fl PennyLane Amazon Braket Hybrid Job s #fE it 7 L4
WNEIJWNAFEABSHEEETANER , XEEBNZINAERAESHRIEEETA.

£/ OpenQasm 3.0 iIZ{TYRIVTRE

AmazonBraket IEXFATE TN E F R B MERLZFH OpenQasm 3.0, RAFEREREMHTEX
Braket X ## OpenQasm 3.0 FEME S, Braket & HL1E Al LUE R A E 4T & T 2 FIR 3 Braket
B | th ] LAGE R 5% Braket APl #1 Amazon Braket Python SDK B M FIEE T IIENIRZIRE
OpenQasm 3.0 FAF &,

AEFMPNEERS|ISETBAATERAT B FESHNEM RO,

( B4R ) A OpenQasm 3.0 ETREIRIE 58


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
https://openqasm.com/
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-sdk-python

Amazon Braket F % AR IEE
ETEH Braket 8% FAIEFIER OpenQasm EFHES

R R EMEREKR

£ OpenQasm &L=

£ OpenQasm FEAZEFHIF

f# )R OpenQasm [8] 73

RIEEEN BT RESETEMHNINEE | XEIhEE AT LUEN Braket £#Y OpenQasm 3.0 3RI , Hi2ft
TESRROERE,

ATREAE :

« 4R OpenQasm 3.0 ?

» {aEt{ER OpenQasm 3.0

« OpenQasm 3.0 By THEFRE

. HREZH

+ Braket X#HBLE OpenQasm IHAEE ?

o Bl HIERRH OpenQasm 3.0 B FEFH
« ZET[ER Braket i8% X% OpenQasm
« {#F OpenQasm 3.0 #&EH#LIE 7

« Qubitf#F OpenQasm 3.0 EF %k

« {#/ OpenQasm 3.0 #H{TEFHIF
 Braket %A

« {£F OpenQasm 3.0 it E#HE

« 5/ OpenQasm 3.0 MEFEME T4

4= OpenQasm 3.0 ?

FHEFLCHES (OpenQasm) 2E FETHHEFRTFEN. OpenQasm 2—NTRER , T Z2AT
AEBETIIINEENEFRER. £H OpenQasm , AP AIUNHREFITEERNE F TN SRHE
HITHRE, FZEFREESFERLIMRARN OpenQasm (2.0) KFARBENEF.

#hRA8 OpenQasm (3.0) § B T 2 HIAVARAS , i T EZThae , HlanpkoR e FPo2F], [ERME 8
TR, AERAAFRENBAHFRES <RNEE, BXE0 3.0 RENFHAEENIE , FSH
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-troubleshooting-openqasm.html
https://en.wikipedia.org/wiki/Intermediate_representation
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GitHub OpenQasm 3.x 2Bt M3E. OpenQasm KKK KEH OpenQasm 3.0 BEARIESZALEE
ZZR2E5 IBM, MHBNEHTHFERAF—E AWS RZZEALHAA,

At 55 OpenQasm 3.0

OpenQasm BT —NEEXRNOMWER , TELFEFERUWEREBHKRIEEETFER , HILIEE
BEERNZNMNETFIINIREWR IR, Braket X OpenQasm X iF#H —SH#H T HERNFEAETFI]
WEFEEN—BFENEXA , NIBL TRPESMERPZINEFENER,

WMRBTE OpenQasm 3.0 FEBREFE , WA N E#TRHBUSHE S Braket BB #EH , MALRE
2EEXLEHEK, TRARMARARKENZ 2 THRBZHZEF OpenQasm EXEFENATAE=H
FEo

OpenQasm 3.0 By T{E/RIE

Braket X¥ OpenQasm 3.0 WX FRMA T EHaihERTEMERNINE. XEKE , RSXREEHR

% M fEFA Braket YR FE LB LEEMMVEMESE |, F LA Braket £ OpenQasm L #EE

1. APIZRTLUEN BEEMFIEEFIIMNIRERM OpenQasm FERFERKIEZETT OpenQasm 3.0 2F , &£
FRELF B[ Braket LR ZREBIEMN I RN, Braket AP E A ALK X HF OpenQasm 3.0 KIEE
=FFE. AEENWHERE D FEMANA T WM XA T Braket B OpenQasm RRFER.,

FRF M

E7£ Amazon Braket £ OpenQasm 3.0 , R4 Amazon Braket Python ZR#3#Y v1.8.0 MR A
Amazon Braket Python SDK # 1.17.0 S E & MR A,

MREREHIXEH Amazon Braket WA F |, NIFEE/F A Amazon Braket, BXEE , S5 HEH
Amazon Brak et,

Braket X ML OpenQasm Zhak ?

T—%%|H 7 Braket x1F# OpenQasm 3.0 HIEERH, EGMNERFED
AFRA :

« X#EH OpenQasm FIERH

- X#H OpenQasm &4

« Braket openQasm miFiE =

AR AE L ES E X OpenQasm B & R IhBE X #F
SRR EFIEZE OpenPulse

{fAed 55 OpenQasm 3.0 60


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-sdk-python
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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¥ OpenQasm HIEFRH

Amazon Braket X#LL T OpenQasm $iEEE,

- ENEHAT (ERXNYE ) BEFHERE
« cnot q[0], ql[1];
- h $0;
s FREIEBITATROEERAE :
« rx(-0.314) $0;
« rx(pi/4) $0;

(® Note
pi & OpenQasm FHHNEFEE , TeEAESHE .

s ERATEN —MBHFRGUVENERRERFERINE—HEIAP , ATEASHTA (EHHIE
A OpenQasm im RRE )
* #pragma braket unitary [[0, -1im], [1lim, @]] q[@]
* #pragma braket result expectation hermitian([[@, -1im], [1im, 0]]) q[0l]

X ##H OpenQasm &4
Amazon Braket X #LL T OpenQasm & A,

* Header: OPENQASM 3;
- KH{VFER
« bit bl; (¥RTF, )creg bl;
« bit[10] b2; (Z¥RET , ) creqg b2[10];
- EFLESFER
« qubit bl; (Z¥RT, )qreg bl;
- qubit[10] b2; (%¥RET , ) qreqg b2[10];
- EHRHERNEIRE| : q[0]
« ¥ :input float alpha;
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- ¥EH M qubits : $0

- RELZFNIENRE
« h $0;
- iswap q[@], q[1];

@ Note
®E TN LAE OpenQasm BEMNIRBEBMESPKRE ; FAXETREEEMITE Lo

« BFIERFH, BEl, BRINFTXBHEFENBEIRTE, RERTHMEAEqubits T BHRIEZEF 1B K

.

#pragma braket verbatim
box{

rx(0.314) $0;
}

* TEqubitsTHE N qubitEF fFar LH AT ENNE 5 B,
« measure $0;
* measure q;
* measure q[0];
* b = measure q;

* measure q # b;

Braket openQasm 4wiF35 R
Amazon Braket x#LL T OpenQasm w18 Ri% 8,

- BERFETR
« #pragma braket noise bit_flip(0.2) q[0]
« #pragma braket noise phase_flip(0.1) q[@]
* #pragma braket noise pauli_channel

» Verbatim pragmas

Braket x33 L OpenQasm IHAE ?
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* #pragma braket verbatim

« GRRBRFETR

- ERATERRA

- JRIMEE : #pragma braket result state_vector

- BMELEPE : #pragma braket result density_matrix

- BEUTEHER :

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

@ x[1]) all

- ZEMERER
 ¥R1E : #pragma
« #E% : #pragma
- EmiHRERRR
- HAEE : #pragma

« FZ : #pragma
$0

« =¥l : #pragma

@ Note

braket

braket

braket
braket

braket

result

result

result

result

result

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

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

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

sample h($1)

OpenQasm 3.0 [A/5## % OpenQasm 2.0 , F kA 2.0 mEHNFZEF 7] LATE Braket £iz1T, 1B
%= , Braket X#H) OpenQasm 3.0 M THEEWESEFE — L BMMNEEER |, B0 vs M qreg v
cregs. qubit bitMEEFEEZHEER , FEA EWNIEERIIFIXEIEE,

A E 25 E X OpenQasm BB R ThEE#F

LocalSimulatorX#FE4 OpenQasm IhaE , XLINEER 2N Braket By QPU SIRFE LI —
oM, UTHEESIRMNEFZZFLocalSimulator :

- KiMBk2s
« OpenQasm AEXI|]

=
- ZHETE

- ZHEIZH

Braket x33 L OpenQasm IHAE ?

63



Amazon Braket FERARER
- EHIKIT]

- HEEE

- QASM X ¥

- FHIRE

BXREBWERIEERN R , TSR RAIEICAR, BXR7TEHN OpenQasm HIE , FH1HIF O pen Qasm
2

XM IRIERIE L OpenPulse
X OpenPulse YIRS
BERR

cal {

}
Defcal HR :

// 1 qubit
defcal x $0 {

}

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

}

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

}

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

}

B3R
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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};

B E SCH R R B

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

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

defcal my_cz $1, $0 {
barrier q@0_ql_cz_frame, q@_xf_frame;
play(gq@0_ql_cz_frame, wfl);
delay[300ns] q@_xf_frame
shift_phase(q@_xf_frame, 4.366186381749424);
delay[300ns] q@_xf_frame;
shift_phase(q@_xf_frame.phase, 5.916747563126659);
barrier q@0_ql_cz_frame, q@_xf_frame;
shift_phase(q0_ql_cz_frame, 2.183093190874712);

bit[2] ro;

my_x $0;

my_cz $1,%0;

c[@] = measure $0;

EERKF R

bit[2] ro;
cal {
waveform wfl = {0.1 + ©.1im, 0.1 + @0.1im, 0.1, 0.1};
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barrier q@_drive, q0_qgl_cross_resonance;
play(g@_ql_cross_resonance, wfl);
delay[300ns] q@_drive;
shift_phase(q@_drive, 4.366186381749424);
delay[300dt] q@_drive;
barrier q@_drive, g@_gl_cross_resonance;
play(q@_ql_cross_resonance, wfl);

ro0[0@] = capture_v@(r@_measure);

ro[1l] = capture_v@(rl_measure);

B2 H I3 Rl OpenQasm 3.0 E FE%

YREJLAE A Amazon Braket Python SDK, Boto3 = , [ & #h Braket AWS CLI % %123 OpenQasm
3.0 EFHES.

ATAHEA :

« —/ OpenQasm 3.0 &2 F i R~ Hl

« {4 Python SDK 2 OpenQasm 3.0 & %
 {#/ Boto3 812 OpenQasm 3.0 EFEFSH

« {EABIE OpenQasm 3.0 5% AWS CLI

—A OpenQasm 3.0 219 =4l

E 82 OpenQasm 3.0 5 , fRATLAM —/NEEH OpenQasm 3.0 F2FF (ghz.qasm) FF 18 , ZEFHA
LUE# GHZ A , AT RABIRR R,

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

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

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

C = measure (;
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f#F Python SDK 8|2 OpenQasm 3.0 E %

B LAMER L TR AEA Amazon Braket Python SDK b f2 512X B Amazon Braket 8%, E$ 2
R4 Amazon S3 L& “amzn-s3-demo-bucket” Ei# HEH 2 H Amazon S3 FEEREE .

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

# Import the device module

from braket.aws import AwsDevice

# Choose the Rigetti device

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

program = Program(source=ghz_gasm_string)
my_task

device.run(program)

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

program,

s3_location,

shots=100,

{# /3 Boto3 #12 OpenQasm 3.0 E 7%

YRt AT LA A& B T Braket BYAWS Python SDK (Boto3) £ OpenQasm 3.0 £ 0|28 715
MUATRBIFF R, ATHRBEERSIAT ghz.gasm , BHEZ T GHZ RA , t1 EFTR.

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"
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},
"source": source
}
device_parameters = {}
device_arn = "arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3"
shots = 100

braket_client = boto3.client('braket', region_name='us-west-1")
rsp = braket_client.create_quantum_task(
action=7json.dumps(
action
),
deviceParameters=json.dumps(
device_parameters
),
deviceArn=device_azrn,
shots=shots,
outputS3Bucket=my_bucket,
outputS3KeyPrefix=s3_prefix,

A6l OpenQasm 3.0 1£5% AWS CLI

AWS Command Line Interface (CLI) & AT F# 3 OpenQasm 3.0 i2F , LA R RBIAT R,

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

"source": $(cat ghz.gasm)

} 1

EREH Braket %% L OpenQasm

X FZ#F OpenQasm 3.0 V%% , ZactionFER X FBE L GetDeviceMMNITHIRIE , WA
RigettifllonQi% & K R BIFT R

EREH Braket %% £ X OpenQasm
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FRARER

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

"braketSchemaHeader": {

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

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

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

N FZEFBOPEEHIRE |, ZpulseFRE RTEGetDeviceMBNH, AT RAIER T Rigettii& & H

pulseFE,

// Rigetti
{

EREH Braket %% £ X OpenQasm
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"pulse": {
"braketSchemaHeader": {
"name": "braket.device_schema.pulse.pulse_device_action_properties",
"version": "1"
},

"supportedQhpTemplateWaveforms": {
"constant": {

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

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

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

"supportedFunctions": {
"shift_phase": {

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

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

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

]
+

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

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

BIENFRFARATUTRE .

wA

#HR7E QPU L FBATHIAEE (extern) 8B WO , AK4A
i O # IS A IERA0penQASM 3. 0 FHNERIMASY, wANEMBES2E

. #0ID (%0 ID)

AWMEXEME. WEHPIIHNARE

EREH Braket %% £ X OpenQasm
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Amazon Braket A& AR
« 7£ OpenQasm 3.0 A E A NFFR AT O B FFo
« FHE(FME)
- BOMWFE, WahmOEHmPAoR (FE@ “tx7) , MAUELRwOEZREF ( B/ “x’) o
- WWAORA (WHOXRH)
o WIRORRARESRE (Hln |, K3, WIRH ff-fast-flux ) o
. Dt (dt)
- D®RBMNMEE , RTEERD LW ENRENES K,
- EFLESMET ( QubitMappings )
- BEREHRAOXBKNE TS
o FULSRER (HRORR )
- WO LFAABEMEFRRASEXHNMAEXF ORISR, BXESER , BSHAER,
- QHP % ERE M () ghpSpecificProperties
- —RAEME , FANBEX QHP BHERONABERE 4.

i

HIRE QPU EF BTSSR R 5X EMMEXNES. LERPI R RrEmMERTHEER N AR
RXHI0penQASM 3.0 FFHIEMIRIRAF, ERNWHEMBELIE
. W45 (framelD)
 7£ OpenQasm 3.0 F 5 B N FRIRFFHY A 7o
- ¥®A ID (%A ID)
- ERMNXBERBEHIRD,
« SR (MR )
- IRV BRINFERIME,
o HLMRR (ROIRER )
o WHRRTEMNP O, BE , ReefFmARI P OMBFRINBTET . ALt , MBFENRFEFEF
DIRNETEEEZHN, BANERIESHPREFERE,
- BB (HER)
o MIRYBRINRDIRRN ER o
« XEXI"] ( AssociatedGate )
- SHREMREREI KT,

EREH Braket 8% £ %1% OpenQasm .
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- ET 4SS (QubitMappings)

- BEEMMXNEF S
« QHP % EE 1 () ghpSpecificProperties

o —IKALEME , FANBBEREET QHP B AR M.

SupportsDynamicFrames:

HRRB A A ERBPEAMcalHiBZOpenPulsenewframeEdefcal [HEM, MRZERN
false , M ReeEEFHPEAERLE M I HBESLE,

SupportedFunctions:

BR T 4AEOpenPulse BB X EXSH, SHERBMRERB I , BEREZIHNEHK, BEEEEH
X £0penPulse BB R A |, S OpenPulse#lst, B &I, Braket % :

- B

- BEEEERMAYENMED)
» set_phase

- RMHHELIRENIEEE
- MR

o MWL [E HRARAL,

- Bm=E

- RIEEEBIHMAYIRE
. REHE

« RMURIRE N IEEE
* play

- BERE
 capture_v0

R EWERE R EFFER

SupportedQhpTemplateWaveforms:

HiRixZ ETRANTEKERBARBXRNSHMERE, MIAMBERT |, Braket Pulse EFiF IR F LR H
MAHERNBREHE , EMNR

EREH Braket %% £ X OpenQasm 73
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%

Constant(t,T,iq) = iq
TREFHNEKE  iqg2—1MEH.
def constant(length, iq)

Hi

ant

Gaussian(t,7,0,A=1,ZaF =0) =
2
4 = t_%) - <_l 7 2)
= |e Zal xe
1—ZaE*exp<—%(%) ) [ Xp( 2 ( o ) e b 2 (20‘)

TRRFENKE  ocREHNEE , ARKRIE. NIRRENTrue , WZaENSHHTRBMEM AN , £
HERENTANEELETE , HEF&EAE. A

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

DRAG Gaussian
PRAG Goussianie. 71 0.0 A - | ZaF () —

ey (- 85) oo (<1 (55)) - Zemvem (3 (5)7)]

TREFENKE  ocREHNIEE , REBSH , ARIRIE, MRIREZaENTrue , WRBHEFA
BUA[T] (DRAG) Gaussian NS B ER , FEERENTANERLETE , SBEIBFH A
H. ABXRBEDRENESZEER , F2 5 paper 83X CHERIFIFLME 7 LB HMIRH 2T o

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

NRKRI 4%

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

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

ETFH Braket %% £ %% OpenQasm 74
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HApLZ2KE WERENREE , o BN EAMTRNEREL,2=(L+W) /2, t;=(L-W)/2 AR
i@, MBIRENTrue , MZaEXNESHHTHREMNEFEN , FEERFENTFLANERLETSE , Hi&
FHEAKE. ALTAHRER KN ERSRBIRA,

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

EWEa=erf(W/20)Mb=exrf(-t,/0)/2+exf(t ,/0)/2 .
def erf_square(length, width, sigma, amplitude=1, zero_at_edges=False)

SupportsLocalPulseElements:

iR T E (HlmwmO, MARE ) RE A Edefcal iR ARE L, MRENfalse , MAM
HUcalRIEEAENTHE,

SupportsNonNativeGatesWithPulses:
BRBNREBAREREN R EFEEER. HlI, MRFTENFREANE FLEEEX

I1&8H , BRI TEBRBFANIT—HFERAERE], defcalRAIUEIREZET A RIIFEE
InativeGateSet4A%lR,

ValidationParameters:
R poOP THRIED R, B

« RENBABRBEAREE (EENMENE )
« REMPOMBHFERIARER (L Hz RN
« length/duration BA% 59 8 {7 B & /)N B O

« LN B E length/duration ABKHF

OpenQasm XFHBRE, ERNLEREKE

ETHEBAIREIIEWLE OpenQasm 3.0 e , AJLSEZRRB gt BactionF RS
Mbraket.ir.opengasm.program®Z48, 0 , AT =2 Braket RS KEHERSVIZHFHNIRENSE
REA,

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

"version": [
"1.0"

1,

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

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

cy,

cz",
Ilhll’

i,

"iSWap",
Ilpswapll ,
"phaseshift",

rx",

ry-,

rz",

STy

"si",
"SWap" ,
Iltll

7’
Iltill

’

IIVII

7’

vi",

X,

xx",

Xy,

Yy,

Yy,

z,

1,

"supportedPragmas": [
"braket_unitary_matrix"

1,

"forbiddenPragmas": [],

"maximumQubitArrays": 1,

zZ

EREH Braket %% £ X OpenQasm
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"maximumClassicalArrays": 1,
"forbiddenArrayOperations": [
"concatenation",
"negativeIndex",
"range",
"rangeWithStep",
"slicing",
"selection"
1,
"requiresAllQubitsMeasurement": true,
"supportsPhysicalQubits": false,
"requiresContiguousQubitIndices": true,
"disabledQubitRewiringSupported": false,
"supportedResultTypes": [
{
"name": "Sample",
"observables": [

X",
Ilyll’
"Z"’
Ilhll’
Ilill’
"hermitian"

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

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

X,
Ilyll’
"Z",
Ilhll’
Ilill’
"hermitian"

1,
"minShots": 0,
"maxShots": 100000

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

X,

EREH Braket 8% £ %1% OpenQasm 77
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Yy,
"Z"’
Ilhll’
Ilill’
"hermitian"

15
"minShots": 0,
"maxShots": 100000

},

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

.

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

}

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

}

}I

{#F OpenQasm 3.0 #EIg S

EFH Open LR FEQASM3 , ATLAEM pragma ISR MEZZERF, Hla , EENZEEEN
GHZ EFHEFMRA , B LR LT OpenQasm ¥,

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

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

h q[o];
#pragma braket noise depolarizing(@.75) q[@] cnot q[@], q[1];
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#pragma braket noise depolarizing(@.75) q[0@]
#pragma braket noise depolarizing(@.75) q[l] cnot q[l1], ql[2];
#pragma braket noise depolarizing(@.75) q[0@]
#pragma braket noise depolarizing(@.75) q[l]

C = measure q;
LLTRBRIBEM T A XIEMN pragma B 5 iz ERFHHE,

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

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

#pragma braket noise pauli_channel(<float>, <float>, <float>) <qubit>

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

#pragma braket noise two_qubit_depolarizing(<float in [0,15/16]>) <qubit>, <qubit>

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

#pragma braket noise amplitude_damping(<float in [@,1]>) <qubit>

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

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

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

R HTRIER

RNTHERK Kraus ZEAF , A LUEFERESIR | HEBENENTETNNIERERRER,
£ Kraus EERFRY , BIEEUTILR -

« WEHEqubitsTHBEBY 2, P IFIENIRE T RS,

- ZRIIRNEKELTE 8 WEH. XEWET REEH 2x2 sEFEA K.

. BEEREE 27N _qubits R, XEKE 178 4 NMEREqubitRl 16 NMERERR 2, qubits
- FIBARMWERIINZE L IEFLRE (CPTP),

« Kraus EERFREZEX MW RREZHEMEE — ML ER,

QubitfE A OpenQasm 3.0 EF 4k

Amazon Braket ¥ #Rigettii® % E# OpenQasm R Y EBqubitBi& (ETHEZEE , ESHENLRA
H) . HYERZEqUubitsEXENEMHTLARBESEAN , BHERqubitsE 1 2EZRFMERE L,
HE , MRBAqubitFFEE , WEIAERT , Rigettiik & &8 A PARTIAL EF ML K.
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// ghz.gasm
// Prepare a GHZ state
OPENQASM 3;

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

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

£/ OpenQasm 3.0 #HITEFHRIF

SEENSHNERANE FITEY LIZ1TE FHEEEY RigettilonQ , BAEREFRTEEBEX
BITENERE  MAFTHTEMBR. LUEHRNEFRF. £/ Rigetti ix8 , BUTUEBIEEER
RENAST  BELAREN SR , EANREFHRHERN 7. EREFERNBESD , UEEEREX
BREAERE. S8, onQRXFENMBERNEFRF , ALBERPHERESHEEREEFIC
FAER

£/ OpenQasm , BALESE—ERBHBEEZRFHRFET , RAEEZRBRETE , U F2KEH
WIRRmFHRMLI. UTRBREAERT WAEAIE#pragma braket verbatimS kI H
o

OPENQASM 3;
bit[2] c;

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

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

BEXBFREFIENESHAGE , LEROIFNRESKE |, B H github FEEPRMEH Verbatim 4r
ERHIZIEA, amazon-braket-examples
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Verbatim_Compilation.ipynb
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Braket #2#|&

OpenQasm 3.0 £ A A , AT LATE Amazon Braket ##| & FHTEE, £#2# A L , 7£ OpenQasm
O HRREFESHARERRINEEFESHNEKAER,

Hth 3R
OpenQasm BEFTE L S #: Braket XIg# H,

B X 7E Amazon Braket L FF A {E A OpenQasm WIE 2 A RHI , S Braket #H#2., GitHub

£/ OpenQasm 3.0 It E#HE

£ (B ) X TIE1T8 , Amazon Braket XISTERBEL B[N AR HEL R LT ERE. shots=01X
EESEAFERD ERINAN. EEEETENSRE , IUREHENNEmFER , WA TREARHR
BT To

OPENQASM 3.0;
input float alpha;

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

h ql0];

h q[1];

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

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

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

BB HE RN S, B ERFERPIEEAILRET, XFITEFIHNAES RV
E , SinputZBBHEIFF AN , XARRE—NMHENGERE, EXMBERT , FiFEESFESUTREH
IR EES DI

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

Amazon Braket £y OpenQasm 3.0 SR X FATE AT ERE | BIFENEER,. KEFR, EXEN
MEMARUE, SunitERENEFANFEEERFSL I HKEexpectation( )P , FE XM
s E NN EN BN FTERNE F 4.
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£/ OpenQasm 3.0 N EXFEWE FLH45

Amazon Braket IRtV BEPR SR ER BN E N ZEEEEUSEZFRXAEREMENEERKE T
e FEMOpenQASMEF . XMBENBEHEMANT o2 NE , AUXAEFHNHENESRNWE Fit
&, i, EUTRBEES , BA USRI NEFLHLEFER , HERNNEE—IPEFEE K MF
MNEE-—NEFLEA.

partial_measure_gasm = """
OPENQASM 3.0;

bit[1] b;

qubit[2] q;

h q[o];

cnot q[@], q[1];

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

EZXNMIFAR , BNBE—1N2ERIMEFLLENEFBREqLL] , qle]mB , BERIMNRAFTUEE -2
FHEBHRSBMNB, XRBETELRKEINWL[0] = measure q[0] , EMEE F L4 [0] BIRE
HELERTFREELHNM Db [0] P, ESTUHIBINES S , FATATLAE Amazon Braket 1R Z< RS
mERELSE LETUTRE,

from braket.devices import LocalSimulator

local_sim = LocalSimulator()

partial_measure_local_sim_task =

local_sim.run(OpenQASMProgram(source=partial_measure_qgasm), 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)

A BSRERESEEE PN requiresAllQubitsMeasurement ZFERFRBER B EREXIFI 2
NE ; MREFalse , MXFHBoME,

from braket.devices import Devices

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

XE8 | requiresAllQubitsMeasurement2False , XRPAHFFAEE FLLESMAITHITNE,
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REZWEE

ANTREENMEIEE , KBTI IIEEIEEEE, EB) Braket Direct , A LAE #£7E Braket 12
HAPIFERIFREIATAKRINEE , Sl AMERNHEE Fig 24 IhEE,

ERFIHERKEED , BRITUTRE

1. M %E| Amazon Braket #2#|& , TE MK 8 % Braket Direct , AR S E “SKREEN” H Do
2. % REFENPR , AREEMENEE.

3. BEAEX TEABAREITRIEMLL AL TheEN FME B,

ATRE:

 7£ Aquila £ QuEra i A A b= H1ThBE

- f£ Aquila £ QuEra 8 & KEJLAFR

« f£ Aquila £ QuEra ATAE B EEMN LR
- 5A 1IQM R & E Y ZI AR EBER

£ Aquila £ QuEra 5 RI At EH1IhEE

BER&E (LD) B — M AVBER AL EHFER , ERTEENNZEER, LD ZRETHEXH
ZHEAZHE TR  NAANTENE FLEXUTRANERTE 7L , M XURXREIRZH
BRA%-ERASEEERAFELENER.

4R

RERIEZHZREXTUHNEN AHS BFHITEEN , BEBIMEFIRPERE
EW, RMREFERNNEFILANETFBNER  FAMRERNTRETE. It
A, B REBEFENSHZHRELRNRS , 7B Braket SDK W ERBEB T &

F-. aquila_device.properties.paradigm.rydberg.rydberglLocal
PR il:

HETHEARNAEY (AEREEERFRPRENEES ) NEFTERFN , ZRHENERTEERL
Aquila/E tERY I RESE 0 R FIHT2BS A EHR, MRALE | REMER B BEAHSEF B Hamiltonian
By R ER K EF B

(BR ) RRRBMEED .
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Analog Hamiltonian simulation Spin terminology
qubits spins

global driving field — amplitude —»

(time dependent) transverse

- (”X", ”Y”) ﬂeld

phase — A (A (A (A (A (& (A

(time dependent)

detuning —»

(time-dependent)

longitudinal

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

il
1. BELBREREH TN EREZ N TN

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

2. HEZIFFEDRIRS
RELER (AEREREFEVERITER) BRTHRED 22 BEFABRAR , {AMF 9 K

FHREFINPORFZIHER. ERFIREKRE , BEREZ2R/ , AHS BFASELRSEMN
X4 E B IE P EPRS I iV BT EDE R .

3. REE IR &) &

NHIEIERFEREEMIIESR (MWIS) B/R T I{If##R Aquila B MWIS RIE, BEBREFERAT
EMENVEERTREHNE , XET KB4 H Rybderg-blockage MREHM, MR EST
W, BHIE MBI kiEE |, FRETERIMWIS HamiltonianfI &S |, KR SIRISNBRE X,

1£ Aquila £ QuEra T [RIZ it =41 Th BE 84


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/07_Simulating_Lattice_Gauge_Theory_with_Rydberg_Atoms.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/08_Maximum_Weight_Independent_Set.ipynb
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#£ Aquila £ QuEra 58] & KK JLAFIR

BILEEYEATEEESERMN/LAEFE. B T7TXMESD , IR AHS BFHREFHFIAEE y
HEEER—-BRFNNKE , BH Aquila IEMREED .

9K

SILAFRNEASEH 0.000128 K (128 XK ) o

BR #:

NEENK, B ALK IEEE , REBETEMGetDevice BIEH E R IAERF L R BREH
MEETR. SAHSEFEABHENEINEFHIN , EXRETIT2EM. EESER

Mpre_sequenceX o H , IREXIERREM 0 BEEH , XRIFKIXEETIREBTEZDHBILHES
Wile, EEFZREFHITH , XAMERRKSE,

-
1. BRI —4EFNAE— 455

FEFEME R T B ESHEFR,. BIRKARERDFITT Yy, AIMNXERBENER
KBIFATIRIZ
2. W2 BERMERNAEENESNTRETESZH
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Aquila EHRABIZ 127 Parallel Quantum tas ks B7R T WA R 2 FI A A X : FHEX/LAENZ
BERAEIARRE-—NEFHESIP, TARXEES  TIUKREESHNEIR,

# Aquila £ QuEra AJLAE B Z =RV JLAIFER

RENLASHNEATEEEMBT 2 EREREN/LABRFE. £ AHS BFH , RFBITHS ,
HRINEERERT. EERMRFURKN y 2HRL4HNF (B—17T) , REAEXTHNTHEEE

( TENTT) . RIERENJLARARED , B NRPTE , NI SCIBERZNERFH5, &
AT BT2RAERFZENRNIRLESERER , EEATCERE  HPRENEF SRR
EIERVAELRIT , —MERIEENFIFR=AE &K,

£3R -
% SR B /NMTEEE SN 0.000002m (2um ) .
BR il

NIEWIKF S ALEKIIEES |, REBEREMGetDevice BiEH E R IIAERFMEE R B EH K
SETR. SAHSEFFERBHEMEINREFHIN , EXREMITLEM. BERFQETSER
Mpre_sequenceF A RKIMESHNEN 0, IRIRNBRETREBEXNBILEZHBNS, EFF
ZRERFHTH , XHRERE,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/03_Parallel_tasks_on_Aquila.ipynb
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Bl

1. BH PN EBERNEEFR S
EZNTHEAFCESE  HPEREFRFRENSEENALSE L, ESFENGTFRE=
. ANAFFMKagome @& AR — L R4,

2. SRR

EAHSEFY  BYRARRFNZENEERABREEER, EENTREATFUEANEHER
BEFRRFNBEL2BNMEEER , BAENRFENNAENEERERTZH/THEELSRMRFEIR
N —MEBEENHFREBTRE KR Shastry-Sutherland & #& R Ko

WA 1QM iR & LB S B

IQMig & LM B S B X IFHE BN E (MCM) MaTiHiRE, XLEDEEEFRAREARMITRAREE
BRUEAXMAEZENETLRERNENSRETFE L. ZXRIEFHTRREFESHRMEN
BFEE, AREFREEENYUEF R,

FEHA :

« measure_ff : EHAMRIZHONE K NEEFEEHEARBEERER.
o cc_prx: RURHBHNREE  ZRVUNESAERBRBRIBENERNE 1p RESER

Amazon Braket 3z #&33 OpenQASMAmazon Braket SDK, #1, Amazon Braket Qiskit Provider
HR -

1. measure_ffiiBAFH RIFB LM —RY,
2. Zfacc_prx&Mmeasure_fFEAMBNREBZRRA.
3. ERENEEED  EFLLESNEIRREER —NE TSRS, T RMES | WA HS - NEFLE
B, ETEMNEESD , (RAETRNEZEFIX.
a. Bl , MREFLSS 1 HEFHRE 2 28, WA EER —SBPHEFLILYS 3 2. T2 74
1 MEFHSE 2 2RINARSNRBEERS, EFHE 2 AUHEFHE I (HEFLEF 1)
E, BRIENEFLAF 2 BT T EHEE,
4. BEIRGENATR—-AFHNEFLE.
5. EAXLNEENBFAAENERFEREFRER. ETHEXZERFIELREFNESZEE , B2HAFE
H OpenQasm 3.0 #1T1EF %1%,
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-openqasm-verbatim-compilation.html
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BR il

B8l , MCM Rt ATRFFHERZES. MCMZER (05 1) F2ERNESERN—E5IRE,

12@‘ 117‘
LK X 2 I
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@ IR 2 0, -0

10)
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e, 0‘90,..-..0 .

 J -.0 0, -.0
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)OPC

® Group1 < Group?2

-
1. BIFHEEREEFHAEFLEE

ARG EMREN MCM A EEN M BRRIITHEEERE TS, X
B TETFRENTRIAE,
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R T BRREERAR
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2. EHUBERRY

HABEATRUNVEEER , ARENEERH#TRERE, ZRXURAEEFRERQNR,
3. EIEXR
RESBEAESEARFEFZENRENELHEEAME F LIS, MCMsI TEEIINEFIHRSZ

BHH], TEEENETZHE, XEXKERT =N XBIBNEM TR  EFRERE, &ET
ANENEFITENETBERS,

4. TREFREHE

HAEBBIHEE T BN RYEURRRENENEFRETWEFHITEE, XMEEER
BENEFHRRKRRBIFENMINRE TR, BFEE A LU X RN AN 8 E#= TR,

EXFERABASBERNEZELR |, 555 Amazon Braket £iCAFEEEFHE M RH,

Amazon Braket _t 89 ko d$2 4l

P REEIE FitENHE FHASHELMES. £/8 Amazon Braket LRYRLERE | 7] LU [ RO
REIThEE | FEARBOPIRIER, YRATLAET Braket SDK, OpenQasm 3.0 SRE#E#EXT Braket (7 fod
##l, APISES , IEEAINE —T Braket R IRHIH — BB 2.

ATRE :

- M

- WO

- DA O RYER

- {8 Hello Pulse

- EAMIERRE]

oa

MR -GS , BXLHEFEFPHNS , XEHEMN. SREANAREEHRE  HFEEBRS
WEKESHMEEN., MEFLHSERESN , MREEFLISHEEME, HURBUREESE
WA 5I8TE . 7E Braket Pulse # , #iEiBUR F28¢F. MEBFMMEM, BRERBENVRE , LA LUEETR
ESEIML , e LU 12w O kRS2 it
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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.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="1@_measure", port=Port("channel_0", dt=1le-9),
frequency=5e9, phase=0)

Wi O

WA —MEAHMR , AREMEGEFLSH inputoutput A4, ©RIAEBEHANERA—
ANEO, AFAUNES ZAERTRENRENMARE 7L, KRONBEIRAREEREVNENF
R, ZFNERETRTRONEEE , ZEEREE T RN TAEKENBARE.

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

BRI

B R—MEERER LN B , RMNATURAEERERD LXHESHELMAROBRES, SN
BEYERIREEEERT , A SMERKEERE R REFRANTIR,

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

Braket Pulse f2fit 7T —MRERNKEE , BEEERE. SEHRENLRITSHER (DRAG) K.
BRI LUE S sample BB TR BB L2 SR SR |, AT ROIFTRo

gaussian_waveform = GaussianWaveform(le-7, 25e-9, 0.1)
X = np.arange(@, gaussian_waveform.length, drive_frame.port.dt)
plt.plot(x, gaussian_waveform.sample(drive_frame.port.dt))
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—— ZaE = True
0.10 A ZaE = False

0.0 0.2 0.4 0.6 0.8 1.0
Time (s) le—7

FRELTNRRENSEEF . GaussianWaveformBEALERMWEFKERN 100ns , BER
25ns , #RIEH 0.1 (EEEN ) . BREEBKABODREF, GaussianWaveformEZ MRS
¥ zero_at_edges ( BHIFH zaE ) ., IRB NN True , WS HERBEHKEE , Ft=0 fM t=
length WA NE , HEHBERHIRE , FRAXESSHMEXN N, amplitude

RERNESENE T HOPRF RN ERES | B TORRIGE F AT MBoT R E B,
i v O B VE A

AFNETLRE TAGTE LSRR O BILEFEE O Z Lo B RAkoh et A 35 & 89 L
Rigetti f81E

Rigettii% & X FFE L AVMT , X LM RRNENERENSHIAWE FLLERIR, dRRq{i}
[_a{j}]_{role} frameflR{i}EE—NMEFLIIFH , {jIURMATEENEFLEBREER ,
MIEE-NEBFHAE , H{role}EMMNER, MUMT :

- rfRIXZNE FLAF0-1IEM, BoRERN LB MshiftEREBURE TR BRRSES
£, setESHMERBIZLHIRIBHAM EIBRAKEFEAE., ZERBATRE Y, ERALK
B, iTHESZEER , %5 Krantz £ A, & HF Rahamim Z A,

« rf_f12R0Frf , ESH 1-2 EHN B r.
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https://pubs.aip.org/aip/apr/article/6/2/021318/570326/A-quantum-engineer-s-guide-to-superconducting
https://pubs.aip.org/aip/apl/article-abstract/110/22/222602/34004/Double-sided-coaxial-circuit-QED-with-out-of-plane
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c ro_rxATEIREHERSSUEFHENEBUER. BHEFENME, HuMNESHEEmE
Bitt, EEEBEERcapture_vo , BT WARRF 2 ATREEEASE,
- ro_txATHRBEXREEIRSENES. EERIRER,

s CZR—NMEATRHEUBEANCZEFHLEFTNIER, SESFFEAOXKNN—# K cBYAHSH
BEHIRNWEX N AE FHASKTABESHBENWMUEREERA, EXUENFEHINESER | BS
%] Reag or £ A, , Caldwell A, , LAK Didier A, &

« cphaseR—MNERIRAHAEUBANE Ft4ScphaseshiftITWER , HESHOME, fFEXUE
NENEZER , BSRELEN czlR,

« Xym——NMEIRELLZANE TS XY (0) NWESR , HEE®ROME, fTERYUEN G 4w
KXY NNEZELR , TSR czERM A brams EAWNER,

HETffimONmMER TAR FLENMERN , 58 FHBAXNAE K3 mEH RS SikiEM
MBI RMEXNE, it , SPUET EHE B E 1 LR A WU IR R EY A8 B SR AMz X T S0

i O

XERigetti R FIRE T —HiwOSRK |, B BT RIZINERLEXLIRO, wOBZFERE

Bq{i}_{typel}¥l , HF{i}EE FLL4EHH {typeHEiR OMER, FEE , HIEFMEMNE FLL4SHR

E-EXTENRO, WORBMT

 IfREREBFIBEFHITENTEN, E5cfMrf_fL20MEXEK, E5EFHESHEERE , AFH
RIETFIRMHZEBEAIRS .

s ro_txATHESAHIERTBETNEFLENEHERS. SHESEMXAN\AEZREAN
&,

- ro_rxATEVREBEIEFLEMNEHBIRSEZNES.

s FFIRABERBESIEFHENRRERBEL, RIMNTLLHEXRIPE transmon BWINER, RERITHSE
AANEFILESFEIRA, fAIZFOFTREEFHRESEFHENEEER , BAESXHEBNE
BB EEBRSER

ﬁ*%mﬂgE%{Ezu 1ﬁ £ |Fﬂ Valerz é*o o

£ Hello Pulse

EAT R, LREI AR RS ENWMOPERERIENEE RN E FRigettib 4], XN EFLLSEMNE
72 S Rabi #x5% , HE 7B 0 REN 1 RS ZRAKR, BEBEKTHKENMEN , Rabi
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https://www.science.org/doi/10.1126/sciadv.aao3603
https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.10.034050
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.97.022330
https://www.nature.com/articles/s41928-020-00498-1#Abs1
https://journals.aps.org/prxquantum/abstract/10.1103/PRXQuantum.3.020337
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FHATLTEHEN B TR, EXE , RITFEENE pi/2 BoFRNRERFKE | pil2 BxF = A
THERESZHNBTFIINERER,

B, EMERKPRFS , 5 AZPulseSequence,

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

ETX , fEH QPU B9 (Amazon Resource NameARN) =41t — & #TH) Braket %, AT RBHREH
Rigetti Ankaa-3,

device = AwsDevice(Devices.Rigetti.Ankaa3)

UTRBHR R A M AN D - BRI EE 7. B FIEETURMA T, BRT —L£p5I5
PITNFREALER , ENAIUNATE FLES. EREMOFFSIZE , KT RT AN, BIHERAT
FEtnRkF A AT Rabi #&5% |, SRHMA TUEE FLARS, WREIERE 7 25 W, Axmay
EZEE , BSRNAMRECOBNER,

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

IME , BB EERISEMFERN R, BRRRRE FEBERBAKETNITN. BXIREER
KETENKEE. SEHBXERGE—NHEKRE , TUERKHFS 6 H Brake FreeParameter t
YENER. S ERBRSHECE-OEERMBORFS , ARERTE@E ABETHEE /KR F
5,

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

&, HeldaamborFsl. EiorFIG £/ EplayBHEERRE , R

=
Jecapture_voil 2iE Hwif RIS,

pulse_sequence = (
PulseSequence()
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-roles-frames-ports.html
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.play(drive_frame, waveform)
.capture_v0@(readout_frame)

A —-ECENPKE , RERFERERS QPU,

start_length = 12e-9

end_length = 2e-7

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

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

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

BEFERHNENZTHBEERTE 0 RSN 1 RE2BIRHTNE FLHLBNIREZ hE. NUEBRKIE
H, &R LUREN Rabi SR A AR K E USRI ERN 1 BT, flin RETEINEE , &
HAL9H 154 nso BIL , pi/2 RE¥ I RN BT EJ 38.5ns AR 51,
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{R¥F Pulse £ OpenPulse

OpenPulseR —fATEEBERAE FRMHMoPBFEHNIES , B OpenQasm 3.0 FBH —
- Amazon Braket #O0penPulseffH OpenQasm 3.0 X RFERBEEXBKFHITRE.

Braket OpenPulse RETEREE S HRIE Hﬂ(ﬁﬂ’]f“ﬁ"?lﬂi%/?ﬁfﬁo OpenPulseZ#&FLL ( “TE XK E”
M8 Edefcal ) FRAERRFMETRE, BIXLEFH | RUNERBERIINESEEZFIEETES

HYSEHL,

WA LAE AL T a5 EE Brake PulseSequence t Y OpenPulse %o

print(pulse_sequence.to_ir())

YRt 7] LAE $Z#93E — > OpenPulse 2/,

from braket.ir.opengasm import Program

OpenPUlse_SCIlpt = nnn
OPENQASM 3.0;

£ Hello Pulse 95


https://openqasm.com/language/openpulse.html

Amazon Braket

FRARER

cal {
bit[1] psb;
waveform my_waveform = gaussian(12.0ns, 3.0ns, 0.2, false);
play(Transmon_25_charge_tx, my_waveform);
psb[@] = capture_v@(Transmon_25_readout_rx);

}

FRMASIZEProgramid R, RfE , HZEFERS QPU,

from braket.aws import AwsDevice
from braket.devices import Devices
from braket.ir.opengasm import Program

program = Program(source=openpulse_script)

device = AwsDevice(Devices.Rigetti.Ankaa3)
task = device.run(program, shots=100)

52 A o i 8] SR AE 7]

MRARBEFTEBTLAERE QPU XEFNRENRMASKIL NP BFF 5 BEFRAHAREF

MR BRRBOTFIIAFRARRE T RITEFONRIRREHEE
R4S TE [T HY ko SR 1T TR 75 03

Amazon Braket 323 M Rigetti AR A R FRI AT,

import math
from braket.aws import AwsDevice

RIS |, FlanEE H

from braket.circuits import Circuit, GateCalibrations, QubitSet

from braket.circuits.gates import Rx

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

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

(® Note

EHREFERRME QPU , BEESXT1E—IX. Braket SDK /&4

ERS IR 1S ARV AR A A o

B2 R ko 5 8] R AE 1)
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device.refresh_gate_calibrations()

ERREENFREN , HIARX XY [T, RREBELZBXNBHGate I RME T L4, Hlm , EFTH
RENAT 0 B RX (1/2) BRI, qubit

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

pulse_sequence_rx_pi_2_q@® = calibrations.pulse_sequences[rx_pi_2_q0]

BRI ER ZfilterH AR AL IR RAE, BEE—PKRIFIRF—HKRQuUbitSet, B
TRBGUBRTHNES , EHEE RX (/2) M 0 WAIER#E. qubit

rx_calibrations
q0_calibrations

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

B, BT SUET A E LB SIS U T B, Bl RN T,

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

PRATLAEE FFPulseSequence R F B L% A gate_definitions kK EFSHqubit OKEITE
RrxTFBEENIIRE, RATLARIEGateCalibrationsH RIEMpulse_sequencestiEF
B, FIAXREENHHE FEFRHEENOPRARFTER,

nb_shots = 50

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

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

B R PihH E

B ZTEL (AHS ) REFIUTENHNER , BEENEFTERREARATE. MAR—R5
17, SN EE—RREERATIANEFHSS, AHS BFHAXRBMEKNNENZEHEXSBE

(BR ) BRBERHRE 3


https://en.wikipedia.org/wiki/Hamiltonian_simulation
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Yo REMMBRRMNHERAA DG YWRTHD |, CORAFRHBELRSHHEEE. HFN
EFHAERSG  mEmas A 2N wEmAER R,

REBIMIT AHS HEFRH EEBEFAREBENTEFHSH , ELEH G HNE FRENEIEE,
flan , WEAETRIFVIRIENKESH, AHS EXFEESEUNEFTTFZHEERNFHNEFRS
WEBSHNZASEHYE , INEERSYEEFSEFLFEFR. TITRITHWEFLEE T (QPUs) , Fl0H
AquilaiZ & QuEra , E7EFIAAHSHIEE RIhEE , MRIFTM A XNBREZRFE FITE L EZTEHRNE
i

EHHA :

« {REF AHS : BITIRNE—NMERREW{EE

« {5/ A QuEra quila IR EIT B

R AHS : ZTIRNE —MEEIE RT{H B
A RARETE — ME A BRHENE L.

ETAR :

« XENGEFHE

- B

« RE

- B

» AHS it

s EXRMELIER EIETT
- PHEBFER

« Run QuEra ning on B Aquila QPU
« 24 QPU &

- BESR

REX etk

¥ SHAEEANLTARORENRBRA , LRINER— N BAMERAROT (S
BTUET FLL MR BT RS ) . REABARD , BRRARAEERAY —LAREEN
BB EBIR, EXMITFR , RIVIRROMES — PR R KRS, EVERN &
MR,

fRYEF AHS : BITHRIE — MR BHHE 98


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

BIHERA - IMPERFRARSRAE , ‘@L" M@ T 8 BRESHD 3 UBA N EEAKSHER
FHESRD, B, BIIE L5, RNALAUTABN LENERE#HITHRE,

fREF AHS : FEATIRE B —MERIR B THE 99
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FRFH - IRFEE pip B3 Braket SDK, ( lMREFEAH 2 Braket TENEICAEA , Mtk SDK 2

MAELREREZLERT, ) EEIULE , (REFEMA shell v HHEIME R matplotlib, pip install
matplotlib

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

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

register = AtomArrangement()

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

BN AEREE

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

RE

NT ERRGEAE , RNFEZSHEBERZBANEEER. At , RIMEAT van der Waals X5
ZXRERATHR RS ( HIWKEQUErayiR® ) RESXIMAquila, ERABRERT , XMHEEER
HY S BT AT BASR R 9 PR B B REXY (), k) B9 S M
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— <N-1 N
Hinteraction - Zj=1 Zk=j+1 Vj,knjnk

XE , nj=rt et B—MNEER , XE jsjpinj & F ‘BLRSHFEE1, TUEE 0. BENA Vi

=Ce/(diy) °, HH Co REEREK , d  HEAE| Mk ZHANK/LEGERE., X MIEERTNEREY

R, EMERE| MEEKHBR ‘BL WRSHERBLAS (KB V) . BIBORITAHSEFH
HRES |, XX ER L ABHERSL T B L RA |, XM REREHN REARIE

BRI

HAHSIEFFTIREY , PRALER ( RUIABERT ) #ME ‘@ T REFFE |, eI TAIBNEkER &R, &R
THZRGHAACH B, BIEET —MRENEZCAATRE |, ZR317 7 PR iR B REMAX
MRS ER B B £ RS SRS HNHNRREE T UERK

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

HepQ (1), (1), A(t) ZFEMNBIZILHSBIRIE ( XA Rabi 51F ) . BUMKXEHEDHEMATE B
IEZH. KE S _, =rland S+ =(S-) "= 11 (At DBIR s pin k WEERNASZES | n
k=M et BB R2ERNZER. (B3I H Q BorREMERBEMEREN ‘BT M “@L” R
A, AT EE ‘B L RASWEEERR.

N T REMNREAR O B R BREARN BT E |, BRNERUTRBEER 7.

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

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

time_ramp = le-7 # seconds

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

delta_end = 5 * omega_max

omega = TimeSeries()

omega.put(0.0, 0.0)

omega.put(time_ramp, omega_max)
omega.put(time_max - time_ramp, omega_max)
omega.put(time_max, 0.0)
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delta = TimeSeries()

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

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

amplitude=omega,

phase=phi,

detuning=delta

AT AT BAGE A AT B AN AT L5 B 37 9 e R) e B

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

ax = axes[0]

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

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

ax = axes[1]

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

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

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

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

ax.set_xlabel('time [s]')

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

N o+ o
" " s
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AHS it
BIEE. Ry ( ARBRIMTELHEEER ) R T ELSZIMBERE, ahs_program

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

ARG R BT

BT REAIRD (DT 15 Rk ) , HtbEFRE AHS B QPU L5172 81 , FATAILATE Braket SDK
BT Ry ANt AHS EHIER EB1TE . BT AMEBBR TR R A Braket SDK , HItiX 2HEARFRMNNA
WO EEN IE AT IV R fE SRR

EXE , BIOAHEABERENRSHNE (L1007 ) , RARMELRLBEE FSHNEEDE
THMRLORSFMEER ; Dbt , B MGEAHE , MESITHEX AR,
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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

DITRLIERE R

BNUUEAATHEERSRAER | ZEBA N SERNRS (TUR I KRR ‘AT, “u
RE ‘ML, e KERZEGH ) , ATESHEEERLPRENRE

from collections import Counter

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

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

e: empty site

u: up state spin

d: down state spin

Args:
result
(braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuz

Returns
dict: number of times each state configuration is measured

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

counts_simulator = get_counts(result_simulator) # Takes about 5 seconds
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print(counts_simulator)

{'udududud': 330944, 'dudududu': 329576, 'dududdud':

38033,

..}

countsXR—AFH , BUE T ERATURISMIRSEERNRK. RINEATUERATREDRE
(ICIE |4

from collections import Counter

def

def

def

has_neighboring_up_states(state):

if 'uu' in state:
return True

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

return False

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

plot_counts(counts):

non_blockaded = []

blockaded = []

for state, count in counts.items():

if not has_neighboring_up_states(state):

collection = non_blockaded
else:
collection = blockaded

collection.append((state, count, number_of_up_states(state)))

blockaded.sort(key=lambda _: _[1], reverse=True)

non_blockaded.sort(key=1lambda

_: _[117, reverse=True)

for configurations, name in zip((non_blockaded,

blockaded),

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

plt.figure(figsize=(14, 3))

plt.bar(range(len(configurations)),

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

plt.ylabel('shots"')
plt.grid(axis="y")

plt.title(f'{name} configurations')

[item[1] for item in configurations])
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plt.show()

plot_counts(counts_simulator)

no neighboring "up” states configurations
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MBHRBEMATLUEHEATHAER |, UBIERMN R HF T R,

1. BE , EEERS CXRERMIBHREL T ‘@t RS ) EEDBE—XIHEMBREEDHL T ‘@ L R
SHRSERNER,

2. BE , RFEREHEL , SN2REERBMES ‘@ L IR,

3. ZE MR ASHERTENREKEASH. "dudududu” "udududud"

4, FZELWRERRABE 3N “@L” BB , ELERA 1. 2, 2 RS, XROLTELHREERE

ANBIENREFEED (REENMES ),
Run QuEra ning on B Aquila QPU

FREFMH - BRT pip &% Braket SDK 24 , INRIEFZE Amazon Braket , FHREBEZTHLEN A
REZ &
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® Note
WMREMEARI R Braket FHEMEIZAZHI , WZKHFITFEE T Braket SDK,

LZETMBRBIUE , R AT LUEREES Aquila QPU T,

from braket.aws import AwsDevice

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

NTERMNW AHS BFEESQuEratlss , RINEEXNFABEEHTEESEA , S Aquila QPU
AFWBEKTE, (XEERIEHRFPHFE “DHB WRFSHBWAR, BINTUBETEEIR
ZRaquila_gpu.properties.dict()FHITREEE(]. BX Aquila HEEMERNEZFHE
B, B2 Aquila 212K E T, ) BAITUER BAdiscretize 5 ERMEIX — Ko

discretized_ahs_program = ahs_program.discretize(aquila_qgpu)

MAERN AT Aquila QPU LiE1TiZEF ( BRI RE1T 100 KBEH ) o

(® Note

FEAquilafh B2 28 EiEIT B =4 —EM A, Amazon Braket SDK @8 — MR A BIRES |
£ P R 1% B A AN BR &R MO F SE AT it BR BER X 2R o

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

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

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

task ARN: arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-
cdef-1234-567890abcdef
task status: CREATED
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HTEFESHWETRBEIZREAR (BFURTTAEAOMN QPU RIAZE ) , Ftie FTEFES ARN 21
HEE  IERIMNMUIUEULEERAUTREFBRREERS.

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

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

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

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

print(f"status: {task_status}")

*[Output]*

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

task status: COMPLETED

AN “BFEK” (B LAM Amazon Braket B HI AN EFEFSTEHHATRE ) 5, RIMTUBIUT
FRERE

result_aquila = task.result()
oM QPU 45
FRASUFIHEBENget_countsEER , AT AT EITEL -

counts_aquila = get_counts(result_aquila)
print(counts_aquila)

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

ARERUTHERLH E4lplot_counts :
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plot_counts(counts_aquila)

no neighboring "up” states configurations
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IFEEA

RE | RUECLFERAZAH AHS E#L25F QPU £ Amazon Braket 12177 £ —/ AHS IT{EfH
#o. Aquila

E 7 #Ax Rydberg B =%, BB ZWHEMIZAqUIaRBNEZELR | HSRABINNRAIEID
Ao

£/ A QuEra quila 23X T B
ATRME T BXAquilalt EHLIIEEMN £ E X QuEra, AR ENFAEENT 1) SB{tBRBRTHE

Aquila , 2) AHS EFS# , 3) AHS £RKNEA |, 4) BE WS B AquilaREIER Ctrl+F XAXERK
ERSENRIBEXNSH,
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ATRE

« Hamiltonian

- X% AHS EFEEH

+ Braket AHS E& 4 RN

* QuEra RZEMHHEN

Hamiltonian

Sk BMAquilatl B AHQUEratE LA T ( SrtEIEXY ) BRETHERE

N N N-1 N
H(t) — =1 Hdrive._l.: (t) + Zkzl ch»cal detuning, k (t) -+ Zkzl 21:;;_1 I’i‘dw,k,li

® Note
TR A i K18 B — I SE I 4 ThEE | AI@XE Braket Direct RiEIR 5.

Hm

* Hamvex ®=("Q 1) e Vs _ +70 1) e "I A o (te) ) |
- Q(t) EENETRILHLBRIIRE ( X& Rabi 1R ) |, BH (rad/s)
. () RN TN RAR | BEIE R B4
Sk s +k EEF KNEERBENASZER ( TEEHP =||i#g, |t=|re, eflg& S =|gr] , S=(S2) T =|r*g| ) +-

o AT giopal (t) RBEEEZELE 2B KA

c ny =RF KNEERABRSHIREZER (B n=|r|)
* H jocal detuningk (t) =-A ocal A (1) hn g ¢

o AT jocal (1) REEBHBIVRRZERF , 2427 (rad/s)

« hy RE#R/MEXHNEF , AT 0.0 1.0 ZRINTENEK
* V yawk =Ce/(d)) ° nicny

« Co BIUEBHLRE, BN (rad/s) * (m) "6

c d BREF KM ZENRILESER , LUKNBAL

AP A L& Braket AHS 2 F R EI LTS,
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s ZHERTH (BNMNEF KB X My 245, lum RE ) , BESIRNREFER d M
k,I=1,2,...N

e Q(t), FERTEIZE{LN 2 H Rabi 50 |, B4 (rad/s)

- (1), FERREE{CHLBEA , £HR (rad)

* AT giopal (t) , BERRIZRLAVEF/RIE , BN (rad/s)

o AT ocal (), BEPXRBEENENBRZILL (£B) BF , £427 (rad/s)

« he, BEMKBEEN (85 ) B HXWEF , AT 0.0 M 1.0 AN TERNHF

@ Note
RAPTERFSRBLERH (BNS_. S. n SEFREEWN ) . , BT E#ES Rydberg-
Rydberg XRER# (C) WEE, ¢

2R AHS RRFRY

braket.ir.ahs.program_v1.Program 33 &R ( =41 )

(® Note
MREWK S RIGARENIIEE , R T RBllocalDetuning=[]HEM,

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

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

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

magnitude=PhysicalField(
times_series=TimeSeries(
values=[Decimal('®'), Decimal('25000000.0'),
Decimal('25000000.0'), Decimal('Q')],
times=[Decimal('Q'), Decimal('®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]

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

(® Note
MREEK KRG AR EYIIEE , BFEUTRHI"localDetuning”: [1HEMA.

{

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

.

"setup": {

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

"hamiltonian": {
"drivingFields": [
{
"amplitude": {
"time_series": {
"values": [0.0, 15700000.0, 15700000.0, 0.0],
"times": [QE-9, 0.000001000, 0.000002000, ©.000003000]

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

"detuning": {
"time_series": {
"values": [-54000000.0, 54000000.0]7,
"times": [QE-9, 0.000003000]
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iy
"pattern": "uniform"
}
}
iF
"localDetuning": [
{
"magnitude": {
"time_series": {
"values": [0.0, 25000000.0, 25000000.0, 0.0],
"times": [OE-9, 0.000001000, 0.000002000, 0.000003000]
1,
"pattern": [0.8, 1.0, 0.9]
}
}
]
}
}
FEFE
BEFEFE type description
Ri& .ahs_register.sites ik [FIk [T#HF] BFEREFHZ
YA FRIE R
R & .ahs_register.filling HF% [int] A1 fRid SEREM
MNSWEF, A0
Fric G IEZE M RH
RF
Hamiltonian.drivingFieldes [] .amplitude.time_series.t %3 [+ #l] X Z ¥ 18 B B[R]
K, BOKAN (1)
Hamiltonian.drivingFieldes [] .amplitude.time_series.v % [+ 3%l I iRIEE , BOK
A (t)
Hamiltonian.drivingFieldes [] .amplitude.pat str I Zh ¥ 1 Y 22 [A) 4R

3 , Omega (t) ; &
M e

A A QuEra quila EX#ERLLT B
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BFFR

Hamiltonian.drivingFields [] .phase.time_series.tim

Hamiltonian.drivingFields [] .phase.time_series.val

Hamiltonian.drivingFields [] .phase.patter

Hamiltonian.drivingFields [] .detuning.time_ser
ies.times

Hamiltonian.drivingFields [] .detuning.time_ser

ies.valu

Hamiltonian.drivingFields [] .detuning.pattern

Hamiltonian.localdetuning [] .magnitude.time_se
ries.times

Hamiltonian.localeduting [] .magnitude.time_se
ries.values

Hamiltonian.localeTuning [] .magnitude.pattern

type

Sl

Bll% [+ 3 ]

str

B [+ 3 5]

Bl F [+ 3 5]

str

Bllg& [+ 3t ]

Bllg% [+t ]

BIER [+ 3 Hl]

description

B3/ ERAYET (A
&, phi(t)

Iz B ERHV{E |, ph
i ()

B ERNZERE
3 , phi (t) ; X2
uﬁ/;jﬂlgu

0 5 Y Bt [E]
&, delta_Global

(t)

3 KIFHIME |, de
lta_Global (t)

B KAz EE
3 , delta_Global
(t) ; Zi2 55
E[\J”

2 EB 2% 1 i B Y Bt
ZE A ¥ delta_Local
(t) KBt =

ISR EEL L)
K F1E delta_Loc
al (t)

ISEE SIS
ERMEXEF

h_k ( EX AT
setup.ahs_register

sites PFHIER )
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THEFER

BFEFE type description
braketSchemaHeader.name str ZERJWN B PR ; 22 'braket.ir.ahs.pro
gram'
braketSchemaHeader. kx4 str ZEHI Y AR AR
Braket AHS 54 R %

braket.tasks.analog_hamiltonian_simulation_quantum_task_result
AnalogHamiltonianSimulationQuantumTaskResult ( 4l )

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

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

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

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

JSON ( R4l )

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

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

b
"id": "arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-

cdef-1234-567890abcdef",
"shots": 2,
"deviceId": "arn:aws:braket:us-east-1::device/qpu/quera/Aquila",

"createdAt": "2022-10-25T20:59:10.788Z",
"endedAt": "2022-10-25T21:00:58.218Z2",
"status": "COMPLETED"

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

"braketSchemaHeader": {

"name": "braket.task_result.quera_metadata",
"version": "1"
},
"numSuccessfulShots": 100
}
}
}
FEFER
EFERTER type description
& [] .shortresult.preSequen HlIZK [int] BRFTHTFMNEN (BNETF
ME—N)  IRMIRZE, MR
0, MBMNSEEHF, A1, &
BEITE LR 5 2 8l &
measuresult.postSequence []o HFR [int] BRAHENFIENEN : WRE
FATEERBRESIVANZE
Wi o; MERERFLATFES , WH
1, EBITEFHLBBKHR SR
ENE
TTHREFER
ESERTER type description
braketSchemaHeader.name str WA
o M
= “braket.t
ask_resul
t.analog_
hamiltoni
an_simula
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FRARER

EFERFER

braketSchemaHeader. hix4x

F5 tEhdE. braketSchemaHeader.name

£ B, braketSchemaHeader. iR

taskmetadata.id

£55 TR shots

taskmetadata.shots.devicelD

type

str

str

str

str

B

str

description

tion_task
_result.result”

SR AT R A

2 A RS
R IR
= “braket.t
ask_resul
t.task_me
tadata”

SRAFHY AR A

BETESH
IDo XF AWS
BETRES , X
=ETES

ARN,

BTFESHNE

BITEFHES
KR &R 1D,
XF AWS &
% XRRE
ARN,
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FRARER

EFERFER

taskmetadata.shots.createdatea

taskmetadata.shots.endedat

1E% T B 4E shots. Status

1E% T #3E . shots.failureReason

H b 7T B#E . action

type

str

str

str

str

braket.ir.ahs.program_v1.Pr
ogram

description

k=4 0] Nl
g Bws
XA 1SO-8
RFC3339 601/
FRBERER
mMm: SS.SSSZ,
YYYY-MM-D
DTHHERIA R

ETESE
Ay At ]
FX A 1SO-8
RFC3339 601/
FRBEER
mMmMm: SS.SSSZ,
YYYY-MM-D
DTHHERIA R

BFESHR
S (BRI,
EHRA. EfE
=17, B
B R o

BFESEK
BYRE. BRIA
ﬁg “95”0

(BEZH
Braket AHS 2
FFZRFIER D )
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ESFSERTER type description

H fth JTHIF action, braketSchemaHeader  str BN A

.querametadata.name M IR
5= “braket.t
ask_resul
t.quera_m
etadata”

H b 5T 3E action, braketSchemaHeader  str 28 4 B f A
.querametaData.version

H b JTEE actions numSuccessfulShots B TR IHEE
HYRE ; B
ZTERNA
B

I & [] .shotmetadata.shotStatus W FLRPRAS
( BXZh, B
DRI, K
W) BIR
“}:’iyJ”

QuEra B &E MM

braket.device_schema.quera.quera_device_capabilities_v1, QueraDeviceCapabilities ( 7=l )

QueraDeviceCapabilities(
service=DeviceServiceProperties(
braketSchemaHeader=BraketSchemaHeader(
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)

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

),

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

),

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

),

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

),

DeviceExecutionWindow(
executionDay=<ExecutionDay.SUNDAY: 'Sunday'>,
windowStartHour=datetime.time(0, 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/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5c5¢c878/
abcfcbfca26cflc2elc6.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
),
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action={
<DeviceActionType.AHS: 'braket.ir.ahs.program'>: DeviceActionProperties(
version=['1'],
actionType=<DeviceActionType.AHS: 'braket.ir.ahs.program'>

iy

deviceParameters={},

braketSchemaHeader=BraketSchemaHeadex(
name="'braket.device_schema.quera.quera_device_capabilities’',
version="'1"

),

paradigm=QueraAhsParadigmProperties(

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

JSON ( R4l )

"service": {
"braketSchemaHeader": {

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

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

b

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

},

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

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

"deviceCost": {
"price": 0.01,
"unit": "shot"
I
"deviceDocumentation": {
"imageUrl": "https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5c5¢c878/
abcfcbfca26cflc2elc6.png”,

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

1,

"devicelocation": "Boston, USA",

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

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

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

"name": "braket.device_schema.quera.quera_device_capabilities",
"version": "1"
},
"paradigm": {
# See Aquila device page > "Calibration" tab > "JSON" page
}
}
RSB HEF R
RSB %= B type description

Service.executionWindows [] .execution

Service.executionWindows [Jo windowSta
rtHour

Service.executionWindows [ windowEnd
Hour

service.qpu_Capabilities.service.ShotsRange

service.qpu_Capabilities.service.cost.Price

service.qpu_Capabilities.servicecost.unit

ExecutionDay

datetime.time

datetime.time

MATEONRH ; LR
R GX. “T#E" ‘A
*, B, R
RS, RS 2
WA, EHA SR
5

HITE OFARTEIA UTC
24 /NEHIE R

PITE QL RETEIE UTC
24 /NEHIE R,

REHR/DHRAXHERREK

WEGME (UETIT)

HREM Bl 5
ANV LN C - T

%u
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THEFER

TTHEFE type description
#1E [] .version str AHS 27 R HI MR AR
action []. actionTy ActionType AHS B FZEEE

o AR “Draket.i
r.ahs.program”

BR%. braketSchemaHeader.name str BHINBR MR
“braket.device_sch
ema.device_service

_properties”
Bg%5. braketSchemaHeader. R str 28 ¥ B9 AR A
Bk %5 .deviceDocumation.imageURL str B E ARt
RS, RENH, BE str R& LN EEHRR
RS, ®E X, externalDocumentationUrl str SMER ST R 1k
BRSS. REMIE str REZH I E
Service.updatedat datetime EREFRZEMEN
B ]

£ AWS Boto3

Boto3 & Python B AWS B#4F AT ES, £ Boto3 , Python FF R E LG, BEEMEE AWS
BR%% , Lkl Amazon Braket, Boto3 2% 7T HIEX RV IF AR , R4 73 Amaz APl on Braket 89
R H R XBR

IR Boto3 RIEA [TIEFE P AR ITRE , 7THRAMATLREMEE Boto3.

Boto3 12t 7 5 Amazon Braket Python SDK Bt &AM/ IhEE , IR B ERBNEZTE FE
%, Python EF R RFEERE Boto3 , RANXZZOEN, MECEEHEMBE AL, WEFTER
% Amazon Braket HiMfF A T2,
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https://boto3.amazonaws.com/v1/documentation/api/latest/guide/quickstart.html

Amazon Braket FRARIER

Bltn |, HeRBhEBCreateQuantumTaskEt , Amazon Braket SDK &3FiERIE23T4S Boto3 , Boto3 AJ5
TWH. AWS API

ATHRA :

« }TFF Amazon Braket Boto3 & ik

« 7y Boto3 #1 Braket SDK AWS CLI ft & &t & X5

$TFF Amazon Braket Boto3 & i

ZE I Boto3 5 Amazon Braket Bt & , BTSN Boto3 , REEN A TFIEET 5% Braket WEF
iw. APIELLT RHIF |, i858 F Boto3 FF iw. braket

import boto3
import botocore

braket = boto3.client("braket")

® Note

XO@ HR%E IPv6, MREEANE IPV6XRMERNFERREN THERZER IPv6 RE |
HERAREH FIPS i <45 A 8L B Xk i R o

BARBEREN] Tbraket®EF , BT LB Amazon Braket RSIRHERFMLERE T, BHUE
AP ZZHRMAEXBERMIEANBENESHAEE

LT RAIEBAIMAERREMEFES.

B

BIEEFES

REEFES

BREFES

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

* search_devices(**kwargs)

EREENTIERBRIRE,

# Pass search filters and optional parameters when sending the
# request and capture the response
response = braket.search_devices(filters=[{
'name': 'deviceArn',
'values': ['arn:aws:braket:::device/quantum-simulator/amazon/svl']
}]1, maxResults=10)
print(f"Found {len(response['devices'])} devices")
for i in range(len(response['devices'])):

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

B ER &
* get_device(deviceArn)
# 2 Amazon Braket o] A% &

# 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']}")

tEEFES
« create_quantum_task(**kwargs)
BIEETFES,

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

'action': '{"braketSchemaHeader": {"name": "braket.ir.jaqgcd.program", "version":
"1"}, "results": [], "basis_rotation_instructions": [], "instructions": [{"type": "h",
"target": 0}, {"type": "cnot", "control": @, "target": 13}1}°',

# Specify the SV1 Device ARN

'deviceArn': 'arn:aws:braket:::device/quantum-simulator/amazon/svl"',

# Specify 2 qubits for the Bell pair

'deviceParameters': '{"braketSchemaHeader": {'"name":
"braket.device_schema.simulators.gate_model_simulator_device_parameters",
"version": "1"}, "paradigmParameters": {"braketSchemaHeader": {"name":
"braket.device_schema.gate_model_parameters", "version": "1"}, "qubitCount": 23}}',

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

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

'outputS3KeyPrefix': 'boto-examples',

# Specify number of shots for the quantum task

'shots': 100

# Send the request and capture the response
response = braket.create_quantum_task(**kwargs)

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

KREFIES

* get_quantum_task(quantumTaskArn)

RREENEFES

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

print(response['status'])

BREFES

* search_quantum_tasks(**kwargs)

BREEESRECENETES
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# Pass search filters and optional parameters when sending the
# request and capture the response
response = braket.search_quantum_tasks(filters=[{
'name': 'deviceArn',
'operator': 'EQUAL',
'values': ['arn:aws:braket:::device/quantum-simulator/amazon/svl']
}1, maxResults=25)

print(f"Found {len(response['quantumTasks'])} quantum tasks")
for n in range(len(response['quantumTasks'])):
task = response['quantumTasks'][n]

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

BUHE 7155

* cancel_quantum_task(quantumTaskAzrn)

BUEEEENEFES.
# 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']}")

4 Boto3 # Braket SDK AWS CLI B B & & 34

KIEEREEAHILEA , &0 Amazon Braket SDK {k#i T ERIA AWS CLI iIEH, BINEBNUEEILEE
Amazon Braket £ A L ETRHMRBEINRE , RAEBATIREENBHEICARESHH IAM B,

HE , MREEARMIZITAB ( HINFE Amazon EC2 356l L ) |, MATLAEM & AWS CLI BLE X
. BAUNBINEEXHIEETENNEE , MAXERBERRIAEE X,

AT EEHA 7T MABBIXE#R CLI profile MUK Wi i Hl & X & H | Amazon Braket # , L&
55 A B E SR B ITAPIE A

ETAR :
« HE 1 BEARM C AWS LI profile
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o IR 2 : E3 Boto3 2FENR
« £ 34 : ¥ Boto3 1S H % Braket 7 AwsSession

S 1 BLEA# C AWS LI profile

FERNAEAFNUAEREFRAREXHEE 7T AXENTE. BXXEFTNES , 3R :
- Al
- BLi& AWS CLI ZfEH AWS IAM Identity Center

E{FF Amazon Braket , A EIZAF AR MEXH CLI profile 24X ER Braket PR, Hia0
!&R\EI1«){I3ﬁjJ[1AmazonBraketFuIIAccess%H%o

HUR 2 . B3 Boto3 £FERKR
E#E 1 Boto3 2iENR , BEAUTRBRA,

from boto3 import Session

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

(® Note

MRTHVAPIFFIEEE T XEHARSE , MXERHSENprofileIAXEF—3, W7
B Boto3 ERE—1MXE , ML T RBIFT R,

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

FFIEENNSHEregion , EE#—15 Amazon Braket A AR EHX M Eus-east-1 , fi
Wus-west-1, &, AWS Xig

% 3 & : ¥ Boto3 £1&4 H 2| Braket F# AwsSession

LA 745035 B a0 (I #0 #51t. Boto3 Braket @iEH EiZ 2 FEPEHLIRE,

4 Boto3 1 Braket SDK AWS CLI ¢ & it i& S 4 132


https://docs.aws.amazon.com/singlesignon/latest/userguide/getting-started.html
https://docs.aws.amazon.com/cli/latest/userguide/cli-configure-sso.html
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from braket.aws import AwsSession, AwsDevice

# Initialize Braket session with Boto3 Session credentials
aws_session = AwsSession(boto_session=boto_sess)

# Instantiate any Braket QPU device with the previously initiated AwsSession
sim_arn = 'arn:aws:braket:::device/quantum-simulator/amazon/svl’
device = AwsDevice(sim_arn, aws_session=aws_session)

RESTKG , BAILAEIZEF{LEIAwsDevice N REBREFES (flw , BEBEAdevice. run(..
) WH) . ZRFHITHABEAPIBABAUUNAELRZFEEN CLI BE XXM IAM iE
Fprofile,
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£ Amazon Braket Mif4RI B FESH

Amazon Braket 2t & f S HEEE FRBIENEE , IR EESENEFEG LETEFEEZZIX
H# TR MBI, XEEL RN EE RN RE R4 MER AR S M4 it = (Amazon EC2)
B MMBRTHEESSHAEITE (HPC) B R LA EE FHEENAE, XEFREEBTUELE
FTHAERMRECEFRA

& B Braket WEHIZR , BRI LUMEN A ENEFHBENEE  FTXWEE FREVRFMBRSH, XE
CRBHRRAEMHEFITESS  NMETHNEFNHNERIELENE FEENEREBEAR,

Braket SDK AJ AR\ E FEFRREGERSE , ATEEHFEESH , fINGELBENRFER
LEiFith THRE FEENITR. BETLLFA Amazon Braket Hybrid Job ThEERIRHITE TEMNE ¥
TTERRESERX , AN —FF KR FEIERSEE,

I 7E Braket WELIE FAENRENEFES , ETLREERNARE  TEEE  AHRFREER
% AREBFESEINEINEFEH L, XEBTREFARE , RAREMHBDEIR , HREMR
BEEFITESENEE.

EHRA :

. AENRERETES

« £/ Amazon Braket ;8 & I {E

IR R R E TS

Amazon Braket 2 ¥ iH RIS MERIER | XERLBR[TUNHIRONE FESF. EUNRMERE FE
5, A lREE FESHAE,

Rilas

o ZMEMEMEELIEE  DM1 :arn:aws:braket:::device/quantum-simulator/amazon/dml
« RAEBMEELIE , SV1 : arn:aws:braket:::device/quantum-simulator/amazon/sv1
o KEMKZERLLET  TN1 : arn:aws:braket:::device/quantum-simulator/amazon/tnl
o ZRMFEHLIEE ;: LocalSimulator()
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-batching-tasks.html
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@® Note
O L BUH IR EE LB CREATEDIRA THY QPUs E 7155, B UAREAE HEUH
ZQUEUEDMMI B FFS , ATIREELIEERN. QPUs 5= , £ QPU TAM B O A , QPU
QUEUED EFES T AT BER IEUH,

ATRE:

- BEPRTEEELLEE (braket_sv)
- BEPREEMELIER (braket_dm)
« Zih AHS #EHL85 (braket_ahs)

- REMEELER (SV1)

- BEEKELER (DM1)

- REMSEEBER (TN1)

o XKTFBAKXELE

« L& Amazon Braket 185

« Amazon Braket L& FES RS
- EAFRMBERNAEFES

- EFESHAE

FBERS R EELLZE (braket_sv)

i RS REEIEE (braket_sv) BELEWIFER AR HZ1TH Amazon Braket SDK 1 —&B50. ©IE
EESE/NEER EHTHRERRERIT (H&Z 254 ) qubits ) BURT &K Braket 18 A2 25 i
BB,

A LB X Amazon Braket SDK FIVFTET] , B2 QPU iIRBXFN FER D, BULUEIRERE
PR INEE N,

(® Note

At FERTFESR OpenQasm ThEE , QPU R B RE MBI REF L IFX LEThRE, AXX
BHIEENEZER |, 551 OpenQasm A iEHlEFE L AP IRMEA RO,
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Advanced_OpenQASM_Programs_with_the_Local_Simulator.ipynb
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BxAFEAELENEZEL |, 5 Amazon Bra ket =~
R EEFIRLLZS (braket_dm)
R EHERERIEE (braket_dm) 2HE P —E 2 Amazon 7 ERRIIFIE P A #hi=1THY Braket SDK.,

THEBEERRE (B 12) W/ PhEBEE E#HTRERE R qubits ) BURT &K Braket £ 124838
15 25, 2 IR S5 Y RE AL AK

&R LA AR R S R A ( BIANIBIEMERLIRE ) NATTIRWEERMNRF B, St LURRE
EENATHEN qubits ARIABBEEN] , XEBREEEARFNLTRIHNER TIET,

HBTERTEHE | braket_dmZAR# &S o AR H LA T 4 R shots:

- {(KEZEEPRF : Shots =0

(@ Note

A FEEETIFE R OpenQasm IhEE , QPU iR Z R EMEMIBS AT AE RN X LEThae, XX
BEMNIEENEZELR | 521 OpenQasm At iE LT E IC A FIRER RO,

ETHRAEXRNEZEERELRNESER |, F2H Braket BEELIZRATTRA

R AHS #2#1858 (braket_ahs)

AHh AHS (RS B /REELL ) #HLE] (braket_ahs) RELEHIRE D A2 TH Amazon Braket
SDK H—#B. TRAIAREL AHS BFENE R, SHFEESENEFTEFS (FZ 10-121MEF)
E#ITRERAERIT | E4HURT A Braket £ 18 AL HIS 24 3t IR E B B 45

AP ERIZHEE - NMNITGEFE,. —4 (FE9 ) BUBNEERFHSH AHS BF. BxifdH
{E8 , FS 5 Braket AHS 25 #] Braket AHS T2 /F 2214,

ETHRAXRAM AHS FERNESER , FS5 Hello AHS | ZTEMNE —MENRZ W5 ERE
MEARZGEERFIZEA,

WA EEERELRR (SV1)

SV1 B—HEE. Bt BARSKEHER, CUMNENSE 34 B qubits, RIS —
A 34-qubit, BEBMATBE (BERE =34 ) ANBEE 12 M FEEEHR , EABUAT AR

RERE E EREEHIZS (braket_dm) 136


https://github.com/aws/amazon-braket-examples/blob/main/examples/getting_started/1_Running_quantum_circuits_on_simulators/1_Running_quantum_circuits_on_simulators.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Advanced_OpenQASM_Programs_with_the_Local_Simulator.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Noise_On_Amazon_Braket.ipynb
https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/ahs/analog_hamiltonian_simulation.py#L29
https://github.com/aws/amazon-braket-schemas-python/blob/main/src/braket/ir/ahs/program_v1.py
https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
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MRBMHEMEAR, 7 al-to-alfRAVEREIFFES SV1. TUEMNMTERSEETIRIELA KN
FERREER,

SV1 B RETHENR 6 DMit. EHBRIAHKEFESH /SN, HREFESHRZH 100 4 (us-
west-1 # eu-west-2 A5 50 1N )

SV1 &R
SVI EAERERBNERT , TURHUTER shots:

« =4l : Shots >0

- HiXE : Shots >=0

« 5% : Shots >=0

« ¥i= : Shots >0

- ¥R1E : Shots =0

- PHREHE : Shots =0

BXERNESEE , BSALEREE,

SV1 & AR , EANRBETENER , HEUUATEITSANEE. SITHRERERLSMY
B’ , EREBEBBREN qubits, HIEE shots MIZTRMEEEB /N, ETHRESEE , BRI
BAEHLLES

U E X5 Braket SDK FEVFRAT] , ER QPU RBFXZEFNFER/D, BANUERBZEMEFHIIRZ
XEFNIT.

#EEMFRES (DM1)

DM1 2 —SIZTIR G B AL ME M8, B TLUEIZ3E 17 N EE qubits.
DM1 BAETRIE S 6 i, BN 35 MHRBFES , BS 50 MHRBTHES.
DM1 &8

DM1 EATEIRERBHOERT , TLUEHU TR shots:

« 45l : Shots >0
« HIEE : Shots >=0
« HZE : Shots>=0
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« #t#* : Shots >0
- {KFEERF : Shots =0, HZRZTHEiT 8 qubits

BXERNESEE , BSALEREE,

DM1 3R WA , EAMEESETENSER , A ETUAHITETSNER, ST ERERLMEYT
B, EREBEEBREN qubits, HIEE shots WIZTRHEEEB N, ETRESEE , BSMAL
BAEHLES

gR 3 1) A1 PR %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 [0@,1]
Kraus

At most 2 qubits

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

Probability has to be within [0,1]
PhaseFlip

Probability has to be within [0,0.5]
TwoQubitDephasing

Probability has to be within [0,0.75]
TwoQubitDepolarizing

Probability has to be within [0,0.9375]

K EMEELLET (TN1)

TN1 B—REFE. StEee. KEMNBELER, TN1 TSUELIRLEBEREA | FZAA 50 qubits BEER
EZET 1,000 HE), TN1 X THEER, HHERBINVEEAREMEEFREREWNER (HNE
FEEHETHR (QFT) BE% ) BB A, TN1 TR IMNERET. B, IEMREZH N IRV EREE
—RBEMWITERE , AT TN AT BUETT T —F B ( R IRGERT B ) RIS TTRYE) . SNSR {4 1T Y W4 Bt
[FEE TN1 EELETRERE , TN1 R4,

S M AR HLER (TN) 138
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TN1 Z1TaTEBREIN 6 /Net. EREIANZZ 10 4 ( £ eu-west-2 1 54 ) HEXEFES,

TN1 &R

WA R — RIIERESREA K. —RIFE-EFRIRINERIBELESHER NI,
JEE @ Shots 4K TF 0.

GREBIIRE

- B

- HiE

- BE

BEXERNELZER , BSREREH,

TN1 A TA , EUMREZTENEE  HFEAUATETSI N EK, ETHRESER , H2HEL
BIEH 2R

U EF <+ Braket SDK FEYFRAT] , ER QPU RBEXZEFMNFER/D, BUNUERBZEBMHFRIIRZ
XEFENIT.

58 Amazon Braket GitHub FEHEETN1 R AEIZ 124 AR BIR AT TNA.

E AV ERERE TN1

- B% all-to-allE &,
« ALENAFHAEBIRE —FKBEE shots , THRBIKE “BWE” TN1.
o D KRS shot W ZNEFESHITERLL,

KT AR IUES

BRARNFERBEINHEEEZERATELRBFRET, kI, CBEERA—NBHEF , HEEERES
EM KBl EiE1THERl, XfEEN T ERBESHENZEREZENBEMEXNRIEER. #A
REERESITMEITERIEEE —, BRRIONKESD , IUAKBENEERHBLZIBRER
FIEMNERRITAR. SRBIEEMENEARIEERL  XTUEERSHE  BERSTEIES,
BXRBARNBRLFNARSHEENELRSELNEZFELR , S FEA Amazon Braket EE1ElIZ
TREELXETE,

KXTFBRARNERER 139
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PennyLanefy A EBAR L85

YRUE]LATE Brak PennylLane et LN BB/ Braket LHIER AN ERLIZS . &B) PennylLane/N 8
B , B RASEBETERZE (fINFEHS ) KERBITEHE, lightning.qubit #EHES AT
&3 Brak NBls et EN & EMA , B LMER A RMERIBEMEMA |, T lightning.gpu BB EEENH
A GPU :fIp#x AR LLBRIZ1T. BXMEA lightning.gpu B 7RHAI , 52 ¥ Braket Hybrid Jobs 1248
PR A RS

b Amazon Braket #3188

ATEI R - L8, REMAEG  BEEEREKESENE FESH Amazon Braket #1127,

A R AR M R B R U ER 2 | #E1TiE$ (SV1, TN1, DM1)

AR BV REEUR T REA M INEWREM |, SR TIiZ1THRLLERHY Braket Z124KH], EHFJRM

BRE AWS mimiz1T , EEBBHABENIHE, BERUB[ENRANVERHTTRAL , BEREIE
FRSIHEFESLEN—LHERTH, MRSRFZETFES , XATRERERNENES, ETXLE
—RRMERRAHIE , AT S WU AR NMASTEL  8fFRRFNHE,

X3 FHEHL

- HEM2T 18 AB qubits , EAA MRS,
- ER 18—24 Bt qubits , RIFTENBIERELLER,
- HEMABEY 24 AR qubits , ERRFEELLEE,

Xt TR

- HEHALDTF 9 ARt qubits , fERARIEILES,
- B 9-12 B qubits , 1RIETEABEFEIE.
- YEMABES 12 AR qubits , £/ DM1.

o RRA B RIS 2

SV1 B— 1M EAMNRSHERAUR. EFHETSHNEREY , ARINFFMREENA T IZRES.
CEMTAE RN  BERRTARN RN, XEXEHA : SV1 EUBERNITEFESNESITH
(6] B & R RGP TR BB T 4k 1 18 0.

TARZEREKFELIER ?

HRERLLES 140


https://docs.pennylane.ai/en/stable/introduction/interfaces.html#simulation-based-differentiation
https://docs.pennylane.ai/projects/lightning/en/stable/lightning_qubit/device.html
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb
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DM1 ARFEINE FBEE, EEHERENSEZERME , HRINFNABENMENEEZEE, 4N
REEMIEAXEBREITRETFSNEEER., ETREBERREREUET B , BRERKERY
& qubits.

FARKEMFZIELLER ?

TN1 REFREREBREMEILE.

- BT REBEETFIIHRK , = qubits.

- ERMLSERTKRITZEBNERE,

HFXFEHETNT AT ENRAMERNE FBREBBER,
TN1 FEH M &

BE , TNt RARMERAEREUEFITE,

o BREME  EXAMHER , TN BRT —#MEXMETRRNGE , 8FTEEMNT R, XHERRA
LIRGAIENNELER. FAEF , £FFIHE , BN TN1 N ERHRITH IR, ETXT
F—HER, AREXGRIRERTRIMMTEMNR. ERUTHRE , ENZREXFEAER

o WAEBER T BRRUT AT ENFITENRITH R, ZBERE—RIEFFREAR. XLEFEN
IR it EEEERANEE, it , EXETHIESENR  UEERPRIFERNITERE. #
A BRI BB RE , TN HEBHOANREE -—BUAERBESR

TN1 B RED T

e, RATALERIRER TN L8P H#EHERNE R, ERAMNLMEAETF , 67 E AR
R MK IBEERBNRL, E—NMFEITXN, HERVEESFHNETT , BIEF B TRERE
KEBEE B R A ER L,

MR TN1VRBHRTHEMER , BERNTHHELERELZIHENE—F K MAREETHE. P
TREME  RESHNNEEEEESSALEREER. B  FENBRERHATENENEE.

fRATBER Y TN1 XN EMFBENEZE BRNEHEE—EN ‘Bl THEEENBRRETXHER.
RIBRERESEHREWEUR

SVI EEEETFEM—EZTERB T —EHREN DB qubits BB K. BE , FIERBELSMEEE
EBimE&HEE , MXATEORTIIMNEE shots. SV1 BE L TN1 EA T 28 # U FHEE qubits.
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SV1 A BME— SR BES qubit HiF , AN ERFRLEE TAEaet |, BIER R T oJ8E/Y AT REME .
CEEBETMREIMELELR, Fit , XF 30-qubit 144 , SV1 AT E 2430 NEE, 34 I LR
qubits X¥F Amazon Braket SV1 B FHRFHMFERSF , BHRBER —NRFREH. RATSUX#EIE - 8K
PREINI— qubit | SV1 , RBEBEE T HE

NFW KB EE , TN EIKE A N A IPE LSRR AR SRR SV1 A% TN1 FA TERK
. EARERMN-FTRBBREMRTROEE , ALRRERHTEREINRE, ROFYR, ©
REEENSIREEFANIRT , MM it EEE,

NF TN1 , WEE qubits M H gates REE , ERRVWLEHWEERE, Flm, TN1 EEBEITAHR
NEFEENER (BXR) (BHRER , 84 qubit B AMNESERERSREHIE qubits ) , LIKE
(%) EAMELCEEMNER (AKX ), WEISEE TN1 #E qubit RFBIARE qubits B2 5
qubits BT, MREMHRIBA AU BRERENXR , fIIIXEXR | XEXRTUAES,
BN FEHTGNEMEREKR , TN1 BRARITEME,

Ry R BRME TN

TN1 ATLUE T SV1 BURTERRWEHNE RN, W TELEERX , TN1 EHEMBRERELX EENHE R
IRASFAILED , ERBUTHEA :

s RTEBRE —MRBAEAESR , NRERT —KHFNEHTBRR , BUSRSBFITE. TN1 T
T, BAELBFEXRUTUTARNEIRBELE  No viable contraction path found.

o WHMBAE¥ET —EZFELERAKD , TN ALK —FEAER , ERIAERRBRKMAE
#Frf, EXMIBERT , WRFESBR , LETHASBFTAEMEAS |, HR , TN1 HEEMEBRER
BB, BURLBRRUTUTHANESIRES  Predicted runtime based on best
contraction path found exceeds TNl limit.

® Note
BREX NG BAZEA TN BIER AT F BE2BEIFAILEDRE.

T B9 = TS EDEBUR F shot 118, EHRIAWERT , TN1 AR B L EBURTF shot T8, ZEBEE
AILLAEDNEH1TEY shots, fila0 , FRATMER —NEE 100 WE FES shots , A TN1 RE
&4, BEMREAE 10 REFHIRER , MKBLEE, EXFERT , BIRE 100 MER | FRATSEL
B3R 10 NEFES , HF 10 NN shots WTFE—MEE , REEHLE R,

FERNRESEK , BINBWERAFER LR ERN NG BRI BIREFR shots (Hla, 10 ) KT #E
RVERER A S TN1 , ARBHELEESHEM shots.
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® Note

TR IR FE B BBV — RFISRSEM /DY nxN JEREFF 4R, flan , —A 2-qubit [TEE— 4x4 5ERE,
EHHENS TRENRBHRAMENFREMREREAN. IENITEZTE/LXRTBETK. X
BN A Amazon Braket T &= AR E S ZHI 4R

HFER

Fi A Braket REZMALEMNZT SN ER, ARRIRNRUB[IXEMR. BEXRARRIINES
E8 , BFSREFHTHE,

Amazon Braket EHI & FES =B

AFNBETRPIEFESHENINER , NERRZEEFE R, 1EN Amazon Braket BV ER{EKEE |
BENBWEHLEELSZ EETHE |, Flin Sv1.

- BEFRHILE

BEERE
B, NENETESEREAEE RS, WRHIHAMAERELE  SV1.

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

AR TAAERRREFNELRES -

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

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

('actionType', <DeviceActionType.JAQCD: 'braket.ir.jaqcd.program'>)

('supportedOperations', ['ccnot', 'cnot', 'cphaseshift', 'cphaseshift0Q',
'cphaseshift@l', 'cphaseshiftl®', 'cswap', 'cy', 'cz', 'h', 'i', 'iswap', 'pswap',
'phaseshift', 'rx', 'ry', 'rz', 's',6 '

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

v', 'vi',
X'r 'XX', 'xy', 'y'r '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),
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)])

RRETESRA
RRBERBEMUB LETHEFESRA,

# create a circuit with a result type

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

# add another result type

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

# set up S3 bucket (where results are stored)

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

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

# submit the quantum task to run

my_task = device.run(circ, s3_location, shots=1000, poll_timeout_seconds = 100,
poll_interval_seconds = 10)

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

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

Zdevice.run( )W HET CreateQuantumTask APl B8 7%, EELNIBRLETETG ,
EFESHHR , ERERIERZELEITEFES. EXHBERLT , 882 SV1, RETRITE
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J& , Amazon Braket & REBEAFAFIEEMN Amazon S3 LB, BRAH#1ELIBEs3_locationZ /K
FAEREBEENESH.

(® Note
Braket 2 FEHER KR &N 3MB,

RRXSBLES

Amazon Braket IREBERIBFNAHEFELIZE | QPUs EXEEESERNIEERZSHNE, B LUEB
WEMA to BWinputsSEkITIb IR Edevice. Tun() , AR RAIFF R, inputs A AR EFETS
NHFHE  HPBIRSHE,

SHMERETURSERZLFA THTSHBERAMERE. QPUSHSRBERFENEFESERAXEN
QPU BY , Braket FmiIFBEE—IX , REEFER. N TR -BDRNEESHEN , TEEHFEE, M
MR T AR ERNESNEITRIE, EHFLERN , Brakete B ERBHRHUREFRHENERD
RERSE  LBRREEERENER.

(® Note
RS, ETIHNESHZHFSHILERF QPUs Rigetti Computing Bko# B8 F BRIk,

from braket.circuits import Circuit, FreeParameter, Observable

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

# create a circuit with a result type

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

# add another result type

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

# submit the quantum task to run

my_task = device.run(circ, inputs={'alpha': 0.1, 'beta':0.2})
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}§E shots
XLEXIHAE : shots SHEIRFTEM N E )X shots, EILEF |, HlI0 SV1 MR FEE,

« XIF shots =0, MEBBFRIMITHEBELN , BEEAELEREBENESRE, (FEAT TN1)
« X TFTHIIEFEE shots , BEHASRM A 2 0 P RAF LUELL shot EXHVIEF QPUs. REF QPU R#&

shots > 0,

BXREBNEFESHHEAFTIHRNEE , 15S 5 Braket B,

REER

HiTEImy_task.result() , SDK FEASEUER FESNELNSHLMLER |

« poll_timeout_secondsREZRFELIZRMN/H QPU RE LIZTEFESH , EEFESENZH

FE#THRANDE. BRIAER 432,000 % , Bl 5 K,

« FE XN T QPU &% , HlW0 Rigetti AR lonQ , HATEIWEE HJLRET R, 20 R & HY 3 1688 B A 1]
AE , WgeLEER B BRRREILE R, 40, 2 QPU FATAR , £IRE 2 ib i it iR

- poll_interval_seconds@XE FESZHITRIEHINE, BIEE T IRILIT Braket FIIZE API 3R
NEFESEREELSRIMN QPU ZR LZTREVRS. BRIAER 18,

EMRINITETEAFLZTAN QPU RBH#ITRE, fl , EEREFTERR , REAETA
o

BEMNERTE - RISEFESHXRNTHE. EUUERAUTRTRENELER

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

Measurement results:
[[101]
[0 0 0]
[1 0 1]
[0 0 0]
[0 0 0]
[0 0 0]]
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Counts for collapsed states:

Counter({'000': 761, '1@1': 226, 'Q01Q': 1@, '111': 3})
Probabilities for collapsed states:

{'101': 0.226, '000': ©0.761, '111': 0.003, '010': 0.01}

BB RHE
HT&EEE TResultType , RLEAUERREMNE R, SRRBZFNBBEXPRITF HI,

print('Result types include:\n', result.result_types)
print('Variance="',result.values[0])
print('Probability=',result.values[1])

# you can plot the result and do some analysis

import matplotlib.pyplot as plt

plt.bar(result.measurement_counts.keys(), result.measurement_counts.values());
plt.xlabel('bitstrings');

plt.ylabel('counts');

Result types include:
[ResultTypeValue(type={'observable': ['z'], 'targets': [0], 'type': 'variance'},
value=0.7062359999999999), ResultTypeValue(type={'targets': [0, 2], 'type':
'probability'}, value=array([0.771, 0. , 0. , ©0.229]1))]

Variance= 0.7062359999999999

Probability= [0.771 @. 0. 0.229]
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700

600 -

500 ~

400 -

counts

300 +

200 A

100 ~

101 000 111 010
bitstrings

ERAAR A ERNZEFES

BU LN E FESEZEREZTAMBES , U THRERERITMNIRL, ENSEENARIREREZE
17, BT EIETE Amazon S3 B, EREELNLSEFTERITEL RN, EEAMELIEE LiE1T
EFESE , BRAFEHRTE shots S8,

® Note

BITIEE M AKE qubits BRI BFAEB A EBHEUR T Amazon Braket %12 2K 32451 28 2 = 18
fY 7 3 FE A FLAK

LT s2EEE , ATROMURSHE (ZXRE ) &R,

# import the LocalSimulator module

from braket.devices import LocalSimulator
# the following are identical commands
device = LocalSimulator()

device = LocalSimulator("default")
device = LocalSimulator(backend="default")
device = LocalSimulator(backend="braket_sv")
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REERUATHTEITETES

my_task = device.run(circ, shots=1000)

EXBULBREZERER (1RF ) RS, EFRERRUTAXNERE R,

# import the LocalSimulator module
from braket.devices import LocalSimulator
device = LocalSimulator(backend="braket_dm")

EAXR#{pER LNERENE FLLE

RERESQEELURNRBEEEFHERIFGTERE , EXLEEED , AN EERNE FLET
£, XEEMABSNE.

Flan , A TRBS | BAGEBR—ANEFLSEE , HEREESIEERRIHMIN—FHHEBIRE
T fImeasureiE SRMEE —NE T LS,

# 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)

B ESHtAE

BRAUIELIZR SN | B4 Amazon Braket IR B EXIFE FAESHAE, HAEXN TERFELSR LET
MNEBFESEHNEA (N1 SV1) , RRNENATUAITAESANEFES, N THPEREZTHET
f£%5 , Amazon Braket 12t T RAIZ B4,

BT S HALE 70
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HUABAWREHITEIETES. fl, IRGERITREEINMNEBFESHUE , A RXEEFES
PREBAEMY , BAEARLERNMNFERS, X, ERFTLSFHEIEFESEREETBS —
Bi{ES.

UTRAIERIMMAZET—HEFES
circuits = [bell for _ in range(5)]

batch = device.run_batch(circuits, s3_folder, shots=100)

print(batch.results()[@].measurement_counts) # The result of the first quantum task in
the batch

EXEZEER , B2 EAX Quantum EE#EAE R Amazon Braket "4l , EF B EE X #AENE
ZEMHKER, GitHub

ATRE:

« XTEFESHAENRAE

« EFESHAIER PennylLane
- ESHAAENSHIC B

KT EFESHAEMAER
XTEFESHEEMITRAAE , FloE-LEEEW

« RIABERT , EFESHABERIBENRNEFESEM 3 K,

« —#tKATEZEITHE FES |, L 34 qubits for SV1 |, AJRESFTA BB KA, EFH—HE
Frun_batchEFE2Hl , BELFHARESTE. RMNFTEWEA TN1 Mrun_batch,

- TN1 JRERHEEM BN ES KM= (BXEZEL , ESH TN1RHH ), BahERTES
WA |, F Bt BRATER AR ARG HEAL B AT B “max_retries” JXEZE R 0 TN1 ( S Quantum
Task #t4b3 | 2 186 17 ) o

EFES#AEF PennyLane

#£ Amazon Braket PennyLane LAY , Bidparallel = Truei®ESEHI{t Amazon Braket &%
MEtE , TR ARLEIIEE , MU ROIFTR.

device = gml.device("braket.aws.qubit",device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/svl",wires=wires,s3_destination_folder=s3_folder,parallel=True, )

ETESHLE =


https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/aws/aws_quantum_task_batch.py
https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#braket-simulator-tn1
https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186
https://github.com/aws/amazon-braket-sdk-python/blob/4c7c3b28e5a17b8f0cddf94377b7734fcbe2ebfc/src/braket/aws/aws_quantum_task_batch.py#L186
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AR BN EZEE PennyLane , S & F R HITMRAL,

ES R ENSHIC R

RXUSSHILEBENE FESHAER |, BRMURE - NMinputsFH ( ATHAEFNRBEETFE
%), AURERAFHR  EXMERT , i%-th FERESA MESEXN , WU T RAIFAR, list

i

from braket.circuits import Circuit, FreeParameter, Observable
from braket.aws import AwsQuantumTaskBatch

# create the free parameters

alpha = FreeParameter('alpha')

beta = FreeParameter('beta')

# create two circuits

circ_a = Circuit().rx(@, alpha).ry(1l, alpha).cnot(@,2).xx(@, 2, beta)

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

circ_b = Circuit().rx(@, alpha).rz(1, alpha).cnot(0,2).zz(0, 2, beta)
circ_b.expectation(observable=0Observable.Z(), target=2)

# use the same inputs for both circuits in one batch

tasks = device.run_batch([circ_a, circ_b], inputs={'alpha': 0.1, 'beta':0.2})
# or provide each task its own set of inputs

inputs_list = [{'alpha': 0.3, 'beta':0.1}, {'alpha': 0.1, 'beta':0.4}]

tasks = device.run_batch([circ_a, circ_b], inputs=inputs_list)

RN ENSHERERAATHIIR  RAEHHENEFESHEBRR, NRIKRFHEN M
AFH MZHRETENNEFES. iIZEn NEFESHETEALEt M AFERRITH R,

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}]

BT S HALE =


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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FRARER

tasks = device.run_batch(circ, inputs=inputs_list)

£ Amazon Braket i85 I 1E

AT R A X Amazon Braket FRIEMIZITBSESHER IR A,

BRI LAE A LA T AR TE Braket FiFRE S 4L -

I 5 Braket Python SDK,
I 5% Braket £#l,
« 5 Braket API.

AHRE :

o FAR#RBERBEEILEIT

£/ Amazon Braket B & {ElETEE /L
BRIV ZE — A Hybrid Job
REENIELER
FEARERRENERESHEL
EAREXWENF RS

R RBENBEFILIZ

Amazon Braket Hybrid Jobs 12t T REE FRREZINE L REE RS , FLEHITE EC2 RRE
Amazon Braket E F4E# 5T (QPV) HRINREE S, EREFLFEENETFESFSRETENE T

%, AENEET2RE FESAIINKSI MA . S0 QPU #EF — M EMHE

WREEFELEEREREET - MEEHEL,

ATHE

o AR Python KB EIEESE
o RIHM Python B4 IHRERT

o FEEREHMBEEEEL K
- BEIERNENZESER

BEWLRAF

( ®% ) £F Amazon Braket B &1F%
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https://github.com/aws/amazon-braket-sdk-python
https://console.aws.amazon.com/braket/home
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R Python KBAIEEESEL

PRA] LA AR 3 Python X248 Amazon Braket Hybrid Job &1T. & AEE FHehybrid_jobZEif
JRNRBEHTERRZIALEN , WA TREROFAR. I TFEENHE | BRLUEFEFEA Amazon
MRS EME (ECR) PV B E N BER.

(® Note
BRIABER T , N2 Python 3.10,

RO LAfEFehybrid_job¥&ifigssKIT BB, Braket fFEE1Hzs NEPHIR D #5427 Braket )
EENEERAR, RE , BEEALTE Amazon 3= LR AEMMESA I ELE, EC2 EAILAfE
Fﬁjob state()TfEM Braket ##H & EEELHHE, ATREBRFIERT OEAE LEZTHEEMR
AR F 5 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)

FAARBENBREELET 153



Amazon Braket FEANGIER

log_metric(metric_name="exp_val", value=exp_val, iteration_number=i)

return {"final_theta": theta, "final_exp_val": exp_val}

PRAT MG EBAY Python B — B A ARBCREIBESHEL, BR , KiINFEHBERENREESES
ARMAREBNER, EEEREZRERRER , FMAjob.result(),

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

@hybrid_job#¥ifiggFH device ZHIEEREEL EF/ MR ETHRINPRAVIEZE—FEARFIH A
SV1 E#lEE., EIRE QPU EER , XABREBPERANIREZ ARN SRITBPIEENRE
ARN MTE, AAEEN S ERARBI R get_job_device_arn()RBRAFHNIER
ARN, @hybrid_job

(® Note

BM%E Amazon ERIBRRBRCIMRUK , BNEEELESE-—SHHEFE. EC2EL ,
NTFRERN TR, SIMEN B —HBl , FHEFESTREREB T,

BRSH
Zrun_hybrid_job()EHRAZSHnum_tasksKEEFQENE FESHHRE, BEELLEFH
BRNESH

(® Note
BS W Braket ZH AP E TN FRH , BRFEIN 2500 MFFFo

BB &

fErun_hybrid_job()EZH , FARIEZRBEREZNLog_metricsiEtn. IR BHLHITE
Braket #2#| & WHEM “BEEL" ETMF T, HREHEWSTHIE , ERLUER Braket A4S IR ERERITF
KAt IR IR E FES AR, LENREFERERENS B RIERERLENE—MEE,

EERRER
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BAEELSERE , BRILAMEAjob.result OKRFRESEILWLE R, Braket 2 BEHRREEGFH
FANR, FEE , ZHBRENNKRSAR—NTE , SNTEBEAFICH, Flm, UTRBE
AT —NITEM—NKBH =B,

@hybrid_job(device=Devices.Amazon.SV1l)
def passing():
np_array = np.random.rand(5)
return np_array # serializable

@hybrid_job(device=Devices.Amazon.SV1l)
def failing():
return MyObject() # not serializable

Job & #i

HABRT , WESELNEMNRREBEEREBHER LRGN, SEAUEERESTEY 50 N FHNE
EMNEW. i, EUTRBEF , FELFEFR “my-job-name”,

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

AR

B mEEMmERANSHlocal=TruekIEZ2@@ A#b{Fll . XFFEARMITEINE ( HlANEIZABM )
MABRCLRRPZITREEFIL. RiFlRBRLEHRFREFES. M TENST K] MPI KW
BREH , ARl AT RIFTFE S Braket IMEE &, U\Tﬁlﬁﬁﬁﬁ&%ﬂ?ﬁv SV1 E #2562 AR
B,

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

XEMBEHMBREFLIET, BXIETSIK , iESH braket.jobs. quantum_job_creation &R,
ZHH M Python B4 FRARE

B LA B E SUE TR IR LA A B3R Python 8. BRI BIEMArequirements. txtiﬁk RHas
MIIRE BT A (BYOC), Efffirequirements. txt XHFBEEETHRTE | HSRUTRE R
i,
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https://amazon-braket-sdk-python.readthedocs.io/en/stable/_apidoc/braket.jobs.quantum_job_creation.html
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@hybrid_job(device=Devices.Amazon.SV1l, dependencies="requirements.txt")
def run_hybrid_job(num_tasks = 1):
return ...

fflan | Zrequirements.txt X4 AL B EHMELZRNRHF 2,

giskit
pennylane >= 0.31
mitiq == 0.29

HE , BALRMT AR Python SR EXREBM4 T AR,

@hybrid_job(device=Devices.Amazon.SV1l, dependencies=["qiskit", "pennylane>=0.31",
"mitig==0.29"7)
def run_hybrid_job(num_tasks = 1):
return ...

HaRAB IS ENERIIR |, HAIBUSERN £ MER | M TRBRBIF R,

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

RHFEREHMBE RS FLKAE
EE @A UGBS

BIEEBEEESE , BALIERIEEL D £ 17 BRSS (Amazon S3) 7B RIBE M A U4
FBER, B IEEARMEER , A5 Braket & B FEIE L% F| Amazon S3 , Wit R, s3://
<default_bucket_name>/jobs/<job_name>/<timestamp>/data/<channel_name>#1{
BIEEARIRE | MFEBMRBRIARN “input’s A TRIBETR T KRB AR HEZRH numpy X#, data/
file.npy

@hybrid_job(device=Devices.Amazon.SV1l, input_data="data/file.npy")
def run_hybrid_job(num_tasks = 1):

data = np.load("data/file.npy")

return ...

3F S3, SAfEAget_input_data_dir () BRI
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s3_path = "s3://amazon-braket-us-west-1-961591465522/job-data/file.npy"

e@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")

BRI LIBEREEEEM S3 URIs S4B EM 7 HRIEE S M AR R,

input_data = {
"input": "data/file.npy",
"input_2": "s3://amzn-s3-demo-bucket/data.json"

@hybrid_job(device=None, input_data=input_data)

def multiple_input_job():
np.load(get_input_data_dir("input") + "/file.npy")
np.load(get_input_data_dir("input_2") + "/data.json")

(® Note

HAABBERA (>1GB) bt , FESFGHFREAATRELERFL, IRATABBAREERL
&2 S3 7MW , RS S3 MEFMMEESERP. &RE , THEBERMERS Braket B

MERKRFE S3

ERFARDEERMHEBWREFEAFHNLER , XIFERN B ZXMMEIMEXHBEARED, UTR
H & RRFE—D numpy A F matplotlib B,

@hybrid_job(device=Devices.Amazon.SV1l)
def run_hybrid_job(num_tasks = 1):
result = np.random.rand(5)

# save a numpy array
np.save("result.npy", result)
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# save a matplotlib figure
plt.plot(result)
plt.savefig("fig.png")
return ...

FIEERBERE B NN I H+model . tar.gz. EALAFER Python BRI T EH4E
Fjob.result() , AT LM Braket BEEEH & WRSELTESMEIL RXHX,

REAMRERRE

N FEANEESTHESEL , BIEHREFEELNRERS. BAILE
FAREMsave_job_checkpoint () #BIESEE , b T AN X HRTF

ZIAMZN_BRAKET_JOB_RESULTS_DIREZF, f5& AliE HBIR IR
Bget_job_results_dir().

LT REMBEFELREMBREFNMBLESNK D THERH

from braket.jobs import save_job_checkpoint, load_job_checkpoint, hybrid_job

@hybrid_job(device=None, wait_until_complete=True)
def function():
save_job_checkpoint({"a": 13})

job = function()
job_name = job.name
job_arn = job.azrn

@hybrid_job(device=None, wait_until_complete=True, copy_checkpoints_from_job=job_arn)
def continued_function():
load_job_checkpoint(job_name)

continued_job = continued_function()

EE—NMNREELHPsave_job_checkpoint() , FASERNEREFNHBENFTHRFARH. BRIAMER
T, BMEBLATFIEIXER, HTREISEEZRM Python IR , Hli0 numpy 4E , fRATBAIE
B, data_format = PersistedJobDataFormat.PICKLED_V4ItXEBIER A “checkpoints” B F
XHRTHREEEL T#H<jobname>. jsonFEIBHBEEERINBHHRE S,

EQBE N THNESELUMNRERISE | RINFEERE —MELKESEL
ARN copy_checkpoints_from_job=job_arn f£job_arn#E, REEAIE
Fload_job_checkpoint(job_name) \E&&E SN,
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BEI{ERINENRESSR

RRERISH

£ decorator ARLIEMESHFLERTH , e FHELERRNEFRRAIRRET. BUUER
AT o %&£ ¥ E Braket Management Console =& I 3i# CloudWatch, 4#&18 33 &% LU
IZ1TEY |, Braket REAIT BN AR IMEFETENEE , AEEETHEREER.

BITEREDEE

BEELAHREETETEREFLHEENTE, XTARNEFHE  BERAEFESH—HET
EF. LEBRFEL QPUs EEXN TEEZRNEARFAAERE 2 RARITELAL BN KA EIZTHE
2 EE& QPUs BF,

156 P 25 3 AR X 17 18 1

£ QPU LEfTREELZE , B AEELEE LiE1T SV1 ARIAERTMEET. X F/ARENR |
AERBER TEIT , URIRBERMIFR.

EAEHAR (BYOC) RETEE M

HEN TR AP RERRCPRD , NEIBTERNKE, BIRMERD, MBHMRE
ITEERIBRF , AJLABy L ERY P SR R A 42 1 (R &

ZXbIomNBER

EETRERE , TUEEFEANEN MPI X , EEMNESELFHNZANKE EETAEDEE,
BREZER , BERBRAUENES.

ERS B
BMNEESELFRINSHER BT QPUs ERSHILFEFHITRE , AREBEEZNESITHREL

EHRES
N FEABEZETHESEL  BNEHREFEENHEIRS.
BXREZRH. AHIMKESSE , 555 Amazon Bra GitHub ket "4,

£ Amazon Braket JESElizTRE1E L

E A Amazon Braket BEELEITREEL , BFEEAETEENE X, ELUBEFER Amazon
Braket Python M X TESREE LM AR HM ARSI X HRENLE , o AEH Amazon

/A Amazon Braket JE&ELEITRE I 159


https://github.com/amazon-braket/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python
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Braket Python SDK =, PennyLaneflR&EEEREM ( FIRKEHR ) F , WA LA Docker B H
CHEENRERS , HhaEXEE, AXEZEE , BSHEHTAS (BYOC),

TiCHFE R |, T REEFE A Amazon Braket 8|2 ES L API , BRI M EREFRHEZHARE
=, ERRBEFELEFANBENREFRE , ABNERAEREPHITESR, NIXEMAEZEEREN
BRINMEERATAZHAH, Eik BMREE1T Hybrid Job , #RATLATE QPU FIREEIUES ( Fila0 SVA,
DM1 2 TN1) , RELHBABERELRPIRT, ERZFELERD QPU , BREE/EL AR AT
ZREIRBHIT API AA. EAMAXBES , FERSEEZMEAB|AZR —INER=F. FHANEEL
PennyLane 228 A T BIANTRE B A EL RB[HEEER, MBREERABRAR PennyLane ERIBHEE
NEMFETRE , WA EEXRFIRBEUREFANEHAKE, BXREMHERENEXER , F2H
Amazon Braket EMN T Ho

A= Amazon

Ce Cloudwatch |7 AmazonS3
i.".
‘ 1
— = Amazon Braket
. PuEEE] E
Amazon Braket Console | - i—
H - | uu Amazon Braket
L { |r f{"} On-demand
Amazon Braket Hybrid T Simulator
Jobs API
] uu Amazon Braket
=4 | Jobs Instance TT Embedded

[
User :It Simulator

)

[

L

Amazon Braket Notebook/
Local IDE

MBEEHERFIER2REELZDHMARELS | Amazon Braket £ EIFBIZTERES. BB
R AVEA S (BEAEF BENSEFIZKE APl call) |, iBITENEE |, FERBEA Amazon S3 , &
BRBENER. R ER A EREREN SR ERN TR,

BMETFLHEET (QPU) WHRBEESEHRZIRG, NS , FEMLERE , QPU L RERZET—
MNMEEHEL, BAIIATEFAFSTHRESHELNKE  URELATHIRE, MREHNBIFRERE
QPU , B & 1B & Kt AFTiE QPU B94ELBA 5, Amazon Braket BaIFTRHREEWLZS , HiE
RELBTENESHEL, EEEREHNR  ZHESELESRLEHRNR , XEREREELF
B FESFHILTTIRE EHARE AL Braket E 71155 , IRERZFLNETFESER/LOHERS
QPU —R, BEESTRE , BRRSBBRR , XIEREERIFNSGREANRRMS R,
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® Note
REZXEMEN , FHNREESEEREE AWS XiF F—1R& LiE1T.

EELZZMN QPU BfrizEd |, B LUERT B ENEEEIR ( HIINEZRWEEE ) EXHEEN—IF
Do XEEIFABHFREALLDE , CloudWatch AT S Braketi2f & A LUE M AR E
o

(@ Note
MREEFEAET GPU B3Rl , FH A E A Braket LA BRI PIRUVET GPU
ROREINES (I3 ) o lightning.gpuilREIEFETF CPU WBRARERLZZ 2 — (
Wlightning.qubit. =braket:default-simulator) , MF&EH GPU , F HARE
EFETRBEMN KA,

BB YREYZE — 1 Hybrid Job

RN BUWAFER Python IAGIEES Job. H¥E , EEMAZAM Python 3 ( HIIIEE LAY EKTT
RIFE (IDE) H Braket £i24 ) tIZBEEL , ES A ABENESHELIZIT,

ATAR :
- RIERR
- BIEHIETT

- BEER

REXR

HEETE—MBEELZH , BAEREEZBHNRREENITIHES. EREEHNREEES ,

B M Braket 2% & M K38 1% E “IXR". Amazon Braket #94X BR & 32 71 [ A # By R0 U 81 —

NEACREERRUGTEAESHNR  IEESEUBAATETESESHRINAE (MRE
ERBRRAR ),

BIZE R EE —N Hybrid Job 161



Amazon Braket FRARIER

Amazon Braket X Amazon Braket » Permissions and settings

Dashboard Permissions and settings for Amazon Braket

Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraket)obsExecutionPolicy [4 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 o

Permissions and settings

Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [

@ Service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role ‘|

The AmazonBraketlobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

ERIIENAGEREAETESHELNEGNR , FARRIENEAGRKRE, MRRXEY , Ral
H-RHR A SHAGERIT. EEFACHEBURHEAS® ARNs , FIARERAGERA.

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 [7

Hybrid jobs execution role

The AmazonBraketlobsExecutionPolicy [2 provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

@I Roles were found with sufficient permissions to execute hybrid jobs. ]

v[rewras]

Role name Role ARN
I AmazonBraketJobsExecutionRole [4 arn:aws:iam:260818742045:role/service-role/AmazonBraketJobsExecutionRole I

BIZREIE —/ Hybrid Job 162



Amazon Braket FRARIER

MRENALKARBHIRKEZTESHEL , M2RE —FELR  BRARRILXAG, &F QIR
RAAE RERNEFEBRRNAE,

Amazon Braket X Amazon Braket » Permi and settings

Dashboard Permissions and settings for Amazon Braket

Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have existing

roles with this policy attached.

Algorithm library
Service-linked role

Announcements °
Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [
Permissions and settings

@ service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role

The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

(D[ND roles found with the AmazonBraketJobsExecutionPolicy attached and braket.amazonaws.com as a trusted entity in \AM.]

NRABERDEE , BFRB—FEINVER.
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FRARER

Amazon Braket X

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Permissions and settings

Permissions and settings for Amazon Braket

General Execution roles

The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have existing
roles with this policy attached.

Service-linked role

‘Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [4

@ Service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role

The AmazonBraketobsExecutionPolicy [4] provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

‘ @Il:reateﬂ AmazonBraketJobsExecutionRole [ successfully. ]

MRETHHATHER , NFHFEL TR, EXMERT , FRREHNET AWS EER,

Jobs

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 [4.

Amazon Braket jobs [/ require the roles with managed policy AmazonBraketJobsExecutionPolicy [4 attached, which provides minimally required

permissions to an Amazon Braket job.

e AccessDenied
User: arn:aws:sts::012345678912:assumed-role/SampleRoleName/username is not authorized to perform: iam:ListAttachedRolePolicies
on resource: role AmazonBraketJobsExecutionRole with an explicit deny

BIEREYZE — N Hybrid Job
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BB HIETT

RAEZTEAFELRENACRE , MATNREERET . RAVE— Braket BERFILAIXBEH 2 REE
MR, EENTHRESITHEL , AQSFENEE-—HINLHABEBNETES, BRTEERMEZHN,
ISR R R EAR I M. BRI AR BRI RN FRER. ADKEXTERESFELEHANEE
RAEIRPIZITHV S — N XA B

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

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

— =
o —

Algorithm

Create job Quantum Task

Track status Entr)rsggil:\: sl run on
Analyze results hhar cada quantum device

User

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

B, ERUTEEMANERTRY , ZMACET AN ERSHITHNHEENNEL R
import os

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

def start_here():
print("Test job started!")

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

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

for count in range(5):
task = device.run(bell, shots=100)
print(task.result().measurement_counts)
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print("Test job completed!")

b X B A algorithm_script.py fR1Z4E Braket £ i1C AR A IRE R L 50 THER
B, algorithm_script.py X#FBstart_here()ERNITRIBA O R,

Tk , 7£5 algorithm_script.py X +HERY B R T 612 Python X4 Python £id 748, LLHIZA/S3)
BEELHLGEFMARILE , FINTONERMNBENBIHRSEIRELER, UHAZELEEEELNES
EML AR R E

(® Note

BRI B2 Braket Zi1BAEF X4 ( HlI0 algorithm_script.py X4 ) L& B SE£iCAHEEH
BEXFTHNEZELS , B3 ®EH Amazon Braket Python SDK iZ{TREY 5 — N IR

NTFEANE —ER , (REME—MELIEE, ToREENEHHMERENE Fi8E , TIRELIEERE
EEERNEFAEE T (QPU) , SREUTHIARdevicehiEEMNRBZHATHERSHEL , HETLUE
RIRETERMAE LM A, AMZN_BRAKET_DEVICE_ARN

@® Note
BRAREERESELH AWS XiF ATAMIRE ., D% Braket SDK & H &R K,
AWS X flan | us-east-1 REES MW AT LAER lonQ, SV1, DM1 , AR TN1 8% , EFT =2
Rigetti %% o

MRGEREBFITENMARENLES | Braket 2R BEEHESHFL , MK TBRNRESTEAMBE T
5.

from braket.aws import AwsQuantumJob
from braket.devices import Devices

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

ZZS¥wait_until_complete=TrueiRE 7 FME , LUELRIIEN 1EIE 1THF 3T ENSERRAE L BY
o BWNEZBRRUTFUT RENEEH,

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

)

Initializing Braket Job: arn:aws:braket:us-west-2:<accountid>:job/<UUID>

Completed 36.1 KiB/36.1 KiB (692.1 KiB/s) with 1 file(s) remaining#@15download:
s3://braket-external-assets-preview-us-west-2/HybridJobsAccess/models/
braket-2019-09-01.normal.json to ../../braket/additional_lib/original/
braket-2019-09-01.normal.json

Running Code As Process

Counter({'00"':
Counter({'11':
Counter({'00"':
Counter({'00':
Counter({'00"':

Code Run Finish

55,
59,
55,
58,
55,

ed

'11':
'00"':
'11':
'11':
'11':

2021-09-17 21:48:05,544

(@ Note

45%})
413%})
45%})
423%})

453}1)

sagemaker-training-toolkit INFO Reporting training SUCCESS

BRI LLBEE 538 B E NERAMVE ( A B FHR XU RS tar.gz XHFH S3 URI ) KfE
H# 8 AwsQuantumJob. create 5 AR BENEIR, X I/ERHI , 5% Ama zon Braket

AP Github FiEEH

BEEN 4R PR parallelize_Training_for_gml.ipynb 34,
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.aws.aws_quantum_job.html#braket.aws.aws_quantum_job.AwsQuantumJob.create
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
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
https://github.com/amazon-braket/amazon-braket-examples/tree/main
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BRER

®E , BALAEKR B Amazon B BHEH H CloudWatch, Hit , & $§§U1’Eﬂki¥éﬂ11ﬁ§ﬁﬁ£1ﬂ!‘]§$t
W EEEEDF , % AEHaws/braket/jobs , REEFRIEZEL BN BER. ELIRRA
|, Bl braket-job-default-1631915042705/algo-1-1631915190,

CloudWatch X ‘ CloudWatch > Loggroups > /aws/braket/jobs > JobTest-autograd-1636588595/algo-1-1636588740 |

Favorites > L o

dashboards V:ugcaer:’ :s: t:e filter bar below to search for and match terms, phrases, or values in your log events. Learn more about filter patterns [4 ViSest
» Alarms Ao @o Qo Q Clear 1m 30m 1h 12h Custom &
¥ Logs

> Timestamp Message

There are older events to load. Load more.

Logs Insights

> 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779fa6/ test/unit_tests/braket/circuits/test_gates.py
v Metrics > 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec53328733F34779f a6/ test /unit_tests/braket/circuits/test_instruction.py
Al metrics > 2021-11-10T17: .993-07:00 braket-sdk-pyth ging-3£885a942c09911b104eee053328733 34779 a6/ test /unit_tests/braket/circuits/test_moments.py
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779fa6/ test /unit_tests/braket/circuits/test_noise.py
Explorer > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779f a6/ test/unit_tests/braket/circuits/test_noise_helpers.py
Streams 3 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733F34779fab/test/unit_tests/braket/circuits/test_noises.py
» X-Ray traces > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee53328733F34779fab/ test/unit_tests/braket/circuits/test_observable.py
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee053328733F34779fa6/ test/unit_tests/braket/circuits/test_observables.py
> Events > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733F34779F a6/ test/unit_tests/braket/circuits/test_quantum_operator.py
> 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee53328733F34779fa6/ test/unit_tests/braket/circuits/test_quantum_operator_helpers.py
» Application monitoring
> 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733F34779fa6/ test/unit_tests/braket/circuits/test_qubit.py
» Insights > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779F a6/ test/unit_tests/braket/circuits/test_qubit_set.py
settings > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec@53328733F34779fab/ test/unit_tests/braket/circuits/test_result_type.py
> 2021-11-10T17:01:01.993-07:00 braket-sdk-pyth ging-3£885a942c09911b104eee05332873334779F a6/ test /unit_tests/braket/circuits/test_result_types.py
Getting Started > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779fa6/ test /unit_tests/braket/devices/
> 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779f a6/ test/unit_tests/braket/devices/test_local_simulator.py
> 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779f a6/ test/unit_tests/braket/jobs/
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779f a6/ test /unit_tests/braket/jobs/local/
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779fab/ test/unit_tests/braket/jobs/local /test_local_job.py

BETUEZEFHEPETRSFLIRES | FERERE BE&EL WH , AFERE RE
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Amazon Braket X Amazon Braket » Hybrid Jobs » braket-job-default-1693508892180

Dashboard braket-job-default-1693508892180

Devices

Notebooks Summary

Hybrid Jobs

Quartum Tasks Status Runtime Hybrid job logs
(© COMPLETED 00:01:21 View in CloudWatch [4

Algorithm library
Settings Events Monitor Quantum Tasks Tags

Announcements o

Permissions and settings ) .
Details Event times
Hybrid job name Hybrid job ARN Created at
braket-job-default-1693508892180 arn:aws-braket:us-west- Aug 31, 2023 19:08 (UTC)
Device 2:260818742045:job/braket-job-default- Started at
arn:aws:braket:::device/quantum-simulator/amazon/sv1 1695508892180 Aug 31, 2023 19:09 (UTC)
Status reason Exacurtion role Ended at

- arn:aws:iam::260818742045:role/service- Aug 31,2023 19:10 (UTC)

role/AmazonBraketJobsExecutionRole

Stopping conditions
Source code and instance configuration

Max runtime (seconds)
Entry point Instance type 432000
job_test_script:start_here ml.m5.large

BHESELEZETIRATE Amazon S3 FER—ET#H, S3 FHEENERINB M Namazon-braket-
<region>-<accountid> , A& Fjobs/<jobname>/<timestamp>H x* ., i Braket
Python SDK #12B&#Ellcode_locationft , BAILEN i EH M BRE B F#ix L T4 S3
NE,

(® Note
It S3 FRERLAEENESH AN TE— AWS XS &,

Zjobs/<jobname>/<timestamp>B FREE—NFXHX , XHFFHITEAOSHBIR
Bmodel.tar.gz#itH. BE—NBHMWE FHscript , source.tar.gzXHHEEENWEERAT
. EREFEFSHERNVUTEANEFRH jobs/<jobname>/tasks,

RIFENTFER

BAURFEEMEAERNER , LEAUMEEHELMAFHREEMELITRUK Amazon S3 B i
XK (B model.tar.gz B tar EFEXHFAF ) IRBXLELR,
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i AE A JavaScript R FRE (JSON) BARTFEX MG, MRBIETEZRZFILH XA
( 0 numpy B4 ) , MATLME A —NMERABFIBERXHETFILHNIED, BXESHFHARE ,
24 braket.jobs.data_pers isting #&R,

ERERAKELNER | FEMEMAH RN TR 4ADD EBHT,

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.jobs import save_job_result #ADD

def start_here():

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

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

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

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

i}

ARig , BRILUBT M A #ADD print(job.result() ) ERMITRE RELMAHEIEL LR,

import time
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

print(job.azrn)

while job.state() not in AwsQuantumJob.TERMINAL_STATES:
print(job.state())
time.sleep(10)

REFENITELR

170


https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.jobs.data_persistence.html#braket.jobs.data_persistence.save_job_result
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print(job.state())
print(job.result()) #ADD

FEHRGIH | RAOIMIER Twait_until_complete=True A iH|I TR H, &0 LU E EHHR M
TR, HRETXMESELN , e2B8RE 10 ¥mE — xR FMjob-arn , ARREESELH
RS, BEEVESELIZITHIECOMPLETED , AR ESO{RE RHERNE R, BSEUT R,

arn:aws:braket:us-west-2:111122223333:job/braket-job-default-1234567890123
INITIALIZED

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

RUNNING

COMPLETED

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

ERARERREFNERESHFL

BAUEARERRERSELHDEER, L -TWEEMARGS | LRRFMELT A #ADD i
BT REBRLER M

from braket.aws import AwsDevice

from braket.circuits import Circuit

from braket.jobs import save_job_checkpoint #ADD
import os

def start_here():

device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])
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#ADD the following code
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
save_job_checkpoint(
checkpoint_data={"data": f"data for checkpoint from {job_name}"},
checkpoint_file_suffix="checkpoint-1",
) #End of ADD

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

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

HRETREELN , E2ERER]BZPRRESEL T4 6B IAR R0 4-
checkpoint-1.json <jobname>, /opt/jobs/checkpointsBRIEEEE XU BRIAEE , TNEESEL
AR IFRE,

MREENZHHREELERNRERIMBBRESHEL , WEEMAXEMfrom braket. jobs
import load_job_checkpoint. tNEEIEEZHAPHIZEIM TR,

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

MBFUREQSE , BT URFEMHIIN A BRENITEBCcheckpoint-1.

(@ Note
checkpoint_file_suffix %5z B SI2 K E AT IS ER FRIHE.

B IR AEERERG —MNES L job-arn® i |, iZ1TH #ADD &,

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
copy_checkpoints_from_job="<previous-job-ARN>", #ADD
)
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5 A A 1t 48 X A 2 1 iR S ARl

EHEFWRESE LR , AR X B R FH NN R E LA, NipEXNE—IIhEE , AT EET
1t XI7E Amazon Braket BEELFEANNRE , EFFE Braket REBIZTRSELWERIZHE, 8
R, ATLATE8#Y Amazon Braket Notebook SRS B &R Fim ( flINE i ABMRK AN BN ) EAR#hE
TREMEL,

EARBEXT , BOHATLUREFESRETERRE , EREFNEER TEAXGNE FAEET
(QPU) iz1TRT , TTIRIRGEREM B

EFEAARMES | HAwsQuantumJobFEE RN EFHNIH HI LocalQuantumIob AN E, I
m, BEETREE-NESELFHRE , FROTARRERBFHESELRZA,

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
Docker B2 f%<1E Amazon Braket £ ABNAF KA EFELZRERMWINERFBEFEHILIIEE,
Z % Docker FY 1% BA AT LAFEFREY Doc ker WHE L ZF. WA , HIEFMESHERMER TEZ
¥,
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https://docs.docker.com/get-started/get-docker/
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£ Amazon Braket BT RN E FFFH

Braket REN FERENE FITENNRZEERFHR. EALM, HRigettinRETIHWEFITE
lonQIQM , B AT A5 RISk B BB BRP{EERR. QuErafft)RBTtHEE , i EFBI N HIRMHEE
W3R 177 R A BR o

« Amazon Braket ##| 5 IR R EEFRS , LIHBZGIE, EBMESERRENE FES,

« JBXd Amazon Braket Python SDK fliZHI AR R METEFEF. ATBEITEEER Amazon
Braket £ i AN H R ZHAGF X TES,

« Amazon Braket AP| T[3@3d Brake Amazon t Python SDK F£i2 A7 R, APIZIR B EEHRURRE
FREAEFITENNARR , NANERZER,

AF PR RBER T A 6£ F I 5 % Braket Python SDK #15& f F Braket B9 Python SDK (Boto3) API
E1ZE A Amaz AWS on Bra ket.

A X Amazon Braket Python SDK fE Z{E 2

ZE# A Amazon Braket Python SDK , &% %% &M T Braket 9 AWS Python SDK (Boto3) , X ##4R
RALLEZ@EE, AWS APIRA LU Amazon Braket Python SDK E/ER 8 F% PP B 4% Boto3 K@
a,

- Boto3 @EBEEH#HANEO, AWSAPI (iEEE |, Boto3 2—FAKEK Python REF AT ES

WLLE. AWS APl K Z5#8 AWS BRSS %1% Boto3 ?%I:Io )

« Amazon Braket Python SDK @& AT 8. [, &%, £REXBNEFESHMIP D R 4ER,
BROUBEFN , BESAZEFESFAEHER,

Amazon Braket Python SDK AIE £ 12 A# TN , XELRAMETETEFESAMENMERE
RFR T

MBERAEFEAEICA |, RATLUFERM Amazon Braket Python SDK § A Z{E17 Python B4,

%% Boto3 J§ , i@ B ra Amazon ket Python SDK 8|2 & TS BER N TFFR -

1. (®D& ) $TFFEiE A BN,
S ABEAMER SDK EiR,
EE QPU siEHLER.

4. KBIL B

w N
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https://console.aws.amazon.com/braket/home
https://github.com/aws/amazon-braket-sdk-python
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://boto3.amazonaws.com/v1/documentation/api/latest/guide/quickstart.html
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BITIRE,
ix

5.
6. WEL R,

ATHHNRHERT BNTROFAEE.

EXEZRH , 5 LK Amazon Braket REITEM#EE. GitHub

ETAR

- HEFESRERL QPUs

BN E FESH LRREEETT ?
EE/RHY Amazon Braket Hybrid Job
LB FRAT

BiREBHER

MEFESRERXS QPUs

Amazon Braket A IFRIZNAILLEITEFESHIRE., SUUEAMREREFES , tANREEF
ESHATE,

QPUs

BT LA QPUs BT EIR R & F1ES |, 1BiZfE5 7 Amazon Braket #2414 K “i&%” THELE RNEBEF
AMEONET. ZUUEAEFES DREEFEFSHER , TN HETNA.

* lonQ Aria-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Aria-1

* lonQ Aria-2 : arn:aws:braket:us-east-1::device/qpu/ionq/Aria-2

* lonQ Forte-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Forte-1

* lonQ Forte-Enterprise-1 : arn:aws:braket:us-east-1::device/qpu/ionq/Forte-
Enterprise-1

* IQM Garnet : arn:aws:braket:eu-north-1::device/qpu/igm/Garnet
* QuEra Aquila : arn:aws:braket:us-east-1::device/qpu/quera/Aquila

* Rigetti Ankaa-3 : arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3
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https://github.com/aws/amazon-braket-examples
https://docs.aws.amazon.com/braket/latest/developerguide/braket-batching-tasks.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-batching-tasks.html
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@® Note
O L BUH IR EE LB CREATEDIRA THY QPUs E 7155, B UAREAE HEUH
ZQUEUEDMMI B FFS , ATIREELIEERN. QPUs 5= , £ QPU TAM B O A , QPU
QUEUED EFES T AT BER IEUH,

ATARR

+ 1onQ

el

* QuEra

« 76 [ QPU RREBFESF
- REFFERVER

lonQ

lonQE T B FBHEARIEM QPUs E TR~ M. lonQsIHIRMIE QPUs FEI 1 —FK|BIRM 171Yb
+ B XEEFESEEEANMERABEREERTEZE EFITRE,

lonQIRBEXFFUTEFITo

IXI’ lyl’ IZI’ IIXI’ lryl’ IIZI’ lhl’ lcnotl’ ISI’ lSil’ ltl’ ltil’ IVI’ lvil’ IXXI’

'yy', 'zz', 'swap'
BEZEFHFE , ©M])lonQ QPUs X#FLLT AT,

'gpi', 'gpi2', 'ms'
WMREFEARE MS NIREEFRMULSH , W2EBIT-IPMTEHEN MS T, TEHERN MS )

REHIT /2 fEH ., EEEFTENAEHZTESESN MS ], BB RME=SHRIEE
FIENAE. BXEZELR , B3 M braket.circuits.gate 3R,

XEREMNABATEFREF. ZETHREREFREENEZER | FZHABRFERE.
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.circuits.gate.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-constructing-circuit.html#verbatim-compilation

Amazon Braket FEANGIER

QM

IQVE FAEREETHES transmon EFLLSHER I TIEER R4, 1ZIQM GarnetsstF 2 —RXEXHA A
WHRINE /Y 20 B F L4338,

XEIQMBRAXIFUTE TS,

"ccnot", "cnot", "cphaseshift", "cphaseshift@@", "cphaseshift@l", "cphaseshiftl10",

ecr", "cy", "cz", "xy",

XX , HyyH’
"i"’ "phaseshift"’ HIX"’ "ry"’ HIZ"’ "S"’ "Si"’ "t"’ "ti"’ "V"’ "Vi"’ "X"’ "y"’ "Z"

HCSWapH’ "SWap", HiSWapH’ "pSWap", ZZ", Hh",

BEEFREFE , XEIQVIREZFUTE .

Rigetti
RigettiE FAEREE T2 ABESHWERITEERYEE. qubits
« ZAnkaa-3RGER—RAAATT BE O EARM 84 EFLE4s3EH.

ZRigettiggs XU T EF .

cz', 'xy', 'ccnot', 'cnot', 'cphaseshift', 'cphaseshift@@', 'cphaseshift@l’,
'cphaseshiftl1l@', 'cswap', 'h', 'i', 'iswap', 'phaseshift', 'pswap', ‘'rx', 'ry', 'rz',

Sl’ ISi , Iswapl’ Itl’ Itil’ IXl’ Iyl’ IZI

BEZEFZRF , Ankaa-3ZFUTEREED,

rx', 'rz', 'iswap'

RigettiB S & FA B2 REELL /2 B+ NAEZT ‘X 1o

Rigettii & R HEMOT RS , ZiIRFXFREHN —HAUTRENTE LM, Ankaa-3

“flux_tx', ‘charge_tx', ‘readout_rx', ‘readout_tx’

BXRZXEMNESFEER , BTSHEAMAMN RO HNER.
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QuEra

QuEraiZtE T F R F M4 , TS TELISBRTEL (AHS) B FE5. XEBHRAERRGE
XiBI THENEMEEFERANE FLBNNEEFIH D,

MBS EE FLESFFSNMREURBRAZ TR FZE BEEMYE |, EENRFHHEENER
FRXTIX LB 4 1T4RFE. Amazon Braket 12 78IS python SDK B9 AHS #EIRFEZ L KEFHNZAT
B, braket.ahs

MTHESELS , ESRENEEMHERALIBAREAN Aquila EEREF QuEralE.
A~ | QPU RXEFES

Amazon Braket 2 F{RTE QPU 8% LIZTE FBEEK. U T RAIHBEINAERIgettiHlonQIRERREF
£%,

1E#ERigetti Ankaa-318 % , REEFHXNEERF

# import the QPU module

from braket.aws import AwsDevice

# choose the Rigetti device

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

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': False,
'connectivityGraph': {'@': ['1', '7'],
'1': ['e', '2', '8'],
'2': ['1, '3, '9'],
'3': ['2', ‘4", '10'],
'4': ['3', '5', '11'],
'5': ['4', '6', '12'],
'6': ['5', '13'],
'7': ['@', '8', '1l4'],
'g': 1Y, 7', '9', '15'],
'9': ['2', '8', '10', '16'],
'1': '3, '9', '11', '17'],
'11': ['4', '10', '12', '18'],
'12': ['5', '11', '13', '19'],
'13': ['6', '12', '20'1,
'14': ['7', '15', '21'],
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I15I: [I8I’ I14I’ I22I]’
l16l: [l9l’ l17l’ l23l]’

'17': ['10', '16',
'18': ['11', '17°,
'19': ['12', '18",
'20': ['13', '19",
'21': ['14', '22,
'22': ['15', ‘21,
'23': ['16', '22,
‘24" ['17', '23,
'25': ['18', '24°,
'26': ['19', '25°,
'27': ['20', '34'],
'28': ['21', '29,
'29': ['22', '28",
'30': ['23', '29°,
'31': ['24', '30,
'32': ['25', '31',
'33': ['26', '32',
'34': ['27', '33,
'35': ['28', '36',
'36': ['29', '35,
'37': ['30', '36',
'38': ['31', '37,
'39': ['32', '38",
'40': ['33', '39,
'41': ['34', '40",
'42': ['35', '43",
'43': ['36', '42°,
44" ['37', '43",
'45': ['38', ‘44",
'46': ['39', '45',
'47': ['40', 46",
48" ['41', '47°,
'49': ['42', '56'],
'50': ['43', '51',
'51': ['44', '50,
'52': ['45', '51',
'53': ['46', '52,
'54': ['47', '53,
'55': ['48', '54°,
'56': ['49', '57°,
'57': ['50', '56',
'58': ['51', '57,

18",
'19',
20",
'27'1,
'28'],
123",
124",
125",
26",
'33'],

'35'],
'30',
'31°',
32",
33",
34",
'41'],
'42'1],
'37°',
38",
'39°',
40",
41",
'48'],
'49'],
44",
'45°',
46",
47",
48",
'55'],

'57'1,
'52°,
'53",
'54'],
'55°,
'62'],
'63'],
'58",
'59°,

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

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

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

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

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

'58'],
'59'1,

'61'],

'64'],
'65'],

| QPU BREFES
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'59"':
'60"':
'61"':
'62"':
'63"':
'64"
'65"':
'66"':
'67"':
'68"':
'69"':
'70':
'71':
'72":
'73"':
'75":
'76":
'77":
'78"':
'79':
'80"':
'81':
'82':
'83"':

BIEMF®-connectivityGraphdH TRBEHPENE FLESHNHEBE FLEH. Rigetti

['52', '58', '60',
['59'],

['54', '62', '68'],
['55', '61', '69'],
['56', '64', '70'],
['57', '63', '65',
['58', '64', '66',
['59', '65', '67'],
['66', '68'],
['61', '67', '69',
['62', '68', '76'],
['63', '71', '77'],
['64', '70', '72',
['65', '71', '73",
['72', '80'],
['68', '76', '82'],
['69', '75', '83'],
['70', '78'1,
['71', '77', '79'],
['72', '78', '80'],
['73', '79', '81'],
['80', '82'1],
['75', '81', '83'],
['76', '82'1}}

#%##lonQ Aria-118%

'66'1,

'71'1,

'72'1],

'75'1,

'78'1],
'79'1,

X FiZlonQ Aria-11% % , connectivityGraphAZE , M FRAIFFTR , BR1ZIRF R Hall-to-alliE

$#, Al , connectivityGraphTEE ¥4

# or choose the IonQ Aria-1 device
AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")

device

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': True, 'connectivityGraph': {}}

SNg

88,

| QPU BREFES
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MU TRBIFAR , MRZEREERAFEERUANEMLE | WA LUER A
®poll_timeout_seconds ( BRIAE =1000) . poll_interval_seconds ( ERIA =432000 =5
Xs3_location). (BRiA=1) 1 S3 EHEMEHLE ( ) - shots

my_task = device.run(circ, s3_location = 'amazon-braket-my-folder', shots=100,
poll_timeout_seconds = 100, poll_interval_seconds = 10)

lonQFIRigettiiR & 2 BN FIRENBREFREZTBNEREETRE | HFMRqubitZ 5| RSS2 AE R H
QPU qubits FEI¥E RS,

(@ Note
QPU RBHNBEBR, FEBER , EEMNEITELEK,

Amazon Braket AIAERHEN ATAMEOMRNIZET QPU EFES , BERMATIUEN (£2XR ) EXE
FES , RAFEANNBENTHRER I FEE FEEANN S3 FRMH. T —TAR , ERLE
A AwsQuantumTaskMME—ME 7155 ID REEFES.

KERIFGHY R

HETHRFEEEEMRE (HIWEFLEET (QPY) ) LETH , AHE TR ZERRFRIRET
LA ML BAY IR Z /N, Fl0  REREFRIKE T ERIBR QPU BN RERE . &
EETHENXGREFREN T ERNRCENERRTA. SEMRTUEBRBBEENEZ, IR
e, MRSEFNANERNNE, BUNEATEHRRNKBES NS ITE T EBERigettiMIQME
FIFERZH R

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
LAl , AXEFERIoNQIRFE IR 1% B H K.

RERFRNCE Y
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BN E FEFSTARREEIZIT ?

IR R BIET , Amazon Braket 2 FH A X BTRIEEMNRE, EFLEE T (QPU) NIREHESRE
FAESZREZVWRFHENMLE, BREFESELABZESHENRBLEFRTE , E4EURTH4
Amazon Braket EFRRXNESHWHENE XEELURFE QPU AT A4,

FHRE :

« QPU ATAMEOMRES
« BABIRIIL 1%

- REBFEIHSREFEH

QPU AT AME O FNRTS
QPU T A R85

¥ Amazon Braket #2H| &1 iR %” WHEHF , LA B I MEFHEHATAE A URIRZIRS. It
A BMREBENEBEREFESNESESHEMAIIRE.

ZRAAMEEOIA , MREFFTEERIZRE , MZRBFEANE L. Hl, ©U6EH T ERLSE
. ARFFRFEREMLE TELRS

BAZI AT D0 1

ERXEFAFSHEGESZH , EULBEIRERZNIIREREFEELHENNETESIESHE
SHHE.

A SR

Queue depthiSHERA FRIBFERBHEFESHESELNKE, TEIBraket Software
Development Kit (SDK) 3k i/ 6] 1% & By & F £ 5 FE & 4E AL RA 5 #iAmazon Braket Management
Console,

1. ESAAIIREREYNSFUEERERZTHEFES BB

2. LEEFAIRERESHFETHERRE FESFH EHAmazon Braket Hybrid Jobs, X£EE5H1E
M FEFZEIETT,

3. BEELRIIRERERZ LHETHERARREHELEE. Quantum taskstENBEEILH —ZB5 1
REBMHR KL , H L EFEPriority Task Queues

ENEFESHLAREREETT ? 182
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FEBIEEIIRENE P Braket SDKAT LUMEH A TRIB F B BEE FESRESESHIRAS]
B :

device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")
# returns the number of quantum tasks queued on the device

print(device.queue_depth().quantum_tasks)
{<QueueType.NORMAL: 'Normal'>: '@', <QueueType.PRIORITY: 'Priority'>: '0'}

# returns the number of hybrid jobs queued on the device
print(device.queue_depth().jobs)
I3I

b QPU R EFESRESEL TEEL S BHEMN TEHRF L FQUEUEDIRZA . Amazon Braket L&
AUERMINE FESNESESAILE,

BAZIfziE

Queue positionfE BN E FEFHREEZSEEMNREZAIIPW HEILE, EUNBEIHRE , ATE
FEF RS ¥l Amazon Braket Management Console, Braket Software Development Kit (SDK)

FEBNEEINMERNZE P Braket SDKAT LS A TRIEB H BRI BEE FESRESESHIERAS
& :

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

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

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

# Returns the number of Quantum Tasks queued ahead of you
l2l
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(

FA AT I 183
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"arn:aws:braket:eu-north-1::device/qpu/igm/Garnet",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
wait_until_complete=False

)

# retrieve the queue position information
print(job.queue_position().queue_position)
'3' # returns the number of hybrid jobs queued ahead of you

IRE B FHAFREEEA

% QPU WA EAETLRE FESRB K LEZE(L EventBridge BY , Amazon Braket £ [@3F & #h & 3%
B, EREUTIREIE FHHSEGENRENE FESKRAESEM :

1. 812 Amazon SNS B H{TH B FHHHERF. BFEHRHREENTAMBRTEMEN X, B
REZEER |, 21 Amazon SNS AITMEEEE,
2. EHBIE—ZHAN EventBridge , ATAIAEH SNS TENEH. EXESEL , BSHAFEALE

#h 52 Amazon Braket, EventBridge

( Alik ) iRiE SNS EA

EA OB T b a1 22 B AR S5 (SNS) Simple Notification Service IR BB A , LA{EFE Amazon Braket
EFESTERNKEIRE, IREMITESHNERE , WEIBHNRER ; flln , SERXKBEEFF
SHRERZTAMBEOZHNRREFESH, NMRETEEFEFESTR , MTTLLHEE SNS BH,

Amazon Braket £ A5 S BERREL TR, BXRXEZEE , BSHE LA Amazon Braket <4l
GitHub , 332 A TiREBE ML LA RAI,

EIEYREY Amazon Braket Hybrid Job

AR I2 4 < iN{a £ Amazon Braket P EE B SEN A B,
A LAE A LLT A R1E Braket FiFRIES#EL :

« I 5% Braket Python G F XA T ES,
« I 5% Braket E£4l,
« I 5% Bra API keto

REBFH4REEEA 184


https://docs.aws.amazon.com/sns/latest/dg/sns-getting-started.html
https://docs.aws.amazon.com/sns/latest/dg/sns-mobile-phone-number-as-subscriber.html
https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples/tree/main/examples/braket_features
https://github.com/aws/amazon-braket-sdk-python
https://console.aws.amazon.com/braket/home

Amazon Braket F % AR IEE
ATRE

- BERBEELEHILUSITEEIZA

« J{ATEE Hybrid Job

- FASBULEEMRESELNIEE

+ PennyLane 5 Amazon Braket — {2 fif F

- FABCEHNAEE (BYOC)

« 7£ Amazon Braket L H CUDA-Q

- EAEREREELES AP

B R A e 26 LUE 1T IS8R B 2

BEENEE , BUEETENER, BRIAER T , Amazon Braket 1 3E6I Lz TRV EER
AR, ml.m5.largefE 2 , ERIBESELR , BOLUEAUTSANEESHE E LR FIER,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"), # Use NVIDIA Tesla
V100 instance with 4 GPUs.

),

MREBEEBTRARXNGEHERZEEPIEE T AHIEE , MiEA B InstanceConfigi@id s
EinstanceCount HFHEFEEN KT —IMRIBFERZANEH, LRI 5, Hlan | BATLURINT H Nk FE
3 ANEHI,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8x1large", instanceCount=3), #
Use 3 NVIDIA Tesla V100

),

LIBFERAZ NP |, BEEFEAIE parallel Sheg P BB S EL., BXIMMEE QML B Parallelize
VIGREINESEMES , BSRUT REIEIER,

(R (RN RGN 0 1N 185


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
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TR =ANREIIE TAERG], SHRERAIA GPU MR KAIKY o] A KA1 B MM A%

® Note

EEERBEASHRINMERITERHIEE , 55 Amazon Braket Ei &l 7 H

PRAESK B
ml.m5.large ( EX1A )
ml.m5.xlarge
ml.m5.2xlarge
ml.m5.4xlarge
ml.m5.12xlarge

ml.m5.24xlarge

= 1 BE KA
ml.c5.xlarge
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ml.c5n.xlarge
ml.c5n.2xlarge

ml.c5n.4xlarge

vCPU

16

48

96

vCPU

16

36

72

16

K #F (GiB)
16

16

32

64

192

384

K7z (GiB)
8

16

32

72

144

10.5

21

32

BB R & 1l SR UE 1T IR B 2R
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= 1SR B vCPU M7 (GiB)
ml.cSn.9xlarge 36 72
ml.c5n.18xlarge 72 192
GPU &= 4l GPUs vCPU W77 (GiB) GPU R 1¥ (GiB)
ml.p3.2xlarge 1 8 61 16
ml.p3.8xlarge 4 32 244 64
ml.p3.16xlarge 8 64 488 128
ml.p4d.24xlarge 8 96 1152 320
ml.g4dn.xlarge 1 4 16 16
ml.g4dn.2xlarge 1 8 32 16
ml.g4dn.4xlarge 1 16 64 16
ml.g4dn.8xlarge 1 32 128 16
ml.g4dn.12xlarge 4 48 192 64
ml.g4dn.16xlarge 1 64 256 16
(® Note
p3 KHIFE us-west-1 FARTA, WRENBEESEFSTEMEFRN ML IHERE |, BEAHM
X1

BB 30 GB WEIETEM (SSD) WEIAERLE. ER , BUUERBREREMEN AN RERT
fifinstanceType. BAT /R4 EA a0 S 1265 22 R #E hNE 50 GB.

from braket.jobs.config import InstanceConfig

BB R & 1l SR UE 1T IR B 2R 187
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job = AwsQuantumJob.create(
instance_config=InstanceConfig(
instanceType="ml.p3.8xlarge",
volumeSizeInGb=50,
Iy
Iy
EHREERIAFHEN AwsSession

EABECSWAwsSessionEHI AT AR RIEME | HlaN6E® 71 BIA Amazon S3 FHEBIEEEE XL
B, BINMERT , LB ER Amazon S3 FEMMEN. AwsSession "amazon-braket-{id}-
{region}"{B2 , £ 6IE Amazon S3 F MR , WA LLERBEBIAR Amazon S3 F#EMEN
BEAwsSession, AP AT LLEENAwsSession N R&EEE| LA |, AwsQuantumlob.create()F
ZERREMaws_sessionZ , WA TRBRBIFT R,

aws_session = AwsSession(default_bucket="amazon-braket-s3-demo-bucket")

# Then you can use that AwsSession when creating a hybrid job
job = AwsQuantumJob.create(

aws_session=aws_session

WA EUE Hybrid Job
B REFERUEA TR IERBSHBREELL, XAREEFHAPRTER , LA AEARBEK.

EERHEPEBCHRSEL , ENREEL TEAPEFZECEESEL , REM “BIE ThXs
kiR “BUEERSEIL,

HETELE Hybrid Job 188
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Amazon Braket X Amazon Braket » Hybrid Jobs

Dashboard Hybrid Jobs (4) &) Actions a Create hybrid job

Devices i y
View hybrid job
Q search ‘ 1

Notebooks Cancel hybrid job
Hybrid Jobs Hybrid job name Status Device Manage tags at
Quantum Tasks

braket-job-default-1693603871840 (%) CANCELLED arn:aws:braket:us-east-1:device/gpu/iong/Aria-2 Sep 01, 2023 21:31 (UTC)
Algorithm Library (] braket-job-default-1693600353661 (@ QUEUED arn:aws:braket:us-east-1:device/qpu/ionq/Aria-2 Sep 01, 2023 20:32 (UTC)

test-job-example (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Jun 02, 2022 22:26 (UTC)
Announcements o
Permissions and settings @] Test-ashlhans (@ COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 May 25, 2022 19:50 (UTC)

EWINEVE , FEHARTINEMAFRT@MA BUE" , REER “BE

Cancel Job "JobTest-autograd-1637034526"? X
A + Cancelling the specified job can't be undone.
« Cancelling will terminate the container immediately and does a best effort to cancel all of the

related tasks that are in a non-terminal state.
s Tasks that have already completed will still be charged.
¢ You can create a new job using your checkpoint data, if you defined it, to rerun your experiments

To confirm cancellation, enter cancel in the text input field.

cancel

.

E{# ] Braket Python SDK IR BECERES/EL , FEARIESEL , REEIFAcanceld
T, M TRBAAR. job_arn

job = AwsQuantumJob(arn=job_arn)
job.cancel()

Zcancel W TRV AL IEZHBMBSHELER , ARRAENBUEA ML TIELImRSHEXEF
£%.

HETELE Hybrid Job 189
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FERASHLRFMRES L RYIEE

Amazon Braket EXEFE X FSHILER, QPUsXFEREB BT RAREI—IXEBE K MARHES
i ENEREE-RRBLETTERAS BN RFSBREXNITHE, XATUEERE Hybrid
Jobs HZ{THAl , RANBEEEE—SHEHMRRERE. RETSHBILEREIARINZEN QPUs
Braket Hybrid Job, X FKA&AIZITHESEN |, BraketfEmiIZERMN S B ERAEHREFRHENE
MHRAERE , LBRREESRENLE R,

EORSBLR  AEFEREENATRESHBENBA, EXM 7, RONERT MBS
%MKEEE% 2T BROERZANEMNEELE, X THRENTERY  ERERERITSBEIN
TEHAE | PINERKERFERSH,

import os

from braket.aws import AwsDevice
from braket.circuits import Circuit, FreeParameter

def start_here():
print("Test job started.")

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

circuit = Circuit().rx(@, FreeParameter("theta"))
parameter_list = [0.1, 0.2, 0.3]

for parameter in parameter_list:
result = device.run(circuit, shots=1000, inputs={"theta": parameter})

print("Test job completed.")

BRI LAE R T AR R EERALUES Job WERET, EXFSHILEZEN QPU LiE1T
Hybrid Job B , (REFE —RETR A wIFLER, EETRNETH , FEEFAREIENER , TE
FATFANRBITEIR RS Hybrid Job Bz 1TET AL,

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_azrn,
source_module="algorithm_script.py",

ERSHILRFNPRE S LAV RE 190
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)

(® Note
BRKPEBFERERI , MEETIIN QPUs BSEA B XFSHILSF. Rigetti Computing

PennyLane 5 Amazon Braket —#2 &£ F

BEEZRANBZERHRESNETIETNEER, FHIESHELHEBEH ( EC2 2L AER ) £
BT, EFESEAEERES LZET , ELAEEFITENLET. RNBWEERESELIIEEETE
E8*t, BXEZER , BS A £EH Amazon Braket 5%

Amazon Braket #2829 £ Amazon Braket Y EEBY T , =& EH Amazon PennylLane Braket
Python SDK FIRIEIEAFHERRENZITREETFE L, ETHRH4F XTI ETH Amazon Braket
NELRAFEELTERGATEENESTRELERESE L, PennylLane B2 , EA1 PennyLane Z P
HE K RENERMTEFENHR.

RXTREETEE

BEETEENHESHITULREE  AASEREFIIERZEESTLERS | MNMEEHEIR, ITEHRF
N ENEFIIHLEMEMEFPNS ; Bt , KPESTHEETRESHRFMESR , NS BITE
BiR.

BUER (EFMEMGITTRA ) ST H (BT BENHF ) KNG EFELEERTIHRE LR
EZ8, HTFEXNRE , eI THENE FHRAERETERFYIERE , XERGFBERHTARF PR
B7 (NISQ) 84,

EREEFEET , EFAESE T (QPUs) THLHBEEZN NS CPUs , TIATMREBE L
MRLLITE, BERNTNEIAKRERE  MF IR,

ATRE:

+ w4 Amazon Braket PennylLane

 Amazon Braket F RS B ERBIEIEE

« BwHAMA PennyLane (FERENESE E

« PennylLane £ Amazon Braket 885 FF /5 fEBEH 3

« FEREAELF PennylLane 21T QAOA &%

PennyLane 5 Amazon Braket — 2 £ F 191


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
https://github.com/aws/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Grover

Amazon Braket FEANGIER

« £/ PennyLane R ANERLZZITES THEAE

8 Amazon Braket PennylLane

Amazon Braket IPennyLaneB% & FH 5 mIEMSHEN T RRGERRESFE., RAUFERARXA
ERFRINGEFHEE , RBNGEHELNERIKEFLFE, EFVNSIFINMCDITERBTNBRS R
_$¥o

% PennylLane EE A BB F I T E (245 PyTorch A ) #£#t T# 0 TensorFlow , £ F &%
GEBREMEM.

 PennylLane FE —— PennylLane Bl %t &% 7 Amazon Braket £id A B+, EMAHHR Amazon
Braket %% PennyLane , BH FERRAHFEAUTHSSH A PennyLane .

import pennylane as gml

HREILATHEEREA T, HE , BRI LUEN B 21%#EH IDE PennyLane £ Amazon Braket £f#
Ao

« AmazonBraket PennyLane &t — EfARE 2 H IDE , REJLLF 3 Z % Amazon Braket
PennyLane ¥&#. Z¥E#H PennylLane 5 Amazon Braket Python SDK i3 | bR AT BLFE Amazon
Braket %% PennyLane LiZ{TE8#, EX%*K1% PennyLane # , BFEAUT®H S,

pip install amazon-braket-pennylane-plugin

LT RBIER T S £ PennyLaneiR EX Amazon Braket & 8915 R HXFR :

# to use SV1

import pennylane as gml

svl = gml.device("braket.aws.qubit", device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/sv1l", wires=2)

# to run a circuit:

@qml.qgnode(svl)

def circuit(x):
gml.RZ(x, wires=0)
gml.CNOT(wires=[0,1])
gml.RY(x, wires=1)

PennyLane 5 Amazon Braket — 2 £ F 192


https://pennylane.ai
https://github.com/aws/amazon-braket-sdk-python
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return gml.expval(gml.PauliZ(1))

result = circuit(0.543)

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

AXRHERPIFE %158 PennylLane , i3 Amazon Braket Rl 176

AmazonBraket PennyLane £ &R FE— 1T BEV A7 Amazon PennyLane Braket QPU It A=
FEREZ 2 AR, ©RHET W Amazon Braket B FE34F Al PennyLane :

« braket.aws.qubitF T 5 Amazon Braket RS E Fig & — #1217 , @& QPUs ME#LL25
 braket.local.qubitfA F M Amazon Braket SDK By A< it & #2512 17

AmazonBraket PennyLane 2T IRI. RAIBAMPennylLane f@# GitHub FEEHFREE,

BXMEZEE PennylLane , EZfPennyLane Mif EHI 1Y,

Amazon Braket FHE S E X RHIZIEAK

Amazon Braket #§3R1R T &R K PennyLane 4 RIZITEAEEN RHILIZA, FRATLLTF
R RIX LU B AR 5 /5 &Y Amazon Braket JES RAIEIEARRIEM—A , flaE FIELUELEE
(QAOA) HE 1 B T4HER#EES (VQE).

I 5% Braket ;RHIZIEAKE T Amazon B raket Python SDK, SDK £t 7 —/N&3d Amazon Braket
SEEFHEEHRRHITRENER., E=—NTRE , EEHEWEATHES TERENEFHD.

& 0] LA B AR R BIZE 18 A8 — 254% FE Amazon Braket.
HAMRATR PennylLane (FESHNBESE %

Amazon Braket Hybrid Jobs B L& T EF CPU fl GPU W& REBR AR EIZE. PennyLaneiZ®
HBRARNEURFITUEZEBRAZENRSELESEP , SERBERSE@MELightning. qubitiELISE,
# ANVIDIAK cu QuantumEMNEM1ightning. gpuff EREE, XEBRARFERIEEEEATLE
% BIEFHERFES  XEEETUNSREE (FIUEEMD % ) P2, BAUE—I HZH
CPU 5 GPU =4l Lz 17X i A RIEHUET,

& B Hybrid Jobs , BIVE R LAE AL HEIPL RN QPU A E. Amazon Braket IRFEHESR (
m) REFEFEAFNBRARNBESRKETEDEENRB, SV1 PennylLane
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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
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https://developer.nvidia.com/cuquantum-sdk
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Amazon Braket

FRARER

BRANELEZEREL T Hybrid Jobs BERFPAIA , IRAFEARMehybrid_jobsRERI E

Python BRERENTAT, EEMA PennylLane 1ightning.gpuiE#lgs , BMEFEEFIEE GPU £

5l , InstanceConfigf A FRIB K BRFTR :

import pennylane as gml
from braket.jobs import hybrid_job
from braket.jobs.config import InstanceConfig

@hybrid_job(device="local:pennylane/lightning.gpu",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"))
def function(wires):
dev = gml.device("lightning.gpu", wires=wires)

EFRERT A Hybrid Jobs B PennyLane R ARIELLES | FS R RHAIZ 1A,
PennyLane £ Amazon Braket #&#£\88 FF /5 £ FE 5 &

f&Bh Amazon Braket ByPennyLaneffiff , B AE AR IR @ ER LR LS TREAFEH D EITE

BE , H#&, SV1

AR EEAMEMDE , HFE M FR2diff_method='adjoint"”
diff_method="'device' #qgnodelgE. BESHUT R,

device_arn = "arn:aws:braket:::device/quantum-simulator/amazon/sv1"

dev = gml.device("braket.aws.qubit", wires=wires, shots=0, device_arn=device_azrn)

@qml.qgnode(dev, diff_method="device")
def cost_function(params):
circuit(params)
return gml.expval(cost_h)

gradient = gml.grad(circuit)
initial_gradient = gradient(paramsQ)

@ Note
B &0 , PennyLaneffit & QAOA Hamiltonians B0 Eis%k , HERACIHGHBRE
MEBIFD NS NHEE, MREENFIZEIT QAOA B SVIERET 2 &8
PennyLane , | EZEBNBHRP)AEBRERRARBWER , TR : cost_h,
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https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb
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mixer_h = gml.gaoa.max_clique(g, constrained=False) cost_h =
gml.Hamiltonian(cost_h.coeffs, cost_h.ops)

F AR AL PennyLane 1T QAOA &%

EAT & | S EAFEMRESHILSRF PennyLane — 2R EXRERIESTEF. BT AR EEH

ARBRE FIELCUELEE (QAOA) BB, ZBFEIZT —N528E Max Cut {£{L R BB BI#Y AL

AEY, BEETSHILNEFHEE  HEAMENEE TRAERENSE , NTEREREKEHZ /ML,

FERRGIF , ATERERN , RNEEEHMAPERRAEE , BN TEARNAG , REEI2EIH
ABREREETNETBABEERHETHME, ZirEsparametrize_differentiableZiA} |, TrueEit
BH L EINZEFN QPUsSBILRIFERREBRESETRMEEEN T,

import os
import json
import time

from braket.jobs import save_job_result
from braket.jobs.metrics import log_metric

import networkx as nx

import pennylane as gml

from pennylane import numpy as np
from matplotlib import pyplot as plt

def init_pl_device(device_arn, num_nodes, shots, max_parallel):

return gml.device(
"braket.aws.qubit",
device_arn=device_arn,
wires=num_nodes,
shots=shots,
# Set s3_destination_folder=None to output task results to a default folder
s3_destination_folder=None,
parallel=True,
max_parallel=max_parallel,
parametrize_differentiable=True, # This flag is True by default.

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

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

p = int(hyperparams["p"])

seed = int(hyperparams["seed"])

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

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

# Generate random graph

num_nodes = 6

num_edges = 8

graph_seed = 1967

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

# Output figure to file

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

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

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

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

def circuit(params, **kwargs):

for i in range(num_nodes):

gml.Hadamard(wires=1i)
gml.layer(qgaoa_layer, p, params[@], params[1])

dev = init_pl_device(device_arn, num_nodes, shots, max_parallel)
np.random.seed(seed)

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

PennyLane 5 Amazon Braket —i2 £ 196



Amazon Braket FEANGIER

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

for iteration in range(num_iterations):
t® = time.time()

# Evaluates the cost, then does a gradient step to new params
params, cost_before = optimizer.step_and_cost(cost_function, params)
# Convert cost_before to a float so it's easier to handle
cost_before = float(cost_before)

tl = time.time()

if iteration ==
print("Initial cost:", cost_before)
else:
print(f"Cost at step {iteration}:", cost_before)

# Log the current loss as a metric
log_metric(
metric_name="Cost",
value=cost_before,
iteration_number=iteration,

print(f"Completed iteration {iteration + 1}")
print(f"Time to complete iteration: {tl1 - t0@} seconds")

final_cost = float(cost_function(params))
log_metric(
metric_name="Cost",
value=final_cost,
iteration_number=num_iterations,

# We're done with the hybrid job, so save the result.
# This will be returned in job.result()
save_job_result({"params": params.numpy().tolist(), "cost": final_cost})

(@ Note
BREKFEEERERF , FIBEETIIN QPUs BSEXEBXIFSHILEHIFE. Rigetti Computing
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£/ PennyLane R ARNEIERIZITIRE THERE

1L AR E B WM A Amazon Braket Hybrid Jobs PennyLane E#I#: A S AE MBS Kz TR

B IERH., Pennylane EF GPU Hir A B E A Nvidia cuQuantum FE 3R i B8 B8 {5

B, lightning.gpufR AR GPU #E#\8§ B fEFFE Braket {EML BEgH 1T 7 FELE , A o] AFFFEED
B, BARH , RMERER ROMAERALightning. gpusRNRES TEARKEE,

Flightning.gpuF QAOA TR

EZRAEZRLAPHWE FIELCUELEE (QAOA) R, BRFMANELE , H¥devicez
EENUTERANFERE : "local:<provider>/<simulator_name>", i , ALK
E"local: pennylane/llghtnlng gpu"lightning.gpu. EZIATRALL Hybrid Job MR & FH/F
BERIRBE T BB A 1% E A "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)

EARTTH |, ERMNEEFAMNRAR PennyLane AKX E#E#EE1ightning.qubit (EF CPU)
Mlightning.gpu (EF GPU )., ATIHESHHEE  REENEUSRREH-LEENLNI D MH,

NE , BAEZRRSELSHMAT., BFEARDEHIEEIZEIT QAOA E
& :m5. 2xlarge$ﬂo p3.2xlargem5.2xlargek P B Y TIRAENTF A EEICARE
M, p3.2xlargeiXR—MINEITESES , EEHFE4 NVIDIA Volta GPU # 16GB A%,

RFFERES TEER —#M, hyperparametersEX AT EMEFIMELES  RITEEMNMREE
HFWIT , MR

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.qubit"

# Run on a CPU based instance with about as much power as a laptop
instance_config = InstanceConfig(instanceType='ml.m5.2xlarge"')

WE

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.gpu"

# Run on an inexpensive GPU based instance

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')
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® Note

MREFIEEinstance_confighFAE T GPU MIE4I , BEBENETF CPU BEARE
£L28 (lightning.qubit) , M4 6EA GPU, devicelIR{RAEME GPU , —EEFAET
GPU KR A VAEHLES |

B, BALUGERMNMNESEL , A EEF 18 MNIRHNE R EEA QAOA R Max-Cut, XEWKE
— N 18 BEF LB ER—MAXNR/D , EEICABMHNH LREEZEITRATITH. m5.2x1large

num_nodes = 18
num_edges = 24
seed = 1967

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job

m5_job = AwsQuantumJob.create(
device=device,
source_module="qaoa_source",
job_name="qgaoa-m5-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlarge3kHl FEERAEL N 25 ¥, Mp3.2x1largeskflfyFEERBEARN 12 B, 3
FixN 18 EFBFN IERRE , GPU ZHIRRIEM T 2 ZH IR, WRFRE — T Amazon Braket
Hybrid JobsBY EMN T E , RATLAE Bl —\m5.2x1largekHlM S 2402 B 70.00768E T , MEHNE
DEFRAN0.06375% T, p3.2xlargeRIRIEX EFT AV ARRE , B iE1T 5 &R |, A CPU =4l
27 0.016 £t , EH GPU =fIfy 28 AR 0.06375 £t , MEEIIEEFEE !

MEURMNILEBEZBERE , 2% 24 MIKLE LRE - Max-Cut R , ZFIBURERA 24 MNE
Fie. EHEBNAANEG EBRETREELH LB,
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® Note
B ER , £ CPU R4l LETIHOR & F LAY Bt B ATRELY 3 B AN/NET !

num_nodes = 24
num_edges = 36
seed = 1967

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job

m5_big_job = AwsQuantumJob.create(
device=device,
source_module="qaoa_source",
job_name="qgaoa-m5-big-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qaoa_source.qaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlargek Bl FEE R ELA R — /et |, Mp3.2x1largesLflfFEERNBEA AT 8. T
EANEARNRA , GPU RFINEEER—IMHER | ENXTINEFZE , (RATEMNRREXHT
R, MERFRBAERANRBELEE ., GXBEFTMAIE , BRET5ER , FRACPUSEHIN %
BYR2.27072% T , FERAGPUSESIM R AL 70.775625% 5, CPU EREFRRESRH , MAE{TR
HthEK, FHAMBA NVIDIA XENBRARBER AWS |, /8 L7 A PennyLane#y GPU &4 fiiEix —
TEFRRE CuQuantum , FEREBUEERNERANEENNEETEEREEFLBFITEHR (T 20
230 28 ) WIERRE, XEBEWRE , BMERIBAK , TEEEICAR BB LA/ EH LIREZ
7, BEIUEHEFITE,

B FHSRF I MBIEH T

MRENTHEAFERERETHRESNENE FHRES (QML) , W] BUE R BERE H 1T — 5 R
THEAH. EQULF , EREE - HEIEFHEE, ZEETRESSHAIRETTSLAGEN
%, FRABERIIGEEN  2EFEREFNSHUK/NMURREY. RAEBBERHNENEER
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EMH , URBEMNEENFORINERK, £QVL F , BEXHTIHERE  RAEBERFEHE
EiTENESHE, WEEFERN , AHRERRE M HEINER T,

AT MERNBRATRE THAKES , R UHTIHERE | RN A ETRELHIESMHE
KIMANBE, XHMEFMIBENBIEH T, EB) SageMakern XN EIEH 17%E , Amazon Braket
Hybrid Jobs {55 7] LA 58 32 ¥ #tb F FA B3 H 1714 SR IR Y145

ZRLT QUL BEHTIEAR , ZITEABRFERAAR UCI FHEEFH Sonar BIEEBIESEENZ
HEI DK RGl. FHBIEES 208 MNEER , BMNBESE 60 M , XEFERMR EREH
FRESHREN., SIMNEESBELABIRER ‘M (RKRHEE ) , ELHFRER R (RTEE ) . AT
QML BREBMAR, FIREENEFEERNHEEARK. MABRNAEERPIANLBBELN
& PyTorch, EFHEEFERR gml.q PennyLane nn iR 5 PyTorch ZMEER, BXxTHEABRNE
ZEMER , BFSRBIMNWTAEZEIER, MELEEN QACA RHl—# , (RATUFIAET GPU BERA
INAERLES (Hewn ) lightning.gpuski2EE T CPU PennylLane BV ER A NIE 1125 B9 1 BE

ESBERAMEL  BLESEXEFZSEIHAwsQuantumlob. create M EEEMA, RFMNE
B E.,

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')

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

}

job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
source_module="qgml_source",
entry_point="qml_source.train_single",
hyperparameters=hyperparameters,
instance_config=instance_config,

EFABEHTYE , BEEEN SageMaker 2 M REEEZH AP ILITRE , LEBHTILIIL,
B, B85 AsmdistributedB#HE , ZRHEBATESZ D GPUs MZ L6z B 2B TR,
WE B E £ Braket PyTorch # TensorFlowA g P LR E, ZdistEREIFREANAE LRI A YIZR
GPUs B B3 (world_size) BAK% GPU W#local_rankfrank#l, rank® GPU EFrERHIFH
#xtF&5| , Mlocal_rankz GPU EXfIFMZES, Hlm , MREEEANXLH] , 8NKEH GPUs 2B T
ANATFINE , MrankseE 3 0 F 31, local_rank3eE XN 0 & 7,
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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)

ETX , DistributedSampleriRBIEE N — , world_sizerankR/EFH A B HIEMEIEF P,
LR B % GPUs TR EBIEENR —F B,

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

)

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

BET¥ , FHZDistributedDataParallel 2k E BAHIEHTH,

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP

model = DressedQNN(qgc_dev).to(device)
DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])

model

UtEFRABEHITERMENER,. EQMLH  SEEFEREEEHITNIINEHE, MESS
GPU #METHREMITHGS , VEEHPREREENEE , 4R UHEREE. MBEEXTER , R
BEEFE A rank 0 B9 GPU BATREFEFITED,
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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 /R &1E% %3 SageMaker 7 R EIEHTEMML . p3.16x1argesk

IR, AT L& Hybrid Job InstanceConfigs A S KB BERFIKE, B

SageMaker Z B RBBEBHTEMNERFEHTHECER , EEERFNANESH ,

Bl"sagemaker_distributed_dataparallel_enabled"iRi& N IEFEEAMEHIE

F“"true”%ﬂ"sagemaker instance_type"iRiE, XA NMNESHHsmdistributed i E3E
B, ZBNEEMATEREERTH]. £ Amazon Braket SDK # |, ERE T — 1M HENXBFS

o distributiondistribution="data parallel"’fj':;m.:.ﬁcxﬁﬂﬁqﬂ Amazon Braket SDK

LEPRNERATNESH, MREFERH Amazon Braket APl , NI EEIEXHNES o

EFRGIMBEHTER , BUETURKESHFL T, —Pml.p3.16xlarge3k#l GPUs
'ZF'ES/\O RiEfFinstanceCount=1 , TEABFH D HESLH GPUs HHY 8 I, HAiR
EinstanceCount XF 1 &Y, I'HEJ\;‘Z*H > IEFTE GPUs Al AL, FERAZANEER , 845K
Bl BRFBEOFERAEWREZEH, o, HEEAEANEHIE |, it RERENEHIETHREN MG ,
H R AN EFIERETERN TERE,

instance_config = InstanceConfig(instanceType='ml.p3.16xlarge’,
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",
hyperparameters=hyperparameters,
instance_config=instance_config,
distribution="data_parallel",
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® Note

ELEABESFLGIZED | train_dp.py—RERXENATERAKEHITHNEEMA, Fid
£, REERELRBIEREEM A , BT\EHATHIERER THF, IREREBBREZE
MANERTERBEHTELED , MBEELATRL5IKER , RES GPU ARE2ES
REAERNBITED H, MTIRERET

UERMNE-NROPLEBRZSTREIMEAE , £ZROF , #X LR ToRER , ERH26EFLFE

FREBNGEE, XRGIPEANML. p3.16x1largekfl A NE D 04692 £, MRZEHE

FITH , BRIBRFERN 45 M T EEE 1 N2 ( BB 208 MUIER ) RYIZER | BAL % 20
Eo & 1RG4 NRPIZRAISSIMBFTEAHATLER , 7HIIAF 6 M 1.5 78, IERERE

HRRALNN 2.8 X, BEE 4 MRB| EERBITEHITHE , ETXAILURHZ TR S 30 %, B A B
AR - RER !

FEHESMNASE (BYOC)

Amazon Braket Hybrid Jobs 2t T =M MAMEN AR , ATETENREFRETRB. R
Hp—ANBBXHFLNAL , WREFENREREHELNREE EMARA, AJUMMNEERARRE
Arequirements. txtXHH RN EH KK X Rpip,

MBXLERBEBAZFROAG , EBRENEH# TV E |, Braket Hybrid Jobs X ZFFERIRECHWBEE
X DockerBSSBEBIZITEAEL , REBH AR (BYOC), BEREERITEARITZH , ERIMNBREE
Fr £ —ESIRE A BRI ThEE,

AFTHEA :

« FARMEBEHEEET R EBIRE ?

- BRERENRIE

- EECWASETIZIT Braket RS 1E

T AR BHEEES RIEBRIRE ?

FBESHAER (BYOC) #w & Braket Hybrid Jobs # |, BN ECHWHRAZEREITSHREF |, AJUURE
WERABE S, BIEENEMAESR e — S5 ZAUSTEHENREYE , MARLHTEN
BYOC DockerfdZ-Amazon ECR L£&-BE X B URI B,
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® Note

MRAEFMDSBENM Python iFE (BEDT 104) | BRERMGBAF % , BYOC
THFRERWRE, P, MRIRELEER PyPi

EXFERT , B LMERH B — A HE Braket 818 , AREELERSERE FZHMA—
MNrequirements.txtX#. ZXH LSBT , pipHATRELZEEEEEREANTH4E. NRE
EREARERHS , MMELMNETRETESAKRE N, REEARMNRRGERTSITHTERERN
Python 1 CUDA MxAs ( INRERA ) -

HREEEWE AP FEAIE Python iIES ( @1 C++ T Rust ) , HEMRBEATLEET Braket B A 2R
RMH Python RASET , BYOC BRA4FEMN. EUTHERT , TR — PN TFENEE

- BEEFEATEFNIEZANEG  SEESTFURS SN ZZPAHITERRIES REETZHMEF.
B BYOC , #aJ LU F A[iE 2 4A#x ADocker® &G s , HE A FRE#TEHRIEANRG,

- IREANBETRLTN, fli, ZRHEEELS GitHub 7 F GitLab fFEEL , BFEM
FI4$TE SSH Z4A A REh [R 117 # o

- BEBRE-EARIT K Braket RENBRPHAERKN, BYOC FAWLBRATRERHMS
BREELABFNEEET K,

BYOC i& o i &1 IRV B F9 B DockerBes H G HRHAL A, |, NEZRNBE X SDK SHE LA #
EREHA, Rk, B LE Amazon ECR Hi% & 5E Y MR,

® Note
&R IFE ST PR & A MY BRIV AT

B AR R

EART AP | BAEBMH T Braket Hybrid Jobs EE M LY step-by-stepiEra , @IEHA, XHFFEA
HEE—RBNLSE , UMERB I MIZ1TBE LDocker &, bring your own container (BYOC)FKA 112 7
MELRANEIEL

1. 7EDockerR B REH MM |, HE/FAL RN Python EIEMIA,

2. SERAEFE Python iEE REMNE LB A S Hybrid Jobs = x86 2 S\#J CPU FRFFEE A,
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MNTFRE 2, EXBFHRAOMAERNEZ,

% Braket iZ1T#REY Hybrid Job B , E2 BB FIE RN BERMERM Amazon EC2 =6l , ARETHE

XLl EAIBRES T AN BB URI FTIEEMNE . DockerfEA BYOC Ihgent , Bl LUEEREHE
EIRAEREMBRAFAE Amazon ECR 77 EH R E & URI, Braket Hybrid Jobs % BE X & &XK

BT,

¥E AT Hybrid Jobs KBIDockerfR kP E MR EL Y, WREFABRENMWEDockerfiles , &
BRI FIEX L 5% B RS AR B FE E S 1 Dockerfile R4 F1Amazon ECR CLIX#%,

UTRIFREEMFANER
YR Dockerfile K E R R &
(FliE ) BRENARFIA D KSR
- FRALXEMBENRAFEIRMIZ Dockerfile

#REY Dockerfile W E L& B

MREFERANZ Python , H BB ETE Braket RN BB RENNE 2 LLERMG , MAEMMRE
) —PNEIRIEEERIIMGItHub F45FE R Amazon ECR LH Brake t RE8E %, EEZEM Amazon
ECR # 1T RIE S EEIRENBRG HEH L TR, fla0 , BH BYOC Docker XHHI 5 —1T W &8

= : FROM [IMAGE_URI_HERE]

BTk , EEEDockerfile EREMNHERE D , AR REZEFNBIBRH[FHRME. FEHER Braket H
EZEETHNNERAORKMA , Rt BLTHE LB XM,

MRIRIEFEAIE Python iEF , Hla0 C++, Rust = Julia , SFRIEH3E x86 CPU ZR¥3 ( Ltbal ARM)
MHESGSG , WIREEEEARALNHEGNEM FME, B LUE Amazon Elastic Container Registry 23
HEEPKIFSIHENEE, BSLERES CPU 290 GPU , XERNEEEREFHAKN GPU,

(Tt ) BREHBEA O AMK

(@ Note
RIS RIET AR Braket SR IMEMLA , U T UKL AT,

EREEBEHELAIZITIE Python K18 , BEEERNENLER[/AO LN Python BIZA, Hilg0 | I Z#
Braket braket_container.py Github £ python BIZ, X2 Braket iRV EGRAREHE
SERIAN G BEMBINETENEA, BESAORIMAREGHMER Python , BRI EUS 313E Python B
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https://docs.aws.amazon.com/AmazonECR/latest/userguide/Repositories.html
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html
https://docs.docker.com/reference/dockerfile/
https://github.com/amazon-braket/amazon-braket-containers
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://gallery.ecr.aws/
https://gallery.ecr.aws/
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
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R, EMAEENTGIF , BRI LUFE Python BEEMARELER Python FHERZ , ELIEREH
WHRREEz, BEHREE , B AADRBMAKEZIE Python EEMAR, Bl , &w] L8
Wthekick _off_customer script()BEILAE3) Rust #i2 , EAEURTXHT BEBNER,

REALLUERE - N2 #F AR Fbraket_container.py. BAMNEARE, FARMNEMIEIH
M Amazon S3 EFIEIRESFP , HENHNHHELTE,

FEHLZEMENTHFNAEEMA Dockexfile

(® Note
MR IE(E AT e f32 R Braket BB 4E N DockerERtE R , N RI[UAERZRFE,

MREBELE—SHOUBETEXENERME  WEEFEEFRNERP , ASRHET
ESAGEMAKER_PROGRAME X AT ARB| A O KM ARbraket_container.py , EENERNFAEA
ORMAmENEE,

LR R AWEE GPU INRES =4 LA Julia B9RHI : Dockerfile

FROM nvidia/cuda:12.2.0-devel-ubuntu22.04

ARG DEBIAN_FRONTEND=noninteractive
ARG JULIA_RELEASE=1.8
ARG JULIA_VERSION=1.8.3

ARG PYTHON=python3.11
ARG PYTHON_PIP=python3-pip
ARG PIP=pip

ARG JULIA_URL = https://julialang-s3.julialang.org/bin/linux/x64/${JULIA_RELEASE}/
ARG TAR_NAME = julia-${JULIA_VERSION}-linux-x86_64.tar.gz

ARG PYTHON_PKGS = # list your Python packages and versions here

RUN curl -s -L ${JULIA_URL}/${TAR_NAME} | tar -C /usr/local -x -z --strip-components=1
-f -
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https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L274
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L139
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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} \

${PYTHON}-dev \

RUN ${PIP} install --no-cache --upgrade ${PYTHON_PKGS}

RUN ${PIP} install --no-cache --upgrade sagemaker-training==4.1.3
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# 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} \
&& 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
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WREITHHZTREABIA AWS | UBRGFSFIEMHEXNFRERUE, Fln | &3 EREREAZ
EHINE LZE KRB, MIT license

MREBEEGESIELTFRE |, HlINIEEEALERE GitHub = GitLab FHEFNRB , BAER
DockerBR R A SSH Z4AkRIARIE. MK , BEEMEDocker ComposertfADocker , AR FEH
RPN ENLHR SSH, BXEZELR , B2/ (1 Docker F &£ F A SSH B HRIFAE Github
FHEEERE) .

BIE M L& &M Docker® &

BETEBENMDockerfile , BIMEMITLUIZBIBRAIEFAE Amazon ECR FHET ( MR ETEF
£). BEALME, FRCERB[MEHNTH EERFMHE,

BOBEREHE, MICNHEXREG, BXEMNETEHBPdocker buildf—LRHl , FZ @ Docker
RS,

X3 F EHEE X RGIH  RATBUEAT :

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

S EAERIAY Amazon ECR R

Braket Hybrid Jobs Docker® fr ML EEFAE Amazon ECR FfEEH, BIABERT , #48 Amazon
ECR 77 E [ Braket Hybrid Jobs IAM roleS AR H AR EF A EZNEEGNAR ( HlUEEESRE
4 ) BAEENR, EXNEEFHEERBTER FTHMNNR, B , REOEBEERESNEEH
FRIAMBE2R TR , M AATFEAMARRES. image URI

EEHCWASRFIZIT Braket JREE1EM

EFHECHNASEESEL , iHAwsQuantumJob.create()EMimage_urilEENSHIAA,
YRATLAGER QPU, 3RFEAEHLIES | th AT LUFE Braket Hybrid Jobs 12t 2 B4 T2 88 F A Z /TG, R
BN EEEMN QPU LiZE4T TN1 28] SV1 DM1 , fEE#188 NSRS | tban, =,

EELHENERE FIETRE , BEYEFHKIEEinstanceTypefEH
M InstanceConfig, instanceCountifEFE , MR MIEE instance_count > 1, NIEBHRRE

BRBAUESNIENLET. EATERNKGIHE LRy 5,
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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
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job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
image_uri="111122223333.dkr.ecr.us-west-2.amazonaws.com/my-byoc-container:latest",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3),
device="local:braket/braket.local.qubit",
#...)

(® Note
FEAIRE ARN REERERSEL THIEBNELEE, TESIHNEXTEREKNdevice
= "local:<provider>/<simulator_name>", #&id{¥ , <provider>3}
B<simulator_name>#4XBEFH, HF_. -. M., ZFHFHERFIA 256 NFEH.
WMREITRIFER BYOC , B Braket SDK 812 & FES , MR ETENEZ
1% AMZN_BRAKET_JOB_TOKEN4ER+F HjobTokenCreateQuantumTaskS ., MRLER
XY, EFESHRTAREUEER , MRENEANRILE FESITHR.

£ Amazon Braket £ CUDA-Q

NVIDIA’s CUDA-QR — 1M E , T HiwEHSET CPUs GPUs, MEF4AE# T (QPUs) WESE T
BEAMmRIt. CRETSE—MNEEERE  AFAFAARERE N EFFRIZHBESHNETIES , N
{L TE7%E. CUDA-QRIAHEMWE CPU 1 GPU #EHIBEINEE FREFHEMNZTH A,

CUDA-QFE Amazon Braket EERREELATRERFNEFITERE, IHESF{EERN TERR
BRI RET , BRIEIAENXGRAENFE, Amazon Braket Hybrid Jobs EF 2 T A/ R AVIELR
AP BMNR/PNEFIF a7 REGIT RN AT BEESLEES THEASUHTEERRN
REIZHI,

Amazon Braket JBE TEX# GPUs N TR ARE K FEECUDA-QHEXREE, GPUs BEET

CPU WEHIZEML K TEEMREFEFFERE , AHREFEASE FHISHBER, £ Amazon

Braket JE&4EALCUDA-QLERAR , H1TILZEBFE LA T, Hybrid Jobs E{t 7 8.3 KA R AT M R4
EENMETRLND M. XMCUDA-QIENBNEEHATILERAFESENESBIBREFLXIER
2L, MARBARAEERZREEMEN,

EFAMEA , 5 Amazon Braket Rl Github EHICUDA-QATRAI |, 813 —XEFHECUDA-QH
WA S (BYOC) WS A, MREMAMMNN IAM R |, AIUHEENCUDA-QASHFEAHE
Amazon ECR F# &,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/nvidia_cuda_q/0_hello_cudaq_jobs.ipynb
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LR RBERZMEH Amazon Braket Hybrid Jobs i21TCUDA-QFE FHhello-world R4,

image_uri = "<ecr-image-uri>"

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

# define the backend
device=get_job_device_arn()
cudaqg.set_target(device.split('/')[-1]1)

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

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

return measurement_probabilities

FERN RGBT CPU FEES LA NRERE, WRHEEWEIZARBINS Braket Jupyter Z£i1BARE
i EAR#121T, HFlocal=TruelREMERER , HEETUHAN , HEENEBRERZH —IE
22k121T CUDA-Q BF#TNEMIF R, TENEE , B UBRIZlocal=Truetzs&EHZT/EML

AWS, ETHELEER , 5 Amazon Braket J2&1EML AT,

MEEHNIENHEERENE TSR, XKENEBERIAENER , MTUEIEERERFER
BE®AH CPU itE#&IR. instance_confighA TRBFBRER T W7 Ehybrid_job%imgs P E
Einstance_configiRiE. AAXFNEHIRBENEZFEER , B HEEESELSES UZITERE
Ko BXREFIRBENIIFK , ESH Amazon EC2 SEFIZRE,

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

)
def my_job_script():
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-build-jobs.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-configure-job-instance-for-script.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-configure-job-instance-for-script.html
https://aws.amazon.com/ec2/instance-types/

Amazon Braket FEARIERE
NFERESH IT/EMNS , B LLE CUDA-Q GPU #E#lIZ LT TR, EFHA GPU #E#l38 ,
BEEAGFREZ#Hnvidia, Envidiaig#EN CUDA-Q GPU #E#IB8Z1T. BTk , %FE X NVIDIA
GPU B Amazon EC2 SRfIZE &, UTRBABRERT GPU BlERZFEmaghybrid_job,

@hybrid_job(
device="local:nvidia/nvidia",
image_uri=image_uri,
instance_config=InstanceConfig(instanceType="ml.p3.2xlarge"),
)
def my_job_script():

Amazon Braket Hybrid Jobs X #5317 GPU #&#l, CUDA-QZRAIUHTIHES N AMMUESZ B
B, MRS ITEARNME. EHTILSNTUENR , ENEEMARHTUTER,

REEnvidiammgpuit i, XRHTHAMBEXNRALEN. FTLER MPI #HITHEERE
GPUs , Rt MPI EEHEMITEIASBIL , AERITZETK.

ETX , BYiRBiEEMITERexecution=cudaq.parallel .mpi. U TRBHERERTXLEE
S

cudaqg.set_target("nvidia", option="mqgpu")
cudag.mpi.initialize()
result = cudaqg.observe(

kernel, hamiltonian, shots_count=n_shots, execution=cudaq.parallel.mpi
)

cudag.mpi.finalize()

FEhybrid_jobEHMisiFEERE SN RHIKE | GPUs ML TR H BT Ko

@hybrid_job(
device="local:nvidia/nvidia-mqpu",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=1),
image_uri=image_uri,

)

def parallel_observables_gpu_job(sagemaker_mpi_enabled=True):

Github £# Amazon Braket Rl B H1TIFEE£ 127 end-to-endi2ft T E R U{AI7E GPU iRz 1TE
FREFHEUR MY TN M BBt 2R ITHITHEN RO,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/nvidia_cuda_q/2_parallel_simulations.ipynb

Amazon Braket FRARIER
EEFIHENLESITIERAE

SERARILEENNR fE , BRI LS ERIE EiE1T73R% QPUs, REF B #rtI# 2 Amazon Braket QPU , 4
m, HIFRIQMEIT, lonQ RigettisA A3 5 ERiEBE 7 2 B 4518 B N IQM Garneti%& &, Bx0 A
53R QPUs , {52 Amazon Braket $2#] &,

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

B X Amazon Braket BEESHEZEER |, ESRF A EIERPIWFER Amazon Braket B ESF. E
TH#E>X CUDA-Q WEZER , B5H CUDA-Q XX#4,

FHEEERSELERS API

A LAE £ ) Amazon Braket Hybrid Jobs 7B ¥ 52X B, APHER , APIBZFEAR , BRINSGZE
MEESZEZTTH,

® Note

BRAEZUBWAREER Amazon Braket Python SDK 5 Amazon Braket Hy b rid Jobs B3, &
REEENRNRENRYT EE , WHBERVRESELKINZTT.

AEFHE T EANVEMARAPI, WREERER AP, FiCEXMLEAREMESR , ARFEN
JURER M ER |, MERNBESELFET,

EFEH API , Bk R EBAnazonBraketFullAccessiEE RN AR,

® Note

BxufmEHAAnazonBraketFullAccessHEEREENACHNEZER , ESHEH
Amazon Braket T Ho

A REFE-MITAG., LABREBLERS. ETER Amazon Braket 2 & 62 B 6,
£/ “BRMIRE” RE LK “MiTHE ZuFNESELYEZRIASE,

Create]obAPIERERNESEILIEEFMELENSE, EFEH Python , BFEZMASXHEL RN tar
2, i input.tar.gz X , RAREITUTHA, EHRES (<>) ARKREHS , UTEEEHNKFER
MIBEREMELTFHEE., XHMAZEHAODR,
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https://us-west-1.console.aws.amazon.com/braket/home?region=us-west-1#/dashboard
https://docs.aws.amazon.com/braket/latest/developerguide/braket-test-jobs.html
https://nvidia.github.io/cuda-quantum/latest/index.html
https://github.com/aws/amazon-braket-sdk-python
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from braket.aws import AwsDevice, AwsSession
import boto3
from datetime import datetime

s3_client = boto3.client("s3")
client = boto3.client("braket")

project_name = "job-test"
job_name = project_name + "-" + datetime.strftime(datetime.now(), "%Y%m%d%H%M%S")
bucket = "amazon-braket-<your_bucket>"

s3_prefix = job_name

job_script = "input.tar.gz"
job_object = f"{s3_prefix}/script/{job_script}"
s3_client.upload_file(job_script, bucket, job_object)

input_data = "inputdata.csv"
input_object = f"{s3_prefix}/input/{input_data}"
s3_client.upload_file(input_data, bucket, input_object)

job = client.create_job(
jobName=job_name,
roleArn="arn:aws:iam: :<your_account>:role/service-role/
AmazonBraketJobsExecutionRole", # https://docs.aws.amazon.com/braket/latest/
developerguide/braket-manage-access.html#about-amazonbraketjobsexecution
algorithmSpecification={
"scriptModeConfig": {
"entryPoint": "<your_execution_module>:<your_execution_method>",
"containerImage": {"uri": "292282985366.dkr.ecr.us-west-1.amazonaws.com/
amazon-braket-base-jobs:1.0-cpu-py37-ubuntul8.04"}, # Change to the specific region
you are using
"s3Uri": f"s3://{bucket}/{job_object}",

"compressionType": "GZIP"
}
.
inputDataConfig=[
{
"channelName": "hellothere",
"compressionType": "NONE",

"dataSource": {
"s3DataSource": {
"s3Uri": f"s3://{bucket}/{s3_prefix}/input",
"s3DataType": "S3_PREFIX"
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15
outputDataConfig={

"s3Path": f"s3://{bucket}/{s3_prefix}/output"

1,

instanceConfig={
"instanceType": "ml.m5.large",
"instanceCount": 1,
"volumeSizeInGb": 1

I

checkpointConfig={
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints",
"localPath": "/opt/omega/checkpoints"
.
deviceConfig={
"priorityAccess": {
"devices": [
"arn:aws:braket:us-west-1::device/qpu/rigetti/Ankaa-3"

},
hyperParameters={
"hyperparameter key you wish to pass": "<hyperparameter value you wish to
pass>",
},
stoppingCondition={
"maxRuntimeInSeconds": 1200,
"maximumTaskLimit": 10

}I

BIEEBESELSE , BALLUETGetJobAPISIZHEI B FRIESELMIFMAMER ., EMEZ{TcreatelobX
B Python 2FFIREVESELWFMAER | BEEALT Python 5%,

getJob = client.get_job(jobArn=job["jobArn"])

ERUHESEL , iECancelJobAPIfE A iZ{ESAmazon Resource Namefy ('JobArn') M.

cancellJob = client.cancel_job(jobArn=job["jobArn"])
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B L ME A checkpointConfigZ UK ERIEE NN —EB9 . createlob API

checkpointConfig = {

"localPath" : "/opt/omega/checkpoints",

"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"
iy

(@ Note

B localPath checkpointConfig FeEALA T EMMREBEEFFL : /opt/ml, /opt/
braket/tmp. = /usr/local/nvidia,

ROERFRLT

BEMIT , BUURRERAECEENEFIRE, BAUUERENMREZHERY , XFER AT AHETH
HE TR FRMERRIIT. FITE 1 DB ERA | HZWRAT 48 MHBUEMIT , TEX
RFATR, BRLERREINEFESNESESHAFREFEIRNOTIT , waEMEHERER
TR

TILHBEEFLEE T (QPVU) LZTZ2ALEFESTREEL |, 7R % HiRE N %A EBEUR T AR
A,

T EF IS e 45T

- ionQ Y Aria and Forte
- Rigetti B Ankaa-3

- IQM AR

* QuEra's Aquila

® Note
fElonQig & b AEEMER |, @ A5 1RS , ¥ EEDH 500 KRE BT HIREFIS

AT et 2 A FAAT
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-error-mitigation.html
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MAHEME RN T ARFZ L ENRANGRME T EREEM AT | 7T SUEH b AEE T TERS
FHMERNIT, BRERXESNESHELAL  EXEHFNEREAMETFES. ATEEMZHE
REMNRZFNRSHRNR , BRERIREHE , JEEN TERRERE LiE1T.

BMNBWERRNRITNRER U RERZFHENER , NAKRIEZWIRE B EFRAMRATIE
Ko HBHFSHELAXIRERE , TUZREFENMRZIORETIT , BRESED B S HMRN &
FEHRZBITTK . MREFLEERENBHITES , SINEEFIUHEN LETIZR TR 26, &
382 VIR E A TRE Thae.

ATAR :

o WMEIETIIT

- EMSHEETETFES

- EFBHESTESHFL

- MITERBLREMAL

- BUBREFH ZHIEMIT

eI T

BT , FEREUT HEECR Braket HIBA :

1. $TFF Amazon Braket ##| &

2. EEM B 4% IE#F Braket Direct , REHE “HiT” BoH |, EF “TMERE

3. ERLEMITHIRE

4, RUEEHNBRRES K SREBNBFERE, BISLRUEEHRENTRE FERHFHut,
5

CEHFRBAEHIERS T, REEXEASHMBZTHN IEABNAMEFARFE, W, Fr
FHOME K, MR RHEFEHATFERIETE R,

6. MREENBEMITHEHIAGS Braket TREKRUFTIT AR 2, TUEREN MR RERX
108

WA SRBUT SRR RBA TR AT

1. 3TFF Amazon Braket 414
2. EEMBEEHIEEFE R, RAFEBREMITNIRE
3. EBE Iy, it TMRIRE,

A B FRAT 218
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4. BRI —IEBFMNLR 4-6 HITIRE,

RRRKGE , SR E — K E Braket AN B FEf4 , HP IS RETITHEELR. MITHEIA
fa | fREE B FER I EITRIT ARN,

(® Note
REEEWETIT ARN & , EWTIT S 2B EHEIA.

FITUED 1 Pt ABERMS  RERFARBFANTIN KRS ( 2RZFENRZKALYNNK ) o
HEWINTIT 280 , Braket IR SEHZEMAMAXESR.

MRBRRENBS NI AR R , BraketF A B B B FER 4 5EEK R |, R 5Braket® 5t
‘?T30ﬁ€¢lﬂ’gé1Ao

EMAHEETEFES

M “BIETE FHEIMAERNTAZE ARN F , BA ¢ BREEMEZHEAZTHNEFES. EENTATE
ZH , XEESFFRIFQUEVEDIRES.

(@ Note
T AWS Ik HMIRETE. REEFEN AWS Ik F sEER ERTAIT ARN.

(® Note
T EMATAE ARN ZXHESHEL , AFIF , BN ETEYR , REENESRE
170

A LAE A Python SDKs# M Brak et, . Z K& F{ES QiskitPennylLane , t8 Al A E#E A
boto3 ( £/ Boto3 ) BIEE FEFH. EFEATMIT , BH4JHHAE Amazon Braket fRZA 1.79.0 SHE SR
7R, Python SDKE T LAEA LA T RIBE#H 2 & HY Braket SDK, QiskitiZ 2 FF FPennyLaneff .

pip install --upgrade amazon-braket-sdk amazon-braket-pennylane-plugin qiskit-braket-
provider
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ffFDirectReservation L T X EEEIZTES

EHNTERETESHNEES F2FHADirectReservation L T X EHEEE, BIEELMN BFRE
ZHMFAE ARN , L FTEEFAHERE Python with AP GIBRNAEES YR 5HRIZRENS
NIE1To

B, ENEBTFHEENRG. RAEERWE L TXHETES

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

bell = Circuit().h(@).cnot(0Q, 1)
device = AwsDevice(Devices.IonQ.Arial)

# run the circuit in a reservation
with DirectReservation(device, reservation_arn="<my_reservation_arn>"):
task = device.run(bell, shots=100)

REGEE FEFHAIDirectReservation E XA FIEFIRA , &7 A LA A PennyLane M Qiskitf
HEMBHLIEETFES, Bl , FHAQiskit-BraketiZItEF , B LUENTARETES.

from braket.devices import Devices

from braket.aws import DirectReservation

from qiskit import QuantumCircuit

from qiskit_braket_provider import BraketProvider

qc QuantumCircuit(2)

gc.h(0)

gc.cx(0, 1)

aria = BraketProvider().get_backend("Aria 1")
# run the circuit in a reservation

with DirectReservation(Devices.IonQ.Arial, reservation_arn="<my_reservation_arn>"):
aria_task = aria.run(gc, shots=10)

B# , LN REBBETNL B8 f5F A Braket-PennyLanef@ #Hi2 1T BB

from braket.devices import Devices
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from braket.aws import DirectReservation
import pennylane as qgml

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()

FHREMITLTX

qE , BAUERAUTREFHREMIT LT,

# set reservation context
reservation = DirectReservation(device, reservation_arn="<my_reservation_arn>").start()

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

XIFEES Jupyter BiLA , ERXELEAH , ETNANEE-—METKFIET , IEREESEN
TR E PIE1To

(® Note

BEZ.start () IR T REEEIT— IR,

BYMREREEN |, EHRTATRE  EFED Jupyter Zi2A , FPANA TSR LT NER@EE
B3,

reservation.stop() # unset reservation context
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® Note

MITETENFF ML RETE (1 ESHECEM
iJ ) » reservation.start()Mreservation.stop()FEFLTFHRRLLRE, XLER
BUMEELEEFESUEMBHEETHNGE. XEHENTRINENEE M,

BIRESHAREEETIE ARN

EMEHERESHN S —RMTEZRERRANABEZETE ARN, device.run()

task = device.run(bell, shots=100, reservation_arn="<my_reservation_arn>")

FEERNEFESEME ARN XEREX , BREEREMNEIT, N TIED , BHHE ARN
AMEBET R ETREHRETHERES . A, FREEQiskits F 2N ESSPennyLane 2 &£
AT EBNTE ARN, HTXEFANER , BWERBIHG E.

B boto3 B |, FHELIEESEIRTNE ARN 4EH KEZE,

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)

EEHEZE1TE S

F Python RBMERBEELEZETE , BB Li$reservation_arnxBFSHEMEHRIZTE
EEL, BREASHTHMERSEHERTE ARN, EEME | reservation_arnREEEHNTAEF
tﬁ‘)ﬁ ) /tbmf’ﬁl?%?ﬁ]é%ﬁﬁﬁo
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®

Note

EME M EEITHREEL REEMERE LRNEITEFES. ZilERAEMBIZE Braket
RERSGHHE R, IREFEER—NMERELFEANEREELRNTERE LETES ,

iHDirectReservation M,

LT ARER T AT BiEiE TR SR,

from braket.aws import AwsDevice
from braket.devices import Devices
from braket.jobs import get_job_device_arn, hybrid_job

@hybrid_job(device=Devices.IonQ.Arial, reservation_arn="<my_reservation_arn>")

def

example_hybrid_job():

# declare AwsDevice within the hybrid job
device = AwsDevice(get_job_device_arn())
bell = Circuit().h(@).cnot(Q, 1)

task = device.run(bell, shots=10)

X FER Python BIABESEL (SAFEEBEEPEXRCEE —MESELNES ) , B LESR
BiElRfE#Ereservation_arn kR BFSH , NMEMEZHRETEAN

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>"

MITEREEREMA

AP

Nls

/Ho

FRE , BRTBRAEZREBNTABEMRR, BT E AN R R TSRS B3I E
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® Note

FAA 2T 88 45 SR AT AL TRUNNINGIR S W ES EFHEUE, BANBWEFEARE S E S ERRF
MEFEIEL,

IEERITHTY (PIMAATFIRENTRALE R ) TERERK , RNSTIME BRIV T AREDR
[RIfPR, Bl , WA back-to-backTREHM A B FFHY , 58— B PN EMFLEESHSEHEE.
eI T 2EF - MREPRE.

® Note

TR RE AWS KPR E RIRZ T RRR, BMERZFLTHRERS , AtE - WA EER
To Rt , TIREMAREKE , BERTNE N EKEWRSRE.

B E#M LB IR TR

B ETETT B R A DT 48 /NetBUETT . BHUE |, HEE SRS THIT #IA 8B F #R 42
REUGHEE,

EEMRY  BLMEBCEIMATILT , REQIEFOTIT,

A x5 B ROR
BTREEME—ESEASBTIENPHREMOER,

BTRBARINFERINEN , X2BEFFMTHITERE. REFREEFIHHEREHRXMNEE
BN EFRAZIEFLBRENENRESNFERENRS. N TEEHAFRINEZ , FRA
REEMRRSRFEFUEABUNG R, INTERHNEFREER | SREASTHRARNESE
NEHBFEHRIKEES

ATRR
« lonQIRE LM BIREBRBEAR

lonQig & E 4R BB A
BREMAEZTZINMNYEERHANECIINNEERASHE —RBURSEHFNER,
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® Note

ERATAEIoNQRE : HAREENN , & 100 FRHIIRE , HXREFHFESEDH 2500 K
Bko XMTEEMY , RBHIRE , HREBESEDE 500 K&k,

=m0

lonQIR&EERF —MEBNERVERER T .

EREFBERRFARSAN TS, RETEERTAENE FLESHIRERTRNMIRD B, XEILE
RAAEMEERIREEREIRE (HIOMIRS R A MERWE T ) HRE | BNXLLERET
REamENESR, XRUBRESNETF BN H RN LN,

BRERNESZER  FERESNMLIERE FITEIEEE.

(® Note
EHERBEDFE 2500 KA.

BRI ER LT RBEIoNQiRE LETH ERIVE F1ES ¢

Him

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.error_mitigation import Debias

# choose an IonQ device
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")
circuit = Circuit().h(@).cnot(0, 1)

task = device.run(circuit, shots=2500, device_parameters={"errorMitigation": Debias()})
result = task.result()

print(result.measurement_counts)
>>> {"QQ": 1245, "@1": 5, "10": 10 "11": 1240} # result from debiasing

BFESTEHRRE , EUNBIEFAESHNERRNEMERRE, REZANNERRNTHOCEE
— N, BERPIEENEMASRIE (HIMHPLE ) HEACENETHETITE,
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Bt

BET LA G RERTRNEAERE (ARG ) iTENNEBZHR, Sharpening 2LLBREBNEANLE
RHEZEFT—BWNWEL , N\MBFNTEZEZEARETENNELER, EXELER , BSRBIXNH
L858 E F It EAMEE,

EENR , fILRRAESFHEARREN , SBRREZRY , FHBRSERSZ. NRBERER ,
WA RE A BER 7 40,

YRATLATE Braket Python SDK Hiii[ladditional_metadataZERHF XA Ei{t o0
MGateModelTaskResult#®, FXEE , S{LF2RENETE , MBREEHEH—LHERS
fio UTFRBABRERT MAESCFHERITR.

print(result.additional_metadata.iongMetadata.sharpenedProbabilities)
>>> {"Q0": @.51, "11": 0.549} # sharpened probabilities
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3% Amazon Braket # 1T = HERR

FERART PR ESE S MBERS R BERE Amazon Braket <8 &,

ATRE

» AccessDeniedException

- A A CreateQuantumTask ¥ {E8t Hi % (ValidationException)

- EA SDK ZhEET e

- HTUTER , BEFl &M ServiceQuotaExceededException
- AHEZERAIMIPELTHE

« OpenQasm HEHERR

AccessDeniedException

R & AccessDeniedExceptiontE /3 A= Braket iU E| Braket , MR ATREIEEZ R ERNZRA
BN R K XEE AR Braketo

EXMERT , BNZBKRREHNE AWS EER , THUATHERGER

- REFHEACGRS  TEBRENMXE,
- MREZHERNA BB AVFER Braket,

MBLEWBSEGE Braket HEZEPALERE , WEHTEEA RS EXANRE.

1@ A CreateQuantumTask #4E8T Hi 45 (ValidationException)

MBEBKEIELF UL THRAERNAEIR - 5An error occurred (ValidationException) when
calling the CreateQuantumTask operation: Caller doesn’t have access to
amazon-braket-.. RELZIEN I EM s3_folder. Braket 7& B3I HEBIEHA Amazon S3 1714
WA,

MREEZTFR AP BEEWEIERLUTUTHRAENEIR : Failed to create quantum task:
Caller doesn’t have access to s3://MY_BUCKETRZEHLREABKRAEEs3://fE Amazon S3
FHEmEEP,
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4 SDK IgeREE{EH

{REY Python RAS A2 3.9 REBMA, XF Amazon Braket JBEE&ES , B AH#EE Python 3.10,

WiFRH SDK MR R B IEH, up-to-dateBEBIIEIEAD python mEEEFEH SDK , BETAT @

AL .
™ .

pip install amazon-braket-sdk --upgrade --upgrade-strategy eager
EEHMENY , FETUTHS
pip install amazon-braket-schemas --upgrade

MRIEBELTBSHWEL AR D% Braket , iHFHEINEHAWS X E2EEIRE N Amazon Braket X3
X1,

HTFUTERER , BEEl XM ServiceQuotaExceededException

MREET BREURRRBNAREFESRE , WAL A2 X Amazon Braket I ZRE1TE
FRESHESHFL. BXRBSREINESEE , BSARTAER.

MREEKRFHPHSMEEELINELRRESITHRES , WAEQIESEIR,

EEEHNBEFERRENHLKETFESHE , BEEH search-quantum-tasks APl , IR
B RBIFTRo

DEVICE_ARN=arn:aws:braket:::device/quantum-simulator/amazon/svl
task_list=""
for status_value in "CREATED" "QUEUED" "RUNNING" "CANCELLING"; do
tasks=$(aws braket search-quantum-tasks --filters
name=status, operator=EQUAL,values=${status_value}
name=deviceArn,operator=EQUAL,values=$DEVICE_ARN --max-results 100 --query
"quantumTasks[*].quantumTaskArn' --output text)
task_list="$task_list $tasks"
done;
echo "$task_list" | tr -s ' \t' '[\n*]' | sort | uniq

R LAE AT S CloudWatch B EE £ MR B BN E FE5 : Braket > B y Device,

/N SDK HeEFEER 228
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FRARER

NBRBIXLEHEIR , FRITUTRE

1. BEEIMEASRRENARBRFESHENRSES . XGEAT SV1 k&,

2. W ERIEBFMServiceQuotaExceededRE HEIR,

P EEICALBIPFLLETE
MRBLIEARBMOREAUTAER T , WEAUTHE -

1. FEAIEFE RN A EECATHI A=,
2. FIEERNECAEEH,

3. MIBREMNEICALH,

4. ERATENBHEEMBEILESEH,

5. REEA L& FFTLB,

OpenQasm #EEHERR

KT RM T EEM OpenQasm 3.0 BHER 4R IRET AT RE R AR BRI H .

ATRE :

- IEBAHEIR

o RIEZE qubits error

- BEYE qubits EFAEH#L qubits error

o BERERKBHFITNE qubits ER—MNEFF HiE
o HEH qubit B FE|BRHEIR

« Box BIELEERFRFETEIR

« BFREFERDFHITEIR

o BFIEFRERDEY qubits error

« BFREFETRRD “braket” 7R

« BIHEF qubits TERARBIEIR

o YIIEHY qubits R EHA qubit I RIEFEE IR
s FihERRIGES

PAHHEERARGIRFIETHE

229



Amazon Braket FEANGIER
A2 =
BEEBEAHEIR

Braket B 8 BFREMNTEXH AT LA B E7E OpenQasm B2FH, a0 | LT RHI5 % 7 AT IR,

OPENQASM 3;
include "standardlib.inc";

DUTRIEBERMEIRHEE : No terminal matches '"' in the current parser context,
at line 2 col 17.

RELE qubits error

FEAIEELEM qubits fErequiresContiguousQubitIndicesi®&MAEtrueHIRB AR ESH
iR,

EELBR EETEFESE lonQ , L TEFMEHIR.

OPENQASM 3;
qubit[4] q;
h qle];

cnot q[@], q[2];
cnot ql[e], q[3];

UTRIBERMEIRHEE  Device requires contiguous qubits. Qubit register q has
unused qubits q[l1l], q[4].

EEYE qubits fEAEHL qubits error
BEYE qubits FAEM qubits FATFER—IMEFFER , XoSHE R, ATREBERER.

OPENQASM 3;

qubit[2] q;
cnot q[0], $1;

DUTREBEREIRHEE : [1ine 4] mixes physical qubits and qubits registers.
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BERERRKBEAFITNE qubits TEE —MEFF HEHE

EREGRRE KM qubits EE—MEFHRABUESSHEIR. U TRBERER,

OPENQASM 3;
qubit[2] q;

h qle];

cnot q[0], ql[1];

measure q;

#pragma braket result expectation x(q[@]) @ z(q[l])

DTFRBERMEIREE - Qubits should not be explicitly measured when result
types are requested.

& qubit B F 1725 R Hl45
RAE—NRHEFESRH— qubit R EM. UTRBEREIR.

OPENQASM 3;

qubit[2] qO;
qubit[2] qi1;

DTFRBERKMBEIREL : [line 4] cannot declare a qubit register. Only 1 qubit
register is supported.

Box BIHNX B R FmFIE B 1=
FIERESNEHESSHNEZERFERFET. A TRBEREIR.

box{
x(0.5) $0;
}

DT RBEKMEIRESE - In verbatim boxes, native gates are required. x is not a
device native gate.

BRERKBFHITNE qubits B —NMEFH HE 231
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BEFIEFAERD AT IR

BFIERBANZERERTMRMAET qubitse LA FRBERREER.

#pragma braket verbatim
box{

x $0;

}

LTRRBEREIREE - In verbatim boxes, native gates are required. x is not a
device native gate.

ZE i FAERDEY) qubits error
BFIEFELNEEY qubitse, A TRIBAEKTRKXHYIIE qubits FiRHE R,

qubit[2] q;

#pragma braket verbatim
box{

rx(0.1) qlo];

}

LTFRBEREIREE : Physical qubits are required in verbatim box.
EZYwFRERRD “braket” 5%
BUREZRFIEFREE TP EE “Draket’s A TRBEKEIR-

#pragma braket verbatim // Correct
#pragma verbatim // wrong

DT RBEREIRBES - You must include “braket” in the verbatim pragma

B qubits AR A KRBl IR
B 5B qubits TARARS|, LUTREBERER

OPENQASM 3;
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qubit q;
h q[o];

XEBERBLEREIR : [line 4] single qubit cannot be indexed.
BR , £ 5 qubit TR T AN AR TR
OPENQASM 3;

qubit[1] q;
h q[0]; // This is valid

YIEE R qubits TERFE A qubit [TAREREE IR

EFEAYE qubits , BEFINRZEANRYEIRE qubits BEIREERE

, device.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubitsf
JeiBd %A device.properties.paradigm.connectivity.connectivityGraphziREiEE

B device.properties.paradigm.connectivity.fullyConnected,

OPENQASM 3;

cnot $0, $14;

LTRRBEREIREE : [1line 3] has disconnected qubits @ and 14
AR TFES

LocalSimulatorX#f OpenQasm FHERINEE , XLENEEAIBE L EE K FEL QPUs B8 LA,
MRENEBFREESHETFMLocalSimulatoriEEIhat ( MU T RAIFIR ) , BFRE KBS,

gasm_string = """
qubit[2] q;

h q[e];
ctrl @ x q[0], q[1];

gasm_program = Program(source=qasm_string)

WRBERESL . WEFFERAMNZIZEN OpenQasm iES WAL, LocalSimulator QPUs S iz EE L85
AIBE R X H P —LEThEE,

YIER qubits ERAM A qubit [TREZEEHEIR 233
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I &b Braket FHY &2 4

TEEAWS REFZE, fFANAWS FF , BAUZRT LT HNREASHLZEHRBEALNERMHY
BOBEHROMMERN,

ZERNMFHEAE AWS 3E, RERAEEXFEHRNCZNRZEMNEZTN RSN

« TRE — AWS ARFFEZHIZIT AWS RSV EM I AWS Cloud, AWS &R ERE AT BI%
EHEANERS. FERAWS EMITREM TR SR ITXIEN -8 , F=FFitiERNIAMKIE
BNZ2WERME, ETHEAT Amazon Braket IEM TR , BSHREMNITRIREATE AL
AWS RS EERITRIX.

DIRBZE-ENREREERN AWS RSERE. EEFENHMBRARNT , LHENHRENBUR
., BRANERANERREREN,

AR FBYE T MEEEA Braket BYIAIN A2 BFTEER, LT EBEERRNAEE Braket
HRENREMEAM B IR, BBFZE MAEREM AWS RS RA BRI 2RI I8/ Braket %

N
3
WMo

AHRE

- HERABRERE
© BUERP

© BEET

- EEXL LS # Braket B9 B4R

« Amazon Braket [RSHXAE

« 5% Braket B &M HERIE

« Amazon Braket ¥ ERiIZEL S

- W5 Braket A RRHBNRS

« JEH T Amazon Braket Bl B#h VPC LixT S

HEABLZERME

RERMFHEEE AWS W E, REHEEXFEBHRAISHN Z2MNch WEE2H
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« TERE — AWS ARRPER AWS RS FEITHEMZEN AWS Clouds AWS &R ERETTEE
EEANERS. FEH AWS EMMITRIN -2 , E=ZAFRARFERN ANBRIER S ENEN
o, ET#ERT Amazon Braket WEMITX , TSRS XTENHAWS RS

© TIREE — BAFFREXNEEEL AWS ERE 2 ENARKEZES,. AT EEAWS RS €4
M ZEEEMEEES.

AR

AWS 7 IEFEER 5 EFREEEFER T Amazon Braket FRBFERT . MABHFR AWS | fik
FEITAENENEIREMZEN AWS Cloud, BAREFNIEETLLEMEN ENABHES, BiE
AREFERN AWS RS WRLBENERES. AXABERMNESZEE , BSAKERLEL
[Afi, BXREBMNBERFHES , H2H AWS Security Blog £#) AWS Shared Responsibility Model
and GDPR & X E,

HFHERERPEHN , RINEBUERI AWS Ik ZIEHFEHA AWS IAM Identity Center 3% AWS Identity
and Access Management (IAM) ZRENARAF, X , 8MNAFPRRBETH I ERRAMENNR,
REWEBES AT AR EIEE

- NXBNKFERAZESHRIE (MFA) .

« AT SSUTLS 5 AWS BiRBEF. BIMNERFEA TLS 1.2, BIWEA TLS 1.3,

. {EHRE API MAFES BE AWS CloudTrail, B A CloudTrail lRERIEIK AWS SEFNEER
EZ# (AWS CloudTrail HF1ER) FHER R CloudTrail £

- FH AWS NZBRARUREFNFAIERIAZSZH AWS RS

- FASRIEELZERS (HI Amazon Macie ) , EEBIF AT MR Z47E Amazon S3 FEVBUR

. MREE AWS BEGSTRES AP #HTiH RN EELRT FIPS 140-3 BIFKINZER | E6EH
FIPS i =, XA AN FIPS MRMNEZEE , B5R (ZEEKIPEELAERE (FIPS ) 5 140-3
FR) o

BARWAYNENEZEEERBREL (MEFFWE FIRibi ) RAREREHRABERAXERFTER
(MBERFE ) . XTIEER AWS RS FEHESIA. APl 25 Amazon Braket S H At A & 1ERT. AWS
CLI AWS SDKsTE AT EMMREH BABRAXAFRPHANTABERITELATITRKLHA
Fo MREMABRFFRMAMNY , BB WEFEEMNU P IEFEULE BRBIEN ZRFBNER,
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Amazon Braket FERARER
BIEEF

90 Xf5 , Amazon Braket £ B IR EENE IS IDs HXWAMEEFESMEMTEHRE, AT
BIEREEE , REXEESHNERNEMEELN S3 F#ET |, B EBETM Amazon Braket 12
HAERTERRRER,

MREFERRE S3 FREBPEFHEET 00 RWALEFESHNER | NAFTEMIZRMES ID UARE
ZBBEBRROEMTHIE, BFLE 90 R2RFES. BUUERFREFNERRRRA LHHE.

EIEX L D% Braket 8917 B £ R

KEABiz1T Amazon Braket PRFIBERAF MABH B FIEHNNR. &A1 L0 KPP EM R
ARRT (NIEL ) FTENNR, At , BRI Amazon Braket BRI N R &K F HEiZ B =
Af , MTETANR,

ER FRGZM | B20E A Amazon Brak ete EJ/S A Braket , iS4 UUAE (1) EEANREDS (2) 2
7 BtAmazonBraketFullAccess K B H B XA 2 S # £ 7% RS (Amazon S3) FHEBHWAFS AR
B,

EHARE :

« W53 Braket IR

- ZEBEXAAE

+ X F AmazonBraketFullAccess BE

+ XF AmazonBraketJobsExecutionPolicy B
- REIAS A RELERE

+ Amazon Braket B 7 #£& AWS BUR

« BRFIAS AR FELEIZAR S

- REIAFEL S3 FRBH I RINER

I 53%h Braket &R
Braket 8|22 T —fRR : EFESRR. Ltk AWS BIRFXEPERBH (ARN) AR :

o BIEZF::: IRSAWS:: Braket

« ARN Regex : arn : $ {Partition}: b raket : $ {Region}: $ {Region}: $ {Account}: quantum-task/$ {}
Randomild
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ZiAXNAE

IR A LATE Braket RERAELIEARIREE, £i24 =2 Braket B L ZH SageMaker Amazon A L& &E
#iR. EffE£1C2AKE Braket BitAmazonBraketServiceSageMakerNotebook& M , HAMIEER
FRUAFFSKHY 1AM B,

BEOREREY  LAEREFEEANRIMIN T ATAKRKEHAE,

JSON
{
"Version": "2012-10-17",
"Statement": [
{
"Effect": "Allow",
"Action": "iam:CreateRole",
"Resource": "arn:aws:iam::*:role/sexrvice-role/
AmazonBraketServiceSageMakerNotebookRole*"
}I
{

"Effect": "Allow",
"Action": "iam:CreatePolicy",
"Resource": [
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
]
}I
{
"Effect": "Allow",

"Action": "iam:AttachRolePolicy",
"Resource": "arn:aws:iam::*:role/sexrvice-role/
AmazonBraketServiceSageMakerNotebookRole*",
"Condition": {
"StringLike": {

"iam:PolicyARN": [
"arn:aws:iam::aws:policy/AmazonBraketFullAccess",
"arn:aws:iam::*:policy/service-xole/

AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-xole/
AmazonBraketServiceSageMakerNotebookRole*"
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EHRBR1ZAR  FRE QEZILAN THPLAENTSRHTERE , SFULEEBEANEEEZAR, B
1R 2 Mt £ iZAmazonBraketFullAccess B

BEARE BN ZACEE AT EREINMELIEAEN,
>*F AmazonBraketFullAccess B3R

ZAmazonBraketFullAccessBUE & F Amazon Braket I /ENR , AFEHITUTESHNR :

« M Amazon Elastic Container Re gistry T8 &8 — =EUM T AT Amazon Braket Hybrid Jobs Zh
BEMN AR BB, BESMIAFE “arn: aws: ecr:: repository/amazon-braket” B &=

- fRE AWS CloudTrail BE-BR T Bz fMELLEH, MLIEIRFIESMNFIE B EE4A , &EA TR
iR, REMHIHEE, Z AWS CloudTrail BEX S E MK & £HFTE Amazon Braket
API SEZIRYIE R,

- FAACERFHRR-EENKFPURRSHEXAG, REEXACTURKETR AWS &
R. ©REEH Amazon Braket IRFEA. AL, EATLUF IAM A 4%1%4 Amazon Braket
CreateJobAPI , RIEAGHFEERE NI KM I AmazonBraketFullAccess EiZ& &,

- BIEBAEFE, BEEHNEANRERA , UEPEKFHNERERBEXH — I, FHENEEK
FHAEX Amazon Braket FAERHN BEEFER. EHREEL AEANIEIR. S EWA Braket 3
BHATHRE BERE. FERKEBRA CloudWatch,

« 1€ Amazon S3 P RIENFHEE , HIIHMEEME — Z0I2 S3 FiMm , BIHEKS,
hEy S3 FEE , AR RBAMK S & FRLL amazon-braket-FF 3k B 4E I 17 6% 48 H M IR E
R, Braket FEXENR TR HFTEELNBETESERNIHRAFZERHNFEERIRE,

- 1518 1AM B2 — FF IAM A& i% 4 CreateJobAPI,

- W55 A SageMaker | Notebook — G| MEESTE N “arn: aws: sagemaker:: notebook-instance/
amazon-braket-" A % JR B SageMakerZ id A< 3£ i,

- WIFRSEE — E8|E SageMaker Al £124<H Amazon Braket Hybrid £55 , & & RIE T 8L
pul]| Jl: Ok

- BEREFmEN — ERXITEREZE , BERHITNE FREAERAE,
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Amazon Braket

FRARER

BERAR

JSON

"Version": "2012-10-17",
"Statement": [

{

},

"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject"”,
"s3:ListBucket",
"s3:CreateBucket",
"s3:PutBucketPublicAccessBlock",
"s3:PutBucketPolicy"
1,
"Resource": "arn:aws:s3:::amazon-braket-*",
"Condition": {
"StringEquals": {

"aws :ResourceAccount": "${aws:PrincipalAccount}"

"Effect": "Allow",

"Action": [
"s3:ListAllMyBuckets",
"servicequotas:GetSexrviceQuota”,
"cloudwatch:GetMetricData",
"pricing:GetProducts"

1,

"Resource": "*"

"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForLayer",
"ecxr:BatchGetImage",
"ecr:BatchCheckLayerAvailability"

1,

"Resource": "arn:aws:ecxr:*:*:repository/amazon-braket*"

*TF AmazonBraketFullAccess B
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"Effect": "Allow",
"Action": [
"ecr:GetAuthorizationToken"

1,

"Resource": "*"

"Effect": "Allow",

"Action": [
"logs:Describe*",
"logs:Get*",
"logs:List*",
"logs:StartQuery",
"logs:StopQuery",
"logs:TestMetricFilter",
"logs:FiltexLogEvents"

]I

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"

"Effect": "Allow",

"Action": [
"iam:ListRoles",
"iam:ListRolePolicies",
"iam:GetRole",
"iam:GetRolePolicy",
"iam:ListAttachedRolePolicies"

1,

"Resource": "*"

"Effect": "Allow",
"Action": [
"sagemaker:ListNotebookInstances"

1,

"Resource": "*"

"Effect": "Allow",

"Action": [
"sagemaker:CreatePresignedNotebookInstanceUr1l"
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",

*TF AmazonBraketFullAccess B
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1,

"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:ListTags",
"sagemaker:AddTags",
"sagemaker:DeleteTags"

"Resource": "arn:aws:sagemaker:*:*:notebook-instance/amazon-braket-*"

"Effect": "Allow",
"Action": [

"sagemaker:DescribeNotebookInstancelLifecycleConfig",
"sagemaker:CreateNotebookInstanceLifecycleConfig",
"sagemaker:DeleteNotebookInstanceLifecycleConfig",
"sagemaker:ListNotebookInstanceLifecycleConfigs",
"sagemaker:UpdateNotebookInstanceLifecycleConfig"

1,
"Resource": "arn:aws:sagemaker:*:*:notebook-instance-lifecycle-
config/amazon-braket-*"
}I
{
"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
},
{
"Effect": "Allow",
"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-service-role/

braket.amazonaws.com/AWSServiceRoleFoxrAmazonBraket*",
"Condition": {

"StringEquals": {
"iam:AWSSexrviceName": "braket.amazonaws.com"

"Effect": "Allow",
"Action": [

1,

"jam:PassRole"”

*TF AmazonBraketFullAccess B
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"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*",
"Condition": {
"StringlLike": {
"jam:PassedToService": [
"sagemaker.amazonaws.com"

"Effect": "Allow",
"Action": [

"iam:PassRole"
1,
"Resource": "arn:aws:iam::*:role/sexrvice-role/

AmazonBraketJobsExecutionRole*",

"Condition": {

"StringLike": {

"iam:PassedToSexvice": [
"braket.amazonaws.com"

]
}
}
},
{
"Effect": "Allow",
"Action": [
"logs:GetQueryResults"
]I
"Resource": [
"arn:aws:logs:*:*:log-group:*"
]
}I
{
"Effect": "Allow",
"Action": [
"logs:PutLogEvents",
"logs:CreateLogStream",
"logs:CreatelLogGroup"
1,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
},
{
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"Effect": "Allow",
"Action": "cloudwatch:PutMetxicData",
"Resource": "*",
"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"

}

*F AmazonBraketJobsExecutionPolicy Bk

ZAmazonBraketJobsExecutionPolicy K B& 2 F £ Amazon Braket RS EFHEANHITABHIR
R, IMMTFFR

« M Amazon Elastic Container Re gistry T & & 28-3R EUH T8 A T Amazon Braket Hybrid Jobs Zh&E
HARBJEGHNR, BRSBTS “arn: aws: ecr: *: *: repository/amazon-braket*” BI#& X

- BB HEA, BESBHNERHEERA , LEL4PEKFNERBREBEXYEH — EENIKFHEIE,
FEMEFAE X Amazon Braket FABRHN BEELE ., BEHESEL BEANIER. SEEHEMN
Braket B & H A ME B EIE, FHERBIEMRA CloudWatch,

- @ BiEEFEME Amazon S3 FEEF — FIHEKF FH S3 F&E |, HXNRBAKS FHZFH
LA ama zon-braket-FF Sk EAFZ R HMNFIREY R, Braket EEXENR T B TS EAEE T
FFERO X BRAFHBHNEERPRE,

. 1£5% 1AM B — ¥ IAM A ’{Ei% 4 CreateJob APl, BBXAMHE arn: aws: iam:: * &R, :role/
service-role/AmazonBraketJobsExecutionRole

"Version": "2012-10-17",
"Statement": [
{
"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket",
"s3:CreateBucket",
"s3:PutBucketPublicAccessBlock",
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"s3:PutBucketPolicy"

15

"Resource": "arn:aws:s3:::amazon-braket-*"
iy

{
"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForLayer",
"ecr:BatchGetImage",
"ecr:BatchChecklLayerAvailability"

1,
"Resource": "arn:aws:ecr:*:*:repository/amazon-braket*"
},
{
"Effect": "Allow",
"Action": [
"ecr:GetAuthorizationToken"
1,
"Resource": "*"
I
{

"Effect": "Allow",

"Action": [
"braket:Cancellob",
"braket:CancelQuantumTask",
"braket:CreateJob",
"braket:CreateQuantumTask",
"braket:GetDevice",
"braket:GetJob",
"braket:GetQuantumTask",
"braket:SearchDevices",
"braket:SearchJobs",
"braket:SearchQuantumTasks",
"braket:ListTagsForResource",
"braket:TagResource",
"braket:UntagResource"

1,

"Resource": "*"

},

{
"Effect": "Allow",

"Action": [
"iam:PassRole"

1,

*<F AmazonBraketJobsExecutionPolicy B
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"Resource": "arn:aws:iam::*:role/service-role/AmazonBraketJobsExecutionRole*",
"Condition": {
"StringlLike": {

"iam:PassedToService": [

"braket.amazonaws.com"

]

}
}I

{
"Effect": "Allow",

"Action": [

"iam:ListRoles"

1,

"Resource": "arn:aws:iam::*:role/*"
I

{
"Effect": "Allow",

"Action": [
"logs:GetQueryResults"
1,
"Resource": [
"arn:aws:logs:*:*:log-group:*"
]
1,

{
"Effect": "Allow",

"Action": [
"logs:PutLogEvents",
"logs:CreatelLogStream",
"logs:CreatelLogGroup",
"logs:GetLogEvents",
"logs:DescribelLogStreams",
"logs:StartQuery",
"logs:StopQuery"

1,

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"

},

{
"Effect": "Allow",

"Action": "cloudwatch:PutMetricData",
"Resource": "*",

"Condition": {

"StringEquals": {
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"cloudwatch:namespace": "/aws/braket"

FBREIAFIFRIFELLiRE
ER&EIHF 1R E L Braket i % , A AL EIAME & 7N INIEL IR EHE

A BARR I LA TS 48 4E -

« CreateQuantumTask-iE4EIEEIRE LBIEE FTSH.
« Createlob-EEEIEERZ LAEEBESEL,
« GetDevice-iE4REUEEIRZHFHAFEE,

AT RBIBRS T FrE QPUs AR RIMNBR, AWS K 123456789012

JSON

{
"Version": "2012-10-17",

"Statement": [

{

"Effect": "Deny",

"Action": [
"braket:CreateQuantumTask",
"braket:Createlob",
"braket:GetDevice"

]I

"Resource": [

"arn:aws:braket:*:*:device/qpu/*"

1,

"Condition": {

"StringEquals": {
"aws:PrincipalAccount": "123456789012"
}

PRI A P IR R LR %
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1
}

(@ Note

MRBEFHERR Zbraket : GetDevicel®{E , LS AP B Braket BH A3 ZEE M ( Hla0
REAAM., BERFENEN ) WIEREUNR.

EWRLARE |, FAZRIZEZRNAMazonBES (ARN) KB L —NROIFERNEFE, LFERFRIE
HRIRE. 7£ Braket F , ®RBEREX— QPU HERE , RALBAAECRETEFES. THIRES
Egfg" nHEL, BERMNENATEENXERZNIHENER :

* arn:aws:braket:<region>:*:device/qpu/<provider>/<device_id>

* arn:aws:braket:<region>:*:device/quantum-simulator/<provider>/<device_id>

LT R & MIRE TR REH R

- BEFAEXEAFIEE QPUs £ , BHITLLTIRME : arn:aws:braket:*:*:device/qpu/*

o E{UERF us-west-2 XiF QPUs FIFIEN R |, iBHITUA T4 : arn:aws:braket:us-
west-2:*:device/qpu/*

- @, BULE us-west-2 X3 QPUs FHIFMERNR (AR RZER—FRSER , MTAREF®
B ), BHMITLLTRE : arn:aws:braket:us-west-2:*:device/qpu/*

- ERGFEXNAMEREELUFZRBNIHRE , BIHITUTRIE : arn:aws:braket: *:*:device/
gquantum-simulator/*

- ERBFEREEINZENIGR ( HlIWRIgettiQPUIRE ) , BHITUTR
{E : arn:aws:braket:*:*:device/qpu/rigetti/*

- ERBEIMTNIERERE , FHRITUATERE  arn:aws:braket: *:*:device/quantum-

simulator/amazon/tnl

- ERGINAECreateREMIHRIMNIR , BHITULTIESE : braket:Create*

Amazon Braket E#1 T f£&E AWS BUR

TRIEHT BIZBRSTRRERIXLEE WK Braket AWS HERMEFNIFAE R

Amazon Braket B 7 3£ & AWS B3R 248
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L3 DU H 5

AmazonBraketFullAccess-Braket W5EE AT “EH : GetProducts” # 2025 4 B 14 H
A B R 1E,

AmazonBraketFullAccess-Braket B84 1 S3 B4EFFMReso 2025 3 A 3 H
5 A B R urceAccount T “aws:”: “$

{aws:PrincipalAccount}” %4358

Bl
AmazonBraketFullAccess-Braket IE® HFINTEGESEREFHM 2023 % 3 B 24 H
A BUR servicequotas: GetServiceQuota

F cloudwatch: GetMetricData
£, AmazonBraketFullAccess

AmazonBraketFullAccess-Braket 9524 Braket ® 7T ia PassRolem: & 2021 &£ 11 A 29
R BER €service-role/ HBREMN =|
PR, AmazonBraketFullAccess

AmazonBraketJobsExecutionPolicy- Braket B T RS ELINITA 2021 £ 11 A 29

Amazon Braket Hybrid Jobs BY;EE4El. & ARN , FE@&service-1 H

RATEUR ole/ TR

Braket FF 45 BR ¥ 52X Braket FFIRIRIRE AWS H£ER 2021 £ 11 B 29
BT E, H

BR 1 A 7= 13 1) SELEZE 1E AN 3K 5
BRI L P 1519455 Braket £1RARA| , BULBBEAS. A/ RAFIIELNRIER,

UTROIEAREEEEMRESZ. &I EPSEELIEAREHFIHE AWS Ik~
123456789012 , ZRPIBRENEFHENBHAFGE (HlW , APAliceFENBEB ANELR
K flamazon-braket-Alice ),

{
"Version": "2012-10-17",
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"Statement": [
{

"Effect": "Deny",

"Action": [
"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:CreateNotebookInstancelLifecycleConfig",
"sagemaker:DeleteNotebookInstancelLifecycleConfig",
"sagemaker:UpdateNotebookInstancelLifecycleConfig"

]I

"Resource": "*"

"Effect": "Deny",

"Action": [
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",

1,

"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:usernamel}"

]

"Effect": "Deny",
"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl"
1,
"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-
${aws:username}*"

]

BR&I XS F L S3 171 1 RY 7 (R X R

ERBIFLRAFHREEE Amazon S3 F#1E , BALIEREA R, AFHEARELERE,
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AT RAIRS T RBENRHAFEBMASESIFMEM (arn:aws:s3:: :amazon-braket-us-
east-1-123456789012-Alice) HIIXER , EPR#H| T IX LN RHIFIR,

JSON

{
"Version": "2012-10-17",

"Statement": [
{
"Effect": "Deny",
"Action": [
"s3:ListBucket"
1,
"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice"
]
},
{
"Effect": "Deny",
"Action": [
"s3:GetObject"
]I
"NotResouxce": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
]
}
]
}

ERFIFEA notebook SEFIFS MR LRINR |, EAILUF ERRBF MBI EIZERITABH,

Amazon Braket REHEXAE

MIR/Z A Amazon Braket B |, FEZWIKFFEIE—NMNERZSHEXNEE,

REHEXARE —MIHEN IAM 86 , EAHF , ©EEXEKE Amazon Braket, Amazon Braket A&
ZHRXABETEN N EE Braket RREMWEA AWS RS B FFEHNFTENR,
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REHEXBEAFMEIRE Amazon Braket EBEMNAE S , RRETLFHRIMSHERNNPR, Amazon
Braket EX TEHRZMHXABHINIR, BRIEBEIOXLE Y , BN RHE Amazon Braket AJAIBEHH
&, EXHWNRESFBEEETREANRERE, TEERZNPRER M INBEME A IAM SE4E,

Amazon Braket REMWRFHEXABERE (IAM) RSHEXABIEEN —&B2 . AWS Identity and Access
Management Bx Ett X FREZBRABHNEER AWS RS |, BSRE IAM BL&FEHAAWS R

5, HE ‘BRESHEXAE JIPERTE ‘B RS, EEENEE  EEZRSNRSHEXAEX
=N

AFHA :
« Amazon Braket B9 RS #E % A R

Amazon Braket B iR M < & 21X R

Amazon Braket f# Fl{S4F braket.amazonaws.com SE{EBEZAE
BAWSServiceRoleForAmazonBraket fRSHEx AR,

MMEEMR , 2V IAM EE (MAFHAR ) tE, REIRERBRSEXEE, BXESER B
9 AR 55 #E X< B B R

*

ERIAEIR T , Amazon Braket FHIRZ X B EBEIZFUUTR :

- Amazon S3 — F|HEK AP E#ER , ARSI RBAM P AEA AL ama zon- braket-JF LBy
FE W H MNP IRET RPVINBR,

« Amazon Lo CloudWatch gs — S HFGIZ HEA., BIEXEKBERUARNEHHRAN Amazon
Braket €3 # B E4HNNR,

AT % B& M inZ)AWSSexviceRoleForAmazonBraket R XA :

JSON

{"Version": "2012-10-17",
"Statement": [
{"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject"”,
"s3:ListBucket"

Amazon Braket # iR 54055 & @R 252
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1,

"Resource": "arn:aws:s3:::amazon-braket*"

3},
{"Effect": "Allow",

"Action": [
"logs:Describe*",
"logs:Get*",
"logs:List*",
"logs:StartQuery",
"logs:StopQuery",
"logs:TestMetricFilter",
"logs:FilterLogEvents"

1,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket/*"
},
{"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
},
{"Effect": "Allow",
"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-sexrvice-role/

braket.amazonaws.com/AWSSexrviceRoleForAmazonBraket*",
"Condition": {"StringEquals": {"iam:AWSServiceName":
"braket.amazonaws.com"

}

I 5)5%h Braket HY& #0456 F

(® Note
AWS EMMRE T EHE QPUs F=HEHRMHEH , T AERESHTHIMFIT,

ETHREABTRESAIURAEE , FSHAWS RS “REAIT XK DAEE"" , RFEFERN
BHEMITR. AWS BS AXx—KREE , BSHAWS ST HAWS,
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SALAE R T E S A HITRE AWS Attifact, BXESEL , BSHHRMN “THERE FHAWS
Artifact,

BEMER AWS RS R EAREBR T ENBENERM, RATNEN B R UK E R ERENE
Mo AWS R T U T RIRKAEBRIAEMME

« Security Compliance & Governance : X&R S REEIEREITIL T RWERRER , HEHTHEL
£ HMEIMIENS IR,

- fF& HIPAA ZERHRFSE : FIHFFE HIPAA ERBRS . HIEFTE AWS RS AZEFS HIPAA
A

- AWS EMFEIFAWS — L TEENEmE s ER TEMENTLMAERX,

- AWS EFEHEE —NENAETHREHREEN, XEEBLE TRIPWRESEK , AWS RS
HEEMRFNIBZSNMER (S REEERIESHEAHZER (NIST), XFFTLEZEIFEERS
(PCI) MERRAF AL (1SO) ) KSR,

- EFAAWS Config 7 & A R 1§ PRI 43R — % AWS Config RF T ZNRREEES K
EELFEHIRE, TLESHHANZEN,

« AWS Security Hub— iX AWS RS IRt T ENF L RSN EEME AWS, Security Hub B3 &
£ RFIBEITEEN AWS RRAREHREBAFELETUINENRESRK, AXIXERFSREZES
EBEMY|ER , B3 Security Hub 241 ES £,

« Amazon GuardDuty — BB EEEZH AWS IKFIREPFREFEIRNEEED , X AWS RS
BNEHN TEAR, RENBETRHNBERMN. GuardDuty BIFERESHMERAENAR
RMNER | TS EHEEMEMNEER , Hlin PCI DSS,

« AWS Audit Manager— X AWS RS AT AR BRI T IT AWS FABER , NTE{LXREE R
T ERFIT AR EN SR,

Amazon Braket P EMIEEEZ S

ER —IIEE RS , Amazon Braket ZF] AWS £IKMEZZ L MWRT . BXx AWS T2 RS AR
AWS RF EMBRRAEE , BZHAWS =42, EFAEMRELSNRESERIZITEN AWS IR
¥ , 2019 S AWS ecurity Pillar Well-Architected Fram ework H1 B9 &A1& R,

O LAER AWS EX WM AP BB M4 Amazon Braketo, BEF AN ZIFUTHA :

« BREREMMD (TLS ) o HMNERFEM TLS 1.2, BIUER TLS 1.3,

- EERLMAERE (PFS) WHEIBEH , N DHE ( 8T Diffie-Hellman ) 8 ECDHE ( I B4 & #h
% Diffie-Hellman ) « KAZEHIRRSE (M Java7 RESHRAE ) BZHFXLEEK,
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https://aws.amazon.com/solutions/security/security-compliance-governance/
https://aws.amazon.com/compliance/hipaa-eligible-services-reference/
https://aws.amazon.com/compliance/resources/
https://d1.awsstatic.com/whitepapers/compliance/AWS_Customer_Compliance_Guides.pdf
https://docs.aws.amazon.com/config/latest/developerguide/evaluate-config.html
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https://aws.amazon.com/security/
https://docs.aws.amazon.com/wellarchitected/latest/security-pillar/infrastructure-protection.html
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Lo\, HAERTGRIZEE ID M5 IAM EAEXBRAORZR B BARNBERH#TZEE, RE , BUUER
AWS Security Token Service ( AWS STS ) £ If it Z £ FIERITFERFITZEE,

& AN AR AL B I X L API $R4E , {ER Braket XX BFETREN G RER  HhalgeaiE
ETIRIP it PR &, & LA Braket REEEFIREFELSHELDIER (L% VPC ) 4
W RBAEE VPCsKInT RMEIRl, ZBRLE , X ATLUXI4A %E Braket BIRAI M &1/ 8] 5 M 45 (9 45
E VPC [REF XK., AWS

I 5)5% Braket BHREEMNZ S

QPUs £ Amazon Lt Braket HE=FEHRMERE, HRE QPU LETEFESE , Amazon
Braket BB A IXFEEN QPU #HTAEREA DeviceEarn YERFRIR AT

MR IEAFEH Amazon Braket HRIHE=ZHFEHREBEENE FITEREH , NSV BEE R EHEABE
FHAEEIREZANEHREELE, AWSEXESN QPU TTAYEMEM AWS XiIBHELE , 1
£ Amazon Braket #4188 R FiF1E o PHE,

BHNERERN, ABLEERMENNBTSIQ2RELE=H. AWS K- BRTFT2ERAE=
Ho

FEBRERSNEASEPHLI NS, BREMAEZMNATLE, Amazon Braket E=FREEHTE
FMEARNBERIATLEZNERUANEN, BERTERE , &R HREZF Amazon Braket H1F#
EIEK S3 FEREH,

Amazon Braket E= T EFRHREBNZLEREIFIT , WBARNEMEZ S, BHEHE, BE
RIF ME L £FRHE,

& AT Amazon Braket 9 B VPC KigT =

B OB B O VPC KigT 2 £/ VPC F Amazon Braket 2 BN FAEEE, EOKASH
— P RIBMH S IE AWS PrivateLink , 3R APls TEEBEMMS. NAT i8%. VPN &E#Z=H AWS
Direct Connect 3E$#ZE) 7] i [7] Braket, & VPC FHEHIAREZEE/LNE IP it B) 7] 5 Braket APIs &

=

BMEORR/REHA TP — PN RSN EEMNEEORT,

5/ AWS PrivateLink , &8 VPC #1 Braket 2 BV REF 2B HAmazonME |, XURSESET
CHNAERFRENEENZ2YE , AAETURLENBESEEE L AHRERM ENXK, EXEZE
B, #2® Amazon VPC AFERMTMNEREND VPC KigT = i5R AWS RS,
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https://docs.aws.amazon.com/STS/latest/APIReference/welcome.html
https://aws.amazon.com/privatelink/
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/using-eni.html
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html

Amazon Braket F % AR IEE
ATRE

« Amazon Braket VPC & im T S EEEIM

* iRE Braket f&Rf5 PrivateLink

- EXUELHETRNEMER

« £ Amazon VPC & T5 s SR BE 32 5 177 18] X PR

Amazon Braket VPC &g S E =B

17 Braket i®B# 0O VPC KT m2Hl , FEHSEE Amazon VPC AFEETMEOKET S ER
&4,

Braket XiFMEH VPC BAEFTE API 21,

RINERT , AFEN VPC KinT =X Braket #1752 17R, MREIEE VPC KinT KB |, N
D&)A R E, BXESZER , 55 (Amazon VPC BAFIER) M E Rk S RKBIE&X VPC i
=y ol

% & Braket A PrivateLink

E AWS PrivateLink 5 Amazon Braket —f 2/ , BXAEIE— M ZREUIE = ( LS# VPC)
KIHETTRERED , A/FEN Amaz API on Braket RS IEREEZL KT Ko

UTRESEN-—HRIR , FESENETHEANE,
B

B} B3 Amazon VPC RITEEN AWS &R, MMRESHE VPC , BT L&,
» 7 Braket 8|21 5% VPC KimT R
T EHiw SEE HIZ1T Braket E FES

15 MRFE, BT S#E VPC

FidE , MRENKFELE — VPC #E121T , WATABKT thH 5,

VPC #ZHBHMEZE |, Flin IP tutel, FM, BREAXRMINENK, ARL , EREBENELN
LhEZ AWS BB, BXEZEE VPCs , 55 Amazon VPC AFERE.

#T7F Amazon VPC £#l& |, tIZ—MNEEFM, REAMMEMXAIH VPC,
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https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#prerequisites-interface-endpoints
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#prerequisites-interface-endpoints
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html
https://docs.aws.amazon.com/vpc/latest/userguide/what-is-amazon-vpc.html
https://aws.amazon.com/vpc/
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S 2 : 7 Braket 81O VPC K HT R

EALAE A Amazon VPC 2% & 5 AWS Command Line Interface (AWS CLI) N Braket RS 81722
VPC AT R, BXEZEL , iH5H Amazon VPC AFIERHHBIE VPC it .

B ATEE VPC KigT R |, BT Amazon VPC #2414 | ITHKGT SRE , REHEd
EBFNLIRTR, ETHK IDUEAFESE, HYRM Brak APl et T R L BER , ©ATER—
endpoint-urlfERM —I 5,

AT RS BTN Braket 812 VPC Kl T R -

* com.amazonaws.substitute_your_region.braket

BEXEZEER |, 5 Amazon VPC AFERAPNMERED VPC LinTi 2151 AWS RS,
%35 BUARWEEHIZIT Braket EFESH

B2 VPC KT RE , B LLETE8endpoint-urlZ M CLI B RIEEAPISETRNEOL
WA, BB R

aws braket search-quantum-tasks --endpoint-url
VPC_Endpoint_ID.braket.substituteYourRegionHere.vpce.amazonaws.com

MEER VPC KinT S AFAE DNS A , MFEFEE CLI s TP NLmT RIBEN URL, #
& , CLI 1 Amazon Braket API SDK BRiAfEF Y Braket DNS B LB EEN VPC KT =, ©
R MU T REIFTR :

https://braket.substituteYourRegionHere.amazonaws.com

XEE R “EH AWS PrivateLink £ T &M Amazon VPC E #1518 Amazon A SageMaker | £1i2 4K
BN NEENXERMT - RO, HEANARELXRET RS SageMaker £ieABULZEEE , 5
Amazon Braket & 12 &3 L,

MRMREERBEEZEXEDNSRHIITIRE , F128H AmazonBrak et XMNEZRKE Amazon
A SageMaker |, MREHHXTE us-ea st- 1, BERS AWS XiF B P ALRHERS
Fhcom.amazonaws.us-east-1.braketHFEER N ZFHH,

ARYBLIRT SBVEMESR

- AXRUMEIERTRLE TG VPC NEE , BSRLIEHEILE TME VPC,
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https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#create-interface-endpoint-aws
https://aws.amazon.com/vpc/
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html
https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
https://docs.aws.amazon.com/batch/latest/userguide/create-public-private-vpc.html
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« BXMEA Amazon VPC ##H| AR EMBE ELHT RWES AWS CLI, 2% Amazon VPC A
BRI AIE VPC KB M,

o BXFEANENEE R SME S AWS CloudFormation , 55 (AWS CloudFormation B 15
) FHAWS EC2::: VPCEndpoint %R

£/ Amazon VPC A& w1 & 5K B35 415 18] A BR

EHX Amazon Braket FVIEEEG A , WAL AWS Identity and Access Management (IAM) £ 3
REMH MBI AT D E VPC LiFT R, ZRBEIEEUATER :

« ABBITRENZERA (RAPZAR ).
« AHATEVRAE,
« X HHPITREN TR,

BXREZEER , F5H (Amazon VPC A 1ER) HIYGEA iR L RERIZHIX VPC ik KBV 5 H .

5 - Braket #B/EHY VPC Kin T SR EE

AT RHBIERT Braket WA IRT MK, YHEEIKET AN, LEXBATFMEZIEAFRMERR
E5IHH Braket #24E,

{
"Statement": [
{
"Principal":"*",
"Effect":"Allow",
"Action":[
“braket:action-1",
“braket:action-2",
“braket:action-3”"
1,
"Resource":"*"
}
]
}

BRI LBE M NS MNin SRR EEE R IAM AN, BEXESEENRE , B5H

- Step Functions WU S # EHAFAE =in S KB

fEF Amazon VPC £ w7 = 5% B 438 1 177 18] X BR 258


https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#create-interface-endpoint-aws
https://docs.aws.amazon.com/vpc/latest/privatelink/create-interface-endpoint.html#create-interface-endpoint-aws
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-ec2-vpcendpoint.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html
https://docs.aws.amazon.com/step-functions/latest/dg/vpc-endpoints.html#vpc-iam
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- NFREERAAHFERBHAN IAM R
- ERKET RERBEEHX VPC LinT KRBT
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https://docs.aws.amazon.com/step-functions/latest/dg/concept-create-iam-advanced.html
https://docs.aws.amazon.com/vpc/latest/privatelink/vpc-endpoints-access.html

Amazon Braket

FRARER

B &10 M iE 2

#Bid Amazon Braket RFIER B FESE , B LAET Amazon Braket SDK 4| &

AV ERZE

SHRBNEE, ZRNERBT —IPEFXRE , ATRETERRIXLE |, RaEMEENRIHN
A , AREELWERKRECEFHNARFNMENAIES. EFESFTHRE , Braket 2FLERR

FHEEEN Amazon S3 LB, BEFESHNEAEATRSABMAE , HAIRN THEEFLEET

(QPU) R& LETTHAESMS . TERARELRHTHINNIINKE , RAEBFREATRES A

FZRHAE,
RARETIK -

« CREATED— U &% Braket W% TR E FESH

« QUEUED— Amazon Braket & 2B TRV E IS , IECEESEFERR BT,

« RUNNING— ZHE FESFTE QPU HIRFEELEE LiE1T,

« COMPLETED— fREVEFESFE QPU HIZFEREE LiE1TRE,
* FAILED— RN EFESZHETELEM T, BELNEFEIZEIMNER |, F=

%o

« CANCELLED— {REUE T EFESH. EFESKEET.

ATHA :
« J&3d Amazon Braket SDK BREFE FEF
- JBX Amazon Braket E#| &M IEEFES
- ¥r12 Amazon Braket &R
- FANUTHEKZEENE FES EventBridge
- FERNEENIESR CloudWatch
- FRIEERHNE FES CloudTrail
£ Amazon Braket #1TE % A &id &

®)E Amazon Braket SDK [RIERE FESH

Zinsdevice.run(..) EXEEHE—EFES DHNEFES

A, task.state() WA T RBIFT R

|]s
8
B
55

o &R LUE A E WM RERIR

&)Y Amazon Braket SDK IRERE FESE
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AE : task = device.run()R— T RIBRE , XEREIRAERALBENWE FESH |, &0
DAgRER T 4,

KRER

MIRITEEER task. result() , SDK FF#A%# 1 Amazon Braket ABBEFEFZFREEBTHK. SDK
FREEFENHRASEH . tun(). EFESTHR/E , SDK &M S3 FHEFRRRERHNHEE
HQuantumTaskResultX&iRMEl,

# create a circuit, specify the device and run the circuit

circ = Circuit().rx(@, 0.15).ry(1l, @0.2).cnot(0,2)

device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
task = device.run(circ, s3_location, shots=1000)

# get ID and status of submitted task
task_id = task.id
status = task.state()
print('ID of task:', task_id)
print('Status of task:', status)
# wait for job to complete
while status != 'COMPLETED':
status = task.state()
print('Status:', status)

ID of task:
arn:aws:braket:us-west-2:123412341234:quantum-task/b68ae94b-1547-4d1d-aa92-1500b82c300d
Status of task: QUEUED
Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: QUEUED

Status: RUNNING
Status: RUNNING
Status: COMPLETED

BUHE 715

EEGHE 7S , Tl AiZcancel ) A% , MU T RBIFA R,

&3 Amazon Braket SDK IRERE F1F5 261
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# cancel quantum task
task.cancel()

status = task.state()
print('Status of task:', status)

Status of task: CANCELLING

K& TSR
BALUREETRNE FESHTHEE , DT ROIFIR.

# get the metadata of the quantum task

metadata = task.metadata()

# example of metadata

shots = metadatal['shots']

date = metadata['ResponseMetadata']['HTTPHeaders']['date']
# print example metadata

print("{} shots taken on {}.".format(shots, date))

# print name of the s3 bucket where the result is saved
results_bucket = metadatal'outputS3Bucket']

print('Bucket where results are stored:', results_bucket)
# print the s3 object key (folder name)
results_object_key = metadatal'outputS3Directory']
print('S3 object key:', results_object_key)

# the entire look-up string of the saved result data
look_up = 's3://'+results_bucket+'/'+results_object_key
print('S3 URI:', look_up)

1000 shots taken on Wed, 05 Aug 2020 14:44:22 GMT.

Bucket where results are stored: amazon-braket-123412341234

S3 object key: simulation-output/b68ae94b-1547-4d1d-2a92-1500b82c300d

S3 URI: s3://amazon-braket-123412341234/simulation-output/b68ae94b-1547-4d1d-
2a92-1500b82c300d

RREFESIER

MEMRHARERRREFEFTBRT , AFRXATECARREBMN , (RASIAHEKE—/ ARN (£
FES ID) EBtaski R, RE , B LLEAtask. result () AMNEHELERH S3 6@ HIRENL
£,

&3 Amazon Braket SDK IRERE F1F5 262
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from braket.aws import AwsSession, AwsQuantumTask

# restore task with unique arn
task_load = AwsQuantumTask(arn=task_id)
# retrieve the result of the task
result = task_load.result()

B Amazon Braket #2#| 8% 1E & FESH

Amazon Braket 12t 7 —fiB3 I &% Braket B AN IEEFESNEREF . IERXNWETFES
HINE EFES FRYP , WTEMTR. ZRFEZEFETXEN , XERELRREEFEREXEHH
BENETFES. AWS X

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding guantum tasks. Learn more [}

Quantum Tasks (10+)

| c | | Actions ¥
| Q, search 1 > &

Quantum Task ID Status Device ARN Created at

d87730f0-414{-4260-9de2-7fd18c20f7f2 &) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
62a5b6f9-2334-4bad-af4f-a5aeebbe6032 ) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
85f05c12-c4d0-42bf-8782-b825775f057a () COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
1fal148a2-aaaa-4948-b7df-808513145a20 (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
aee8d2ad-a396-4¢11-9f13-9aa62db680b9 (¥) COMPLETED armaws:braket:::device/gquantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
dfee97af-3aae-4e57-bd64-29d6f9521937 (¥) COMPLETED armaws:braket::device/quantum-simulator/amazon,/dm1 Aug 31, 2023 19:11 (UTC)

BB SMEERBENEFES. BRITUET Quantum Task ARN (ID), RZ, ®RZMAIE
BHE. HEEFSMEN, ﬁ&ﬁlﬁéézﬁtﬂn , BB T RABIPR RO
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https://console.aws.amazon.com/braket/home

Amazon Braket

FRARIER
Amazon Braket » Quantum Tasks
(D QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [7
Quantum Tasks (10+) | @] | | Actions ¥
| Q, |search 1 > &
Properties
Status Device ARN Created at
Status
Device ARN 7f (&) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
Quantum task ARN
D32 (2) COMPLETED arm:aws:braket:::device/quantum-simulator/amazon/sv1 Aug 31,2023 19:11 (UTC)
Created at
O 85f05¢12-c4d0-42bf-8782-b825775f057a (© COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)

TRERTREEFESHHE—EFES ID BREFESHWRA | ZAES AT LUET E AR
Btask.ido

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [/}

Quantum Tasks (1) ‘ c H Actions ¥ ‘

|Q Search | (1) matches

‘ Quantum task ARN = arn:aws:braket:us-west-2:2608 1874204 5:quantum-task/4cd1a31e-61c0-469c-a9cf-a2fbe7b4e358 ‘ X ‘ ‘ Clear filters

1 &
Quantum Task ID Status Device ARN Created at
- 4cd1a31e-61c0-469c-a9cf- (%) COMPLETE arn:aws:braket::device/quantum- Aug 31,2023 19:10
) a2fbe7b4e358 D simulator/amazon/sv1 (uTc)

WAEENHE. KNHEREFESEAXN TELENRZNDSAINE.

Amazon Braket > QuantumTasks > 3d11c509-454d-4fe2-b3b9-fad6dBeab83b

SN, MTFEAR , TAEE FESQUEUEDA TR ERAS#H THIE, REEFHES ID2RER

3d11c509-454d-4fe2-b3b9-fad6d8eab83b

Quantum task details

Quantum task ARN Status

Queue position Info
98463111 K/3d1 d-4fe2-b3b: @ QuEuED

3 (Normal)

Device ARN Created Ended
i i a2 Sep 08, 2023 19:22 (UTC)

Shots Results Status reason
100 -

B33 Amazon Braket ##| 8k RE FES 264
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FERNEEFLN - RRE Quantum EFESRPREFRER. HESHFILZINEIH
Quantum E5FEREERPERAML £ R

JEEEH Braket SDK WEF AILLER A XNIRKMHEBFESMESHELAIIMCE, AXESEE
BFSH B ESARIET TH.

¥rid Amazon Braket &R

REREIBWROEL AWS HRNBENLBMIRE, AWS IRZERTHYE , AFANBEN TR,
BMEHEE —ME A—NME. IEREHNREN. XTEIENFE , FEELRNE.

£ Amazon Braket %A% |, BOUSMBE FESREBEAHEES 2HARNRZHIR, BAILUR
IR, BRIFZIFESIRES, TUECRE FTESRNEICANINERITIRIE , REBEIEHE AWS
CLI, SEEXBENIRZAPI,

EZXT AWS FRZ

- BEXREN-—RER  BEGENERARE , B2RALETNERESR ? £ (IRE AWS RIRMIR
LRERASER) Fo

- BXRTERFNEER , ESH (L AWS RRNREHFERAFER) PGS EREMER,

- BXRBEIRAGERE , B3 RARIC AWS RIRHN SESE.

s BXREZEBEFEARZIHRSHIIER , 555 (Resource Groups #5812 APl &) ,

LT & RM T Bx Amazon Braket IRENEZ EMHE LR,
EWARE :

- ERARE

« X3#F1E Amazon Braket AR INARE MY E R

- £/ Amazon Braket API3 174512

7 IR 25 BR i

e £ Amazon Braket F EEBHRE

« £ Amazon Brake AWS CLI t AR INARZ Y =61
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https://docs.aws.amazon.com/tag-editor/latest/userguide/tagging.html
https://docs.aws.amazon.com/tag-editor/latest/userguide/best-practices-and-strats.html#id_tags_naming_best_practices
https://docs.aws.amazon.com/whitepapers/latest/tagging-best-practices/tagging-best-practices.html
https://docs.aws.amazon.com/resourcegroupstagging/latest/APIReference/overview.html
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fE AR

RE LU SR BRALRI R RANES . Sl , EAISE EB) FREREERE ARV
7o

BIMIEERERAINERD

- FRZFA (HIMW CostCenter , “IRE" H “TIH" ) . HMEEXDTKNE,

« — IR FEENALEFER (Bl , 111122223333 & Production ) . EBIFSESFERAZF/AH
MRMEE. SHRER—H  FEERXDKRNE,

PR A AR B R IA T 15
- RBIMBEEH AWS B, S E AWS RS RS , BIE A B R B FREBRSSHY 3R 5 B4
BNRE , UREAXLEFRZMEKRA,

« JBERIEH AWS BUA, BAIBUE AWS KB SR A EE BHIER ERVEXERE, AWS ERREX
BHRAHRTOR , HOERESARESERE. AXESRER , F5H AWS KESRAEE
AP EETRNER RSN DERE,

« BHX AWS BIRNILFENR. BXESELR  FEREAREERGE T RRR,

Y #:1E Amazon Braket iR IIFREH &R
Amazon Braket AR LA T RIRFE R T HFHRIC -

e quantum-task &R
o BIEZFN : AWS: :Service: :Braket

« ARN IEMFRIA : arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}

S

EE . REZI1EAEFR LR Amazon A SageMaker | ‘BIR , {B& A LLFE Amazon Braket 2 #| AN B
© Amazonfy Braket EiLABRNANER , FERFEAEHASMEALEERRR. EXESZER,
B S5 SageMaker XA E B AL B T EIE,

£ FH Amazon Braket API# 1T#r12

- WMREEH Amazon Braket APl B IR LR ERE |, B HE. TagResourceAP|
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https://docs.aws.amazon.com/awsaccountbilling/latest/aboutv2/billing-what-is.html
https://docs.aws.amazon.com/awsaccountbilling/latest/aboutv2/billing-what-is.html
https://docs.aws.amazon.com/awsaccountbilling/latest/aboutv2/cost-alloc-tags.html
https://docs.aws.amazon.com/IAM/latest/UserGuide/access_tags.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-manage-access.html#resources
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi-metadata.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

- ENRRPBRIFE |, EiHAUntagResourceAPl,

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN

- BIHMMBBERBEWAIERE , HAMAListTagsForResourceAPl,

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] "

75 DA BR

LT EZABR&IEH T Amazon Braket &R EHFRE :

« BAILSBARFHZAFERE : 50

- RAFAKE : 128 4 Unicode FHF

- BRREKE : 256 1 Unicode FF

- BRENEXER:a-z, A-Z, 0-9, space , URUTERF_ . : / = + -Ha@
- BNEXD KIE,

« FZaws AERHBNBIAR ; ©REEM AWS ER/,

£ Amazon Braket P EIEIHRZ

B LSRR BE RN RBHNE M. S0 LUES Amazon Braket #4]4& . Amazon Braket & , &&. &
o, &k, FHEAMERIRL, APIAWS CLIBXEZEER |, i5ZH Amazon Braket APl &Z,

ATAR :
o« ANPIERE
- EERE
- RERE
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YL

& 7] AE BAT B (8] 9 ATAR IS B BB IR &5

- RIBRRN : FHAEEEA , EE AWS AP| B8 TagsSHEEECreatelR e,

- ABRRE  FRARHESMIEFESRERARTR , HEE AWS APl i AHTagResourcel®
.

EEQABERNAERNGE  TEECEBEERENERANR,

BERE

B ERAEHAESMETESREERRR , AEBIRAREREE Amazon Braket FEA ATFRIE
HRFRZL, AWS ListTagsForResource API

BALUERLLT AWS APIGSEE R B LR :

+ AWS API: ListTagsForResource

REIRE

BULERRHESMIBFAESRELRRRREERE , HAEANLT RSB XM R TRICHE
BRONRENE, SEEEEFENRERHAN , ZRANESRES

* AWS API: TagResource

T BR AR 25

FBALBYEEEMBRA BN, FARFHASMIETFESRELCEARR , REER
FUntagResourcefBRfERT M IR I BRIRZ

* AWS API: UntagResource

£ Amazon Brake AWS CLI t PR INFRZH =51

L IREEA AWS Command Line Interface (AWS CLI) 5 Amazon Braket R ER , A TREBE—NRHI
e, BATERNACEERTEUBNEFESHRE, EHROIP , FFRESVIEFHES LR
71, HEHRE NRigeti2 FAEE T (QPV), EENRE , ERflSH , EMEEMSESRZ
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F ERFEEERS, 48464 , RENEHANstate , EAWashington, XEFRE A LR BIXY
XNMEENE FESHITSRHRF,

aws braket create-quantum-task --action /
"{\"braketSchemaHeader\": {\"name\": \"braket.ir.jaqcd.program\", /
\"version\": \"1\"}, /
\"instructions\": [{\"angle\": ©0.15, \"target\": 0, \"type\": \"rz\"}1, /
\"results\": null, /
\"basis_rotation_instructions\": null}" /
--device-arn "arn:aws:braket:::device/quantum-simulator/amazon/sv1l" /
--output-s3-bucket "my-example-braket-bucket-name" /
--output-s3-key-prefix "my-example-username" /
--shots 100 /
--device-parameters /
"{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.rigetti.rigetti_device_parameters\", /
\"version\": \"1\"}, \"paradigmParameters\": /
{\"braketSchemaHeader\": /
{\"name\": \"braket.device_schema.gate_model_parameters\", /
\"version\": \"1\"}, /
\"qubitCount\": 2}}" /
--tags {\"state\":\”Washington\"}

WRBERT EB1TE FESF IMAEHREN A TIXEES AWS CLI, X GBI TALAFBREREH
Braket ®iRo

FERANUTAZEEEENE F/E5 EventBridge

I 53 EventBridge %12 Amazon Braket E FEFHHRSEEE ., KB Amazon Braket #Y
EventBridge’E a1 /L F 23R, BANREREMUKIERAFENEY  SEETSHTEMAN 6
AT ELIRE, AN B3IRIESHE

« AR AWS Lambda
« BE AWS Step Functions JRAHL
« [ Amazon SNS & KX B A

EventBridge Y32 LT Amazon Braket IRAE XEH :

o quantum EFHPRS K E T EL

ERUNT ALk RSN & FFS EventBridge 269
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FRARER

Amazon Braket RIERX VB FEFSRESXESH. XESHEDMEIE—IR , BAEHIAKE,

BXEZEER , B5H Amazon FES) EventBridges

EWHAEB :
- FAKEE FESIKE EventBridge
- I 53 Braket &3 EventBridge R4l

£ A #5332 & F1E5IRAS EventBridge

f&Bh EventBridge , BRI LABIBMN , E X TE Amazon Braket XA H X Braket E T ESHIRASEEBE

AP ERERE, Sl , EALGER-FAN , AEBREFESHRSREZMHBLEERIE—

e T HRfF

1. AWS fE B EventBridge 1 Amazon Braket B9 F & %,
2. ¥TFF Amazon EventBridge &l &
3. fEA LA EIZ EventBridge N :

o WTHMNRE  EEEFEAEKXNAN,

- NTEH/HR , EHEHAM,

- EEMHERED  ZFEEEEX(ISON HiER) , REFATEAEA MG XAXSE

{
"source": [
"aws.braket"
1,
"detail-type": [
"Braket Task State Change"
]
}

ZEM Amazon Braket RIEIRFIESH , BEHERR1Zdetail-type#pn , WA TREBRAR :

{
"source": [
"aws.braket"
]
}

fEfA % EE FESIRS EventBridge
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« WFBEHRER  &EEBE AWS RS, EiEBERF | BB, 6120 Amazon SNS E& = AWS
Lambda B, LU ZIK B Amazon Braket I E FESRATLEHE |, itk B o

5z | A8 Amazon Simple Notification Service (SNS) EBEEH £ £ KX B FEBHRE
5. Nk, BEEALDE SNS 255612 Amazon SNS =8, ETHEZEE , B3HER
Amazon SNS &% B 4Hl,

BROUZBANMFAEE , BSRCIEXN B ML RN Amazon EventBridge AN o

I 53 Braket &3 EventBridge 4l

B X Amazon Braket Quantum EFRASEXRSBHFBENEE , BZRILI#HFHNEH, EventBridge

UTEM4ERE JSON B “HHEER" FRF.

- quantumTaskArn(str) : £ XL EHNE FES,

« status ( Tk [str] ) | BEFESTEIHRS,

« deviceArn(str) : AHOIBNKEFESFSHAFEENIRR,

- shots(int) : A FshotsiE R E.

« outputS3Bucket(str) : AFEEN M HEMRE,

- outputS3Directory(str) : A IEEM f# H B4R,
 createdAt(str) : JA 1ISO-8601 R KX RNWE FESBIERE,

. endedAt ( Tk [str] ) : BFESAFKIBRENEE, DEYETESDEIKBRAN | ZF
B &,

LA JSON B8 E 7R T Amazon Braket Quantum SRS E REH =PI,

"version":"Q",
"id":"6101452d-8caf-062b-6dbc-ceb5421334c5",
"detail-type":"Braket Task State Change",
"source":"aws.braket",

"account":"012345678901",

"time":"2021-10-28TQ1:17:45Z2",

"region":"us-east-1",

"resources":[

"arn:aws:braket:us-east-1:012345678901:quantum-task/834b2led-77a7-4b36-a90c-

c776afc9a71le"
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1,

"detail":({
"quantumTaskArn":"arn:aws:braket:us-east-1:012345678901:quantum-

task/834b2led-77a7-4b36-a90c-c776afc9a7le",

"status":"COMPLETED",
"deviceArn":"arn:aws:braket:::device/quantum-simulator/amazon/sv1",
"shots":"100",
"outputS3Bucket":"amazon-braket-0260a8bc871e",
"outputS3Directory":"sns-testing/834b2led-77a7-4b36-a90c-c776afc9a7le",
"createdAt":"2021-10-28T01:17:42.8987",
"eventName" :"MODIFY",
"endedAt":"2021-10-28T0Q1:17:44.735Z2"

E IS E PR CloudWatch

EALAE A Amazon %32 Amazon Braket CloudWatch , I G & YRS R B BIE H O HA B ) )ik
BT F 3BT AU B R, BT LAIETL D% CloudWatch ###|AHEE 15 NAERNFT L EERRIT
2 ANEFNERENR , UMEE it T #% Amazon Braket W&, ETHEZEE , BSHRER
CloudWatch #§%%.

(® Note

B LB S/ E Amazon Al %A LN E IR RFERERKEE Ama SageMaker zon
Braket £i248#Y CloudWatch BERR. Hftt Amazon Braket £id iR & i @I 25l 53k
8. SageMaker

AHTRA :
« Amazon Braket BYIStR M4 E

Amazon Braket WIgtr M4 =

AR P E RS CloudWatch, ¥EPrER A& MBI —AZe EIRFBEFNETES, CloudWatch®
NERE A —AEE NS, EiFA T HRPNIEIR4E CloudWatch , i5Z @ CloudWatch 4 £,

Amazon Braket L T4 E F Amazon Braket BYIEVREIE RKIE ST D#igFRF : CloudWatch
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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/working_with_metrics.html
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/working_with_metrics.html
https://console.aws.amazon.com/sagemaker/
https://console.aws.amazon.com/sagemaker/
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/cloudwatch_concepts.html#Dimension
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MRGEEEFES , WAAFERER. EMEREEH S8 AWS/Braket/By Device o CloudWatch

1R EEPU
g BEFESH
HER ZEMREEFES TR REN. ERTMNE

FES RIS S8 E .

BFESEIRNEE

ETESENRUE TdeviceArnS W HEE £ , HKH arn: aws: braket::: d evice/xxxo

AL FIRE F1ES CloudTrail

Amazon Braket 5 AWS CloudTrail—RF &K , ZRFRMEAF, AEIAFE Amazon Braket
AWS RS FREVVIREMNIER. CloudTrail f$FTBX Amazon Braket FIAPIBIEIZ RN B4, HIRH
RO #E 5k B 5 %h Braket #2414 #9398 A A1X4 Amazon Braket #2ERRIZEAR. MREETRE
AT LA A2 CloudTrail EHF4£ 5 F) Amazon S3 %418 , ©3% Amazon Braket B4, MRE
KREERER , BOARTLIE CloudTrail EBHI AW “BHALER PEFEFNES. BIRENER
CloudTrail , A LA E @ Amazon Braket X HEVER, RKHERW IP b, #RE THER, @8t
HiERAREMIFEMRER,

ET7THMEZ{EE CloudTrail , 52 {AWS CloudTrail HF1E®E) -

ATARA
« Amazon Braket {2 CloudTrail
« T #% Amazon Braket A& 4% B

Amazon Braket A #J{E & CloudTrail

CloudTrail TEZGIZRKF AWS Ik BN EEZHNKF LB . 2 Amazon Braket A RAESEFRT | iZ0F
FEEHM CloudTraill EH —12RK7E AWS RS EHHLIERKF, BULUEFEE, BERMNTHER
ERENEH AWS IKF, BXEZEE , ESRMEREHF FIZFKER CloudTrail =4,

ERSIDERENEYS AWS K/ |, 3% Amazon Braket (WS4 | i 0IZEE. BEAY CloudTrail ¥
HEX LM E Amazon S3 F#EME, FURERT , &SP IRRERICRN , WREFRIEXRNA TR
B AWS Xig, BRIRIEE AWS 2 XHffE XEBNWEH | N BEXHEZEBEIEEN Amazon S3 17
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https://docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html
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M. SN BRI BEEHE M AWS IRSS | M —F 2 MALE CloudTrail H SR IRENSHHIE.
BXREZEE , FSATIRNE :

- BRI RFEBR

» CloudTrail ZFHRFZMER

- BLi& Amazon SNS B4 CloudTrail

o BEWCKBZAMXIEH CloudTrail BEXHMERK B SN K/ R CloudTrail BEXH

FiB Amazon Braket #/E# Hi2%, CloudTrailflal , 3¥GetQuantumTask=GetDevicelREHA
47 CloudTrail BREXHHEREKE,

BIMNEHHATREBESEXRERBFRNAREGR. BOEEABTEHEUTRE !
- BREEAACERRSAFNERNZEFIERHMN,

- ERETHHM AWS BF K,

BXEZEER , 55 H CloudTrail userldentity 7TT#,

7 f## Amazon Braket B & #4% B

BREE—MERE 6 AFNEHEN BESERBIEEERN Amazon S3 1Z##@. CloudTrail BEI
TBE—NRENMNAERE. EHRRRKEEMAKRENENER , EEXRBERVEE, BREN BB
B, ERSHBENES. CloudTrail BEXHFTERLAHAPHRANE FH#KRE , A EMNTSREM
BENIRFHI,

T RHIRGetQuantumTaskiBEM HESRE , R TEFESHEFAEE,

{
"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {
"sessionIssuer": {
Iltypell: IIROlell’
"principalld": "foobar",
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"arn": "foobar",
"accountId": "foobar",
"userName": "foobar"

.

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:56:57Z"

}

}
},
"eventTime": "2020-08-07T01:00:08Z",
"eventSource": "braket.amazonaws.com",
"eventName": "GetQuantumTask",
"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "aws-cli/1.18.110 Python/3.6.10
Linux/4.9.184-0.1.ac.235.83.329.metall.x86_64 botocore/1.17.33",
"requestParameters": {
"quantumTaskArn": "foobar"

},

"responseElements": null,

"requestID": "20e8000c-29b8-4137-9cbc-af77d1dd12f7",
"eventID": "4a2fdb22-a73d-414a-b30f-c0797c088f7c",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

THERT ZGetDevicelREMNHESRE , ZXBRE T REFEHMNEFEMAEE,

"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {
"sessionIssuer": {
"type": "Role",
"principalId": "foobar",

T £ Amazon Braket B & X% BH 275
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"arn": "foobar",
"accountId": "foobar",
"userName": "foobar"

.

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:46:29Z"

}

}
},
"eventTime": "2020-08-07T00:46:32Z",
"eventSource": "braket.amazonaws.com",
"eventName": "GetDevice",
"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "Boto3/1.14.33 Python/3.7.6 Linux/4.14.158-129.185.amzn2.x86_64 exec-
env/AWS_ECS_FARGATE Botocore/1.17.33",

"errorCode": "404",
"requestParameters": {

"deviceArn": "foobar"
1,

"responseElements": null,

"requestID": "c614858b-4dcf-43bd-83c9-bcfof17f522e",
"eventID": "9642512a-478b-4e7b-9f34-75ba5a3408eb",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

{5/ Amazon Braket #{TE % A EHicH

BRI ERICRRICRBEMESLESE. RESH AT CRERATEERGERBH IR ICFEUM
AiERid,

EFRICRSE , BINBWERpoll_timeout_secondsHpoll_interval_secondsZ% , LUE
EFESTUKNENEZET , FRIEREFESRS , HELERREFIXMHH. BOLUFLREBERE
Python BIZRT R 2 Jupyter £iBA |, XBEZHI AR AT AE R B ERERIZIT,

[ERlb 5

B, BEiLEkS K EMBBREEFIBEAXAXHS , AT RATAR.
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# import the module
import logging
from datetime import datetime

# set filename for logs

log_file = 'device_logs-'+datetime.strftime(datetime.now(), '%Y%m%d%H%M%S')+'.txt'

print('Task info will be logged in:', log_file)

# create new logger object
logger = logging.getlLogger("newLogger")

# configure to log to file device_logs.txt in the appending mode
logger.addHandler(logging.FileHandler(filename=log_file, mode='a'))

# add to file all log messages with level DEBUG or above
logger.setlLevel(logging.DEBUG)

Task info will be logged in: device_logs-20200803203309.txt

BIRHFIZITERE

WE , RANGE-PER , FERXAREET , RARBEESREML , WEBFIFFR.

# define circuit

circ_log = Circuit().rx(@, 0.15).ry(1, 0.2).rz(2, @.25).h(3).cnot(control=0,

target=2).zz(1, 3, 0.15).x(4)
print(circ_log)
# define backend
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
# define what info to log
logger.info(
device.run(circ_log, s3_location,

poll_timeout_seconds=1200, poll_interval_seconds=0.25, logger=logger,

shots=1000)
.result().measurement_counts

KE BT
BULBETHAUL TR TREEXHFEANRE,

# print logs

(B®) BA%
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! cat {log_file}

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: start polling for completion
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0ddc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0ddc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status QUEUED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12addc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12addc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status COMPLETED
Counter({'00001': 493, 'Q0011': 493, 'Q01001': 5, '10111': 4, 'Ql@11': 3, 'l10101': 2})

M BB HFHIRE ARN

MEER BEXHmES ( MBETENRAIFTR ) , A LUEIRELARN S8, 8 ARNID , EaLIE R
ERRNEFESHER,

# parse log file for arn
with open(log_file) as openfile:
for line in openfile:
for part in line.split():
" in part:
arn = part

if "arn:

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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