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+EE Amazon Braket ?

® Tip
THREFTEMNER AWS | 53t Amazon Braket B{v 2853 , Y ETHK —RHIEFRERN
BV L RESECNEBNEE,

AmazonBraket 2 — T £5E , AWS i TEHBMRAER , RERNFERAESHBERE F5TE.,
EFTEEARRAERTEREZIBINTERNENE D , RACAAETHEEEUFTN SR EEES

/AN O

BEETERANGETRRSENTHEN, ARNEMESIITERE R, RELKRET. FIERN
BB AR |, IR RBIMRIREERUEBRANNE., HR RS TUEBERRELKE,

Braket Rt THEEE FHIERMNERFE. EAFARSE , B0

. RRARGRTREENRAREE,
- ERENETEHEESE LUREE,
- ERRMENETHEMS DT,
- BUBSRAEAER,

ERETHENREE FAIEHRERCAETE-—SEFEKE. B TEIEEEELRRE , Braket 12
HTFRWRERERNETENETE L, BUUKIARESEERNGZE , UWEB—EBAZERC
AW EHIRFEPORFIAE

Braket & B =EIFSER-B22 , REFETT :

#E- Braket 25T 2 Z 1M Jupyter ERRL B EKIRE | BLERER LT, Braket ERRBEMKCALLTE
EifEE L. ERNBEBAEITE , 93 Amazon Braket SDK, &85 Amazon Braket SDK , &7 LU4E
BETELZ , ARBBEBER —1TRIBETRNE FITEMNERES LAKFETEM.

REE- Braket I BEAFNTLEENSREEFERERS. SULVAENBELNER, Braket A&
ErrE BB 888 T4 M Amazon Elastic Compute Cloud (Amazon EC2) #5 |, HREER S NAEE
(HPC) Efti it LR EE BN AR,

iE1T- Braket BIHETRIBHENE FIHERNZ S , REFB, B L #lonQ, OQCHIRIgettighfEE
RPN E FRTEMIIR K. QuEra B BRTEIARE , BT EEEBEBIHEFmIESFEE,
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FEREFFTEMMRR

BEFFEERRHRERR. EENRETH , BB EAN K RENETIEMEE. Fit , &
FANETHRFESEEREARS K MAFTHESEEEREEMEE, Braket BRF =T RHABR
HEEES,

HENETEHABANEEMIRRE , RMEIATHER, ZTELIENEENTIBREET (NISQ)
KXo 7E NISQ B , EFFTERIFBNRIEN K BEERBHE FEL , 6110 Shor EEXRIREFE L,
EESEFNEFMECN A SEANETFHESTERER (ER ) TEEREEFHEREREE TR
RIERSE L, Braket I ERFERESEFE L,

HREGETEEY , BTREER (QPU ) ®AE CPUNIBREEESR , MMRT EBREEZHHNIEE
ATEEE. SEEEFNAERER  HPHEEERVEFHERZBRE. S, BAE FFEEL
2, BECNHREFTNEARNSETEELIAER MBETFREEIR—BESETEER, &
PETERZT , RENRECEAERFHZRSBILETERNSHY , BERKURBTIIREPHNE
RRBRBEGEEREEN S XME. Braket 26 PennyLane FRIRIATEKEE ER FEVE | HBIIEEE
A28 T EE %,

EFMEEEESHEETEREENTEESID .

- BR-BERFHNEGBE (flW, Shor EERHMMAIAENTIEEFHE)

- &EL — BEORBEE. BREERKNYEEE

- OFEGTE — 2RSS, BRENTHANTESK (Bl , Grover EREZRAROEMENETEE T
FK)

- i — IREREER,. ETEENEFLUKEERE (QAOA) EA

ELEERNERARF TU TSR WM REENRERRE , EREM, Braket 214
DreMEGIELBER  BRTREERBEZN L%%HEF“ZH%Eﬁé‘:‘]%@ﬁﬁﬁ’\‘#%ﬁﬁ%ﬁ%ﬁ%o

Amazon Braket fiTsE2 M#L =

® Tip
THREFTENER AWS | 53 Amazon Braket B{uZ2E 58| , T ETHK —RINEBZRREM
BNV REBSECHWENEE,

AT MisE R4 2. 7E Braket A :

Amazon Braket 58 M2 2


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

Amazon Braket HBEABER

A6 B e 2 MR A

BN ZEER (AHS ) R—EBENEFHESN , ARNEZERSBERAENRBKREETED
B, FAHS # , AFEREEREKRBENIGRETEH I AE FIEMIERE RIS R\
ERTHNERSEEREET THAR, AHS REEERIEHKARRE  MARFENERFINRIEE
MBAETTER. SNERMMTUERNKRZEAR, B2 , HRELREEARERRBL
BRERN , At AHS T2EZRE A ERERNERMRFEMFENRE.

wHE

H 1% Braket BRI B A bra-ket 75 , EREBF HBHNREMNR. ERARE RARE 1939
FiEHRERE T RFAMRE | BB AR,

HERES TE
AmazonBraket B8 — 8% A Amazon Braket \BES1E£M AL , TREBRSEENZE2REEHIT,
HHNERESEXH=EIHIER :
1. E3ENES , TMEARZA | Python HR R BERETIRH,
2. LA Amazon EC2 AERHNESNEXHTEE K FHELHTEEE, BRER—EEANET

&5,
3. FHLETETFERNEFRE , EEERRELN B, ERESHEXBETEHZETHE
BHES,
Device

1£ Amazon Braket A |, BRE—RTLLETEFEEN R R, EETWLUR QPU REFEREESS, &
B -5 TH#H , 5528 Amazon Braket TIEMEE,

HEFIMNEFITE
EERMNEFTE (QC)H , EBAENRSEKRN QC , fTERIMARERRE (M), EEME
BAN  EERESEHEHFUTURTAEEMNERFY. MREFERNEBEER  BORG
BB T ERRBEM,

S R
MEBRFENETBH HEEHTCHNRREMREDN , E.ﬁﬁ%Tﬁl?ﬁ%ﬁﬁﬁﬁ%%ﬁﬂ’ﬂﬁﬁ?ﬁﬁﬁ%ﬂ%ﬁﬁ
BEONSENFTEES, N BTHESRENMRREMEEERE 2 VF? EauEmE s
t, BREETEE LHTEERFEER  SAUBRELIEHERENR,

P &7
RESERINEFVHNREYEESE, CHMEPBRNEREER , EFERESRRERNZE,
WHEREHBERIKO, FEALERBRMUARSEIEZREREHNEL IIERERFTE AR
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&, REABERNEVETHE—EL , FEVEEWREZRNEE T (0 [1RIREERKF ZBH
REES BETHIR, Rt , FIREHERERAELMRNRES R (HIMEIEE , BRNFERE )
RARE, AR AREENERARIGEBBFIRERMA , ELREAEBR AU EEEREHF
BoRNERE , NE-—REBTEREE.

BF R

EFERRERENMNEFIERLAENETE, ETEREETRANFS , EMRqubitFH iz
R LR TRER | SUIRAEES,

B FHERINER
EFERRRSRE —ERERAER LETYHRFEFERNAEBERNTAEHRESF. YR—KE

B, ETEENEREREZEEENqubitsBEE 5 R, Braket IRE¥FEE ( BB Braket 55
BAPI ) #1Z4#s ( AmazonBraket SDK H1—&B% ) B 7 EREEFHNEHE.

BT EM
ETHEMR—EURRE  CEARTHRAR (HIMBNNME ) RNTHE, BTHE
(QC) HTANEH , FIMBERFH QC.

ETREET

QPU RAIAEE FEHK LETHYER FAERM. QPU ATERTER QC €41 , HIanE R T
B QC., FEE—F TH , 52K Amazon Braket XENEE,

QPU RE K]

QPU FEAMTERE QPU #HRFEEE 2 HIIRE ., AP LE QPU i L&1T , mES
HE—SHEE, QPU PN FE, BT LUTE Amazon Braket T2 E&K T#E |, HE)EIB Braket
SDK R BIE BN RERE,

QPU X EH &

QPU X EMNEME QPU £BrriESHEMN, SLBM TEEEEEE QPU L#1T , EXRTEM
AREEESBABELRE, B LT Amazon Braket X1 AH T#E, EEIEIR Braket SDK 3%
FEEZEMNEM, Amazon

BT

f£ Braket F , EFEKRHREHNEREFHFER. HRENMH QC Xis , EIREFER (2
FEREE SN Eshots ) ARHMFBRTEIR, &7 LUEIE Amazon Braket SDK =B #E A
CreateQuantumTaskAPIRERBIEE 7. BIBEFEEE , ©EEHEATS , ERIES
MERfERT A ALL, & A BLFE Amazon Braket 2| & M & & HE £ = A GetQuantumTaskz},
SearchQuantumTasksAPREREF LN E FEH,

Amazon Braket 58 M2 4
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Qubit

BT ERPHEENEREMEBERqubit (BF ) , REEGHRIEPER. Aqubit 2—&
AUBEBAENYEERRERNMREFRR  SINBEESHYEFEREFNERE T, HiqubitiE
RENKT , EFIKIEE , AEFHNE TR

Queue depth

Queue depthiE B ELEBHATINEFTEMEERIENEE, EENETFITHEFNRERT
YE47 551 8 T 3B B Braket Software Development Kit (SDK) =k ZE{Amazon Braket Management
Console,

1. EBEBRIREREENNEEEERETHNE FEBEE,

2. BRMAEBEIIRERIESFETHRERE F XK EEAmazon Braket Hybrid Jobs, —EIE
EEKEE  EEEESEERBIER.

BEXIHEFIRERERNERELHEATINRERNIEELE . Quantum taskstERBRBER
I1’FE’J BrREXEFELIERF , BEEFEEPriority Task Queue,

Queue position

Queue positionfE B FERKHEE XK EZEBRBEHITHETLE, cAUBBIESEFIH
B A YEZEAmazon Braket Management Console, Braket Software Development Kit (SDK)

Shots

HREFAIEAELESEREN , AHEFNERBEEZETZ G UARSERNER, EEER
BITNMRAEBAHE, REMENERBERREFERNHBAE (EEHIT) .

AWS Amazon Braket B fiTEE #4115
IAM BUER

IAM BUR 2 AR FFSRIER AWS BRI MERF TR X4, IAM BERAIBE BRI FREHERNEEE
o BN | FBELLAERAEFIUENFTAE Amazon S3 #1ZErE AWS IRF |, SMEEIESERE
BrBEh AT Amazon S3 fE1FETEE.

- REME  ERTFHERFERSNMERNZEMRE, ERILERE , EUNBLERERNSCHE
RYTETTHEMENESER, fl, IRETAFEFNBEERE , FE IAM BERAEEE
E A6 MARREE TFIENAEER AWS i1kRF,

AWS Amazon Braket B 758 M+ 1H 5
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IAM A&

IAM BEREURBRERFIERNG D, £AF. EARIIRBTERT IAM A | 1
PEASESUREZEACGHER. EXEART IAM AGE SR ELTACTHENFTE AT
A, WABHAGHTA,
- REME  IAM ACEEESEEERBTRESERFRERMIERAR FHER.

Amazon S3 &

DR EFF#RE (Amazon S3 ) R—E W AWS R BEKBBERAHRFREFEMEPH—

. Amazon S3 REFIrRIRMERNMAFZM. Amazon S3 REFrBHPYHHA/NLEREA 5TB.

BRI EMEENERER LES Amazon S3 REITRER | SIME&K. FH. XFE. HOE

R, WUNERER. FEXHMN Braket B T EBHER

- REMCE B SERERRRET S3 METEBNFEE, MFEFMES , F2H Amazon S3 X
R R AT R BRI A & BUR,

Amazon Braket E{B

® Tip
THREFETENER AWS | 53 Amazon Braket B{uZ2EE| , Y ETRK—RINBBREM
BV L RESECNEBNEE,

5/ Amazon Braket , B L\EEFENE FEEER A MEBEEZEHEAE, CEZTRERHAENE, E
THREBEENEZEE , BHBAERMANEERER,

AT - B B A A A6 Bt

Braket SDK AIZRIEFE KT FEIRFHI R AN EREENBEEF THEH, RMANSEEFELEH
ERAEBHERE , TALKREM Braket EFREE T (QPU) MRERBNEERAMEHE., KEEM
BRABUERTETR , TefEABREsZii.

(® Note
FTHE AR RIEEH Amazon Braket RSB N E FRIEE T (QPV) EBFEAEMEME.
BATRNATERATREENEREREMTE. BEEBATHAEMATHNRES , £EER
£ Amazon Elastic Compute Cloud (Amazon EC2) S HREMELEENAER,



https://docs.aws.amazon.com/AmazonS3/latest/userguide/using-iam-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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SV1 Ky A& Bt

BTRRNAERRAREYLE , RAHH2— Bell State BRBERMM SV1 MBS LETE.
58 A Braket SDK #i4 , E3 REMAEL S K Tracker () HEFMBEIRMW B -

#import any required modules

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

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

#Your results
print(task.measurement_counts)

ERYTERAR  BUNEHAT AL TRAREN ERRERE. RERDESETEENHEER
¥, TRNETFER  SUTHERRE  SFENITHERBURENRERAS (X ) . BEEENH
TRETRERERMTE.

tracker.quantum_tasks_statistics()
{'arn:aws:braket:::device/quantum-simulator/amazon/svl’:
{'shots': 1000,
'tasks': {'COMPLETED': 13},
'execution_duration': datetime.timedelta(microseconds=4000),
'billed_execution_duration': datetime.timedelta(seconds=3)}}

tracker.simulator_tasks_cost()
$0.00375

152 F AN IE Bt 2R R E R B AR A

BRI UEARERERRRERFNEESASL. EUREERSIRERFNRARE, Miit—X , &
A AERRAEREE , ERTEANBPEYASZEFEE. THHHSE Rigetti QPU LERAER
ER, WASRARSES 1 USD, ERMNRBRETERN —ERHKRAS 0.37 X, RFISERK
BT ERARKNEE  EIRKRANER 15T, At , RIBFESET=X , ERT-XR&ERBB 1%
T, BE K BFSREAR , BEREIMENZEAMAE , FERBIFR T-ZXER,

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

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

(@ Note

BARERRIEREXMOTNIEFERNFERE. ETNIEEBRES , IRENHEHRT
B, BRESRAY , BHHREAST SRR ERRERSEP,

B RN B9 BR 80
%E B T 56 M Amazon Braket BEM R EY. HENY  BRERZRIE  WBR K RER,
EAEEERE

« E QPU L#ITHEER A  FEAEARERSRBEER  UESTUMHEER K MASEL QPU £
RERA.

- BEREEKR LETERNERTREL QPU LETERNGERTHEE , B2 UERERERHE
BRI H RN B E,

[REIEAEFIBEERE

o IBAILIGRERS , BFLEARRENEAEEREEE LI RIEF I, REGFEHNERHZEREH
AWS IAM, BRI ITIIRIERNGFIERA |, B2 B RHIFEUE,

- RMBEBLETEFEHEEBIRF KR F IR &6 H & ¥ Amazon Braket 2 BN FEUE,

B

HX}E'FEE%/U_‘

- BALREREER , UEEIREZIRERRAIFEANE, BERRERENFEZEB AWS
Budgets, ZAIGREBFIRAE , YERALAENEBEBHEESHERERE R, BEBENRA , F8
EAWS Budgets.
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-manage-access.html#restrict-access
https://aws.amazon.com/aws-cost-management/aws-budgets

Amazon Braket HBEABER

BURSTEFTBORIETN1 B F1EH

« BESRNEAER QHP , ERMRE FEBUSHEFRET , IRERRRTRERIE, &M
BB ELUEshotBEBRFHTNI1ER . Shotit AR ESVIM A R &R ERK A A,

BREMAEESREEE AR

- RHAERTREENNETER AWS BE, SRERXNAGEEFERR  FBLREMABE
o
« BULEXENEERAXHER LBREEREEBERNEE,
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Amazon Braket f04a T 4E

® Tip
THEFTEMER AWS | 53 Amazon Braket B{uZ2E:1E , T ETHK —RIBEREM
B RESBECHNENEE,

Amazon Braket IRt EFEERKBENZEEN , S EEEERERS[NTEEERMN QPU, £ Amazon
Braket 1 , HIEXEN R FRR2R—HEFEH. HRERMH QC &iF , HBERITEEFER (2F
HEESHREEEE ) MHMERTEE. SAEERZERES ETEECS2F5SERNNER
J2 DA T 8 46t = B Y P ) R 22 ) 4 B 1

EAREH | KRG T B Amazon Braket LETE FEBN SRR,

Amazon Braket  FEBRE

AWS Cloud
A 18 — =

! — %
User A Brak

ma t
zon Brake Managed

notebook .

‘, e Simulator
Amazon Braket

— O
E‘ %

S3 results |
bucket @

FHJupyterEC R E RS | &0 LA Amazon Braket £ A S #H Amazon Braket BB EH 5 E it E
&, BRAEREFEK. BAblE#EE SODK PBEEFER, BR , HRELRREERSE K &

Amazon Braket & F1E#% 7T 10


https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
https://us-west-1.console.aws.amazon.com/console/home?region=us-west-1#
https://github.com/aws/amazon-braket-sdk-python
https://us-west-1.console.aws.amazon.com/console/home?region=us-west-1#
https://github.com/aws/amazon-braket-sdk-python
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AUEREFHREENZIEAL. EREFEER  EUNESEETH LHTHNEE  IKHRERE
Amazon Braket API (2), WRBIRZEENE , EFEBESHR  B2REEATH |, WA EBRE
3| QPU SiE#EEHEITEE (3 ) - Amazon Braket Al BEEFEIRTREEEA QPU (lonQ. . . Rigetti)
Oxford Quantum Circuits (OQC) QuEra, ={EFEZE&EEST (. . ) SV1. DM1RERHEERSS , UKk —
ERsERsR. TNTEEE—F T7TH#H 528 Amazon Braket XENEE,

BREE FEK%E , AmazonBraket Si%#E R Amazon S3 TR | HHERIFRELN AWS
RE (4) P, R, SOKEEESTHAGR , YEETFEBTHESEIBA Jupyter EFLAF, &
IEALLTE Braket RHI AW EFEKEA LEENEERLNE FEXK , REBIBFEA Amazon Braket
GetQuantumTaskiREREEF MEBEEHAmazonE FEF#. API

AmazonBraket B2 AWS Identity and Access Management ( IAM ) , Amazon AWS CloudTrail
Amazon CloudWatch &£ , Al EventBridge RAFFHEERE , BN AFEHURERSHNEE
(5)o

B=FENREE

RBXEQPUEBNETIBESENNE=ZFHESELNRETHNETFER TETEE, EEE—S
T #& Amazon Braket PV Z M ME=FHRIE , S E Amazon Braket BEEHEEN LT =4,

o PL 52 45 Y B OVF R EE M il 4

® Tip
THREFTEMNER AWS | 53 Amazon Braket H{UZ2E 518 , W ETK—RIZBRERN
B RESBECHENEE,

B 7 E
ATEROEEESE , Hh a2 AR Braket HEMEH -

- AREN-FHBREMY Python BRERFRES , FJupyterEi X LEREZNERXTE. JupyterEic®
BINERESTTKE , B LATE Braket £EBMERSZ LHTEXB

- WP RAERE-HNT SDK MANZHREBENEE.

« Braket B EEES-HKMIFTE AN Braket WA E FERES (MEMENZREEME ),

E=HAREE w


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

Amazon Braket HBEABER

SEHERN

RERBEERENRELE —BEANSERNG. ELEHETYE Braket XIFNAEMHUARBE=FX
BH@E4  TEMR.

Amazon Braket 35 :

« Amazon Braket EAE-F Python IREMNERBEREFE LN EH &K, REKETEM , IBFEATCM
ERERREBEEEMNEZL,

« FH R 4EPennylLane f4F- APennyLanefEfm I 4E LAY QML EZR,

B=7H (PHREREENER ) -

- Qiskit fmiSas =it & - £ A Qiskit SDK ##EX Braket &R
« FIEE-SRFE SDK- (EEM ) HH 74 SDK RY SR FifE A B AR A

¥ 3% Amazon Braket %1&

® Tip
THEFTEMNER AWS | 53 Amazon Braket B{uZ2E:E , TEZTK—RIZBFREMN
B RESBECHEMNEE,

£ Amazon Braket # , & E KRG A AP IY LA 1T E FEKRY QPU SiE#EE8. Amazon Braket 21
= {EREZE#E 2 IonQIQM, Oxford Quantum Circuits = {8 4~ # & #2858 f1 — E#R A X E HEE 25 Rigetti , MUK
—EASRERESEFR QPU £E., QuEraBiRFIERE , BT LATE Amazon Braket £ &K T#KE
RE|FEH LHIEIB GetDevice API IR EIHMEERMY , fINEEHRE. REENANRERMAE. &
FEERSEBERE , Amazon Braket BB EREFEHEBNE F T RG], MREFEH Amazon
Braket B EMH , BRI UFWMEER Y , M TR BT,

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

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

#Local State Vector Simulator

AEER 12


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
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
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# 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/qpu/iong/Harmony')
#IonQ

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

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

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

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

#IQM Garnet

# device = AwsDevice('arn:aws:braket:eu-west-2::device/qpu/oqc/Lucy')

#0QC Lucy

# 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/Aspen-M-3"')
#Rigetti Aspen-M-3

# get device properties
device.properties

TEETERAMUER
 1onQ
.+ 1aM

Oxford Quantum Circuits (OQC)

* QuEra Computing

* Rigetti

XENEE 13
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MREEEAAE MS PIREEMEMRVSE , AERTTEMEN MS FI, T2MUEN MS FIRE
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EEIQVEEXEUTEFHE,
"ccnot", "cnot", "cphaseshift", "cphaseshift@@", "cphaseshift@l1", "cphaseshiftl@",
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'rf', 'rf_f12', 'ro_rx', 'ro_rx', 'cz', 'cphase',6 'xy'

MFELERNFMENR  F2RERNEEENHE,

Oxford Quantum Circuits (OQC)

OQCETERERSBEAMNMERMEE  FHITEEMN Coaxmon HiiliEE, ZOQC LucyRii2—&Es-
qubitEBRMNAE , HPSERqubitERE T EME&KIEHN BENRE,

ZLucyBREZFUTEFM,

'ccnot', 'cnot', 'cphaseshift', 'cswap', 'cy', 'cz', 'h', 'i', 'phaseshift', 'rx',
'Iy', 'IZ', Isl’ Isil’ Iswapl’ Itl’ Itil’ 'V', 'Vi', le’ Iyl’ 'Z', IeCII

BIBZEFmFZF , OQC RIBIFLL T A,

B L AT BLOQCHE A ARE MR Bl 12 Hl, EXOQCHEEXE NI HFAEN — AR LERER !

'drive', 'second_state', 'measure', 'acquire', 'cross_resonance'’,
'cross_resonance_cancellation'

OQCRBXFFIEMBIRERE , sIRELRM T —EENN R OFET, MFELERNELENFH
&7 FERAEERNERENAG,

(® Note

BEEAREFRHFHFOQC , EXANRETEER 90 M. EEFUPINEAFERENS 50
WY, ' T UFINEAEERBNA 1 88, E‘Eﬂ—?—‘l‘ﬁ“@%lﬁﬁﬁﬁ;%1 T, HENE
AR IE LA K B 3w == A P A& o

QuEra

QuEraiZtERFRFHIRME , TLETEBRBEFEE (AHS ) B7EH. ELBHRAERHEIEEL
ERTHEEARKRXEEFVKBEKBENEFBE.
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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]
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JEE : Shots4 & > 0,

RRERIE

- &R

¥ E
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NEERNFRES  F2REREE,

Eﬁih

2R

TN1EHRE A , e EFETER , WA AN 1TIE parallel ZETH., EERAERE
BIEHERS

i85 X 15 Braket SDK FEYFRAF] |, B QPU RIBXEFB/IHFE., S UERBEE M H KR EIRIB
XM

F81E 55 Amazon Braket GitHub #FELLENS TN1 EHIE5CA |, BB RREBRER. TN1

{52 A B9 B 0% TN

« B2 all-to-all E.
ALENAIRHERREEKshots , ATHERHN "EEL TN1,
. B RXEshotlE#F oD AZEEFERK,

BRA R RS

BARNERBENITERERSEELEABRAZE —EARHED , LEETESEEEN LHTER,
EEAEREERERRERFETECHENRSEIEETRH. EUHEEAEREEEREAE,. BLPE
BETRESLETRHER , URBRATEA LN K. UEEBARERBNFMEEN , F2REA
Amazon Braket BB EKHIT ESEKEH,

PennyLanefy Bl EE i85

BT LL% B PennyLane EE %85 I /E Braket VR ARNEEEES . 5 PennyLanefV B EEEEES |
AURAEENBEFTES L , SIMEEERVY , ERbFTEHE, PIEE FEESE BB Braket
NBI fEREER , YEARANERSEFER L MAE gpu BEB[FEZEEATE GPU EFIMNHRAR
EEEHET, AR lightning.gpu BRI , 528 Braket JES N T/EZECAF I H A SN IEEEES

LR BE s

REmEB R - L8 REMAGIREEEERES ENEFEBH Amazon Braket #HE#27,

TEARR R NI PR R R ER 2 B 1T##F (SV1. . TN1) DM1

RS R MR AR R E R ARG ERE | FlI0 AR TREESZAY Braket ERCAHITER, BEE
BT AWS ERTFHT , ERFTENRERHBNAIRIRE, BFERERGBBRANERETTE

A E SR 23


https://docs.aws.amazon.com/braket/latest/developerguide/braket-result-types.html
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#choose-a-simulator
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Using_the_tensor_network_simulator_TN1.ipynb
https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-works.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-works.html
https://pennylane.readthedocs.io/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
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it , ERBEEFEBIMREFEBSEN—LILERE, MRIRHAZEFER , ETREKEN
B, ERELE RSN  UTEEIUAENERENMETRR  REFRINES.

RS

- MREADH 18qubits , B A HIEEESS,
- £/ 18—24 BFqubits , FERIE T EE FRBEEES,
- EEARBIB 24 @Fqubits , FEFEAREEESS,

HRIGSEE

« FERALR 9 Brqubits , FBFERAARMEES,
- £/ 9—12 Krqubits , FEIREITEE T BIFERES,
- E{EABIB 12qubits, EFADM1.

TERREQBEERS ?

SVIR—EEARENEERR, EFRETFRENSREE , YREFREEBRANRE. eFFRET
PREE RN  BIERBAAIRERY A REtE. SVIRESRNE FEKETREBE B PHPFIBMRIEE
yilI]8

TERZEREMEERRS ?

DMIAREERETER, CRERFNTEZESRME  WKFEASENEBNMEARE, KT
EEOEERERETRETNENTEEE., BITRBEESMEEEEHE RN , LUEEH
BEEITHEM. qubits

TERREMIBESRRS ?

TN E FERRBAERLEF.

- BEFERERHREFFIMER , EAqubits.

- BERREAREE 2 BREE,

HREREERE , INTH SR EIEEBANEME T ERAVERERS R,
TN1FEZE R {E P ER

BEBRT , TMERMEN G ZRERE FHETE.
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« BEURPEER - UM  BRE T —EBUTNIBEMNANEEB NG E , ERSRIBESEER , JUE
BALESHENAIESR. FREF , KETILEER , RALE—BTNIHTERMERR. Bx
RTHE—BR, THRERERBERNRECHTE MR, ERAKRER  CHZIRERXBE[E
Ao

o WP ER - WEBREORNERTEETIENIITRER, ZERE—RIEEFEER. ELFEN
IEFEETEEERRANTE, it , HRERBELATK , MEEEHRISHERNTERE, EH
RERKRIBMRER  SERPFARTNISE B , LELEREER.

TN1BEXRELR B

fetem E58 | SR ERBTNIEREHTHHIEETLR. FEAFEMABRHNETH , £ABERE
ZHRIZEE AR, ERERIANEE  HERBEESNHETD , BBER LE ERERE
E)3Z B 0y RV BR AR

WMRTNURBETHHREE , BRBERTHEHE LSS UKIEHN BN, MAREETLE., CEMN
AUESTREFESIESR TESHNEERHE, B, HRERRERTHEENES.

BuER  WHMERNERERNEBTNIES —EN "8AL . CEHREERER T EESME.
REERNSERRENEGRRNEERE

SVIEEBEESTERENREAREEEqubitsNBAFMEMERNEE, 8% , MERHEEMANEE
EEMEER , MABRAWshotsHE, SVIEBEL 28 BT TN1HWERE Rqubits.

SVIEREBEMNqubitE T , JEREE  RATCER LER TN , BIEEBT AN T
M, SRENLIEEMLEERE TN, Bt , HR30-qubitiifl , SVIXEFTHE 2230 BlE. AR
EMERERE] , AmazonBraket SV1 # #2389 34 qubits [REIZ —EEBREl, BLUERE | X5
iqubitBIEFSV1 | BEHFBE RIS,

HRFZERWEE , TN AU ERERFEAFTMGLESVIRABFEEBNEZTNIERBSNER, ©
ERERBRUVERFERATRNESE  YARFERHRENEENEKE, RURR , eRFTERE
LRI FERNIERF |, mEREFENTLBRE.

HRTNT , FIN B EqubitsMFIRER , BEEFNEREEE, i, ETN1EERFTMEER (
)  HPFMREERN (A, SEqubitFIEEBFMERISITNMHE ) MELK (EFqubits) , &
RiERE (P ) EAMUEENER (BF ) . HENEETN1EERqubiti@sE R EEEHqubitsfl A
5 qubits BB, MRAEDERBUA U B AEBENER , FINELERFR  ELERTUAES ,
ENREHIWEREREKTR , AIRBEZTNIETE,

RY R BRME TN

AR RS 25
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TN1AREELLSVIEUR R BN B ER LS., SHEBEER  ATNRTIMEREZ— , SEHR
PEER 2 BRAKLIERREEFAILED |, LFERARRE -

s RTEBRE-NREFAEH , IRERE —BAFNERRE , YHERSBIMETITE. TN1TEH
TWHE, BB THIMEERAL : No viable contraction path found.

- WHEREBARE T — ERLERD , TNMITUKEERERR , ERFTEHIIERBIERR., HERE
BT, KiERNERE , LERREAETAEMASL K MBEEGFERERZEATNIERL, BUkEE
BIFELITHIMEERAL : Predicted runtime based on best contraction path found
exceeds TN1 limit.

@ Note
BIERBATIRAE B BB IME , BTN1DE AR PR RV EAFAILED,

AR BT LEURAshotit B, ERFBRT , TNMKRMBEEBEMEURNAET B, shotXERTUAE
Dshotsty i, fHlan , BATLAIRR 100 PWE FEKshots , REBTNTURER T TRMERN , ERMER
EEMREX 10, BIBEKEE. TEBBRAT , EEHE 100 AL , B LUshotsBE—BHERERR 10
BEFERK , YHRKREOHER,

EAREER K RMBRBLEHEBEETBARBENER 25 , BIRMEH L% Eshots ( Hlin 10 ) BIRERR
HERERTNT , LT B ERAEE shots,

@ Note

T R U HE PR ER Y — R B SRSE /N9 nxN ZEPEBHZR. HI40 |, 2-qubitPIEE 4x4 5EfE, TEHH
EAARBNKREPEBMENPEEREREAN, ERNGTESELRIETR. EMEAMT
FE Amazon Braket T8 E SR E & M A WK

FiA Braket &R M ERRAERETSEER . Y RRFIRNEFRB[NELRME, MFELITRHEF
MER , F2HEEERR.

Amazon Braket [& 15 1% 24

Amazon Braket 2 A T Em : AWS E1F

[68 350 B2 b 26


https://docs.aws.amazon.com/braket/latest/developerguide/braket-quotas.html
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Amazon Braket [E15] /Y 7] M

Ei &8 B 1 mH RIS QPU

EERI (HEFEmI  us-east-1 fEp. EEREP-EFE  lonQ

EB)

EEFRI (#EFEEdt  us-east-1 fEp. XBIREP-ZEFHE  QuEra

EB)

BRI (NRIFEEE  us-west-1 . XEESH-EE ERKE

b ER) i3

BUMALER 1 (HTESHE  eu-north-1 mhve. BEEJEE 1. E  1QM

EE) BiE

BOMEEER 2 () eu-west-2 mhE. BUMES-F  OQC
%

& B AR o] A B [E 183117 Amazon Braket , E&{E QPU EEE—EFiRH, B UEZXEEESE
# Amazon Braket £ AP MRE QPU £E LHITHEFEH. WREMLHHZE Amazon Braket B
BEH  BUUEEFEBRRXEMEMN QPU £E A MAREMENEZS AT, SOK EEBAEEN
QPU 23 "EE . B IT/EREER.

MERBUOFAEE AWS AEEMGHN —REF , F2EAWS —RSEZPHAWS BRI mE,

BN E FERMET ?

® Tip
THEFTERNER AWS | 53 Amazon Braket H{uZ2 B8 , W ETK—RINEBBREMN
B RESBECHENEE,

EIRIE R ERE | Amazon Braket S EREXIGEENEE, EFEEE T (QPU ) NXEEE
RETEBHERYIZBEMBRNIEFETER, ERETFIER  REETIEMENSEEREM
Amazon Braket E FRRRXNEKHENEM M LR FNE QPU W AEmMETE.

KW E T EBMAFELT ? 27


https://docs.aws.amazon.com/general/latest/gr/rande.html
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path

Amazon Braket AR
ETHHRBEAFNRESEEHA

EventBridge & QPU M AT A4 8 FEBHNAREBEEE(EE | Amazon Braket 8 EHEIX
#& Amazon, ERBTISEEBETHHR SMS AL BKREENEFIHRESFEA

1. 3 Amazon SNS FEUREFEHHLHANGIE. EFBHIEANTAEBURRERERE,
MBEFHMEF , F2BFEKRFEA Amazon SNS FEIARE .

2. £ E I EventBridge A58 SNS FEBHMNAA ., EHEZEE | F2HEA Amazon B2 D
FBEMAEY. EventBridge

BT EBERER

& A LL3EB Amazon Simple Notification Service (SNS) FREB A , LMEFE Amazon Braket & FE# 5%
REFWEER, NMRECHEPESERNEE BN , ERREIABETIERELENTAGMRENERT
), FAHPBARBER. MREFEESITHETK , B LERE SNS BA,

Amazon Braket ZRHERSSIERERRES R, MEFMER , 582 Amazon Braket E§|ZE5C
AR LAER E B A,

QPU w] AR & B AR &

QPU ATRMERZEEME,

£ Amazon Braket 24K "RE, HEY , EUAEF A MESHE LN TRAEEENRERRE,
A, SERERESERERE FEBNESEBNERTIIRE.

MREFEECEARE , AIERTHAEKRAMN  KEFSHAA/BR. S0, ARFENHE. AR
RIRERE , ©ARERBRMREE,

A RE

ERXEBTEBIESEH 2 , EUUEEREXRBRIREREFANESLETEBIESH
%o

TFIRE

Queue depthiEBEREHATINEFTHEMESXITHENHE, RENE T THEMRESX ITHETT
T8 A& B Braket Software Development Kit (SDK) =% 77 EXAmazon Braket Management Console,

1. EBRIIREREEN A ERELRETHNE FEBEE.

EFBHABATHREZEEA 28


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/blob/main/examples/braket_features/Getting_notifications_when_a_quantum_task_completes/Getting_notifications_when_a_quantum_task_completes.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Getting_notifications_when_a_quantum_task_completes/Getting_notifications_when_a_quantum_task_completes.ipynb

Amazon Braket HEABEE
2. BAMAEBKIIREZREEFETWERE FEBHEZAmazon Braket Hybrid Jobs, EX TS
EBILITE2 BT,

. REXNIHEMIRERBENEREELHEAFTINEENEEEE. Quantum taskstEARERT
EN—SoRXEEBEIEF , BEEDEEPriority Task Queue,

FEBEERBITIRENE FBraket SDKA LUMER T HRERBH K , LB HE T T/ESUES THEMW
THIME :

device = AwsDevice("arn:aws:braket:us-east-1::device/qgpu/iong/Harmony")

# returns the number of quantum tasks queued on the device
print(device.queue_depth().quantum_tasks)
{<QueueType.NORMAL: 'Normal'>: '@', <QueueType.PRIORITY: 'Priority'>: 'Q'}

# returns the number of hybrid jobs queued on the device
print(device.queue_depth().jobs)
131

BEFERSIESEKERE QPU 2B THEEFENEMEQUEUEDAREE, Amazon Braket 7] 5
EFEMEEFEBINREESERTILE,

ol E
Queue positioniE B FEBFESERES ARMBREIITHERVLE, TALBBHEFSEFERIE

& 1¥E%Amazon Braket Management Console, Braket Software Development Kit (SDK)

ZEEBRFTIMIENE FBraket SDKALMEHR FHRERBL R , LUIEBHEE FITERRES TN
THINE :

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

#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

EEEYS 29
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FMBABER

l2l

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
"arn:aws:braket:us-east-1::device/qpu/iong/Harmony",
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

I RE
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B5{E A Amazon Braket

® Tip
THREFHENER AWS | 55 Amazon Braket v 282, Y ETHK —RIEBFREN
VLR ESECHEBNEE,

R BB XA Amazon Braket Y ERERETIRIER , BRI AR E A Amazon Braket,

R AN SRR

« BA Amazon Braket

- B —EESEERELTES

+ {#M Amazon Braket Python SDK 1T H 55 — A E R
- ETENE—EEFEZE

EYF Amazon Braket

® Tip
THREFTTEMNER AWS | 53t Amazon Braket B{v 2853 , ¥ ETK —RIEFRERN
BRI ESECHEBNEE,

O LUBIBAWS F i A EEBHWRFE A Amazon Braket,
ERY

HERMAMN#IT Amazon Braket , B4 AT EHME Amazon Braket BIERERNEAEIAE,
IELREPRT 2 7E AmazonBraketFullAccess IAM BURH (ARN: aw:iam:: aws: 5K #&/). AmazonBraket
FullAccess

(® Note

MREREESR .

BtF Amazon Braket 31


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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£ EEH b A& FE Amazon Braket , 55%18 M ilIAmazonBraketFullAccessBUR 5% ff N & 22
VHWBITHERRFFERAETT. EEE—F T #HER Amazon Braket FRENET T , F2EE
¥2 Amazon Braket HZEUERR .

EXF Amazon Braket B9 5 ER

1. ERE AWS IRF Y. &8 Amazon Braket #2414
2. $TB8 Amazon Braket 2 &l&

3. 7 Braket BEEES , H—T TBIAEA, MNE TRBHEN, BE. REERRERVETS
BEEERAT=ESE -

a. BURKEZAE (SLR)
b. RABE=AEFEMNEFE
c. BMHHY Jupyter ERRAH TEEE

ATERASE=ZHAETRE , CEEQELECNELRFHE e EEBEEBERNEEFRYE., AWSKIHE
M RFRFRHETE Amazon Braket A8 "HFUMREL HH "—#%. R|IEB LEH,

(® Note
TEREME=THWETRIE , HI40 Braket AR BB NIZFREER , TUETRAERAE=
FER B RO ER T ER.
MREEEHBEE=FBH A ASERFAFEEZIELEMRRIMER L =HRHE Ko

Rl — B S ERERETKEN

® Tip
THREFHENER AWS | 55 Amazon Braket v 282 Y ETHK — RIEBEREMN
VLR ESECHENEE,

Amazon Braket I2fit £ Z & Jupyter £ |, HBNERKRER . Amazon Braket ZEFEAR#1TE A
Amazon SageMaker ZRRAFHTERAER. TIHERBRAANEFNREREFEYMECETHITE
BIENS R,

BtF Amazon Braket B9 B8 32


https://console.aws.amazon.com/braket/
https://explore.skillbuilder.aws/learn/public/learning_plan/view/1986/amazon-braket-badge-knowledge-badge-readiness-path
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi.html

Amazon Braket HBEABER

Amazon Braket 1% F

1.
2.

BRX Amazon Braket AW EBZAE KT "ERK, HH.

EERREEPRY "EULER Amazon Brakety BXHPE—T "HERL , URHELESR
. ERSRIZ —EIMETAY Jupyter FERZA,

CEBUENERATRFEZ I ENRE, ENETASIE CEAX] EEHL , RER BED]. E

ENETAHTERARERE | KAEEFEE SInService, BAIRFEEEHMEERE , TRERE
ROAHY EHTRE

DIEREEAEF
1. BARX Amazon Braket & , EEBEK IR [FEA] , B [BUELAHTER]. nRER

BRiLEX , FER [FE] RENEUTEER Jupyter BEAR |, WM AEFEARBF AN EFRFTH

Notebook #{TEEEHE A RRXEBMERIFNRBEN, AR A MAREAETANTEEREERS.

a. MRRA  FHEERELAZNEZENTENRERERE., EREFCEERKT K EEERAKTE
EX  BREFERNSEE.

b. EEMRFLAYTEBT RGN EERRE , FRAEEIETYIILIEN "Brakets BE , REEH
TEEEHEES ) BR.

s

(@ Note
ATBRENIEER  BFEBIEEN SageMaker ERAEHIHE git FRBEERE—E, =
%, BB ITEEE|/Braket Algorithms#l/Braket Examples&ERIK 4 , AIBSLE
ENfMRBERLARTERMBEESR.

C(BEM) ERERRTE  SUUEYERFIER, HUERNRRKRFIRENELTA

a EETAEEPEECNENER, KEE  SEEEEAFSHIRENHTREER
ml.t3.medium, HEEE—F THRETERBEE , 52 E Amazon SageMaker EfE, MREBE
i Github REFERELAMTEBEE LR , FE—T "Gt @FE) THNEE , REHR

M, THRRESER " url ERAH gt BEE, . £ Gt BEEALXEI AL
X EE B A4t

b. a4 , FEEMBAMN IAM A€, BEEENMNZREE,
c. T [#E3%] P , AEIVETERELE BT 5% MFEER Jupyter NotebookE

3. MELHRE., RECMEBRUBRENELANITER , RABE—-TRE,

RE—EESREMERSES 33


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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® Note

#& B LATE Amazon Braket 52 B2 &l & P EFMEEEH Amazon Braket E5LAH 1TE
#8. SageMaker & H[EiBSageMaker E1E & EBHM Amazon Braket £ B BIEELE

R R 7E Amazon Braket B2 E#+# Amazon Braket X#& AWS T4 , BAHEREELES
ABRBIUWERAR, MREEEEHCHER LEIT , BUUEHITIESpip install amazon-
braket-sdkHHTIESTHEENABEXNFEAE , R4 SDK M PennyLane A2, pip install

amazon-braket-pennylane-plugin

£ Amazon Braket Python SDK BT 5% —EER

® Tip
THREFHENER AWS | 55 Amazon Braket v 2852, Y ETHK — RIEBEFREMN
VLR ESECHNENEE,

HEENERAMTERRE <& |, FEELEREUMNERTAE , LURE Jupyter /T EBRRRETERE

Notebooks (1) ‘ &) ‘ ‘ Actions w ‘ Create notebook instance
‘ Q  Search 1 matches
Namelanazonzbraket ‘ 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

AmazonBraket E R E 1T EIRE B E LR Amazon Braket SDK R EFrE Bk ME+H, BEEE
Hconda_braket A EIE — B EL A,

f# /A Amazon Braket Python SDK iB1TI8H % — B E % 34
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FMBABER

[Z Launcher +

|E| Notebook

‘r;‘—-;;yr 5 A \l Cz
1= Y —

| oo

Start on Braket Qiskit and Braket Pennylane and Quantum
Braket algorithms

Console

conda_braket

Other

M @

Terminal Text File Markdown File Python File

A

conda_braket

=1

Show Contextual
Help

fRATCATE —EBERN "Ry, R, flF. B, BE-EEFERRENER , ARETENEK

B LETRERUEBER.

B %E A Amazon Braket SDK #E#i30 E 2 — E R E R BB

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)

ERMERNTESKERERL

print(bell)

AR E R R T ER

=
REEB g,

f# /A Amazon Braket Python SDK iB1TI8H % — B E %
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BETR, ZEEEHLETERME FEE. AmazonBraket SDK FEMfi A<t {8 #38 , AN PURFR R RE
AR . BRPERBSEAHERIZARBNNER , &Z0HE 25 Elqubits ( BURAEH AR HEREL ) .

UTREGMCAMEERN G E

# instantiate the local simulator
local_sim = LocalSimulator()

# run the circuit

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

print(counts)

RIEZBEIEHRMNAER

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

FEBNVBEERAAMRER (00> M 11> WEFEN , EERRABMEE ( ZSshotgF ) 74 00 A 11
FERRAERR , WEH,

HERFEREESR LETER

AmazonBraket IE A LAGHRIRE , SHAEEEEESV , ARETEANER, SVIR—EZRERERE
EEE , AFTEEZIE 34 BEFERK, qubitsERIBE "TZEMNSVIEE ) BERAM AWS EEAHHK
BEZEA. £ SV (TN1RE QPU) LETEFERE , EFEENERSETHERFN S3 &FE
Ergrh, MREKRIEEEE |, Braket SDK Bamazon-braket-{region}-{accountID}AEEITE
REE, EEHE—SDTH K BESEEE Amazon Braket BV FEUERR

@ Note

ACEBNEEEERR , HP T H|E Rexample-bucket BENEESR
ﬁo AmazonBraket BB E B BERLUIEH BN amazon-braket - Ebi Bl F T BEEE, tHRE
TEEBUIERTE S3 MEITRRNENR | B2 BB ER Amazon S3,

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

f# /A Amazon Braket Python SDK iB1TI8H % — B E % 36


https://docs.aws.amazon.com/AmazonS3/latest/userguide/GetStartedWithS3.html

Amazon Braket HBEABER

# the name of the bucket

my_bucket = "example-bucket"

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

BEHTERSV1 , ELARMLINENN S3 REFTRES. cun(O)FUPNVESI BN E

# 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)

AmazonBraket 2 H| S RIEEBENEFEBNESEE . EMIEFEHHN "EFEH, BEF , &
ME FEBEXMURIIRNTER, HE , BUUERE—NWETEH ID AEMFRGERETFER,

(® Note

£ 90 X , AmazonBraket & B B) I BREEER B FEBBANFT AR 725 ID MHEMETH
B, WEFHEES , F2HRERRE

£ QPU L#1T

£/ Amazon Braket , RAEZF — TR , RAULZEREFER LHTEINEFERE

f5l. Amazon Braket 2 ¥flonQ. . Oxford Quantum CircwtsiFl]QPUngettl%z MEFEL. QuEraf®m
DE TEENEE) EBRMNAWS F2EH T#EE, RIBEET , KA EETRARENTHAMEENE
Ao TEHHIFETRT WAEH—ERigettizk .

# choose the Rigetti hardware to run your circuit
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3")

BEEA AT IonQERE

# choose the Ionq device to run your circuit
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Harmony")
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BHNEREZR  EHTIHEEH N , BUUERATIHIEABERREMTIIRE , WHEETFT
FEHESEXENBE, I, FFUNEN [RE] EE LRAKBE R ERTHIREAmazon 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)
'2' # returns the number of hybrid jobs queued on the device

ERHITENEE , Amazon Braket IR EHSHAER FAREA 5 X). B LUEBEX. run()IE
SHHpoll_timeout_secondsZBEIREE WFERME , WTHEHHIATR. FHiclE , MRWHREEA
B, ATRET S ERAREANEEER , FINE QPU S 4 H B EOAMRIFHEIRE, S LUEIBN
Mtask.result()ENREHMEE.

# 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 BRREFEBRESEKR , BUUFRAZKqueue_position( ) HBIRRERKIIVE

print(task.queue_position().queue_position)
# Return the number of quantum tasks queued ahead of you
121

TIENE—BEFEE

® Tip
THEFTEMNER AWS | 53 Amazon Braket B{u 2 E: 28 , TEZTK—RIZBFREMN
BT LRESECHENEE,

Amazon Braket B2 E R A Python BN FABEE FEEZN B &, BUURERETELEEL , b
DS HRECHRBEFEMNE L, BLKE Braket BHIAFBEEE, RO AUGFBHAHNREE
SEEETE Github _E:https://github.com/aws-samples/amazon-braket-algorithm-library.
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Amazon Braket X

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Algorithm library

Algorithm library

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

Algorithms (11)

Open notebook ¥

Q, Filter algorithms

©) Github [

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

Berstein Vazirani algorithm

RePRN Textbook

Deutsch-Jozsa 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.

AEPEN Texthook

€) GitHub [

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

rrandiin ram mraiidn « claniBeane adiambana Ear a databaca itk ann millian anesiae

Grover's algorithm

Quantum Approximate Optimization Algorithm © Gittub 2

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 QAOA Is also an emerging approach for
benchmarking quantum devices and is a prime candidate for demonstrating a practical
quantum speed-up on near-term NISQ device.

Braket %I & RAARE ZEPBE T AREZNHEIR, B GitHub BERFUEESEREZNFEE

A, BUEE [BARK

EAR) AR SERAE TRERZEN

AR R P& E Braket BIEE

RAER, MREGEFFIIARE , AlaTB

BITENE —BETEE
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B3 Amazon Braket T4k

AREIERBA MM EH Amazon Braket SDK FRETEFER., S ELBEEAETIKRERIIEE , UKW
B 8 71175,

LAF % Amazon Braket FEEEREEBNETE S %,

« Amazon Braket T A RMHEREEANAMEE |, HBFREL, EEMNERERNE FEK.

« 3&EiB Amazon Braket Python BIZEH LR BB ERARKNHATE FEHK. SDK IEBELRE
Y ZE LR EAmazonfEF L.

« Amazon Braket AP| [ &8 Python B EHMERLARHE. AmazonAPIMNRAEEEBEURNER
AAXERAEFEENERRER , R EEFW,

ZSH b B9 S G TR BB AN APIE $2 4 | Amazon Braket Python SDK LA K B Amazonffi&t#9 Python
SDK (Boto3) R{E A im#EEE. AWS

AE3 Python SDK BYAmazonE Z{E &

£ ZF FHAmazon#m B2 Python SDK , 555 %% AWS Python SDK , SAME&R A LLEE. AWS API &1 1L
#& Amazon Braket Python SDK R 2B AR E & FH Boto3 FAEMNEE D KER.

- Boto3 BELREEHAMNIEO, AWS API ( 58FE , Boto3 2 —EAEH Python SDK , ATLAER.
AWS APl X Z# A# AWS BRF % #F Boto3 0, )

- AmazonBraket Python SDK @& ARER , M9 , &fs , FREANEFEBEHEMIPO W EFER,
BRAEREFE , BEEAZEFERATENER,

« AmazonBraket Python SDK Al SUBIBZE A , ERXRAERBALME T ETEFERAMENITE
ERAKFEIE,

- MRBARFEFEAEFLAmazonA , B LUEEBR A Python SDK & A E{E4T Python BIZA .,

Z % Boto3 Z#% , &iB Amazon Braket Python SDK B E FEFBHNSBEBIN TR

1. (BE %) RRENERRA,
FEAERRFTER SDK il
EE QPU R #EaR.
BHLER,

nal S
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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

Amazon Braket HBEABER
5. BITER,
6. WEHKR.

REPNEPIBERESESRNVFEET.

EBEZRA , 528 LM Amazon Braket REITEFEE. GitHub

RS

« &% AHS : BE1TIRRY S — (EE 5 S BRI AR R
« £ SDK RERBERK

- BETEBRRE QPU MEHS

- EARMEE 3.0 ITENER

« £/ QuErafI XER X —EERTREF

- FRAREEE 3

185 AHS @ BITIERY 5 — B4R i e 2 E AR 5
AHS

EEKFIEER (AHS ) REFHEN—BHX , BEFERFE : MAR— R , SEM—KE
ERARLER TS  MEHFATRNREERBNTHERSERES, —ARFENRBETETE
WEERATHMANNHE , HEEHT LREWHRE, WA N BFHERE , MEAETAME
gy 2 NN R R R,

RESNIT AHS NE FRRIBERABHESH ( HILHETEESIRIEMERGE ) , UBELDNLEUE HR BEE
HTEFRENKEESZ, AHS BEXEANKEFSXEFANTFHNE T RENFENBRBSME. K
BREEMNEEMN QPU , flf0 Aquila £E , QUErafTUER AR REEL , MELRITEERER
LERARAITHY,

B =\ iE
WRHSHEERN T RANEERS  ERMAZE— B/ VRS (SEESSTUE "@L, | 7

AT | VIR ) o HRRD , EERERKCERRALN T —EXAFENUEMBNEBRR, &
LRl BRFSRROMERERRN REEIEF , EPE@rEEmnERNTE.
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https://github.com/aws/amazon-braket-examples
https://en.wikipedia.org/wiki/Hamiltonian_simulation
https://en.wikipedia.org/wiki/Hamiltonian_(quantum_mechanics)
https://aws.amazon.com/braket/quantum-computers/quera/
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=z HF

B ERA—EPERFRAKRESESE , "L, M TET.) EEREE D BRES Rydberg iREE
MRFREBRE, BE , RALE 2-d BE5. RFIATLUER LT RIBRE LR SR,
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FRIGH  CEBRREANES SDK, ( REFEANE Braket SEENEIARES , Bt SDK 2
RARREERAP, ) EERBE , BEFTEMFEA shell w S EBLHE 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)

ERwaslesR

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

BEE

AT EREHEAE  RATEFEAMRECENEEFER. RMAALERSEELD , ZAXEFAR
PR 7 a1 ( HIANSRQuEra B YRR ) RS ERIAquila, EAKEERTE , WEBEFANERE
MREAUARTAMA BIES (), k) B9,
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— <N-1 N
Hinteraction - Zj=1 Zk=j+1 Vj,knjnk

HE®E , nj=| 11| R—EEER , REEEE | ERN "ML, KEFFEZE1, TR0, BE
BV =Ce (dix)°, B Co BEERE , d, RITHE | M k CBNBLEEESR, SEEEER
WMRANEERRE , S MEEkH 'mL NMEMRERSREEE (HE V) . BB
AHS EFHVHERE D , EEXEAMIEAMEEHER "HL, K& EEMREEHES "Rydberg
B,

ER A

¥ AHS BFHIBSRE , FTALEE (MBERT ) MU "AT RERE , CARRARNEEE, &
TEERMERHBUANER , RMABET —EERBEREENMATESS , ZRE TS IEERE LI
ETRBHERAZERNRE  Hb "mL, REREEN, HENREEHTUERK

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

HpQ(t), (t) ,A(t) REGZLEMEMRENKREKENY , 2KIEE ( XBRLLER ) | HUM
BT, BES = Lt [k MS k=S T2t L | DBIRHEE Kk BREFIRSEET  ny=| 1
t | MU BTHENERES, (FEESWN Q BEEMESFIEREN "ML M "L, AREE, T A I
o RlEEE TE Lk, ARRERVREE2RE,

AT REREUA D NEHAANTBERE , RAERAUTRBEEEDS.

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

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

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

omega_max

omega = TimeSeries()

omega.put(0.0, 0.0)

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

delta = TimeSeries()

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

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

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

FAPT ET SAE A AT AR AT 48 1L BR B 355 1Y B R 51

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
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AHS 5t
B, BEBS (URESHEREREER ) SR T RERSEHFERF. ahs_program

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

EAR MR EERR LIELT

HRALRBIR (DR 15 R 6EHE ) , Hith7EEE AHS FBH QPU LiE1T 281 , R AT LLTE Braket
SDK Ft 5 HY Aty AHS 155z LiEBITE. MM Braket SDK AIR B A SRR , K ibiE REAREK
RIS AT A EAITHRETE.

SR, RMALUSHBRBRELSE (SN 1008 ) , BAKERSREE TR EEES
WH BRI ; Eitt | IR | 5 R O DA T R R,
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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

AT R B AR A R

BEMUUEAATHBRGHEBER  REBHEHEREENNRE (TR "dy X7 "AT.
"uy R TEE) | Tey RRZWR ) |, Y ESEEEERETRENRE.

from collections import Counter

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

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

e: empty site

u: up state spin

d: down state spin

Args:
result
(braket.tasks.analog_hamiltonian_simulation_quantum_task_result.AnalogHamiltonianSimulationQuz

Returns
dict: number of times each state configuration is measured

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

print(counts_simulator)

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

BcountsR—EAFH , AR ESEREEELRFEHEPHRIINRH. RMAETUATEHARTEAR
Lef,

from collections import Counter

def

def

def

has_neighboring_up_states(state):

if 'uu' in state:
return True

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

return False

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

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

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

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

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

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

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

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

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

plt.show()

plot_counts(counts_simulator)

no neighboring "up” states configurations
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¥t QuErafyf[ZEH QPU

SRR - BRT K2 Braket SDK B pip #h , ZR&E R Amazon Braket WH#iF |, FRREEERALE
M AT,

(@ Note
NRIEHER KR Braket FEE R EFAHNITEEE , Braket SDK SR AR REHTERF.

ZEMABNKEREERE , B TLUEREE Aquila QPU,

from braket.aws import AwsDevice

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

A TERMB AHS BFEARQUErass , RMEEHMEEETEEEALUZLSE Aquila QPU
ATANBEMRB, (BELERABBHHE "HBNEL WRESEEH. BATUBRBEER
ARaquila_gpu.properties.dict()H#ITEEEM. B Aquila HEENERNEZFHMAER ,
EZ2E Aquila EEEAENT, ) RAPATABIBAMAdiscretize 5 ERMEE— B,

discretized_ahs_program = ahs_program.discretize(aquila_gpu)

B , RFIATLE Aquila QPU LEBTERER ( RAERIET 100 875 ) .

(® Note

FEAquilaZ 228 EHITHE NS ELEER, Amazon Braket RREH TSR AEHES , TEE
FRERARS , 3 L0T F RN 5 B HER AR,

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

task_status = metadata['status']

print(f"ARN: {task_arn}")

¥t QuErafyFIZEH QPU 51


https://github.com/aws/amazon-braket-sdk-python#installing-the-amazon-braket-python-sdk
https://docs.aws.amazon.com/braket/latest/developerguide/braket-get-started.html
https://github.com/aws/amazon-braket-examples/blob/main/examples/analog_hamiltonian_simulation/01_Introduction_to_Aquila.ipynb
https://aws.amazon.com/blogs/quantum-computing/managing-the-cost-of-your-experiments-in-amazon-braket/
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print(f"status: {task_status}")

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

HREFEBTRFESREFEANZERAN (BFURRATAMECNM QPU RIAR ) | B TEFES
ARN B—EHFEE , BERMAUERRER THNRBF RREERE,

# 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 = metadatal['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

AREESER & (2 AT LAfE Amazon Braket AW EFEBEERE) , KM TUAERAUAT AN ERE
R

result_aquila = task.result()
M QPU &R
FEAELFIEBNget_countsERE , AT EFE -

counts_aquila = get_counts(result_aquila)
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print(counts_aquila)

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

WAUT AR EEEMplot_counts :
plot_counts(counts_aquila)

no neighboring "up” states configurations
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#. Aquila

\

E 745/ Rydberg Y12 , BB ZEHFEMAquilaikiENEZER , F2RRPANRHIERZ A,

T-&
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£ SDK FEBE

FERHUERER, RRTHREER, ERERARRESEREIENREBNES. ©ESSHENM
FB D Equbits , FERmER TERBERETER , UREARERBEFBEEHNERAIRA.

IR AT LATE Braket VARG R Bl L T/E , AR EEHEL QPU WEEM ., MEFHMENR , F2H
Amazon Braket £ AR E 124,

AR :
- PIFIER
- EEAIE
« FB)qubitfil B
- BFmE
- BRERE
- BREER
- BRER

FIME R

ETHEMERKREAMazonF AL 724 Python SDK Mibraket.circuits$ERIFEZRM, % SDK F |
BO L BIBRACircuit () BEMLFTNERE R,
g - ERER

eIt E R MERAERALR qubits (FEA. . Mg3) g0 qlq2 , ZERHBEENEEFNUT
Hadamard B & 77t CNT BEEARK. EaUBEBMFPWUprintHARRE(LILER |, 0T 54
T 7Ro

# 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 :]o] 1 |

qd : -H-C---
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I
ql : -H-|-C-
| |
q2 : -H-X-|-
I
q3 : -H---X-
T :]o| 1|

gfl . ERSBILER

E RGP BAERT —BAEAKEREHSENFINER, RATUEEELSENERAZE—E
MHER  REERRERE , ARERELFREFERET,

from braket.circuits import Circuit, FreeParameter

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

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

ETLUEBIE L EEAfloat (ERFTAEMSBSRANE ) RESHASUENELERNERTSY
RAIR—EFOESBILES | WFAR.

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

:IJI‘H.

FUER , my_circuit REEd , Rt BT UERACRESILTFZEREESBENFER,
g6 - ERERRPREE

UT#EfERT EEEREFIMDREARIREEBNER. B AERASEESICREYHTERE |, flans
?’:?;ERyu%o

from braket.circuits import Circuit

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

# Add a multi-controlled Ry gate of angle .13
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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)

PSR RHMEE A RS E 25,
g - EEME N RANERE
TEHNGFFR T WAZEE Amazon Braket FFTA o] ARV EKE,

from braket.circuits import Gate

# print all available gates in Amazon Braket

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

AR E S T RTAR,

['CCNot', 'CNot', 'CPhaseShift', 'CPhaseShift@0', 'CPhaseShift@l1l', 'CPhaseShift10',
'CSwap', 'Cv', 'cy', 'cz', 'ECR', 'GPi', 'GPi2', 'H', 'I', 'ISwap', 'MS', 'PSwap',
'PhaseShift', 'PulseGate', 'Rx', 'Ry', 'Rz', 'S', 'Si', 'Swap', 'T', 'Ti', 'Unitary'’,
'W',OUVA', X', XX, XY, Y, vy, zY, tzz']

BN EM—ESHTABRRAARERERN T ERM MBI SRS, i, BT ER
#circ.h(0)% —1{@ Hadamard F955& M, qubit

® Note
A B DS |, T E RS L —BEH I RN R RENAZR —Ek.

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)

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

circ.cphaseshiftoo(o, 1, 0.15)

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

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

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

circ.cphaseshiftlo(@, 1, 0.15)

# controlled swap gate

circ.cswap(Q, 1, 2)

# swap gate

circ.swap(0,1)

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

circ.phaseshift(0,0.15)

# controlled Y gate

circ.cy(0, 1)

# controlled phase gate

circ.cz(0, 1)

# Echoed cross-resonance gate applied to q@, ql

circ = Circuit().ecxr(0,1)

# X rotation with angle 0.15

circ.rx(0, 0.15)

# Y rotation with angle 0.15

circ.ry(Q, 0.15)

# Z rotation with angle 0.15

circ.rz(@, 0.15)

# Hadamard gates applied to q@, ql, g2

circ.h(range(3))

# identity gates applied to q@, ql, g2

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

# iswap gate, iswap = [[1,0,0,0],[0,0,1j,0],[0,1,0,0],[0,0,0,1]]
circ.iswap(0, 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, 2])
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# conjugate transpose of S gate applied to q@, ql

circ.si([@, 11)

# T gate applied to g0, ql

circ.t([0, 11)

# conjugate transpose of T gate applied to q@, ql

circ.ti([0, 1])

# 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)

# 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)

BRTHEERNEERA N  CEUVUKAEENE-—REETAZER. ELUREEFMHM (AT

HRRTEA R ) EARSEqubitsERNZE FF, 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])

g5 EHREERE

BaLUEBMMAE TIRIEMEEEER, A Instruction E—HEFIES , HREFEREEFEBL

#H1To InstructiomBE fFGatelZBIEJ|EMNWH,

# 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)
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# 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:
print(instr)

# instructions can be copied

new_instr = instr.copy()

# appoint the instruction to target

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

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

g6 RESEAREENRM

#2525 Braket SDK IVAAF] |, B QPU RIBZFE PN FE, EAILERBE P RIIEREN
XM, AT R IONQ KBRS

# import the device module
from braket.aws import AwsDevice

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

# 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 the Harmony device:
[le’ lyl’ 1

z', 'rx', 'ry', 'rz', 'h', ‘'cnot',

s', 'si', 't', 'ti', 'v', 'vi', 'xx',

yy', 'zz', 'swap', 'i']
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TENETREELRERFEER , TEEETEE 31T, EEERERE , AmazonBraket @B B
TS,

g6 LERRGT A AERREXENRERMNREEE

&R LAE Braket T2 AM "RE, EEHLBRBEEERA. % , UEEAFXHBHEARNEERFE
BhAY, TEMNATESR T MMARE—E QPU M {EqubitF 2 BH M EFREE.

# import the device module
from braket.aws import AwsDevice

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

a=10

b=113

print(f"Fidelity of the XY gate between qubits {a} and {b}: ",
device.properties.provider.specs["2Q"][f"{a}-{b}"]1["fXY"])

R &R 2

REAENS T, RMELAETETERPNMEETLE. B2, TNABEFE FUNEFHH
T,

g0l ABEEFUTHFE
ERTRHIF  RPEBEERRHANETEBEZEE FUMneasurelE S RERFIIRE.,

# 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)

FBqubitEL &

EERETFER LHTE FERFRIgetti , BT LURE M 68 A F Bqubitlil B 2R 12 5 A A EE EH 5
qubits(. B, Amazon Braket =2 A 1 Amazon Braket B E4 UGB EREFMEZE FREE T
(QPV) £EEHNBEHREER , MELEERqubitsBESERMWIER,

FEqubitil B W RE BRI HITER , AHEM@ABIqubitBiE, FRABSNSHAFRBRIHRIE
REIFBEBCHERERT , XA LIEREERNER.

TENSFERT W@ qubitsBA 5 &

circ = Circuit().h(@).cnot(@, 7) # Indices of actual qubits in the QPU
my_task = device.run(circ, s3_location, shots=100, disable_qubit_rewiring=True)

NB|FHMAENR , B2 ARERLAK L GitHub= E E 1Y Amazon Braket €] : EF QPUEEB FEIEE T

7T,

(® Note
#MOQCER T X B Edisable_qubit_rewiring=True, SHEERELETrueE
4 T5I$EER : An error occurred (ValidationException) when calling the
CreateQuantumTask operation: Device arn:aws:braket:eu-west-2::device/
gpu/oqc/Lucy does not support disabled qubit rewiring

el

B & #%Rigetti, . = Oxford Quantum Circuits (OQC) EEFEK LHTE FEKEIonQ , BAILIER
RERTELERERITER K MEFETEAENR. EAZRFHEE  SUNEERREEN S XEHE
BEMEER ( ARIigettilonQ, MXZFOQC ) , REEREHINBIERN S (RigettifEZTZHK ). &
RSN EERETNENEE LR S EE R R E S EER LY THRENER
BE, BFEGUZCEERTGERRF  FERHARARELRENMTR , KMBERENERTLIRRER

FTEIT.

. M Oxford Quantum Circuits (OQC) % & B 8l X EZE F#m= RigettilonQ , EFEEARERM. £
FAZFwREN  BEERE[ENHESEE  SUBRREEERFAM |, qubitstt BBRFEREH L XFH
¥, TSl RENAUERNRFT AN FREEZENRERMESE,



https://console.aws.amazon.com/braket/home
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-examples
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Allocating_Qubits_on_QPU_Devices.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Allocating_Qubits_on_QPU_Devices.ipynb
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device.properties.paradigm.nativeGateSet

¥ ARigetti , X EBBREREZR FHmMZ—#£FdisableQubitRewiring=Truef REBRAqubItE 7
#Ro tIRdisableQubitRewiring=FalsefEimEFTFEAZFERZE A IEFERBRIRBALBF
E1T,

MRHEHERBARFRE , YEFTIEXERN QPU L3177, AIEELHER  BEHAZIENER
ERTERY, BEBRESHEFERASXEREREREY , Bt IRERAUESELRE, X
FEFRENRBEEAUTARERNSESSAZIENRIE,

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/Aspen-M-3")
device.properties.action[DeviceActionType.OPENQASM].supportedPragmas

FRZEFIRERZEHBNENER, k& Amazon Braket EEEE LIEEWERER | #EEOEUEL
1£ Braket QPU # B, EXRHEMATERBMNESERSBRLATHEFEEER, NEFMAER , B2
RZEZiREEHERLA,

(® Note

MRIEFER OpenQASM BOQCHIoNQERBREER , I B A B EREZRSTY
BEf{, BIEEMEA , #pragma braket verbatimE A OpenQASM T2 ZBET
#ZdisableQubitRewiringiZ&.

IR B AR Bk
EEHLARERERSE B MRNTARXEHRR R,
device = LocalSimulator(backend="braket_dm")

B BB MRS N RE M ER

1. T ELBEREMBOER,
2. RVRANERTER Y EREBREPEIARE,

THNHAFERTERAEEERILEZFN BESR Kraus BEENEEERN 5%,
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# Bottom up approach

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

# create an arbitrary 2-qubit Kraus channel

EQ = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.8)

El = scipy.stats.unitary_group.rvs(4) * np.sqrt(0.2)
= [E@, E1]

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

# 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(0).y(1l).cnot(0,2).x(1).z(2)
circ_noise = circ.copy()
circ_noise.apply_gate_noise(noise, target_gates = Gate.X)

HTEREUNMERNEAERE 0T RESEMIR.
g5 1

task = device.run(circ, s3_location)
=1
il 2

task = device.run(circ_noise, s3_location)

BRESZ A,

BEERK

B2 [ Braket AP EIEE 2 RAI

FAmazonHhAI 4G E FERE —BEAREEHSSES. Moments Z{E A #qubit®] A2 5 — &
FIMoment. W EHKMomentsERFEERREMER Z AN RHREEE.
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® Note
HEBETHERTE QPU L#1TRPIHEDNRFRE,

ERNREHZXER T HENBREIGH, SRILREFUG Ecircuit. depthWERIRE , T3
BIFRRo

# define a circuit with parametrized gates

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

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

T | ] | 1 [2]

g0 : -Rx(0.15)-C---------- X-

I
gl : -Ry(0.2)--]-22(0.15)---

R —— )l [
I

G 8 cocccomoomoc 72(0.15)---

T :] o | 1 12]

Total circuit depth: 3

LABRNAERRES 3 (ERADE0L, M2), BALBESERZINEORE.
MomentsIhRE/F R @EH B FH,

- B RMomentsKey() , HFEZEREFBFMqubitE S
- BB REINstructions(),

moments = circ.moments

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

MomentsKey(time=0, qubits=QubitSet([Qubit(@)]))
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Instruction('operator': Rx('angle': 0.15, 'qubit_count': 1), 'target':
QubitSet([Qubit(@)]))

MomentsKey(time=0, qubits=QubitSet([Qubit(1)]))
Instruction('operator': Ry('angle': 0.2, 'qubit_count': 1), 'target':
QubitSet([Qubit(1)]))

MomentsKey(time=1, qubits=QubitSet([Qubit(@), Qubit(2)]))

Instruction('operator': CNot('qubit_count': 2), 'target': QubitSet([Qubit(0),

Qubit(2)1))

MomentsKey(time=1, qubits=QubitSet([Qubit(1l), Qubit(3)]))
Instruction('operator': ZZ('angle': 0.15, 'qubit_count': 2), 'target':
QubitSet([Qubit(1), Qubit(3)]1))

MomentsKey(time=2, qubits=QubitSet([Qubit(0)]))
Instruction('operator': X('qubit_count': 1), 'target': QubitSet([Qubit(@)]))

B A LUE B A EE N A E E B Moments,

new_circ = Circuit()

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

]

new_circ.moments.add(instructions)

print(new_circ)

T : |0]|1]2]

qd : -S-Z---
I

gl : ---C-H-

T : |0]|1]2]

fmRAE

AmazonfE fiResultTypefIEE K EF , Braket IMAREFREEAEMNE R, ERTUERUTERENE
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« AdjointGradientiREIRHMNATHRAENHEENHE (MEEH ) ., XUTBRINEARBEER
FEREEMD LZEESBNMEMREE L, SREERE =0 BFERALS L,

« AmplitudeEEEHHEHHPIEEE FRENIRIE. TEEARSVIFABIERSE,

« ExpectationiREIGEN AIEHREN , c I UEREREMN BN ObservableERIEENWHEE,
HAEEqubits ARBIEFERINER , YHIEEBEENBELRERATEH S qubitskVERE
B, MEREEEEE , TERINLEEE 184, qubittit B ERZIFTE qubits parallel,

« ProbabilityilREHIEFTEEERENBIR, WRRIEEBE , BIProbabilityEERAEFFEE
FEARER AT REMS, MRIBET BE , AEREIEEqubits E @ EHZBREEE,

« Reduced density matrixftR#HEEEIEE B TR FRFEqubitsty B E I EMqubits, & 7 RELLER
FAM K/ | Braket qubits i B EZEBERFAHZ 8 .

« StateVectorREIZEMWMEME, CUEABIERSE LFEM,

« SamplelREEE B ZqubitEEE M IBRENAENE., WRREEEEE , THRINWSLEEE 1
B1E | qubittst B4R EIFFE qubits parallel, INRIEEMNEE , EENBEENBESLBEERHE
qubits LY ATE R BN IT RV B E.,

- VariancelREI#EE B EqubitEE AW B EE (mean([x-mean(x)1%) ) , YEABRNERENSE
B, MEREREEEE , USRINMLEERE 1184, qubittlt BE#ER EIFTAE qubits parallel, &
B EENBENEE X EEREPAEEqubitsEIN AT IRV EE,

TRBRFEXIFERER

i SIM SV1 DM1 TN1 Rigetti lonQ oQC
x
pEHE N Y N N N N N
Amplitude Y Y N N N N N
HAtE Y Y Y Y Y Y Y
Probabili Y Y Y N Y* Y Y
ty (T8
53]
HEEMRE Y N Y N N N N
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REEME Y N N N N N N
N Y Y Y Y Y Y Y
BEHY Y Y Y Y Y Y Y
® Note

* Rigetti EXFHRZ 40 PBIRE R FEE qubits,

BULMEREATRBEIENGERER , TSR R,

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

# print the result types supported by this device
for iter in device.properties.action['braket.ir.jaqgcd.program'].supportedResultTy
print(iter)

name='Sample' observables=['x"', 'y', 'z', 'h', 'i'] minShots=10 maxShots=100000
name='Expectation' observables=['x', 'y', 'z', 'h', 'i'] minShots=10 maxShots=100
name='Variance' observables=['x', 'y', 'z', 'h', 'i'] minShots=10 maxShots=100000
name="'Probability' observables=None minShots=10 maxShots=100000

T

=F

i

HEMW aResultType , ERAEMMMEER , ML TEHIFT R,

from braket.circuits import 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[@])

pes:

000
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® Note

— LR RRMENEER ( HlIRigetti ) , HttFRHEREMBERER ( HlIonQF

OQC). SDK SR RRERHAANEE Y , ERHNEREBENEE , IISETRAHE. K
It , HRENEEIoNQFNOQCEFHBIRRENEANGER , RATSBERSAFHAE, &7
LUE B IRE R Y Hmeasurements_copied_from_device EWER , MERPFIR ,
Dt Rt eRBRITE,

EIRIITE=
AmazonBraket ‘@#E—{EObservableff , B LA ARIEE —EEEZH B £,

EEREZAUEA—EE—NESOHURRINESE, qubititREMERZBEFENIIESHERERE
EAMEEqubit, AIEER —E#HE. ATERBEEN  REEMNESERFHEELA—RBEBNTE
2IH  BEAFEZEREEREARERNKREERquUbt , IREEARKERNE FEMEE
#o. qubit

R SARRR A BEEX RN BRAE (TR ) . EFAIE—SumBTAEAdjointGradienti
RBADFERHD,

#ZObservableHEBIFEUTEEE,

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

# get the eigenvalues of the observable

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

# or whether to rotate the basis to be computational basis
print("Basis rotation gates:",Observable.H().basis_rotation_gates)

# get the tensor product of 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())

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

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

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

Eigenvalue: [ 1 -1]
Basis rotation gates: (Ry('angle': -0.7853981633974483, 'qubit_count': 1),)
The matrix form of the observable:
[[ 1.4+0.7 0.+0.7]
[ 0.40.] -1.+0.31]
The matrix form of the tensor product:
[[ 0.+0.] ©0.+0.j ©0.-1.j 0.-0.j]
[ 0.+0.] -0.+0.] ©0.-0.7 0.+1.7j]
[ 0.+1.] ©0.+0.j ©0.+0.j 0.+0.j]
[ 0.+0.] -0.-1.7 0.+0.j -0.+0.3j]]
Factorize an observable: (Y('qubit_count': 1), Z('qubit_count': 1))
Self-defined Hermitian: Hermitian('qubit_count': 1, 'matrix': [[0.+0.j 1.+0.j], [1.+0.]
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)))

28

ERTUESEERASE , RAUNE—@ "BE-R-ETZR WAXNERNFERE. Free BHESR
FERENERE , THREEEEIVREREEHAREMETES

from braket.circuits import Circuit, FreeParameter, Observable

theta = FreeParameter("theta")

phi = FreeParameter("phi")

circ = Circuit().h(@).rx(@, phi).ry(@, phi).cnot(@, 1).xx(@, 1, theta)
circ.adjoint_gradient(observable=0bservable.Z() @ Observable.Z(), target=[0, 1],
parameters = ["phi", theta]

HREEIHNSH , FERERRE (FAZNS ) REXKSIAREEECH. FEE , &
FAdjointGradientFRBEFTERERAH R AIREINHEETRN.

AR MRBBKERSEEASHEERSBILERREEZRBHME , AlAdjointGradient )
BREMNEENSHETERSELER. EREARMAREINSHEAIBRFE. F2HEUTH
B,

mREE 69



Amazon Braket HBEABER

device.run(circ(@.2), shots=0) # will error, as no free parameters will be present
device.run(circ, shots=0, inputs={'phi'=0.2, 'theta'=0.2) # will succeed

B FERIRRE QPU MigHiss

AmazonBraket 12 ¥ A LUETE FEBRN ZERRENIRE. BuUlEBRERREFERK , b
TFEBHEE,

RS
i
Jlm

QPU

BOLAFER:[E] QPU 123X 7% |, {B5%{E#7E Amazon Braket 241581 M%iE., E@LERNEL
AAMEORET, BULUFEREFER ID RBREFEBENER , ZEESET —&HHPNE.

* lonQAria1 :arn:aws:braket:us-east-1::device/qgpu/iong/Aria-1

* lonQAria2 :arn:aws:braket:us-east-1::device/qpu/ionq/Aria-2

 lonQ Forte 1 ( EPRTEST ) : arn:aws:braket:us-east-1::device/qpu/iong/Forte-1
* lonQ Harmony : arn:aws:braket:us-east-1::device/qpu/iong/Harmony

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

« OQC Lucy :arn:aws:braket:eu-west-2::device/qpu/oqc/Lucy

* QuEra Aquila : arn:aws:braket:us-east-1::device/qpu/quera/Aquila

* Rigetti Aspen-M-3 : arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3

B

- MEEMEEEST  DM1: arn:aws:braket:::device/quantum-simulator/amazon/dml
- AREEMEBMEEST , SV1: arn:aws:braket:::device/quantum-simulator/amazon/svl
- SREMEEEST , TN1 : arn:aws:braket:::device/quantum-simulator/amazon/tnl
o AHIAEHEEEY - LocalSimulator()

@ Note
A LB ECREATEDEE A QPU MFEBEEESMEN E 7K, Bl EEEEEN
QPU , # HEUHQUEUEDIMEEFRME FEH., #8/EE , QPU QUEUED E FEB T K TJ8ETE
QPU fTAME ORI R IIEUE.
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FEARS

- DSEHRW LENEFERTH
- BEFEHERE QPU

- ERAMERFETETES
- ETEBHERE

-« ERJE SNS BAH (E#EM)

D BB LY B FERS R

REKESNTBUTHEIIEFERNSERER , REFEREIWRER, ES Amazon Braket BV &
BE K BMemfessEs LETERER  Slmsvi,

FEAREF

- BEEEE

- RREBFEBTH

i
Xt
N
s
~
H
e

.
(e
mf

B |f
(2}
>
o
—
w

IR EHIRER

BERE
Bt , BEYIEER FERNRG. EMFFETRT MR ZFERSR , 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")

LA RRLRENELEYE , MTAR

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

RRXETEHRA
RXBTEBH RO R RS LB,

# create a circuit with a result type

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

# add another result type

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

# set up S3 bucket (where results are stored)

my_bucket = "amazon-braket-your-s3-bucket-name" # 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( )@ HEIB CreateQuantumTask AP| RIZE 7%, EEENMBILER % &
FEBKHERK  BERFEUAERFELETETFTEBNEE, EEEBRT , RiERSVI, HEXTHKFTE
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% , AmazonBraket €& R B AR FIEEN Amazon S3 LB, KT A& #EERS 2 AT A 3R (B &P
EENEZEs3_location,

(® Note
WH R4S B FERBFEN KNREA 3MB,

RRBBEILTHE

\

Amazon Braket FEEF A ME RS QPU b X BEEBRERFIEETASHE, Bl
Ainputss|BR#ITIIEMEdevice. run() , MTHEFIFT R, inputsHBRF A H-float HINF
HOHDRIESHEEE,

SHRBINUSERLE QPU LATSBILBHNNE. HERBRERRFEBRALRY
QPU B |, Braket SSMBEH — % , LEEHR. UNIRERNEESUEY  TAHEANEE
WA TEN S , BUHTHMER. BRERN | Braket WEDEAEBREBRENETR
ERF URREESSRENER,

(® Note

BRTIRERBIERN 2 FrEEE, B&=X QPU Oxford Quantum Circuits 133 £ 28R
#, Rigetti Computing

from braket.circuits import Circuit, FreeParameter, Observable

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

# create a circuit with a result type

circ = Circuit().rx(@, alpha).ry(1l, alpha).cnot(@,2).xx(@, 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

Zshots5| MR EFTFEN R RN Hshots, HHEas , PIMSVIIEMEETEERN,

« ¥ shots =0 , BWEBHITHEMRHNESE , EOMEREREENEE. (TEARTNT )

- WRWIESEshots , EEESIS R E O MAHEE , UEBRES QPU WshotiM . QPU EEEAFF
#Bshotsi@ 0,

FHESEEFERNEAFNBRENEE , F2 6 Braket B,

#1Thmy_task.result() , SDK AL EEFIREIREEZENSHBERBHALER

« poll_timeout_seconds2EFEEREEREFN/F QPU RiE LETEFERERZ i WEE FEEN
*@ﬂo ﬁ {EP_’ 432 %*}\ y m?)[.;E 5 9Eo

- EE R QPU & ( BlHRIigettif ) lonQ , RMEBEFFER. RBHEREARE , AWK
BRTREASERER. Hll , E QPU BEAEAK , REBOARRKHR,

« poll_interval_secondsREFEFKHETRANER, CEEEETEIREMEEEEN QPU
RiE LETH | 258 Braket API LUEBHUIREERSER, TERES 10,

ERFRIHATRNESIFBITHN QPU RENEER), flW , EEHHERERNE , KEWRE
EREM

BONERTESHET THFEBBN —RIhEER., EUNEATIETRBREENGER

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}

AR B HIHE R

RAEEHBEEEResultType , R EFBRENNGER. FREESREAMAZTERNIEFETR.

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

B FEBIRERE QPU

AmazonBraket 2 FF&E QPU i LETE FERK, THEHFIBE RN E FEKIRRXERIgettish
|OnQ§<#IEo

BEHRIigetti Aspen-M-3iE , AR EFBEHAERE

# import the QPU module

from braket.aws import AwsDevice

# choose the Rigetti device

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

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': False,
'connectivityGraph': {'@': ['1', '7'],
'1': ['@', '16'],
'2': ['3', '15'],
'3': ['2Y, '4'],
"4': ['3', '5'],
'5': ['4', '6'],
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6 ['5', '7'1,

'7': ['0', '6'],

'11': ['12', '26'],

'12': ['13', '11'],

'13': ['12', '14'],

'14': ['13', '15'],

'15': ['2', '14', '16'],
'16': ['1', '15', '17'],
'17': ['16'],

'20': ['21', '27'1,

'21': ['20', '36'],

'22': ['23', '35'],

'23': ['22', '24'],

24" ['23', '25'],

‘25 ['24', '26'],

'26': ['11', '25', '27'1,
'27': ['20', '26'],

'30': ['31', '37'],

'31': ['30', '32'],

'32': ['31', '33'],

'33': ['32', '34'],

'34': ['33', '35'],

'35': ['22', '34', '36'],
'36': ['21', '35', '37'],
'37': ['30', '36'1}}

FiRFHconnectivityGraph®@& B #IRigettiZE B EARAV BT E
iEIZE%IonQ Harmonyfig

#HMlonQ Harmony® EME |, connectivityGraph2ZH , M5~ , RARERESHAT
BER, Hilt , FHEEFHME R connectivityGraph,

# or choose the IonQ Harmony device
device = AwsDevice("arn:aws:braket:us-east-1::device/qgpu/iong/Harmony")

# take a look at the device connectivity graph
device.properties.dict()['paradigm']['connectivity']

{'fullyConnected': True, 'connectivityGraph': {}}
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MTHIEFIFTR , INREIBZFIEEshotsTEREEUNWpoll_timeout_seconds{uE , BAILLEE

FE poll_interval_seconds (FEF%{E = 1000), (FAEX{E =1). (FEF%{H = 1s3_location) AR f#
BRHRENMNE ().

my_task = device.run(circ, s3_location = 'amazon-braket-my-folder', shots=100,
poll_timeout_seconds = 100, poll_interval_seconds = 10)

lonQARigetti EE HBAEFTRHNERFENSENRERBE , AEHMRqubitRSIHEEEH
QPU qubits LB E,

(® Note
QPU £EMAEFR. EIFER LU UBRPERNSEFRRE,

AmazonBraket A LAfE E L 0] BB ERAEIT QPU EFET , BEMA TR (2 FEK) EXE
% , AAFBHENERNPEERBUFHEREEEN S3 #EFirRdP, T —&Hmr , B0
FERAAwsQuantumTask F& M — 1 & FEH ID REEFEHK,

EAAR R ERETE FER

BO LG B FAEKEER XD AR RS ST RRRRFEMAE, HERSEENAEIRESSE
17, ALBAEEIEE Amazon S3 VB, BRSEEELNIERERPITE, BEERBERSS 3
TEFIE, BRYUEBEEEShotsZE,

(® Note

RIS BERR T RE R EE MY qubits BT IEE MR AR B BURR Amazon Braket EiCE ERE#I1TE R
BHGETHNERBRIE

UTHaSRaRN , YEARENR (RRE ) IpERS.

# import the LocalSimulator module
from braket.devices import LocalSimulator
# the following are identical commands

device = LocalSimulator()
device = LocalSimulator("default")
device = LocalSimulator(backend="default")
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device = LocalSimulator(backend="braket_sv")
REFAUTHSETEFER.
my_task = device.run(circ, shots=1000)

EEQCRERERE (RR ) HEER  FRFERRER , M.

# import the LocalSimulator module
from braket.devices import LocalSimulator
device = LocalSimulator(backend="braket_dm")

EAmEER LAESENE T

RERER EE RN R NEEEEERR IHETER  EFAEERNETUN TR , EBER
BARIAE.

Fltn  ETENRES , £OUAZ—ELEFHISER  EEBEERRBEMEEREE (U
Mmeasurels S RAIESE —EE 74,

# Import the LocalSimulator module
from braket.devices import LocalSimulator

# Use the local simulator device
device = LocalSimulator()

# Define a bell circuit and only measure
circuit = Circuit().h(@).cnot(@, 1).measure(0)

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

# Get the results
result = task.result()

# Print the measurement counts for qubit 0
print(result.measurement_counts)
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BT EBHRE

BRT ARubiEHEE2E 7 |, 518 Amazon Braket i Z Al A E FEBHEE ., #XEEHNEREEER
22 (TN1ESV1) EHITHEFEBEIER , BB I parallel BEZEEFERK. BT HEER
EREE FE% , Amazon Braket 2t &5 fl E 52 A E [,

#OREE T BRI parallel ENVE TR, fli0, MREFLEETER 10 BEFEBNTE , MELE
FABTFNERRLBY , ARFERARREE, EX , BRTLEFF—EEFEBES —EEBHE
ZBISE Ao

THNSFERT MAET—HEFER

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

WEFFMMEER , 5528 Amazon Braket GitHub =% Quantum E##t X RBNEH , HP I EFEHX
EENEEREN,

BARE FERHERENAA
ERETEBHERMAERAE , BF

3

53

D—LF BRI .

- BIBEER  ETEIXHAEESERFERERARE FER 3 X,
- —HREBHAITHEFER (B 34 qubits forSV1) AIREEEL R KHIR A, ERB—HEBFEES
Bl , AR Erun_batchp ElfE. RPITFEBTN1REEFEArun_batch,

- TNIHHEFREBR XM TERREGELERAS (MEFEFHMES , F28 IN1RH),. BEBEHTEEMN
BA  AERMABEBEERBSHNEEREN "Tmax_retries; BERES 0OTN1 ( F2HE IR
HREE , %186 1T ) o

EFEKHEER PennyLane

£ Braket PennyLane tEARETHIRER , HEREEHI{L Amazon Amazon Braket %
Eparallel = TruelpETERE , W T HEBIFT R,

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, )
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Amazon Braket HBEABER

NEERAREENFMERN PennyLane , F2EEFERNFITIL&REL.

i

THE#RRENSHILE

RXUSSRLEBNEFERIRE , SUURHARSLERPREEFERNFinputsi | A
FH, EEERBAT , i%-th FHEE i-th EHEY , T 1ist&EBHIFAR.

from braket.circuits import Circuit, FreeParameter, Observable
from braket.aws import AwsQuantumTaskBatch

# create the free parameters

alpha = FreeParameter('alpha')

beta = FreeParameter('beta')

# create two circuits

circ_a = Circuit().rx(@, alpha).ry(1l, alpha).cnot(@,2).xx(@, 2, beta)

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

circ_b = Circuit().rx(@, alpha).rz(1, alpha).cnot(@,2).zz(@, 2, beta)
circ_b.expectation(observable=0bservable.Z(), target=2)

# use the same inputs for both circuits in one batch

tasks = device.run_batch([circ_a, circ_b], inputs={'alpha': 0.1, 'beta':0.2})
# or provide each task its own set of inputs

inputs_list = [{'alpha': 0.3, 'beta':0.1}, {'alpha': 0.1, 'beta':0.4}]

tasks = device.run_batch([circ_a, circ_b], inputs=inputs_list)

BETUAEESHERERBAFTHEE  UKEFRETEBHRER. NRBFEHRE N BEA
Fi AZMRIENBEEFIE, £ ith EFEBHERER i-th MAFHRHTHER,

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}]
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tasks = device.run_batch(circ, inputs=inputs_list)

AXTE SNS BA ((FEEF )

#= ] L& Amazon Simple Notification Service (SNS) 5% E B A , LA{EFE Amazon Braket B FE 5
BERIER, IREEARLSEERENERD ; fln  ELEXABEFEIBIER BN TALED 24
RRXETEKE , ZBENEEEA, NRETEEFETERTA , RITLERE SNS EA.,

AmazonBraket 2R EKE S| ELRTHRREL R, WEFMENR , 528 L8 Amazon Braket 4l
GitHub , Bl 25X E 8 A & H EL A,

RERZE

EERAEREMRE LETR , KANTEINKNETHEF SIS EREIRT QPU TN A1,
REBERFEENOHERAZENEEER. EUUERULTRIBESRIgettiMOQC HH L E R

task = AwsQuantumTask(arn=task_id, aws_session=session)
# after task finished

task_result = task.result()

compiled_circuit = task_result.get_compiled_circuit()

(@ Note
SR, BEEEB onQR BN MmFE I,

EARMBE 3.0 MTENE

Amazonfi R RHF R & OpenQASM 3.0 , BARMAXNEFEENERSE. AMEAEEHIREMERR
X #& OpenQASM 3.0 TEEMMEEIE M. Braket EFIRIE AT LLUEEE A SDK 1232 Braket % , SiEB
5 5 BB B E M APl A1 Amazon Braket B8 E 445 OpenQASM 3.0 FHRBEFREHEFIERER

EE,

REREPNEER S| EERTBB MR T E FERZEED,

« EREM Braket £8 FE I W IEX OpenQASM B FE7H
- FREZENEENSERER
- ERAFRmEEREMA

SE SNS BAl (BEM) 82
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https://openqasm.com/
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- FHRAZEFHm=ZRE OpenQASM
- RHHHAMmERE

RIEFIENE 7 AT LATE Braket LA OpenQASM 3.0 ERWREEH LR E LS ERNHEE,

FEAEIH

s HERRRXEERHK 307

- REH

. mfaRERK 3.0 MBS R

- DR

o P ERHLE OpenQASM IHEE ?

« BIEIWIR I — @R OpenQASM 3.0 E F1E7#%
* Support TEIHNMELE EH OpenQASM
- EARRBEERMT

* QubitEABARKmE 3.0 BH MR

- BFRmZHEFAMK QASM 3.0

- HRREEEE

- Hitt IR

» M OpenQASM 3.0 5t E &8

» {FFH OpenQASM 3.0 BIB4SEE 71V

TERRANEERK 3.0?

HHMEFREMIES (OpenQASM) RE FETHHEFRRE, OpenQASM = —EBIFEESR , HEZH
RERFNRBEFEFNEE, A OpenQasm , FAENUHEREFTEEBERNE TR
EAREETHERE. FZEFEXRFEXESLAER OpenQASM (2.0) REREEMNER,

#ThR OpenQASM (3.0) IEZR T &R , B2 EZIhee , SIMREERIZSH . FPFTRNEREFIRE ,
DReEAENEHRERBAFZS 2BNEE, BRBRTRA 3.0 WFFAERFBAE , 528 GitHub
OpenQASM 3.x BNEF 1%, OpenQASM Y future R H OpenQASM 3.0 HilffE EZE2EE , HF
E2 IBM , Microsoft fl AWS Rfifi@ R KB —EK &,
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] B 152

OpenQASM Rt T —EERXRBENNER , BEFTRBEEREBNRREAREEETER , £HFE
FEEFEABZEERFINRIBIRT. Braket # OpenQASM WX E T — S ERAEFERBRERM
AEBEFEREZN—BIZE, KMRPERAEESARETEBNEREXENER,

WMRETE OpenQASM 3.0 P EBRAMERE , B LIAR M UE S Braket £ , MTEREZLER
ELER, HRAENHBASEELZIRNBRBZHNTAE=FE , IXHF OpenQASM FHE L
B,

W BERk 3.0 BEBES R

Support Braket #§ OpenQASM 3.0 ATt B Bi P ER R IEEF BRI, EEREFLRSKIUE
EHRR BN IZ E1EESS 6 Braket TS5 , BE A LAEA Braket {EFFJ OpenQASM TR
YE. APIZETLAEL1T OpenQASM 3.0 B , F X EEH s B FELS Braket HEM A NELL , EEH
OpenQASM FRIMEMERBEE, FRHEHLITUESEIE OpenQASM 3.0 WE=FERNE, &
TR HERE o SN AR T WAIBE 3 OpenQASM R RLLEE Braket —i#2{E A,

BRI

EEANRELMEA OpenQASM 3.0 , BUEHREE = FiBAmazonfHL 5 Python XY v1.8.0 Mk Al
v1.17.0 L E = R A K Amazon Braket Python BIZE 4,

MRERAmazon R RAFHE —IXERAE |, AIFERAAmazonfi i =4, WFEET , F2REEA

Amazon Braket,

AP 7 T EWLE OpenQASM ZhEE ?

LA B %I Braket S2#8#9 OpenQASM 3.0 ERIER, R AMREZEE R

FEAEIH

- XENERER

- XENFRRK

« WA RBITH QASM GRiFE

o ZRHIEEIES E OpenQASM BYHEPE IHAE S B
o ZIFHVIRIEREFEE OpenPulse
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TENEREFER

T %] OpenQASM E ¥ FEH Z ZIR B FZX A X AmazoniE,

- EEEYARN (ERIYE ) EFHSRS
« cnot q[0], ql[1];
- h $0;
- BOREAEAUCAFRMTEH
« rx(-0.314) $0;
« rx(pi/4) $0;

(® Note
pi 2 OpenQASM FHREER , BEAEBRSBERER.

- ERREDFEBESPHAFERBME (£ OpenQASM im RREAREHTS ) , ARER—MK
RV OR S T B R E N E — iR -

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

TR
T %I OpenQASM FRIR R 2 0 HI 5= 45 P X TEAI Amazon,

* Header: OPENQASM 3;
o REE{VEE -
- bit bl;(%RE , creg bl;)
« bit[10] b2;(ZFRH , creg b2[10];)
- EFHISE
« qubit bl; (¥Rt , qreg bl;)
« qubit[10] b2; (%R , qreg b2[10];)
- EEHEPFRE] : ql0]
- B A:input float alpha;
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- YIEBREqubits : $0

- RRiEEXXFFRIPIRRE
- h %0;
« iswap q[@], q[1];

(® Note

&R LAE OpenQASM BIMEN R EBM P RIKEXENFM ; FRELRAMTFERME

&o

- BFEFET. BE , BAAXEFEFERBAR. PN EqubitsRAFNEFIE.

#pragma braket verbatim
box{

rx(0.314) $0;
}

* qubitsZHE EqubitZF Far LAVAIENAE S E.
- measure $0;
* measure q;
* measure q[0];
* b = measure q;

* measure q # b;

(® Note
pi & OpenQASM FHAEES , ML EMSHEBER.

BRI QASM 4RiFiE

T % OpenQASM fRZBIETRBA A RFMXZE. Amazon

A5 X EMLE OpenQASM IhEE ?
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* #pragma braket noise bit_flip(0.2) q[0]
« #pragma braket noise phase_flip(0.1) q[@]
* #pragma braket noise pauli_channel
- BFEX
* #pragma braket verbatim
- BREDFS=
- ERTESERER .
- REE@E : #pragma braket result state_vector
- REE4EME : #pragma braket result density_matrix
- BEMERS
- PEFEE® : #pragma braket result adjoint_gradient expectation(2.2 * x[0]
@ x[1]) all

- ZERERER .
 ¥RIE : #pragma braket result amplitude "@1"
« #IZE : #pragma braket result probability q[0], q[1]
- EftrEaRER
- HiE:#pragma braket result expectation x(q[0]) @ y([ql]l)

« 2% : #fpragma braket result variance hermitian([[@, -1im], [1im, @]])
$0

« R¥l : #pragma braket result sample h($1)

(@ Note
OpenQASM 3.0 B2 OpenQASM 2.0 A THEZE , AEA 20 MENEXN AT ERER LH
7. B2 , Braket X#F#) OpenQASM 3.0 WIIREREBFE— L/ MEEEE , Hl0 qreg vs
Mvs crego qubit bitAEFEERARFTRE , MAELFEESAER ERVEERE,

AR RS £ OpenQASM HVIEREIhEE X &

LocalSmulatorSETEﬁ'EJ_E’J OpenQASM IhEE , EL IR RIEAM N RS QPU IRFEEEIHN
PIRME. TH e EEEEPZ T El ocalSimulator :
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Amazon Braket BISK A BIEE
- PHEEFF

- NEF

- ZHTE

- ZHE

- BRTEM

- HHEERE

- mEEEER

- TIEF

MFEFEER RN S |, FLRLLEHIEILAR, WMFETER OpenQASM 1% , 552 E Open QASM
G

SRR EREE L OpenPulse
X {£1 OpenPulse &I FH
FERER

cal {

}

BREEHR

// 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 {

}
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// 2 qubit (above gate args are also valid)

defcal cz $1, $0 {

HEZ:

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

R

// prebuilt
waveform my_waveform_1

//arbitrary
waveform my_waveform_2

BRI RPIREEEH

cal {

constant(le-6, 1.0);

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

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

defcal my_x $0 {

play(wfl, q@_xf_frame);

defcal my_cz $1, $0 {

barrier q@_ql_cz_frame, q@_xf_frame;
play(q@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@_ql_cz_frame, q@_xf_frame;
shift_phase(q0_ql_cz_frame, 2.183093190874712);

bit[2] ro;
my_x $0;
my_cz $1,%0;

0.1};

A5 X EMLE OpenQASM IhEE ?
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c[0] = measure $0;

EEIRERA

bit[2] ro;

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

B2 I 1R 35 — 18RI OpenQASM 3.0 B F1EH

& ] LAE A B Python Amazon E4, Bto3 =#% OpenQASM 3.0 £ FF#23 AWS CLI ZIB3g% 5
B, Amazon

EREH -

- BRRRE 3.0 EXAEH

« £/ Python BREHEVEFEE

- FANSERESAEIOETERE

- fFH AWS CLI REVFHMME 3.0 T

FRmE 3.0 EX Ay £ 5

EAI2ZE —1{@ OpenQASM 3.0 F7 , /RATLAA —ERSER OpenQASM 3.0 /7 ( ghz.qasm ) BAtR%(E

—{8 G HZ & , M TEHIT.

// ghz.gasm
// Prepare a GHZ state

OPENQASM 3;

qubit[3] q;

AR R X — B R H) OpenQASM 3.0 & FEH

90


https://en.wikipedia.org/wiki/Greenberger%E2%80%93Horne%E2%80%93Zeilinger_state

Amazon Braket HBEABER

bit[3] c;
h q[e];

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

C = measure q,

£/ Python R EHEVEFEK

A LAE A Amazon Braket B3 Python £ , AT RS L2 7R3 E Amazon Braket 5% 1{#.

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/Aspen-M-3")
from braket.ir.opengasm import Program

program = Program(source=ghz_qgasm_string)
my_task

device.run(program)

# You can also specify an optional s3 bucket location and number of shots,
# if you so choose, when running the program
s3_location = ("amazon-braket-my-bucket", "opengasm-tasks")
my_task = device.run(
program,
s3_location,
shots=100,

FRARNSEEEIAEIOETEE

R AT LABE A AWS Python SDK BIEB$ZE 4 (Boto3) , £ OpenQASM 3.0 FEREVEFT#H , T
SIEBIFT R, TENRBEERSIA ghz.qasm & —1@ G HZ A& , W EFFR,

import boto3
import json

my_bucket = "amazon-braket-my-bucket"
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s3_prefix = "opengasm-tasks"

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

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

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

5 AWS CLI REM BB ME 3.0 T4E

AWS Command Line Interface (CLI) 8 AJ LA 2RI 3R OpenQASM 3.0 = , I T SIEHIFT R

aws braket create-quantum-task \
--region "us-west-1" \
--device-arn "arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3" \
--shots 100 \
--output-s3-bucket "amazon-braket-my-bucket" \
--output-s3-key-prefix "opengasm-tasks" \

--action '{
"braketSchemaHeader": {
"name": "braket.ir.opengasm.program",

Bl IRRZ —ERH OpenQASM 3.0 B F1E7§ 92
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"version": "1"

iy

"source": $(cat ghz.gasm)

} 1

Support NEINVE LR E E#Y OpenQASM

B X E OpenQASM 3.0 BWEE |, tractionBUZEiEBGetDeviceEIEHITHEI/E , 20T I HI

F #IRigettiFllonQEE B Fr Ro

//0penQASM as available with the Rigetti device capabilities
{
"braketSchemaHeader": {
"name": "braket.device_schema.rigetti.rigetti_device_capabilities",
"version": "1"
I
"service": {...},
"action": {
"braket.ir.jaqcd.program": {...},
"braket.ir.openqasm.program": {
"actionType": "braket.ir.openqasm.program",
"version": [

nqn
1,
}
}
}
//0penQASM as available with the IonQ device capabilities
{
"braketSchemaHeader": {
"name": "braket.device_schema.ionqg.ionqg_device_capabilities",
"version": "1"

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

Support TEIWELEE L OpenQASM
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HRIGMERFINERIE , KpulseFREREGetDeviceEEH, T 5 HIFRRigettifMlOQCEKE

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

},
"supportedQhpTemplateWaveforms": {
"constant": {

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

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

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

Support TEIWELEE L OpenQASM
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iy

"supportedFunctions": {
"shift_phase": {

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

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

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

]
iy

I
"frames": {
"q0_ql_cphase_frame": {

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

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

false,

400000000

Support TEIWELEE L OpenQASM
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"name": "braket.device_schema.pulse.pulse_device_action_properties",

}
// 0QC
{
"pulse": {
"braketSchemaHeader": {
"version": "1"

iy

"supportedQhpTemplateWaveforms": {

"gaussian": {

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

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

},

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

I

{
"name": "amplitude",
"type": "float",
"optional": true

},

{
"name": "zero_at_edges",
"type": "bool",
"optional": true

}

]
I
I
"ports": {

"channel_1": {
"portId": "channel_1",

"direction": "tx",
"portType": "port_type_1",
"dt": 5e-10,

Support TEIWELEE L OpenQASM
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"qubitMappings": [
0
]
1,

I
"supportedFunctions": {
"new_frame": {
"functionName": "new_frame",
"arguments": [
{
"name": "port",
"type": "port",
"optional": false

"name": "frequency",
"type": "float",
"optional": false

"name": "phase",
"type": "float",
"optional": true

]
+

},
"frames": {
"q0_drive": {
"frameId": "q@_drive",
"portId": "channel_1",
"frequency": 5500000000,
"centerFrequency": 5500000000,
"phase": 0,
"qubitMappings": [
0
]
I

iy

"supportsLocalPulseElements": false,

"supportsDynamicFrames": true,

Support TEIWELEE L OpenQASM

97



Amazon Braket HBEABER

"supportsNonNativeGatesWithPulses": true,
"validationParameters": {
"MAX_SCALE": 1,
"MAX_AMPLITUDE": 1,
"PERMITTED_FREQUENCY_DIFFERENCE": 1,
"MIN_PULSE_LENGTH": 8e-9,
"MAX_PULSE_LENGTH": 0.00012

BIENBAUEMERETUTARR
R

BRBRTIEEEREENMEBEARTZI , £ QPU LEEMTFERNE (extern) HEEZE, EESD
FIHMN AR O BELEZRAAFRERMOpenQASM 3. 0BFHNENERRT. EFENHEMABMS
g
o EEEHRIE (KO)
« £ OpenQASM 3.0 FEEABAIBHNEZEEHE,
« FE (F31E)
- EEENAD, EEROERRE (HE "txa ) , MAEROEKRE (FE "o ).
- EEBEHT (EREHT)
- WIKOBEMNEEER (Hlwn, EE , HED FF-REE ).
. DT (DT)
- AREEEEE LE-NERKBLSRNEE B REN).
- BTUMREY ( EFILMRET)
- BRiGTEIm O AHE B B 1L,
o AR (FOER)
- BB FFIEHAEENEAEERERNBE T OEARFE, NFEFMES , F2EER.
- QHP 4% EB 1 (q SpecificProperties hp)
- WE#E , FMERAEE QHP BER ONRE B,

HEZE:
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HIRE QPU LEENFEARNBERUREEERNERBMY, EBTIENFMEERSELERE
AFEERXM0penQASM 3.0 FFHERIERA, EXNEMBMHIRE

- AR (248 ID)
« 7£ OpenQASM 3.0 HELE AR BITH KB,
o EEIREBITE (WD)
- ERNMEEAERERE,
o PR (HAXR)
- I RAR,
o FULBER (FOBER)
- ZEWEREEND O, BEBRT , MRARERRIPOERFEN —EFE. Hit , HERFPEME
REFEEPUVARNGEEESEER, SN ERIFISHPHRIERE.
- PEER (BBER)
- RRNTERVBEER.
- MHEARVEARR ( BB 2P )
- BRIQTEAEZRABEBAY,
- EFUMRE (BFBRE)
o BRIQTENSARRAHRAY & F 1L
- QHP 4% EB ™ (q SpecificProperties hp)
- AEHE , FMERAEE QHP BEERNREHE.

SupportsDynamiciEZE:

HIRER R E A LAUBEEOpenPulsenewframe B & B B calFdefcalil, MRERBH , REEMEE
BHIENETTAERFPER,

SupportedFunctions:

HIRBR T 42 EOpenPulse B BB S | &, SIBEENERERZH  LEIBENEHE. EEEEFH
OpenPulse BBV &5l , 552 B OpenPulsefi g, LI , MR RS IE

- B
- DEEEBEBENEN
« EREMM

- BIENALRESEEE
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Amazon Braket AR
- BEE
- BBIECEBBENER
- BENARBEREEE
- B
- HERERF
- % V0
- REFEEE FWERFFRSE

SupportedQhpTemplateWaveforms:

HREE FTANALBRERERE , UREENSIBMER, REBBERT |, Braket Pulse TEFTE % 1{E
FREEBENRER K ELHRHEEEHE -

EH
Constant(t, T,iq) = iq

TREFHRE , iqgRER.
def constant(length, iq)

Hy

ot

Gaussiauli 16 A | ZaF - 1)
2
1—ZaE*exp(—%(%)2> [eXp( 2( o ) ) ZaE*eXP( 2 (20) )]

TRRENRE  ocREHNRE , ARKRIE. NIRREZaEATrue , ISHERBALEHMMA , FEE
RENRBNERESRT , WEIAZKAE.

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

PDRAG Gaussiantt 1 0.0 A | Z2qF ) =
A 3t=3 i L
1—ZaE*exp(—%(i)2) (1 — i " > [exp ( 2 ( o > ) Zak * exp ( 2 (20) )]
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TREENRE  ocREHNEE , BR—EEHSBH , ARKIE. WRREZaERTrue , AIEBERFT
BEREH (DRAG) SHTETRBLEH N  FEERENFAENERESRE Y AEHRSES
RAfE. ABREI DRAG KIENEZER , F2ERANEREFREE T VBRI EERE.,

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

SupportsLocalPulseElements:

HORARE T (FlanEEE, AENKEE) RE U Edefcal B P AKER, MREAfalse , Bt
AEcalBEfHPEETE,

SupportsNonNativeGatesWithPulses:

FRABRMRESTUEREEFESERIEREM, Sl ROTFEEEFBPEHIERMEHE |, MAM4E
EEMEAE FudefcalIf, B ERIBEIEE T HREIA#PFInativeGateSet Fi@HIF K,

ValidationParameters:
ERRETERBER 6 ¥

« RENZAZE/ZRAKEE (EFENER )
- RENDOERNEAER , L Hz REN
- RDMEREAFHERE (V)
- RARGREAFERE (B)

£/ OpenQASM X ERER, BRMNEREH

EEEMEBEEEZEWL OpenQASM 3.0 ThEE , B LS E R ENEEactionds HE AL
Mbraket.ir.openqasm.program&if, a0 , LN 2 AR Braket kB EE RSV X EE
ENERER,

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

},
"braket.ir.openqasm.program": {
"version": [
"1.0"
1,
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"actionType": "braket.ir.opengasm.program",
"supportedOperations": [

"ccnot",

"cnot",

"cphaseshift",
"cphaseshift0",
"cphaseshiftol",
"cphaseshift10",
"cswap",

ey,

cz",
Ilhll’

i,

"iSWap",
Ilpswapll ,
"phaseshift",

rx",

Iy,

rz",

s,

si",

"swap",
nen
"ti",
ny

vi",

X,

xx",

IIXyII ,

Y,

Yy,

z,

1,

"supportedPragmas": [
"braket_unitary_matrix"

1,

"forbiddenPragmas": [],

"maximumQubitArrays": 1,

"maximumClassicalArrays": 1,

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

zZ

Support TEIWELEE L OpenQASM 102



Amazon Braket

FMBABER

"rangeWithStep",

"slicing",

"selection"
1,
"requiresAllQubitsMeasurement": true,
"supportsPhysicalQubits": false,
"requiresContiguousQubitIndices": true,
"disabledQubitRewiringSupported": false,
"supportedResultTypes": [

{

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

X,

Yy,
"Z",
Ilhll’
Ilill’
"hermitian"

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

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

X,

Yy,
"Z"’
Ilhll’
Ilill’
"hermitian"

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

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

X,

Y,
"Z",
Ilhll’

i,
"hermitian"

Support TEIWELEE L OpenQASM
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iy

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

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

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

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

{52 i FA R mm E AR B AR

& EEM OpenQASM3 5 , B ERRRE SHRMBMAEE T, HlU , FERELIRHE
By GHZ 2N RV MFARA |, BT LAR R T 5 OpenQASM 2=,

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

qubit[3] q;

bit[3] c

h ql0];
#pragma
#pragma
#pragma

.
’

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

#pragma braket noise depolarizing(@.75) q[0@]
#pragma braket noise depolarizing(@.75) q[l]

56 A P Rk L AR B S A
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C = measure q,

TOHBERMTrEXENREMARESNRE,

#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

REME T

EEELA Kraus BE 7 , BULLZ—EFEEBEE  SEBNESETEINAERMEER,
5/ Kraus ‘EE 78 , B E T3IEE -

. BB E FqubitsBBiB 2. BBHATNE T ESRREMBE,
BIEMAENREMAR 8 WEH, EERETHARH 2x2 EEMER.

- BRETEB 2B 7 PR FER. SEEHE 4 5E/A 1 qubit F 16 R 2. qubits
. FERAtHNERSHEES FHERERE (CPTP),

. Kraus BEEFHREEBEABNERSEMER—EEMCER.,

QubitfE AR M E 3.0 EF 4R

AmazonBraket Z ERigetti&Z & £ OpenQASM AWM E R qubiticik (EEE—S TR , FSEANRE
EAYEqubits EE REMN EFHRETH —EEAK , FRAEqubitsPMER M LiEE, HE , R
Eﬁﬁqubltgﬁﬁ’% , AIFEER 2 ERIigettiZ E A PARTIAL EF AR KB,

// ghz.gasm
// Prepare a GHZ state
OPENQASM 3;
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https://github.com/aws/amazon-braket-sdk-python/blob/0d28a8fa89263daf5d88bc706e79200d8dc091a8/src/braket/circuits/noises.py#L811-L814)
https://github.com/aws/amazon-braket-sdk-python/blob/0d28a8fa89263daf5d88bc706e79200d8dc091a8/src/braket/circuits/quantum_operator_helpers.py#L94-L108
https://github.com/openqasm/openqasm/blob/main/source/language/types.rst
https://github.com/openqasm/openqasm/blob/main/source/language/types.rst
https://pyquil-docs.rigetti.com/en/v2.28.1/compiler.html#naive
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h $0;
cnot $0, $1;
cnot $1, $2;

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

BEErEimEZHEAM QASM 3.0

E8E. MNEFEKLEHTE FEBERE Rigetti OQClonQ , BRI LEREERTELERERMNITE
8%, MEBETEMER. WIIEBREFRFZ. £ Rigettti 52fi , B UEREERENAE-ER
REESRERERESN D, "EEREEENEERY , LFEEERENEIREARERM. B
Al , lonQ¥ HOQCEXHEMFMERNZEF M= , ALERFNERETHERECEFZEFEE,

£/ OpenQasm , BAUE—ERXBHRAEEEZFHREZES  ELEABARAZTERNKRIFE
ERETHRE,. THEXNBEG REWNAFERA#pragma braket verbatim.

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;

NERFRBOFEET , F2HBTRBROELS,
CEEVER S o)

OpenQASM 3.0 E# A A , W BT fE BB EAmazonFl A FETERE, EX2EE L, BHEEE
OpenQASM 3.0 FRRRXEBFEENRKER A REERXAENEFEE K

Hith &R
OpenQASM EFiEAmazonfm N R4S EFHETFER,
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https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Verbatim_Compilation.ipynb
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WZEBI R EE A Amazon Braket £ OpenQASM W EIHIE A | SESRAMEHRERE, GitHub
£ OpenQASM 3.0 5T E#[E

Amazon Braket fERFEEZR L A% , ML shots=0 () BEX T EMRERMAMERS FHNEEHE,
FBUNRMEEENREECETENRE , W TENGF.

OPENQASM 3.0;
input float alpha;

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

h ql@];

h q[1];

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

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

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

MAREBILEFFENSH , RETalIERRFEE. EERBIIENABEiInput 2BETEHRE. B
SHHEBNFERE , EURRAE, £EERBRT , MEEBREERETENSG T

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

SEMEUHRENER K SEERRES  REER , KBEAKAFTREHEREN. Sum BEARGFTEREN
EEFVSADEEexpectation()HESRP , WAL BEESREEBEEANE FLES,

{FH OpenQASM 3.0 AlBIEEE FII

J5 BB AR RE 6] B 45 5k 25 A1 /2 BF 2 B2 2B P AR B B SIS IR X OpenQASMEE T , HR TR B ERHE F A
F&., EBEBARTAE, flm, ZTENRERF , EUUAE—ELEFLESER , YENEE -
EE ¥4,

partial_measure_gasm = """
OPENQASM 3.0;

bit[1] b;

qubit[2] q;

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

EMEEFLE45qlo] , q[1]1ERMEEERAEE F 0.. b[0] = measure q[0] JRTE , FEAH
MEEmEEER LETUTH S,

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)

BRI ERENBEBME PN requiresAllQubitsMeasurement i , URBERBERAZEREB
EA ; nR2False , AIXERIBENR,

AwsDevice(Devices.Rigetti.AspenM3).properties.action['braket.ir.opengasm.program'].requiresAllC

iE# , requiresAllQubitsMeasurement®False , EXRBPFARFAENE FUMSERE,

£ QuErafy X IEiR XX —EE B2 7

AEREEBAquilaESTHEEN TR X4 QuEra, EENBHEMAESENT 1) BENSB{LKZIE
Aquila, 2 ) AHS FEFZ 8,3 ) AHS BRRZE , 4 ) WEES B, AquilaZfIEZBFER Ctrl+F XAER
RERESWEERAENSE,

R

#RAquila¥BE At QUEratR B LA T (KFERGR ) IR E5HR ¢

N N .h 1
H(t} — k=1 Hrive, L( ) + z;ﬁzl Higeal detuning .k (t) nn ZE el Vedw Kl

(® Note
SHEAR M FF R —EERIEIEE , A8 Braket Direct 7K,

£/ QuEraf RIER X —EEEERF 108


https://docs.aws.amazon.com/braket/latest/developerguide/braket-experimental-capabilities.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-direct.html

Amazon Braket HBEABER

where

* Harvox (W) = ("2 B8 (W) BT (s + "0 (1) BF (7)) Powalt yn)
« Q(t) RFEEKNSIKESIRIE (XBRLLLER) , BN A (rad/s)
- () REBKEBENEFBEN , UIEIE
. S kS REFKkWARRENESESEN (EERL =g, #|1=|R, EMRES=]9gr|,S=(S-)t=|Rg|) +-
* Dgioval (1) BRIEEEKEH £ RER
s ny =ERFKNEERBRENREEERT (Bn=|rr|)
* Hiocal detuning,k ( M8 ) =-Djocar ( M8 ) N Ny
© Acal (t) BEBERFEBNEBEERF , BLA (radls)
« h RREBEKERE, TR 00M1.0 2ENEHEEF
* Vyawk = Cel (diy) °N i Ny,
- Co=NERZRE , KA (rad/s) * (m) "6 BE(L
cd BEF KM cENBREESHER , SURAEN,

A F A LUEIB Braket AHS BFERIZEIU T2,

« 2-d RFHES (BERF KB x My 2%, Lum REN ) , (A KEFIRHEEFER, =
1,2, ...N

« Q(t), FEKENSIRPLLIER | BNUA (radls)

o (1), KBEREENLBEER , N (rad ) REN

* A gioval (1) , KERARBNEBER , BULA (radls)

o Apocal (t) , BEFEANK/DIEREKTE (28 ) RE, BNAB (rad/s)
- he, RIHBRAEEN (FRE ) WLEAERERE , 0.0 M 1.0 ZHNEEES

® Note
RPEEEEFSRMLERR (BNS., S, n EEFREEN ) ., LT aE#RH Rydberg 18-21&
BRHAEERRE (C) WRE, 4

M ESR AHS BFER
BE V1. REHE (R6))
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Program(
braketSchemaHeader=BraketSchemaHeadex(
name="'braket.ir.ahs.program',
version="1"
),
setup=Setup(
ahs_register=AtomArrangement
sites=[
[Decimal('@'), Decimal('Q')],
[Decimal('@'), Decimal('4e-6"')],
[Decimal('4e-6'), Decimal('Q')],
1,
filling=[1, 1, 1]

),
hamiltonian=Hamiltonian(
drivingFields=[
DrivingField(
amplitude=PhysicalField(
time_series=TimeSeries(
values=[Decimal('®'), Decimal('15700000.0'),
Decimal('15700000.0'), Decimal('Q')],
times=[Decimal('Q'), Decimal('®.000001'), Decimal('Q.000002'),
Decimal('0.000003')]
),
pattern='uniform'
),
phase=PhysicalField(
time_series=TimeSeries(
values=[Decimal('®'), Decimal('Q')],
times=[Decimal('Q'), Decimal('0.000001')]
),
pattern='uniform'
),
detuning=PhysicalField(
time_series=TimeSeries(
values=[Decimal('-54000000.0'), Decimal('54000000.0')],
times=[Decimal('Q'), Decimal('0.000001')]
),

pattern="'uniform'

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

)
)
]
)
)
JSON (&i45)
{

"braketSchemaHeader": {

"name": "braket.ir.ahs.program",

"version": "1"
1,

"setup": {
"ahs_register": {
"sites": [

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

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

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

1,

"pattern": "uniform"

}I
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"phase": {
"time_series": {
"values": [@QE-7, QE-7],
"times": [QE-9, 0.000001000]
},
"pattern": "uniform"
},
"detuning": {
"time_series": {
"values": [-54000000.0, 54000000.0]7,
"times": [QE-9, 0.000001000]

I
"pattern": "uniform"
}
}
1,
"localDetuning": [
{
"magnitude": {
"time_series": {
"values": [0.0, 25000000.0, 25000000.0, 0.0],
"times": [QE-9, 0.000001000, 0.000002000, ©.000003000]
},
"pattern": [0.8, 1.0, 0.9]
}
}
]
}
}
FEMEE
EXRA type description
L4 .ahs_ 5. #8h Pk [BIsR [THES] RFEBEFR 2-
d LE5&
Z 4% .ahs_ 5t EX ESET ] RERC A4 P e B 1t 6
MIERFEE 1, MZEW
#8uk 0
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R
MREE. EES (. kg KFE _ K5

MR, ERB) A B ). #iR1E. R _ K5,

REREE. BB (). #kiE.

MREBTEDESRRTER [ BuRE _ R5

MR REERE B [ M. R _ R
MEMEED. BEFER (] MuER

BEBIZRFER [ B, B _ R,

BEBSRTFER( R, KE _R5. E

IREMEED. BT [ #HREX

3 BRFA []. BER RS,

3t BRFA []. BER RS,

str

str

description

B BY v A9 B5 [
&, BUOKHD (t)

EREIEEE , BUK
()

Bl ) & FE B 28 [ 18
=N, BOKH (t);
MAR THh—

2 BB R A B
25, phi (t)

ERE)AE{L(E , phi (t)

EREENZEEE
=, phi(t); %2&

%Iﬁ_l

B B A% SR Y B
OEE 2K (1)

EDMAGE , 8
B 25

ERE) A =R
X, =ZAN_£H
(t),;, HER "#

|

[5 &P % 53 18 FE Y B
4k FE AR BL Y R
25 | delta_Local (t)

[ &0 R TR iR Y B
EMERENE ,
BE RBIB (1)

AR AHS BFER
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ERXRN type description

A RS [ KDER EEE [TiE{] [ 3 4% 58 0 FE AN uh
BHREER F , h_k (
EYERERIE .ahs_
EEAA YL )

TTEIBRF R

= v type description

# I 72 SchemaHeader® str WENERE  LER "HEBER,

fhl, WA~ SchemaHeader str ERR R MR A

B AHS & RESR
L&, 16, BUARZTEREE BF % £,

AnalogHamiltonianSimulationQuantumTaskResult(&i 1)

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='2022-10-25T20:59:10.7887",
endedAt='2022-10-25T21:00:58.218Z",
status="'COMPLETED',
failureReason=None
),
measurements=[
ShotResult(
status=<AnalogHamiltonianSimulationShotStatus.SUCCESS: 'Success'>,
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pre_sequence=array([1, 1, 1, 1]),
post_sequence=array([0, 1, 1, 1])

Iy
ShotResult(
status=<AnalogHamiltonianSimulationShotStatus.SUCCESS: 'Success'>,
pre_sequence=array([1l, 1, 0, 1]),
post_sequence=array([1l, 0, @, 0])
)
]
)
JSON (&3 4)
{
"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,
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"postSequence":

{
"shotMetadata":
"shotResult":
"preSequence":
}
}

1,

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

"braketSchemaHeader":
"name":
"version":
},
"numSuccessfulShots":
}
}
}
FEBRSE
ESEEREL

AE [ HBER. vlF

AE [ HBER &F5

{"shotStatus":

(1, 1, o, 1],
[1, o, 0, 0]

type

s [

5 [R2¥]

"Success"},

"braket.task_result.quera_metadata",

description

BRAFHEBNFERNMT ( ZE
FRFEHE—@E) : 0 MRS
=, MRBUEER , MEATE
FREICNARE 75 2 Bl fl &

BRHENFIRUIEN : IR
R FER Rydberg iREESR L B A
=, HA 0, MRRFEREHIR
B AEETEFECNIRERS
EREFAES 1

BB AHS EHFERERX
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TEBRFER

R R

# P 72 SchemaHeader®

i, WA~ SchemaHeader

T e #SchemaHeader&® .name

{35 ;tSchemaHeader&i%. X ZE. W&

B TEE D

EHTBIR. RR

THEPEER. RR.KE ID

THEHEER. RR. 2

type

str

str

str

str

str

int

str

str

description

B IER Y
7, VAR
MREER

BRI
x

EEERE
7, HER
MREEER

IR AR
PN

B TR
ID. ¥R AWS
EFHEH &
RETHER
ARN,

B FEBNS
BIRH

HTETFT

ERVEE B R
B, HH AWS
2, ERR

1 ARN,

B HEEE
i BXHA
= 1SO-8601/
RFC3339 F&
BN F-A-
H:/\&:SSSzZ

BB AHS EHFERERX
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EEZERBN type description
. TEERXEA

rﬁJ o

FETEE BE. &R str B TR
REEHEER
ic; BX&E
= 1S0O-8601/
RFC3339 =
PR E-
A-H:mm:
SSSZ, FEFX
& T,

THEFEEER. REE. RAE str B ITHEMR
RE (B2, B
AT, #1T

B, BEXTAX.

RE), TR

»TE
THHEER. RR. KBER str BFEBHNX

MREH,
'R TE,

By b T BAR. 1T E BRI V1 BF (ESRMHH
5 AHS 2718
KB )

Bt tn T B3R, BI1E. f SchemaHeader#l str AR IR/

% .querametadata.name 28, XER

MREFR
By N 7T B(¥&. 17Eh. % SchemaHeader#, str R R IR
7 .querametadata.version ¥
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EEERBAL type
B in 7o 845, 178, SuccessfulShots int
HE ). BEETEIE. int

QuEra e B R

#5) .device_schema.quera_device_ PR _v1. QueraDeviceIhag (i)

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)

),

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

),

DeviceExecutionWindow(

executionDay=<ExecutionDay.WEDNESDAY:

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

)I

DeviceExecutionWindow(

'Tuesday'>,

'Wednesday'>,

description

TERINIAE
MRS ; BA
ERERNIA
BRE

RB|AREE |

( Bz, 885
B, KB);
AR TR
Ih .

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

),

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

),

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

1,
shotsRange=(1, 1000),
deviceCost=DeviceCost(
price=0.01,
unit="shot'
),
deviceDocumentation=
DeviceDocumentation(
imageUrl="https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5¢c5c878/
abcfcb6fcaz26cflc2elcb.png’,
summary="'Analog quantum processor based on neutral atom arrays',
externalDocumentationUrl="https://www.quera.com/aquila"’
),
devicelLocation='Boston, USA',
updatedAt=datetime.datetime(2024, 1, 22, 12, O,
tzinfo=datetime.timezone.utc),
getTaskPollIntervalMillis=None

),
action={
<DeviceActionType.AHS: 'braket.ir.ahs.program'>: DeviceActionProperties(
version=['1"],
actionType=<DeviceActionType.AHS: 'braket.ir.ahs.program'>
)
1,

deviceParameters={},

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

),
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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 (&i45)
{

"service": {
"braketSchemaHeader": {

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

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

},

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

b

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

},

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

b

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

},

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

}
1,
"shotsRange": [
1,
1000
1,

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

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

.

"devicelLocation": "Boston, USA",

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

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

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

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

1,

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

}
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AR 75 1B 1 A 1

PR 7% B 14 A L type description

R S1THRE . BT H ExecutionDay HITEAONKE, HER
X, , "¥R, , "&E
Xi, "EH—, , TEH
—., "EH=, A6 EH
m, TEME, , "TEH
751 % TERR,

BRFS. #1748 8 []. StartHour HHARFR. B BITIRERBRRDN 24 DB
UTC %=X

BR#. #11T4RE []. EndHour HHARFR. B BITIREEREEM 24 N
UTC %=

BRISEED. R¥E. MIREEE TUiE (R , R KENHK/NMEAKBBERH

]
PR —i%. ERIEREEM, float EERHHENREER
BRISEE . BREE. RR1&. str WEREERYEE (L , Hltn
FoegE, , T/hEE, , TH
2, "E%.
THBRFH

TTEBFE type description

Bk []. R4S str AHS FEFEX K MR

B4k []. actionType ActionType AHS BFERXEE ;

AR TiREEER

BR 7. & %8 SchemaHeader str RBEANER ; &
A THRE.

BR#. SchemaHeader MR 74x str EBHEIR A AR A
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TTEEFER type description

RS, RABAE. B At str RiBE&AY URL

R REXH BE str Rim LN EERA

AR #5. 5% {324, S4EB DocumentationUrl str SANER ST AE AL

IR, BRI E str HBEHHENE

IR#s. B datetime EREHERERRTH

P [

EAREREE 3

{84 3 2 Python By AWS SDK, £/ Boto3 , Python BZ A S L AIE K BEMEE AWS RS , 4
MAmazonh AL 52 4. Boto3 Rt 7 —EE M ¥ RAPI , UAREHRBINAB A 4. Amazon

58 Boto3 RIZAFIIE R P RRAR B MA L EME E Boto3,

Boto3 12t 7 B2 Amazon Braket Python SDK —f £ A&/ 008 , LEBEEEFNETE FE
%, Python EFEREERE Boto3 , AAERRLER. NRAREEABENNESE , REEE
Z % Amazon Braket SDK.,

Blan , BEFILECreateQuantumTask , AmazonBraket SDK €555 RI23#E Boto3 , A& FFML.
AWS API

HEAEH

- 37B8 Amazon Braket {§#t 3 & F i

+ R AWS CLI % Boto3 i 5B B EH A ERER

3T Amazon Braket 83t 3 B F i

E % Boto3 B2 Amazon Braket —f2fEf , BABE A Boto3 , RAEEE —E AR IEREZ Braket WEF
. Amazon APITZE F5I&i6|d | @& A Boto3 Al Fif, braket

ERABEE 3 —


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

A7 B THAENREMA BraketSchemas , OpenQASM EA S E M FGetDeviceAPIE

B, EENMSLEN , FRAEREEX X EAZREFHMAH BraketSchemas (1.8.0 EHThR
), Braket SDK @ HBIABRMEILREE., WMREZEFEA Braket SDK B2 H FE OpenQASM
E4GetDeviceEIEMNER , B REFE EREAWS_EXECUTION_ENVIRIEEBIRBEEAH
REER, FZBGetDevice EE OpenQASM #E REEEFEHIREMNEXISE G | BRI
fagt¥ AWS CLI, Boto3 # Go, Java Fl/SDK #11TItEfE. JavaScript TypeScript

import boto3
import botocore

braket = boto3.client("braket",
config=botocore.client.Config(user_agent_extra="BraketSchemas/1.8.0"))

BESCOKEN T —Ebraket®EF |, &0 LA Amazon Braket fRIGE HE R W EIHERE, B LE
API 2ZhESEBBERNERBEBENEZSFHER.

THIEHIRBMAIERALEENE T T
- BERE

HEREE

BUEFEHE

FEE FERK

BEETEHK

BUEE FEH

HEXE

* search_devices(**kwargs)

EREENEERESKE

# Pass search filters and optional parameters when sending the
# request and capture the response
response = braket.search_devices(filters=[{

#7639 Amazon Braket B3t 3 BF % 125
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'name': 'deviceArn',

'values': ['arn:aws:braket:::device/quantum-simulator/amazon/svl']
}], maxResults=10)

print(f"Found {len(response['devices'])} devices")

for i in range(len(response['devices'])):
device = responsel['devices'][i]
print(device['deviceArn'])

FEELEE B
* get_device(deviceArn)

¥ 3R Amazon#s HI 5= 45 ] A 1V E% fig o

# 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']}")

BIUE IR

« create_quantum_task(**kwargs)

Al —EE FEH,

# Create parameters to pass into create_quantum_task()

kwargs = {

# 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": 2}}',

#7639 Amazon Braket B3t 3 BF % 126
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FMBABER

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

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

'outputS3KeyPrefix': 'boto-examples',

# Specify number of shots for the quantum task

'shots': 100

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

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

HEE T2

* get_quantum_task(quantumTaskArn)

HHEENE FER.

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

print(response['status'])

BEETE®

* search_quantum_tasks(**kwargs)

BENSEEHERENET T,

# 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")

#7639 Amazon Braket B3t 3 BF %
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for n in range(len(responsel['quantumTasks'])):
task = response['quantumTasks'][n]
print(f"Quantum task {task['quantumTaskArn']} for {task['deviceArn']} is
{task['status']1}")

BUHE 1271

* cancel_quantum_task(quantumTaskAzrn)

BUHEEN B FER,

# 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']}")

£% AWS CLI £ Boto3 Mo B &R ESH MR ERE

MIEEREZEAMEIETE , & Al Amazon Braket SDK k38 TEEX AWS CLI B, BFIEZRLESEEN
Amazon Braket ZERE A LHTHRETERE K RASKNERHEEMBELAHITEEERN IAM &
&,

HE , MREEFEHITEINS (Bl , &£ Amazon EC2 #{TER L) , B IEI EH AWS CLI &%
EfE, BALUABEREERHATEANERE K MALEMBRARRERE.

AERE AR EIIE CLI SR |, UprofileX& MM ERE A 512 Amazon Braket # , LA
{8 LURZER E B W R PR E 1 TAPIFENY,

ARG :

« S 1. BREAB AWS CLlprofile

- £2% BV —1{8Boto3 SFEHR

- $ER 3 : i Boto3 EFE & D IS+ AwsSession

HEBR 1 SREAH# AWS CLiprofile

B

RPN ERE AR MAREFRRRER , EBHAXHNEE, MFTELTENHEBEENR ,
28
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« AP
« EXE AWS CLI ZEHE AWS IAM Identity Center

= E# A Amazon Braket , B4 E@ M EAEKMEER CLI profile R X ER Braket R, £l
|, &8 LAt ilAmazonBraketFullAccess/& Bl

2% BY—E Boto3 BFH R
/7 EM —fE Boto3 EFEHR , A TENKTE R,
from boto3 import Session

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

@ Note

MRFBFHNAPIFIESEEprofilefEBEF —BWESERE , BALEE Boto3 TIER
EXHY Region , IR 5| & HIFF R

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

HEIEEANSIBregion , BURE R Amazon Braket AIEAMIE AWS [EiF,  —{E{Eus-
east-1, #lflus-west-1, &,

B 3 : 4 Boto3 BrEA Pt EIfE+ AwsSession
TE/REETR T MA#%R1t Boto3 Braket @ EZ SR B HIMLERIH.
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)
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Amazon Braket HEASER
TERERER , B E FERERBZES{tAwsDevice IR ( HlinFAMAdevice.run(..) @

T) o ZEERHNFIEAPIFILE A AR ARZLIEEAMN CLI BREEMEBBEN IAM EAE
Flprofile,
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Amazon Braket B9 A & 122 &l

A EIER A AN{AI £ Amazon Braket Y& QPU L& AR E =45,

FEARS
R
- ERNEANEE
o YRYF AR

o {55 7 B 1B 5 5 AN 3t P9

74 58 A &

MEREHEFAERPE T LSNERER. HM Amazon Braket EHELRE | & 0] LUIFEUARE
EHBEUERARERIER, SULUEBRBEN. £A OpenQASM 3.0 EXEZEBREIZR API 7
EVARE 1 Hl, Bk , BERMIN4E Braket HARE 1 HIH — LLEIRBLS.
=4
=
HE-—ERGHR , REEFEFPHRENEN. RENRESEERAEARESY , YEHERERN
MEEH KA. FERERIEFLLEE  HEEE FILENERER  HURBURKESBEFN
FfEl. £ Braket itfEr , BiEIEBURR Rl , SARMMEL. RIFRENTE , EOULNEEFEERNER
RIEIBRMHE O BEHLIESR,

from braket.pulse import Frame

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

drive_frame = device.frames["q@_rf_frame"]

device = AwsDevice("arn:aws:braket:eu-west-2::device/qpu/oqc/Lucy")
readout_frame = Frame(name="1@_measure", port=port@, frequency=5e9, phase=0)

BEE

im0 RAREME A/ HEFEARHE T RN RGHR, CUUREDEAHEEREEAF TN
RERMMBEE T VNED, ERENBERIMREEREBNE—FR, AFHHERET
ROREEE  REEBEE T RMATUAER RN EAREE,

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

BRI
BER—EREREN S , RN TUAEREERHRD L REERIBBE AR OBERSR. ETN)
BREBREERIEERTY , A MERKFEARERREHREELERTEREERF.

from braket.pulse import ArbitraryWaveform, ConstantWaveform

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

1%

Braket Pulse RHREREE , BREFBRE. SHREURBEM (DRAG ) KENERER, &7
LUEiBsample ENEBREUR L E R, SURSURZMIR |, 20T BIEHIFTRo

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

0.12
—— ZaE = True
0.10 A ZaE = False
5 0.08
8
v 0.06
©
2
S 0.04 -
£
<
0.02 -
0.00 -
0.0 0.2 0.4 0.6 0.8 1.0
Time (s) le—7

BIENE R TREINSHRE. GaussianWaveformEfiEET 100 ns WIRERE , BEE
£ 25ns , fRIER 0.1 (EEREN ) . REEREHREREHR. GaussianWaveformiEFZ M5
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B zero_at_edges (BfIFH ZAE), EREABTrue , KE|IHER/BSHIRN , £15 t=0 M t=
length ENEAT , YEMAEHERE , FEHKEHERSIH., amplitude

BEZMAEENE TRERFBNERRL , EFTREMSE N WAER[PINREERER,

ERMmANAE

FERABERETANFELERERNERE, RAUESHENRER L EBHRE SIS RAOH
%IJO

BERE
Frames (¥1%)

Rigettizz B FRAE RN , ELEMNRRMBVEBRENEMBANE FHEH-R. FENE
R{}EE—EEFUBNq{i}[_q{j}]_{role}_frameit5 , {j}EMRE—FEEFLE , LAfHE
AREEMEE FLLBRE |, W{role}EEMNEA. AEUT :

- rfREHE 4 0-1 B, AREHIER SRR MM HUK B RS R E&H L ad
BsetMshiftIhpERMt, FHRMNIFBKBERIEHAE LEROEEGEH. JERTB/AEEFUT.
HEARNES, WEFAER , 528 Kantz E, MUBKEBE.

o rf_fI2EHSEMCUf , ESBEYH 1-2 i,

s ro_rxARBBBEHAKSEREFHEN I HEL. SHEAEREBLEENER, HUNTES
HE, CEABBM#EAcapture_vo , BRTIEEZEBFTFZATEET MBS E,

« ro_txAREEIRSEERER. THRIARER,

c CZRREBREUBMAE zEFUTHABNWIELR, EMEREI IR OMEBBRNE—& , TRBEENE
EHIREBREVATRAEF LB REBEBERITHUEREERA. NEERMERFINGFRENR , &
2K Reagoretal, , ZEEBZE. , MEBEEKE. ,

« cphaseREBRELIMFAEE FItcphaseshiftEBRIIES | WiEERKO, fFNEEREMUE
KHEINFFRER  FSRERNCcZRA,

« Xy—RBREUBMAEE FIt XY (0) MWIEZR |, WERLZEREE, fIARMERERNAER
XY FNEZER , F2RczZERNRBAM Abrams FA, o

EERfriRONEBE THE TSR ERE | HE8 7S HENAMAREED NS BB RERRE
MIEENSERBEENEERRR. Bt , SLAEMMBE FAUTHE T INAY BV RAEELLR
Ro
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R

Rigettift BER A EBE BINEMENEIZRFE, ROZBER/IE , q{i}_{typelHFP{i}EN
RETNVE , ¥{typeEMRIHROMWER, FiZ  YIEMAENETFURHE—ATENRDO, EiEE
HEAMT

- IfRREBEEFUERNERE, R Arf_f12ERHEEH. ©ERFR8ED
RETREBZEERED.

« ro_txAREERBEIFHRRRETRSIETN. RUEREEHN\ARSEER/\fX.

« ro_rxFARERRE RS BB F KR HEIRSRHE R,

. FIRRBERSEETHENERR. RNTURERARARSENEE AARHABETH
BHEFUTA—BIFHO, BHOARKERTLR BT LSREER , RASHABEN2H
FEREEERE

HIHIm

FhIT , RFFH

NERRRBNFEES , F2REIES, .
0oQC

Frames (¥1%)

OQCRBXRIFFAERMNIE , ELMAVERMMAULBRENEEENE 7 LSRR, SEERNT S
BHMT :

o BEEpME : q{i}[_q{j}]_{role}HH {i}ENRE—EFNUE , {jIREEANBEMEZ FLLIF
REMNERTHE—EFNE , Y {role}SEMNER , WTAIR,

« BFVERE : r{i}_{role}HEFP{i}ENREFNEH , W {role}EWMNIER , MMTATE,

HREZRSSEERARNERHER TR :

« drive A{EERBNE T LE4 0-1 B ER, REWFESBERNBALNBRBRESRER TrE
BsetMshiftIhaERH. FRNVFBABIRIEHE DBREOREGH. RERTAAEE VT,
SHEARNER, MEFMENR , F2HE Krantz F. MUBKES .

« second_stateflERdrivets , EECHERFRHZIRE 1-2 1BE,

- measurecAREL. EAEREBHRENER, HUNTESHE, CEBBFE
Hcapture_vo , RTHEBRFZATEEXEMSEL

« acquire AR{EHEIRFHERR. ©TRAKRER.
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» cross_resonanceBUEE TR BRI ARMEER |, iX BB BZE T HLSNIBERAR
EEEHEIFIEYS., A, FAEBEEFNUTHNBERRBEAEER, HEEAREEEERR
EIREEE SN REALLANER, FTEAEENFESFETLENNR , EEEFELE, BHEHRS.
EREBEEHE T2 7% ('coaxmons' ) WX HRIRMEERANEZEL,

« cross_resonance_cancellationEBERMREUNFER X RIRBEERABERBEESE
MEERR. NREERFEREARHEFLSINBEEE, EREESZENESER , F2HN
BHRZEA. o

B

OQCRERMAEBRENRMENERRTFE, KRN IEERAH ID channel _{N} FR&H R
OAEEAEE , P {N}R—ERH, wORAREHEEIIEWMAORE (Frtx ) MBEHERSS (5
Brx ) WO, SEEFLSE—ERRRN—EFE L ERSFAEN, ShnO0RAREETFALNE
BFRFNED, ZRiROARE FUEL,

R 5 B &

HFER , BB NNEZAREEE —EMEMN Bell ¥ , ¥ ERigettizkiE LT UHRERF. BE

HE—EEEFHSER  BAFE—E T4 LM Hadamard PIEER , AR RE—MNE_ETHE

Wcnotf, FAMEREVAHEMREEERBERAEREANEERENFERS. BEMTSERAREHE
FIRAIZE cnotf, MR , B ERABSEMNRFENERABBACzP, EERBEF+ , BFKERE
BT s AP AIE — 18 Hadamard P9 |, rxrz Y FAREREM, cz

B, BERMASALENE, BRTCGircuitErlzH , BHREERFEE APulseSequence$Eil,

from braket.aws import AwsDevice
from braket.pulse import PulseSequence, ArbitraryWaveform, GaussianWaveform

from braket.circuits import Circuit
import braket.circuits.circuit as circuit

ETXR , FRARIEN Amazon ERAER ( ARN ) BEHl{t —{E#HY Braket #%fE. Rigetti Aspen-M-3582
B3 Amazon Braket A LW TH#E, HE , URHEEBMERIgetti Aspen-M-3E&,

a=10 #specifies the control qubit
b=113 #specifies the target qubit
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3")
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B Hadamard P9F 2Rigettiz
HrxMrzZAEP8F5,

import numpy as np
import matplotlib.pyplot as plt
@circuit.subroutine(register=True)
def rigetti_native_h(qQ):

"Rz, BMSEATESH (KRB , LA/ TREBMNSFERE ) WESRE ,
RUBERERBRAE, LREKEARqL0_q113_cz_frame. BEILLEE AN ISR &I

x,

a_b_cz_wfm =

S@S@S@S@S@S@S@S@S@S@S@l

return (
Circuit()
.1z(q0,
.rx(q0,
.1z(q0,
.rx(q0,

np.pi)
np.pi/2)
np.pi/2)
-np.pi/2)

=2 FARigettif@vh LM QCS. ZRAREREE T QCS Rk,

.41228111103443343,
.41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,
.4122811110344471, ©.4122811110344457, 0.
.41228111103362725, 0.41228111102881937,

.4122811098772742, ©.4122811051578895, 0.
.4122806196003006, ©.4122792591252675, 0.
.4122174383870584, 0.4121022266390633, 0.

0
0
0
0.
0
0
0

.41228111103444737,
.41228111103444737,
41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,

S &8 6 O O

.41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,
0.41228111103444737,
41228111103443343, 0.

LR Rt TR EESER. Eit,

BEEBHD R

ArbitraryWaveform([0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
.00017888439538396808, 0.00046751103636033026, ©0.0011372942989106456,
.002577059611929697, 0.005443941944632366, 0.010731922770068104, 0.01976701723583167,
.03406712171899736, 0.05503285980691202, 0.08350670755829034, ©.11932853352131022,
.16107456696238298, 0.20614055551722368, 0.2512065440720643, ©.292952577513137,
.328774403476157, ©.3572482512275353, ©.3782139893154499, 0.3925140937986156,
.40154918826437913, 0.4068371690898149, 0.4097040514225177, ©0.41114381673553674,
.411813599998087, ©0.4121022266390633, 0.4122174383870584, 0.41226003881132406,
.4122746298554775, ©.4122792591252675, 0.4122806196003006, 0.41228098995582513,
.41228108334474756, ©0.4122811051578895, 0.4122811098772742, ©.4122811108230642,
.4122811109986316, 0.41228111102881937, 0.41228111103362725, 0.4122811110343365,
.4122811110344457, ©0.4122811110344471, 0.

41228111103444737,

0.41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,
0.41228111103444737,

S & o

4122811110343365,
0.4122811109986316, 0.4122811108230642,
41228108334474756, 0.41228098995582513,
4122746298554775, 0.41226003881132406,
411813599998087, ©.41114381673553674,

ELSHEHEN
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.4097040514225176, 0.4068371690898149, 0.40154918826437913, ©.3925140937986155,
.37821398931544986, 0.3572482512275351, 0.32877440347615655, 0.2929525775131368,
.2512065440720641, ©.20614055551722307, 0.16107456696238268, ©.11932853352131002,
.08350670755829034, 0.05503285980691184, 0.03406712171899729, 0.01976701723583167,
.010731922770068058, @.005443941944632366, 0.002577059611929697,
.0011372942989106229, 0.00046751103636033026, ©@.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
.01)

a_b_cz_frame = device.frames[f'q{a}_q{b}_cz_ frame']

S © 06 0 0 6

dt = a_b_cz_frame.port.dt
a_b_cz_wfm_duration = len(a_b_cz_wfm.amplitudes)*dt
print('CZ pulse duration:', a_b_cz_wfm_duration*1e9, 'ns')

CZ pulse duration: 124 ns

B, BATUERARRBESRNKREBECzM, BE-T , IREZHEFLBERRE , BlczMHBAE
BRE TSN MECBEER| 1>,

phase_shift_a=1.1733407221086924
phase_shift_b=6.269846678712192

a_rf_frame
b_rf_frame

device.frames[f'q{a}_xrf_frame']
device.frames[f'q{b}_xrf_frame']

frames = [a_rf_frame, b_rf_frame, a_b_cz_frame]

cz_pulse_sequence = (
PulseSequence()
.barrier(frames)
.play(a_b_cz_frame, a_b_cz_wfm)
.delay(a_rf_frame, a_b_cz_wfm_duration)
.shift_phase(a_xf_frame, phase_shift_a)
.delay(b_rf_frame, a_b_cz_wfm_duration)
.shift_phase(b_xrf_frame, phase_shift_b)
.barrier(frames)

a_b_cz_wfmREEERBER BBANKE EER. CHNERARBEE THSERUBEE FLEBEX
H, MFEFHMER  F2REERNERENAG. BEEENEL , EFHEBENEERRERFR
SNEETHRIfIERRE  REBRBRIL, ELHEBEELEBRamseyFIHETRE | WHELE
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fEARBiBphase_shift_aflphase_shift_b ( TEEH ) WEHEHESIREM, RABBEfIELE
Fshift_phasefs SHIEEEEM, FEE , WFIEBEAREBaEbE FUHEBEHNXYENER ,
AAEBMTHESLE EREMNER, ERERE—WEREER , EREAfMczENER. F
HHES  FA2REEERESE. .

BiE , R CEEHEFRIR —EFRED Bell ¥,

bell_circuit_pulse = (
Circuit()
.rigetti_native_h(a)
.rigetti_native_h(b)
.pulse_gate([a, b], cz_pulse_sequence)
.rigetti_native_h(b)

)

print(bell_circuit_pulse)

T :] © | 1 | 2 | 3 |4 | 5 | 6 | 7 | 8
SRR (4= P10 2o L G770 BB 4 (W 770 I G 7 S S S P
|
q6 : -Rz(3.14)-Rx(1.57)-Rz(1.57)-Rx(-1.57)-PG-Rz(3.14)-Rx(1.57)-Rz(1.57)-Rx(-1.57)-
T :] © | 1 | 2 | 3 |4 | 5 | 6 | 7 | 8
FRMERIgettizZ M LIETHEREY, FiE  3THEABERSEELER., NFELEANFHEE

# , 7238 Amazon Braket EEEH. RPAEZBRLFEALERTHEIFRER  UEREENFEREZ
Bl A A R fie B 1T

task = device.run(bell_pair_pulses, shots=100)
counts = task.result().measurement_counts

plt.bar(sorted(counts), [counts[k] for k in sorted(counts)])
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o o o
N w ~
1 1 1

Population

o
=
1

0.0-

00 01 10 11
State

{REFARE £ A OpenPulse

OpenPulse —BARIEE —MREBFREZMEEBRIZHMNEES , B_ OpenQASM 3.0 R EFHY —IF
%o Amazon Braket ##OpenPulse  OpenQASM 3.0 X~ B #Eimiz iR E .

Braket FiOpenPulsefFEAMIETHRIZMBENKBPFERT. OpenPulsexFLldefcal ( "TEHER
#, ) BHNEXNRNESRE, FHELEN  SBAUERKEKIINIEHFEEZFIEE gate IETHE
H,

FEEEBIF , BFIEER OpenQASM 3.0 FE A AIERF B FE WAV HOpenPulse LBE —E B
B, BE—T , EREREHEETHHER  HPaEEE —EFH4S LM Hadamard P9, A
ZEMEEFLLF 2B cnotf. AR cnotMMEczEMTRE , Rt EMi&FER Hadamard Ml cz
gate RES Bell ¥ , AKX BERME T —EEBEN T ERATEREIE 2,

RERPIFABEARBHAEFIESR Hadamard P,

client = boto3.client('braket', region_name='us-west-1")
defcal h $10 {

rz(pi) $10;

rx(pi/2) $10;

rz(pi/2) $10;

x(-pi/2) $10;
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}
defcal h $113 {

rz(pi) $113;

rx(pi/2) $113;
rz(pi/2) $113;
rx(-pi/2) $113;

HRCZM , KAKERAEESEHENSH (KB , LA/ TEREEBNFERE ) NEREEE. K
TG ERMqlo_ql13_cz_frame.

cal {
waveform ql0_ql13_cz_wfm = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,

0.00021019328936380065, 0.0008644760431374357, 0.003028104466884364,
0.009058671036471382, 0.02322670104785881, ©.05128438687551476, ©0.09812230691191462,
0.16403303942241076, 0.24221990600377236, ©0.32040677258513395, 0.38631750509563006,
0.43315542513203, ©0.4612131109596859, 0.4753811409710734, ©.4814117075406603,
0.48357533596440727, 0.48422961871818093, 0.4843963766398558, 0.4844321964728096,
0.4844386806183817, 0.4844396697373718, 0.48443979687791755, 0.48443981064783953,
0.48443981190433844, 0.4844398120009317, 0.48443981200718716, 0.4844398120075284,
0.48443981200754405, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, 0.4844398120075447, ©.4844398120075447,

YRIFARE £ OpenPulse 120



Amazon Braket

FMBABER

.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,

.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,

.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,

.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, 0.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, 0.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, 0.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, 0.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,
.4844398120075447, ©.4844398120075447, ©.4844398120075447,

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

S © © © © © O © O ©0© OO 00O 0O OO 000000 OO 0O OO 09000 OO0 OO0 e e

}
defcal cz $10, $113 {
barrier ql@_xf_frame, qll3_xf_frame, ql0_qgll3_cz_frame;

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.4844398120075447,
.48443981200754405, 0.4844398120075284,
.48443981200718716, 0.4844398120009317, 0.48443981190433844, @.48443981064783953,
.48443979687791755, 0.4844396697373718, 0.4844386806183817, 0.4844321964728096,
.4843963766398558, 0.48422961871818093, 0.48357533596440727, 0.4814117075406603,
.4753811409710734, ©0.46121311095968553, 0.4331554251320285, 0.38631750509562957,
.32040677258513167, ©0.24221990600377236, ©0.16403303942240913, ©0.0981223069119151,
.0512843868755143, 0.023226701047858084, 0.009058671036471328, 0.0030281044668842563,
.0008644760431374626, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0};
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play(ql@_qll3_cz_frame, ql0_qll3_cz_wfm);

delay[124ns] ql@_xrf_frame;

shift_phase(ql@o_xrf_frame, 1.1733407221086924);
delay[124ns] qll3_xf_frame;

shift_phase(ql13_rf_frame, 6.269846678712192);

barrier ql@_xf_frame, qll3_xf_frame, ql0_qgll3_cz_frame;

ql0_ql13_cz_wfmKENFEEEA 124 BFAX , HEER 124 ¥ , RAKDEEEEILA 1

NSo

ql0_qll3_cz_wfmEHEHERRBEEiROMWE LIBK, SHIERARBBHE FLLSERBEE T
SR E, MEFMEET , F2REEERTEZENAC, BEHERNEL , BRETENER FEHE
b, EFHBFEATENEREE . ZEBREKXV, EREMBMTUERERBFEHARamseyF 5|
EITRE YA EWshift_phaselE S FEETHE. f xyIBFHER , F2REERES.

BiE , RMATUSTEBEHER , RFAER —HXIBH Hadamard McnotFIo . cz

bit[2] c;

h $10;

h $113;

cz $10, $113;

h $113;

c[@] = measure $10;
c[1] = measure $113;

FERAAEPMRENESEEN EEERNTE OpenQasm 3.0 RRWM T,

// bell_pair_with_pulse.qgasm
OPENQASM 3.0;
cal {

waveform ql0_ql13_cz_wfm = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
.00021019328936380065, 0.0008644760431374357, ©0.003028104466884364,
.009058671036471382, ©0.02322670104785881, 0.05128438687551476, ©.09812230691191462,
.16403303942241076, ©.24221990600377236, 0.32040677258513395, 0.38631750509563006,
.43315542513203, 0.4612131109596859, 0.4753811409710734, 0.4814117075406603,
.48357533596440727, ©.48422961871818093, 0.4843963766398558, 0.4844321964728096,
.4844386806183817, 0.4844396697373718, 0.48443979687791755, 0.48443981064783953,
.48443981190433844, @.4844398120009317, 0.48443981200718716, 0.4844398120075284,
.48443981200754405, 0.4844398120075447, ©0.4844398120075447, 0.4844398120075447,
.4844398120075447, 0.4844398120075447, 0.4844398120075447, 0.4844398120075447,
.4844398120075447, ©0.4844398120075447, 0.4844398120075447, 0.4844398120075447,

S © © O O O 6 O
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0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, @.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, @.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, @.4844398120075447, ©.4844398120075447, ©.4844398120075447,
0.4844398120075447, ©.4844398120075447, ©.4844398120075447, ©.4844398120075447,
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0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, O.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, O.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.4844398120075447, 0.4844398120075447,
0.4844398120075447, 0.4844398120075447, ©.48443981200754405, 0.4844398120075284,
0.48443981200718716, 0.4844398120009317, 0.48443981190433844, 0.48443981064783953,
0.48443979687791755, 0.4844396697373718, 0.4844386806183817, 0.4844321964728096,
0.4843963766398558, 0.48422961871818093, 0.48357533596440727, 0.4814117075406603,
0.4753811409710734, 0.46121311095968553, 0.4331554251320285, 0.38631750509562957,
0.32040677258513167, 0.24221990600377236, 0.16403303942240913, 0.0981223069119151,
0.0512843868755143, 0.023226701047858084, 0.009058671036471328, 0.0030281044668842563,
0.0008644760431374626, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0};
}
defcal h $10 {

rz(pi) $10;

rx(pi/2) $10;

rz(pi/2) $10;

rx(-pi/2) $10;
}

defcal h $113 {
rz(pi) $113;
rx(pi/2) $113;
rz(pi/2) $113;
rx(-pi/2) $113;
}
defcal cz $10, $113 {
barrier ql@_xf_frame, qll3_xf_frame, ql0_qgll3_cz_frame;
play(ql@_qll3_cz_frame, ql0_qll3_cz_wfm);
delay[124ns] ql@_xf_frame;
shift_phase(ql@o_xrf_frame, 1.1733407221086924);
delay[124ns] qll3_xf_frame;
shift_phase(qll13_rf_frame, 6.269846678712192);
barrier ql@_xf_frame, qll3_xf_frame, ql@_qgll3_cz_frame;
}
bit[2] c;
h $10;
h $113;
cz $10, $113;
h $113;
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c[0]
c[1]

measure $10;
measure $113;

BBRENUEATHERE , FAMARENHERIgettifEE E#TiE/E OpenQASM 3.0 =,

# import the device module
from braket.aws import AwsDevice
from braket.ir.opengasm import Program

client = boto3.client('braket', region_name='us-west-1"')

with open("pulse.gasm", "r") as pulse:
pulse_qgasm_string = pulse.read()

# choose the Rigetti device
device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3")

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

# You can also specify an optional s3 bucket location and number of shots,
# if you so choose, when running the program
s3_location = ("amazon-braket-my-bucket", "opengasm-tasks'")
my_task = device.run(
program,
s3_location,
shots=100,

158 7 i 7 35 8 2 b P

MAAEBEFTERMAERE QPU XEFNARFRNMERSREN. REF5HERHER T
MR EREFNEMITEMREAETHERGTEFNRMRRIERERVIHE , FlNEBNFREE
A P B9 B B 2R 1T B RSN HE

Amazon Braket Tt B FH AP ETEFILEIR,

import math

from braket.aws import AwsDevice

from braket.circuits import Circuit, GateCalibrations, QubitSet
from braket.circuits.gates import Rx
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device = AwsDevice("arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3")
calibrations = device.gate_calibrations

print(f"Downloaded {len(calibrations)} calibrations.")

® Note
REAEEEEARE QPU , BESXTIL—IR. Braket SDK Al REEEHAHIFFIRIE,

device.refresh_gate_calibrations()

ERREEMNARMP  Flad RXH XY P, BEEFEEGate HRMNBEBNE 7, Hlan , BATSA
BEERARK 0 W RX (/2) IREEE, qubit

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

pulse_sequence_rx_pi_2_q@ = calibrations.pulse_sequences[rx_pi_2_q@]

BRMEAfilteraE B Y —HEHENRE, SEERFINBESFEEQUbitSet, FIHEXE
BEYMBEES , HPIE RX (/2) 1 0 WAABERIE. qubit

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

BE , SUEBHMEFTREERERIEXRERENEMF, Hl , FZRBTHER.

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

B LLBiBASPulseSequence IR FELEERgate_definitionsEEFSHqubit ORFEAEE
SrxFIRERETE., LA LRGateCalibrations¥#pulse_sequencesBMEBFH, FfE
REEHHABSHREE FTERHESNRERE,
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nb_shots = 50

custom_calibration = GateCalibrations({rx_pi_2_q@: pulse_sequence_xrx_pi_2_q0})

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

fEARE R A #h g 147



Amazon Braket

FMBABER

Amazon Braket RS HAF S

A EIRAEEN{I7E Amazon Braket FERENEE BESIEEMNERH,

Ba L MEALL TS E Braket P EEVEE R T4 :

« Amazon Braket % SDK,
« Amazon Braket 4| &

+ Amazon# BRI E4FAPI,

AR

fEREERN Job?

A B {5 | Amazon Braket ;B &1E%

LURBE THENEXHITENETEENL

£/ Amazon Braket B& RN EBHITESERE
BEUEHNE—@ES Job

WA, W, RESHNEEEE

REIEER

FRARENREYENRBEARTE

EREEEZETHRNIRERE

FEREZH

FERERNITEHTEBUABMITEE LIESH

BUEREX Job

ERAZEILHEZNEESHEE

#& PennyLane Ei¢ Amazon Braket

£ Amazon Braket &5 E S E#K W E PennyLane{T QAOA JEE L

MARBKERESRINEENRES X TEEH PennylLane
FAAMENEENEHEEXTHE

B EE TS (BYOC)

EHPREHERERE AwsSession

BEEFER AP
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https://console.aws.amazon.com/braket/home

Amazon Braket HEABEE
ftERESX Job?

Amazon Braket BEA K UZLHTEEER AWS ERMETREE T (QPU) WESETRHEE
%o Hybrid Jobs EEEMBERNERER , ETEZAEZTHKEENRES A FLhEREFZEATAEN
B,

Hybrid Jobs ¥ R HHEME FERNRFEETAREZNEREE, ERXBHUTHER
% , Braket B EAIRAN B RRIRDIIT , RARTER AT REFEEE R,

s, BREAEXNTHERINEFER  IXERBSEXIEFTIEBR QPU, ER T UREREH
BEFEBRFIERE , SEBIPLEMERESL, EHRNERNESEERIER , HPREETHEIURR
ZNEBFEBNER. WEEEZNEHGSEE FITUKEMEEE (QACA), 85 8 THESREMN
SRRETHFEEE, S FARERERLEE | REERAAE, REHETER , HlaIR
BARBHLE.

A B4 A Amazon Braket JE&1F

Amazon Braket BB TELHTESE FRMEE L | flnE o E 71 EENST (VQE) MEFIE
PBREVEEE (QAOA) , HRELKEREEEREE FEEHBNRES  URELLESETFRAEN
MEE, Amazon Braket BEEEHKERH=ZRBEETE :

1. 3XBE : Amazon Braket BERN IR LBCHIREFHTRESEELRMELFAME. ERNIHE
FEHTE , caUELAFIENMNEZ QPU, TETHIESEREE LHAFINEMTEZS
1T, EEERESEEENBTRBMBEREEA., Amazon Braket BESEK L ESEILIR
F, BULFEABHSEBEREK , Braket fREERE—X , MEFTENHRSLLUETHRSRNEZE
SYEH , AMERERNETRRE,

2. EFIE : Amazon Braket BEERNERARLERERENZENERE , YRS EELHTRRET
EHERENITERF. CRERHEZINAVEZEZEECH NETHWETRE (ETEEELRIER
2% ) B1A], Amazon Braket E4#FHFEEETH. BNERER. ERABRENBIRREFHITI
EEH, 4 RER Amazon Simple Storage Service (Amazon S3) , AREEBHEEER,

3. 184 : Amazon Braket JESERKIZ MBI ITEE LM on-the-fly JRABEANT , W LUR FENBFHY 5 K AE A
HEiTHEE RIEER 4 Amazon CloudWatch 1 Amazon Braket 124 |, BRBRUEE L/#
E.

=

BREAR Job? v


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/QAOA/QAOA_braket.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/VQE_Chemistry/VQE_chemistry_braket.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_quantum_algorithms/VQE_Chemistry/VQE_chemistry_braket.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
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J’/Lll:ls =] I'f’ﬁﬂ’]ﬁ/tiﬂ jﬁ%ﬁ*ﬁ%*iﬁﬁﬁ

Amazon Braket BEEKREMESEFRBREE LN 2ZERRARE | #§ Amazon EC2 EEEREE
Amazon Braket E FREE T (QPU) FEUEEE. ERE 1%5%43%“@%;?1{5%{%5%#\31I;?&
%, IXIJH:"‘E’J%:ETQWE¥1H'§F§WUEFE’J)‘EEJJ?T%TO @ QPU MEHEREBESIEETS
BRESNEERBREHIT —ERESXEE,

TR :

o A Python KIGRIEZ—EIESER
- REZEIHNW Python BB MRERTE

- BERRBEABAEENEXESTER
- RETFEMBENREER

A Python RIGRIE —EIESER

A LA A th Python 5§ Job A B BB RS TEET. BB BFEAehybrid_jobZfigsat
RRENERETHIRE , WTHEXBEIFTR. BREFRE , BULUEEFEA Amazon BHEREE
8% (ECR) RHHM BEI AR,

(® Note
ZIER T R X Python 3.10,

A LAEAehybrid_jobZfizs RETIEHK B, Braket A&EE MM K R IEEERE Braket JES
EEERAR, Rk, BEAEHKSE Amazon EC2 HI1TEE LI AEMESAIBNRE, BaILUE
Fjob.state()ZifEA Braket TEAERTHEEE, TIHERXBHF REBMATE LBTHEMRER
%l State Vector Simulator (SV1) device.

from braket.aws import AwsDevice

from braket.circuits import Circuit, FreeParameter, Observable
from braket.devices import Devices

from braket.jobs.hybrid_job import hybrid_job

from braket.jobs.metrics import log_metric

device_arn = Devices.Amazon.SV1

BURS THENEABTEN AR 150



Amazon Braket HBEABER

@hybrid_job(device=device_arn) # choose priority device
def run_hybrid_job(num_tasks=1):
device = AwsDevice(device_arn) # declare AwsDevice within the hybrid job

# create a parametric circuit

circ = Circuit()

circ.rx(@, FreeParameter("theta"))

circ.cnot(@, 1)
circ.expectation(observable=0bservable.X(), target=0)

theta = 0.0 # initial parameter

for i in range(num_tasks):
task = device.run(circ, shots=100, inputs={"theta": theta}) # input parameters
exp_val = task.result().values[0]
theta += exp_val # modify the parameter (possibly gradient descent)
log_metric(metric_name="exp_val", value=exp_val, iteration_number=i)

return {"final_theta": theta, "final_exp_val": exp_val}

B LBEE Python BB —HAARMRAZESHER, BR  KFRHHEREESERGR , MF
RRENER, ERETHEBEBEIGER , FEMjob.result(),

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

@hybrid_job#fMisz PR ESREIEE T BEEFEXBEEFBNRB-ELFRRASVIERRE. EES
QPU B4R , B BERREEB P EANERE ARN BEMBSFIEENREBELTER. 5BTHERR , £9
LAfE A B BR Bidget_job_device_arn()EEFehybrid_jobZ BRI E%1E ARN,

(® Note

BEESABELA—PENRBERE , AT EE Amazon EC2 LBV AF[RR., Eitt
HRFEENTHEESH  fIME-—SHRL-—HER K LT UEAETFER,

BB
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Zrun_hybrid_job()EREHRAZ B num_tasks REFIRIEZNEFEKHNEE, EEXITHEEE8HE
HEWMAEZH,

(® Note
B2HEUFENHNETRE Braket T2 AH , RERHIA 2500 @F T,

EEME &

fFrun_hybrid_job( )&+ , REEREZLZNWEERL#H. log_metricsiEESBEHRAETEST
EZE T B Braket T AEBEMEA, £/ Braket AEMIES , B LFEHAEE  EESEBHTHEIR
FEIEEME FEKEA, EFANTOEREESR "#iX,  RIBEHFERERNE—EBSEZR,

FREAE SR

BEATHETHE , £ job. resul t OMARBEES X THEER, return FEPHNEAH RS
# Braket BN, FEE K WERENHRLEAR—EE , SATEBRTFICN. Flm, T
ENARIBER T — BT EMN—EXBH 6 F.

ehybrid_job(device=Devices.Amazon.SV1)
def passing():
np_array = np.random.rand(5)
return np_array # serializable

@hybrid_job(device=Devices.Amazon.SV1l)

def failing():
return MyObject() # not serializable

Job &1

RIETERR , EEES THENBBERKH B WL HRY, BETLEERS 50 BFTWEFTBH,
plan , ETENRES , FEXEBR "BHNITHEEHEL

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

R
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BB EAME LR local=True RABAMEE., ESELENAIRETRE (FIMELHER)
MARICREPATEEATHE. AEEXRBETFTITENERIERFTY. BREMNSEHRHRD MPI 2
BHERRS , ZEERTIFERLER Braket RIFEEH. TEANRKBRAZ—ELXHREER , ZR
fH1ER SV1 ks,

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

EMEHMEEXNITHEEE, BEEENIIR , BFSE U
ZHEEIE Python B4 IR
BRI L BETHITREBRIRIEUAEARFE Python £, BRI AEArequirements. txtiER, EHA

BEE K FMFEABECHEAESE (BYOC), BEEFArequirements. txtEREITHITRERERE | B2H
T o &S,

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

f5lan |, requirements.txtiERTETEELZENHMES,

giskit
pennylane >= 0.31
mitiq == 0.29

gE , LA LREZTBBER Python FIK , WTFAIR.

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

HttREEXRUUAEEAEEEE W UEEAE—&KIE , WT3EXBEEIFTR.

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

RERREFEFARSNFEXITER
EERANIREH

BILEAEKE | B LUEBIEE Amazon Simple Storage Service (Amazon S3) #1ZEr B K

Rt AIFRERE., SHAUIEEREERE , A% Braket BB E R LEE| Amazon S3
#BLt, s3://<default_bucket_name>/jobs/<job_name>/<timestamp>/data/
<channel_name>IREEEAKBERE , BEEBERA Tinputy » TEHNRIBER T RE AR
B 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 ...

N S3, BHEMFERAget_input_data_dir()#EBhIhAE,

s3_path = "s3://amazon-braket-us-west-1-961591465522/job-data/file.npy"

@hybrid_job(device=None, input_data=s3_path)
def job_s3_input():
np.load(get_input_data_dir() + "/file.npy")

@hybrid_job(device=None, input_data={"channel": s3_path})
def job_s3_input_channel():
np.load(get_input_data_dir("channel") + "/file.npy")

ERBUEBREEEEM S3 URI AR EH F H RIS E Z B A B R KR,

input_data = {
"input": "data/file.npy",
"input_2": "s3://my-bucket/data.json"

@hybrid_job(device=None, input_data=input_data)
def multiple_input_job():
np.load(get_input_data_dir("input") + "/file.npy")
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np.load(get_input_data_dir("input_2") + "/data.json")

® Note

EWMAERRAK (>1GB) i , EEV T ZERRNSFERE. ERHARAIEAAERSE
—REEE S3 AT AR S3 BEEMEEERFER, BER , THEFRWIRXE Braket
AR o

HEfEREFE S3

ERFRTSHERMEEM return FAPHER | B AR EH#N B KM MBIPIEXHEARESR,
TEHNGIFH , BRTHRE—E numpy BN —EEREE.

@hybrid_job(device=Devices.Amazon.SV1l)
def run_hybrid_job(num_tasks = 1):
result = np.random.rand(5)

# save a numpy array
np.save("result.npy", result)

# save a matplotlib figure
plt.plot(result)

plt.savefig("fig.png")
return ...

FIERRASBHEIEANERPmodel . tar. gz, EALEA Python MBI T HiE
FRjob.result() , Bt Braket EEF R ANEBEEIEEEAEEEZLRER K,

RELRBERE

HREFBMTHESRIE  BEEHREEEELINPERRE, BULUEARE
fisave_job_checkpoint () EBIZHAE , AT HRFFIAMZN_BRAKET_JOB_RESULTS_DIREE
HF, RETEHBKE —EEMAget_job_results_dir(),

UTREABSEREMHBRENMIBREMN /D TERH

from braket.jobs import save_job_checkpoint, load_job_checkpoint, hybrid_job

@hybrid_job(device=None, wait_until_complete=Tzrue)
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def function():
save_job_checkpoint({"a": 13})

job = function()
job_name = job.name
job_arn = job.azrn

@hybrid_job(device=None, wait_until_complete=True, copy_checkpoints_from_job=job_arn)
def continued_function():
load_job_checkpoint(job_name)

continued_job = continued_function()

EE—EREEZ£Psave_job_checkpoint() , FREEEMERENEBENFZHTH, REHE
MTE , SREXERAUFINLAXR, HRAREREFEML Python BR , 0 numpy £ , fRATEARR
B, data_format = PersistedJobDataFormat.PICKLED V4Jt|:$i_ﬁﬁ%ﬁ<jobname>.jsoan_:
25 "REH WTFERRXRT , UESREBEIYBEERS TERRIPHNREHRESR

ERE—EFNESEERREHEE K BMEEBiBcopy_checkpoints_from_job=job_arn
Eijob_arn2UBINIEENBSHEZE ARN, A& , Zfload_job_checkpoint(job_name)fEA#
BmEZME,

BE TN REER
B S

FEREMSBIRAENESEERESN-—BBERNETERTA , eMRE&ET. BUUEAR
Braket Management Console= Amazon EstR &AM H#E E CloudWatch, BRI EHMITHEEE
i , Braket S E XN AR CREF YT EWEE L , WEEELZTREHEIE R,
BITREBEEESEEE L

/usn1%7']’%7%"‘1%1%TL?‘TJZ‘H‘C;%E%%?/:EE’JI . HRMENETHE K FHEFTERI—HETE
%, HRNFEEMECEHETZNERFARN QPUNREBETEMEE  BAIBEEL QPU BB
o

e A A IR e

HIBE QPU LEITBEERCH , B E tHEERR SV1 LET , UREICEEARET, HRNR
BRE , B ER AR BT T RIEE MR,
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EABEEAR (BYOC) REBHR M

EBKHRBREEGEHRERRJCREF , BEUTERNER. BBEAEENR, ARENRESH
KAERSFT , A ILEENERMRAZE BE.

ZE D N E RS

EEPTAEBER K FEBERARNEMPI XE  £E-BEATHEPHNZENTER LHTAEIER
2. MFEFMEN , FSHEAMEEES.

B

RSB ERK

BESEBREXNSUERSEAZHGEZFERLE QPU LA BRRE | LB REZNIAITRRE,
EHRER

HRERBEEFTHESXTHE  BEREHREEREEZNPERE,

MEE—SHEG, FARGMKZFEER , 5528 Amazon Braket #4l, GitHub

£ Amazon Braket BEE& N EHEFITESER

ZE A Amazon Braket BEXNTHEHTESERE , FEATEECHEEE £, BULUEBRERE L
BT IS ALEF A Amazon Braket Python B E# S PennyLane HEMERRERE. MR
IERREREM (FRNEAR ) B, BITTLER Docker ( 2IFELE ) EXHCHEESREMEG, W
EHMEY  E2EESEECHAE (BYOC),

EEM—FERT , BTREEFEH Amazon Braket APl BZILES IR (REEEZESBRER) ,
BERESERKECANBEETFEE  ARNBEEAREPEITERE, RELERTERMNTER
EERARASEERARS, TEZEELBEHATENES Job , BOLUEE QPU, FEiEEHES (H
msSv1, DMIZRTNY) SERBESNEXEHTERAS . FABEEESR QPU , ZHERERNEESE
BREHRIKEBHET API FI, FAMARNEES  ERSBS|ANEELZNAERHNESR S, KRB
PennyLane WEISERERA TRENFERBEESEXSRHEERA, WREFEAAR PennyLane 1
B BT EBRSBHTERE , EUEEHTEBERAUREFANBTEBEE ., 528 Amazon
WEEEER , BRESEERMEBNER.
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Amazon

Ca CloudWatch [ Amazons3

........... =t Amazon Braket
11111 38 QPU

1
_ [ . Amazon Braket
|r f{f’}T On-demand

Amazon Braket Hybrid mm Simulator

_| Jobs API wu Amazon Braket
el Jobs Instance T T Embedded

Use L
g Simulator

Amazon Braket Notebook/
Local IDE

WMREH B EREREERNBRANEESR | Amazon Braket U EIFBHTREEEY. CERIES
EHHITER (B EAPIFFI AR EETHATEEBEE), JITEREE. #ERB A Amazon S3 , REE
BER, LRANERITRREAFRERAENE.

BEEFEEER (QPU) ARESEXNBEZIRG, RE , RE-—ERSXTHEIUEERMEE
KYBFEE QPU L3117, THIRAREFAFMTHEERNEREE , UEBB RS, MREHN
BERER QPU, ABEEBE LEAFME QPU WHAEZXTS]. Amazon Braket ERBIFTRHESER
EHRHATER  AERELHTENESER. TEEEHE , ENESEKREFELHERFE , EEK
EXRRAEBTNETERSERE LHATIRIEA Braket EFEHKZBIHT , BIRRIEEFE
BERESERRE QPU —R. —BEENESIETZR , ERMEEH , EERELRFREREN
8

® Note
KERESMN  MENESERREEAWS BE HERRBEMEE.

EEEST QPU BERSIF |, BULUEEBERBITEEEEE | fINKRENEE | MAEEEN
— 5., ELIEESHHHREHRIERE , CloudWatch b 1 BB LUK FENRERY 75 X EERIE Amazon
Braket £ &,
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® Note
MREGREFERL GPU RERNHITER , FE LM Braket EERRARNERB[RENE H—
E GPU ## 23 (Hlf), lightning.gpull RIGBEZFH P —ELL CPU BEBEMN TR A N EEES
(a0, Hbraket:default-simulator)lightning.qubit , BT &M GPU, mMA®T
EEELETHENER,

VIBHNEE— RS Job

AEERA MM A Python IETHBRIIES Job, HE , EEFALRH Python ERIBEIEREIEE ,
i fRFNESNFERIRE (IDE) =X Braket A , FSBLUES TENEXFITENAEES

FEARRS
- REER
« BUIWFIT
- BEREER

AR TEHEBR

BITE—EREXNIEZE , EXEARELEEANERTUEBEN TR I, EREEHESERNE

et Braket 2 HI A LA EEFIEE "#FR . . Amazon Braket WEF A BB HH Al B EERHE
F-EREACRESERRUMTRESERNGT , 5| BEBITARBTRSEBNERAE (W
REMKRBEEHEAE),
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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.

EEMFENACEARARRRUTESR T  FEIREREACKE. NRERY , Kak3
RIABHALS. BEEFACGHEBREASR® ARN , FEE "TErae, ki

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
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MRERBEHERUTESTENAES LRI -AIFLE  BHEFILNESE, EI [BYER
At ZBLMEEARARRNAE,

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.]

)

ﬂu%ﬂﬁaﬁilﬂﬂﬁ , fé} H&EU_/JJEE;:\E S
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Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

Amazon Braket » Permissions and settings

Permissions and settings for Amazon Braket

General Execution roles

The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have existing
roles with this policy attached.

Service-linked role

‘Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [4

@ Service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role

The AmazonBraketobsExecutionPolicy [4] provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

‘ @Il:reateﬂ AmazonBraketJobsExecutionRole [ successfully. ]

MRELBEATHEBNER , SREBIERBH[. EUBERT , FERENALE AWS EEE,

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
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BT

—BEBEERYTRESXTHRERN AR , A LURRET T, B 58— 18 Braket B FRAVEIE
HOREERNE, CERTEREETHNEEL  TESRBAEENEFEH , ELEBREEN—FF
Do RTREZRETHRZN , LMETURHKEMBKEER. EENARERBERREBRARER, &
ARER T EEATHERBBFEERFEEFHTHE —BERIHE,

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

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

— =
o —

Algorithm

Create job

Track status Enm.-s ;::-,: and
Analyze results other code

User

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

B, BERBTIEEZESHNELREGS , OISR A EHREREL S NERHERER.

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!")

H R EZ B algorithm_script.py f#177E Braket ERRARAKIRIENW BRI TEB &b, &
algorithm_script.py X#FEHstart_here( )EBFTEIN A O,

BT 2R , £8 algorithm_script.py X HEERY B 8+ £E — @ Python X #43 Python EiE4, EEIE
SBEEHEBESEX  YRBEMFERSERE , SINFHMNEMAREBNRESERER, LIESEED
EEEERERIEEFIBNEIELE,

® Note

MEEBMAEELARNERE B &+ Braket ERAE LR (HI40 algorithm_script.py
BR) WEMER , 5528 #H Amazon Braket Python SDK T 5 — EE K

HREBEEANWE —BER , REMN—EEES. BERZECHEERENETHRE, BESFIERNE
FREET (QPU) , BETHESEdevicePIEENEE R T AREERESIEE , YA EE LIS
SEMARESHAMZN_BRAKET_DEVICE_ARNEA.

® Note

BREEFERBEESRXT/ESRTH AWS [EiE W E, Amazon Braket SDK & auto 1#1ZiE
AWS [EiF, a0 , us-east-1 FHLEEAR TETLUAEAIonQ, . FMTN1ZE SVIDM1 |, EFEE
FRHEE, Rigetti

MRGBZRER FRIEMM A REESS | Braket ERIIENESERUBEFBETHEEFEH

from braket.aws import AwsQuantumJob
from braket.devices import Devices

job = AwsQuantumJob.create(
Devices.Amazon.SV1,
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
wait_until_complete=True
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FMBABER

W28 Ewait_until_complete=TruefREFFMEN , LELN TEESTRINNERITENE

o BRREFINEMUTIIEHIAI 8B,

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-2019-09-01.normal.json
Running Code As Process

Counter({'00"':
Counter({'11':
Counter({'00"':
Counter({'00':
Counter({'00"':

55,
59,
55,
58,
55,

Code Run Finished
2021-09-17 21:48:05,544

(@ Note

'11':
'00"':
'11':
'11':
'11':

45%})
413%})
45%})
423%})

453}1)

./../braket/additional_lib/original/

sagemaker-training-toolkit INFO Reporting training SUCCESS

BT LB BEEMNE (A% E S HERNKE , N tar.gz BERMW S3URI) , A EFTIEARE
AwsQuantumjob.create B EEEEH, BB IT/ERSH| , 528 Amazon Braket =7l Github

ERETRA

R RPN FITEINER _For QML.IPynb X4,

BT
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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/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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EERER

HE |, BA LK Amazon S5 B H CloudWatch, BEEEEEM , BB ETEFMEREEAHIT
BERM [FCEREEE) REIER | BEGC B Haws/braket/jobs , RAZRIBIETE TR BHREER
Fo ELREFIF | BlA braket-job-default-1631915042705/algo-1-1631915190,

CloudWatch X

‘ CloudWatch Log groups /aws/braket/jobs JobTest-autograd-1636588595/algo-1-1636588740 |
Favorites > L
Dashboards V:chaer:’uesreltt:e filter bar below to search for and match terms, phrases, or values in your log events. Learn more about filter patterns [ VTS
> Alarms Ao Do ©o Q Clear 1m  30m 1h  12h  Custom &
¥ Logs

> Timestamp Message
Log groups

Logs Insights There are older events to load. Load more.

> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eeed5332873334779f a6/ test /unit_tests/braket/circuits/test_gates.py
v Metrics > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779Fa6/ test /unit_tests/braket/circuits/test_instruction.py
Al metrics > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779F 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: .993-07:00 aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee053328733F34779F a6/ test /unit_tests/braket/circuits/test_noise_helpers.py
Streams > 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779f a6/ test /unit_tests/braket/circuits/test_noises.py
b XeRay traces > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3885a942c09911b104eec053328733F34779fa6/ test /unit_tests/braket/circuits/test_observable.py
> 2021-11-10T17:01:01.993-07:00 braket-sdk-pyth ging-38850942c09911b104eec053328733F34779F a6/ test /unit_tests/braket/circuits/test_observables.py
» Events > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eecd53328733F34779fa6/ test /unit_tests/braket/circuits/test_quantum_operator.py
o o > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779F a6/ test /unit_tests/braket/circuits/test_quantun_operator_helpers.py
> Application monitoring > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eeed5332873334779fa6/ test /unit_tests/braket/circuits/test_qubit.py
» Insights > 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eeed5332873334779fa6/ test /unit_tests/braket/circuits/test_qubit_set.py
settings > 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/circuits/test_result_type.py
> 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779Fa6/ test /unit_tests/braket/circuits/test_result_types.py
Getting Started > 2021-11-10T17: .993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/devices/
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779F a6/ test /unit_tests/braket/devices/test_Local _simulator.py
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee053328733F34779fa6/ test /unit_tests/braket/jobs/
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eec053328733F34779f a6/ test /unit_tests/braket/jobs/local/
> 2021-11-10T17:01:01.993-07:00 aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eecd53328733F34779Fa6/ test/unit_tests/braket/jobs/local/test_local_job.py
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Amazon Braket x Amazon Braket » Hybrid Jobs » braket-job-default-1693508892180

Dashboard braket-job-default-1693508892180

Devices

Notebooks Summafy

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

Permissians 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

1693508892180

arn:aws:braket:::device/quantum-simulator/amazon/sv1 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_scriptstart_here mlm5.large

BHREEBTE Amazon S3 FIITIREELE — L Rm,. AR S3 AETREMWA , amazon-braket-
<region>-<accountid>BRAB{MMA B jobs/<jobname>/<timestamp>&#& ., & LAFEREH
Braket Python SDK Z i jE&F#code_locationFiEERRMME , REZEMEEL K MEY S3
B,

(® Note
It S3 fFArB A AREN THEESHNMRMER AWS EE HE,

Hjobs/<jobname>/<timestamp>#@BE—EFERK , HPTSREERPAOER
Amodel.tar.gzEMNEH, EE—EBEANE&Kscript , EXHFIELNEZRA
Tsource.tar.gz¥f. EMEFEIBENERUAE AN B &P jobs/<jobname>/tasks,

WA, BH, RESHNEHBIRHR

FﬁT*ﬁﬁi?ﬁ%)ﬁ%?ﬁ?ﬁ’%ﬁ%ﬂ’ﬂﬁfﬁiﬁ’?Z% BERNTEETUEHMMANRHLE, EENES 1:'?7']%
B4 , AmazonBraket i ESEHEUBEFIREENBABRIBITERE LIEPBENASRT. B
EEBERE  EEEZHBEENMER B HSERIIEEN Amazon S3 L&,
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® Note
BEEEESHREES BN ERLEAHER.

AmazonBraket IZiIRt T & ERFEESENFHEIKE , UELERBFHANBENRE,

A EIER B8 Amazon Braket Python SDK Ffigft 2 AwsQuantumJob.createEHRXWERELS , URE
MEEERREREEBNERES.

TP
- BA
. 1]
- RIEESY
- BB

WA

WASE  WABBITUEBBEEMASBRXHREGREE L M4 REATH | &
Hinput_dataZ 8, FHEE SDK HfAwsQuantumJob.createEinput_dataBlAEZE 5 &o
EERMAERERIBTHFERRAR , CRREEHATEENME"AMZN_BRAKET_INPUT_DIR",
MENFAETESREE LT EABMAERNEESZES , 5528 Amazon Braket JE&NEHH QAOA BL
PennyLane® Amazon Braket JEE X T4 J upyter ECHERPHE FHEFES,

® Note
ERMAERBKR (C1GB) K , FRRNEBEESIECIEERENESTHHE, ERRATHMMAEL
ek LEE S3RFEFITR , AR SSRREHEEESEEER , RBEBBREEKBERER
Z Braket BR#.

HB2E . MREEAhyperparameters , BT AEIREE "AMZN_BRAKET_HP_FILE"& T {EA,

(® Note

MEAARTESHABAES  AEBUERBETRARTEESBOFMAET
B 8 5 B— B AL github B

3
¢

WA 168


https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
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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BEY  FEEEjob-arnEEFMBEIEPEANKRES  FEH
fEcopy_checkpoints_from_job%, Ltin S 2 MERERER
Zl#checkpoint_configs3UrifBEXNIT/E , EETE IS
{TAMZN_BRAKET_CHECKPOINT_DIRKFRARIRBRIEEMN B EHREMH . FAREANone , REFMAESR
XIETEFEARES —BEREIENRERER.

L

EFER  EFERFERERIE S3LEs3://amazon-braket-<region>-<accountID>/jobs/
<job-name>/tasks,

Job FR  EEEETHRETERREHEECEHENIER

& "AMZN_BRAKET_JOB_RESULTS_DIR"#EHEHR B FIEEM S3 L Eoutput_data_config, MR
KIEEME , AIFAZREAs3://amazon-braket-<region>-<accountID>/jobs/<job-name>/

<timestamp>/data. iR SDK EHBIEKNE save_job_result , ERELZMATAE , &L

FERATUFHENER S EFRER

BREY NRECHBREY  TUEEMRTERREESHAIEEN B &%
i, "AMZN_BRAKET_CHECKPOINT_DIR"#&tAILAEF SDK #BIEK & XKsave_job_checkpointft
=

REEER KUK RELZERER/EREEZETRN —Hr  ELEREERSEBUTREEE

Amazon , CloudWatch ¥7f Amazon Braket Zi2 A FEIRETR, NENMAEREEXIEEMNEH |
F2 B A Amazon Braket B EEHIT QAOA EE %,

BB

AmazonBraket 12t T & {@IRIFEEE  LULEBS[WANBEHNRE, TEHNRIESH T Braket fi£
ANRIESE,

# the input data directory opt/braket/input/data
os.environ["AMZN_BRAKET_INPUT_DIR"]

# the output directory opt/braket/model to write job results to
os.environ["AMZN_BRAKET_JOB_RESULTS_DIR"]

# the name of the job

os.environ["AMZN_BRAKET_JOB_NAME"]

# the checkpoint directory
os.environ["AMZN_BRAKET_CHECKPOINT_DIR"]

# the file containing the hyperparameters
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os.environ["AMZN_BRAKET_HP_FILE"]

# the device ARN (AWS Resource Name)

os.environ["AMZN_BRAKET_DEVICE_ARN"]

# the output S3 bucket, as specified in the CreateJob request’s OutputDataConfig

os.environ["AMZN_BRAKET_OUT_S3_BUCKET"]

# the entry point as specified in the Createlob request’s ScriptModeConfig

os.environ["AMZN_BRAKET_SCRIPT_ENTRY_POINT"]

# the compression type as specified in the CreateJob request’s ScriptModeConfig

os.environ["AMZN_BRAKET_SCRIPT_COMPRESSION_TYPE"]

# the S3 location of the user’s script as specified in the CreateJob request’s
ScriptModeConfig

os.environ["AMZN_BRAKET_SCRIPT_S3_URI"]

# the S3 location where the SDK would store the quantum task results by default for the
job

os.environ["AMZN_BRAKET_TASK_RESULTS_S3_URI"]

# the S3 location where the job results would be stored, as specified in Createlob
request’s OutputDataConfig

os.environ["AMZN_BRAKET_JOB_RESULTS_S3_PATH"]

# the string that should be passed to CreateQuantumTask’s jobToken parameter for
quantum tasks created in the job container

os.environ["AMZN_BRAKET_JOB_TOKEN"]

B B B B

AmazonBraket 2t T ZE#BIThRE , UEA{LERBRAANBHNMEEERN, ELHBRBSRARNE
1TIRE Job WEZMAGRA, THMNMFERT AR ERM.

get_checkpoint_dir() # get the checkpoint directory
get_hyperparameters() # get the hyperparameters as strings
get_input_data_dir() # get the input data directory
get_job_device_arn() # get the device specified by the hybrid job
get_job_name() # get the name of the hybrid job.
get_results_dir() # get the path to a results directory
save_job_result() # save hybrid job results

save_job_checkpoint() # save a checkpoint

load_job_checkpoint() # load a previously saved checkpoint

REIEZR

FBAURFPEELESTHEENER  UMEARESEBKESHINESEHEYWH LR Amazon S3
RO B H & R R EN B A R (LA B B model.tar.gz B tar-zip BigER+),
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A A JavaScript ¥IHRECE (JSON) RARFERRP, NMRBBTREREZHFINLAX
A, BBIE numpy BHERIERT |, BAILEA —EZEHUERBREEEXFI. BRESFHEE
B, 2 RiRE= jobs.data FAMELR,

FEREPEASXITENER  BUNEEERETRPIMAL #ADD EH#H T 51417,

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

BE  SuLUEBKM Mprint(job.result())&## #ADD WITRERITEGTEFHNITEL R,

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)
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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

EE/HIFF , BMSKMBRwait_ untll _complete=True THI#IFFMlitm . B HEHEFHRMA
D TEEE. ERHTHESEER , c28K 10 WL —XE BB job-arn , REWEESIEEN
& , BEFBE XA LLCOMPLETED , zfﬁéﬁéﬁnﬁﬁﬂﬁmffa%o ESR LT EE6l,

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}

EARENREFYENREESAITHE

BULERAREMRTFESRTFENTERF. EL-BREERETHESP , LT LHHE I #ADD
AR T PI%IT |, BV REHESR

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)

BERHITREELN  c2FABERKEEREH B &FHNESEZER mFEIER-checkpoint
1.json <jobname>, /opt/jobs/checkpointsPRIFFEBFE N FERRR , FRBRERITEGTES
RIETE,

MREGCRERANBEEEEEENREHBARSHESE | BEELESHEEMArom braket. jobs
import load_job_checkpoint, FEEEZETHEIHEANEELT,

checkpoint_1 = load_job_checkpoint(
"previous_job_name",
checkpoint_file_suffix="checkpoint-1",

BALBREHR R , BULRBEEANATEERBECcheckpoint-1,

(@ Note
BER _file_suffix X RERIZBEF K LAIEENRRTHE,

BB FEAREETREEREEjob-arnERIKES T4 , 0 E #ADD EEfE1T.

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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FMBABER

EREH

EHESIBHIRER

AmazonBraket X EHARALNEE ZIESBEEN=BRIE

- HKAES (ARE , MRKimage_uriBEE)
- HHRREMRHAEEH PennyLane
- B% PyTorch MK A 27 PennyLane

TRERAHRARSRHEEECREAENFHEER,

Amazon Braket 28

Type

Base

RaAERERX
E

B )
=
&
I

PennyLane E& TensorFlo
w

EBFEZ 1. BEBLNT/
o8 B I B BS IR 0 AR -
TE: &

» awscli
* numpy

* pandas

* ScCipy

- DEBRG B MEVIE B
5

- DEBR-HEREEE
#

- DEBR-HEEN
- DEBH R SDK
- FRA%

o BERIHT

- BHEBRENH

- FREEH

PennyLane E& PyTorch

o EB- 08 BB S B 85- A IE
TE:&H

e awscli

* numpy

* pandas

* SCipy

- DEBRGIEERIMEUE SR

2

- DEBR-HEREERE

i3

- DEBR-HEEN
- DEEGIE)RR SDK
- RFRAK

o BRhIHT

- BHEBEN b

- FREEHE

=2

XEFEE 2. TFEBRNF/EE
BB AR B T &

- DSEFI B SRERFUAR B R
- DER-FIERBREES
- DEBR-HEERX

- DEEFIE)ER SDK

+ awscli

* boto3

- FRA%

- BRBER b

* numpy

- HRERR

ERREEETHNRE
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Type PennylLane B2 TensorFlo PennylLane & PyTorch Ef
w
* PennyLane * PennyLane * pandas
. REY . R&EY]  PennylLane
. psi4 . psi4 - REY
* rsa * rsa * psi4
« PennyLane-B§Z& GPU + PennyLane-B§Z GPU - rsa
«c Ef « Ef * scipy

&R LAFE aws/ Amazon-Braket BB EENFRHRERER. ERENSEEARMNEHR. B
MHBNAEEUES TEN AWS EiF REH, BAUERLREESRNTEESER , ST =(E5%
Hph—EfEE LM create(..) Ml , IEERBFHREGE, SRS HAMKEELEIETRIEEN
Bt ( LIRBSHETRANRE ) , BA Amazon Braket B85 EE Internet iE3%, THEHEA R us-
west-2 [EiF,

« EXPBEBIER = "292282985366.dkr.us-Fa#B-2. I F G B 2R EM TF:1.0-CPU-EEL -39-LL 4l
22.04,

- REREBREGER = "292282985366.dkr.e-XBIRAB-1. 15 F i HI B35 R ER-T4:2.11.0-GPU-K
D 5% -20.04"

« PyTorch BB S = "292282985366.dr. F{fI-FaEP-2. B EEHIE2F- KB TE:1.13.1-REZ -39-
cu118-pi] 5%

thimage-uris T LAE B ER T retrieve_image () IHAERMEE, Amazon TEMHIFERT
WA us-we AWS [E1F st-2 BREFM.

from braket.jobs.image_uris import retrieve_image, Framework

image_uri_base = retrieve_image(Framework.BASE, "us-west-2")
image_uri_tf = retrieve_image(Framework.PL_TENSORFLOW, "us-west-2")
image_uri_pytorch = retrieve_image(Framework.PL_PYTORCH, "us-west-2")
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https://github.com/aws/amazon-braket-containers
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EHESH

BUYRBEATHR , EUUERREEZMENESH , fINETERRFIHKA/), BSREEEARE
HEEENSERE , MEBE T ETARUAKEERE ENNAEE. & EE Braket BS TEPEMR
B2y A LFEEARECHEBNEFATH, Fi5 K SLELARFHRHEEEE, BSREESE
B, A UEEEAENESRE. CABZ2BNE—EXRESE2BRELERATH , TETS
BABHER

#defining the number of qubits used

n_qubits = 8

#defining the number of layers used

n_layers = 10

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

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

RE L BEBEELEAHENRBFBRPEENESE  LEELRENELFFER , YEBUTARN
AR :

import time
from braket.aws import AwsQuantumJob

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

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

(® Note
E£EE—SBRHAER  BF2E B BR.

A&, EZ2BEEATIEABHEARSA THEESHS !

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

BB E A BB an SELEESEAFERNANESELE , F2W github 5
&

QAOA £ Amazon Braket \BRSEEHEPIRME T —EHABZNFERABSEIEEEANERME
Amazon Braket ;JE & 1E%§ PennyLane & F #4852 5,

RERBENIEBTEEBUMTERE ZETE
RIBENEZL , BABEETENER, RIZFEER , AmazonBraket 87 #1T{Eml.m5. largei® F#1T
FBHEELESH. T8 K ELEATIEANBERS BEVREXTER , BB HHTERE

A,

from braket.jobs.config import InstanceConfig

job = AwsQuantumJob.create(
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb

Amazon Braket HBEABER

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"), # Use NVIDIA Tesla
V100 instance with 4 GPUs.

),

MRSEEHTARER  WECSEEBEHREBPIEE 7T AHEE , BIF L InstanceConfig EBEE
instanceCount WS HEREARKA—@E , TRBAER—EA LHETERE. ERA S5, Hilan , &ALl
BEIM/EN , WTAR.

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3), #
Use 3 NVIDIA Tesla V100

)
EAEASEHTERE | BEBEREN parallel DEFRSERAR T, BRRIESENESHE
8, BSETENTARRE,
TRFILEE, EER AT E TR AR SRR,

® Note
EEBRHEBEXN THENRERERETHTERES  F2RLER.

BREHITER vCPU BN} L
ZF 5. K (FRER{E) 2 8 GiB
ml.m5.xlarge 4 16 GiB
ml.m5.2xlarge 8 32 GiB
ml.m5.4xlarge 16 64 GiB
ml.m5.12xlarge 48 192 GiB
ml.m5.24xlarge 96 384 GiB
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb

Amazon Braket

FMBABER

BREHITEE
ml.m4.xlarge
ml.m4.2xlarge
ml.m4.4xlarge

ml.m4.10xlarge

EEELMITER
ml.c4.xlarge
ml.c4.2xlarge
ml.c4.4xlarge
ml.c4.8xlarge
ml.c5.xlarge
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ZF co5n. K
ZF c5n.2 fF K
ZF c5n.4 FK
ZEFH c5n9 FK

ZF c5n.18 &K

vCPU

16

40

vCPU

16

36

16

36

72

16

36

72

ERl
16 GiB
32 GiB
64 GiB

256 GiB

iCiEEE
7.5 GiB
15 GiB
30 GiB
192 GiB
8 GiB
16 GiB
32 GiB
72 GiB
144 GiB
10.5 GiB 1&
21 GiB
42 GiB
96 GiB

192 GiB
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bR BR A 1T 1E B8 vCPU scisie
ml.p2.xlarge 4 61 GiB
ml.p2.8xlarge 32 488 GiB
ml.p2.16xlarge 64 732 GiB
ml.p3.2xlarge 8 61 GiB
ml.p3.8xlarge 32 244 GiB
ml.p3.16xlarge 64 488 GiB
ml.g4dn.xlarge 4 16 GiB
ml.g4dn.2xlarge 8 32 GiB
ml.g4dn.4xlarge 16 64 GiB
ml.g4dn.8xlarge 32 128 GiB
ml.g4dn.12xlarge 48 192 GiB
ml.g4dn.16xlarge 64 256 GiB
(® Note

£ us-west-1 AR p3 HITEE, WREWESRXITEELIMEERN ML EERE |
AHEMES,

3
m

FEBTERFEN 30 GB WHERERFE (SSD) fARE, BERETUFEAEE EinstanceType. Tl
B RN IS B R F 22 R 18 A0 ) 50 GB.

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(
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instanceType="ml.p3.8xlarge",
volumeSizeInGb=50,
),

)
HUHES I Job

B REFEIUEENIER IEARERNES T, EUERHAHABTHTHK.

FEETEAPECHEER I, SR BEATH EEPEMZFUENEEXITE , RER [B1E]
THRIhaERPERRN [BUHRERN THEL

Amazon Braket X Amazon Braket » Hybrid Jobs

Dashboard Hybrid Jobs (4) C Actions a Create hybrid job

Devices N N
View hybrid job
Q. Search ‘ 1
Notabaoks Cancel hybrid job
Hybrid Jobs
Y Hybrid job name Status Device Manage tags at

Quantum Tasks

braket-job-default-169360387 1840 (®) CANCELLED arn:aws:braket:us-east-1:device/qpu/ionq/fAria-2 Sep 01, 2023 21:31 (UTC)
Algorithm library [+] braket-job-default-1693600353661 (@) QUEVED arn:aws:braket:us-east-1:device/qpu/iong/Aria-2 Sep 01, 2023 20:32 (UTC)

test-job-example (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Jun 02, 2022 22:26 (UTC)
Announcements °
Permissions and settings (@] Test-ashlhans (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 May 25, 2022 19:50 (UTC)

HEMRECE , FELRRETRERAMMLPBA cancel , RERE [E].

BOREA R Job 5
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Cancel Job "JobTest-autograd-1637034526"? X

A « Cancelling the specified job can't be undone.
+ Cancelling will terminate the container immediately and does a best effort to cancel all of the

related tasks that are in a non-terminal state.
¢ Tasks that have already completed will still be charged.
* You can create a new job using your checkpoint data, if you defined it, to rerun your experiments

To confirm cancellation, enter cancel in the text input field.

cancel

.

EBUHEAKIE® Braket Python SDK RS 1EZ , A job_arnREBIREEXE , REFAAT
Mcanceld® , MM FEMNRIE,

job = AwsQuantumJob(arn=job_arn)
job.cancel()

Zcancel T U B ILEBRAVESERRSR , URFAB HEUEFAENEN K IHRENHEE F1E
%o

ERSHLiR=INRESFR

Amazon Braket X HE L QPU LS8 mEE. EELTUBBRERE—XEEMI2ESEETNE
RERRBLEGFERENRELSBHERANME., ERTURBEREESRTENIATERBR , BRALETR
FTEEBESBRIENREER. AEBSEILERERIEMIIFN QPU 2— , LA LMEA Braket
BE Job, HRREBETHWESK I , Braket B EMEERFEBEAEREM Eﬁﬁﬁtﬂ’ﬂ%%ﬂﬁ
EER , MEREESRENRER.

FREVSBAER K LaiFBRERELIESRIRHSHMABA. BERMFH , BAEH—
BrNSHER , YRS cENEARLHREE, SRAFENTEESSH  SUUAHRRERFZE
B, WHITERERE , SINEFRSARPHSE,
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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.")

B LAMER T 5 Job 5F ﬁ%?rmsci;ﬁﬁzﬁ‘é B, RS NEART. EXESBILEEN
QPU L#ITIES Job B |, EEFE— $il TRAEREER, FETRNAITH , S EEERARENE
B, UEIUES Job MY B‘%Eﬁx&ﬁb , MAFEEEAREANERBT.

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_arn,
source_module="algorithm_script.py",

® Note

P& 3k B Rigetti ComputingH Oxford Quantum Circuits iR & #& BIFZFFBRINN BB E | EA R
FIfY QPU E X 5B BimE.
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¥ PennyLane Bt Amazon Braket

BEELIREEERNEFREINEE, RBMESHESREMH (EC2 BAIRERAENK ) LiET, I
BEFESEEESSEFTEHRLET. BERAFER NEEXXIT/E) EEMITRESEE X, WNEFHH
B , F2BR{ARH Amazon Braket T4E,

AmazonBraket A]Z &R 7E Braket PennyLane AN ERXAHEIT , SifEHA Amazon Amazon Braket
Python SDK &l ER AR EFERBENFTRSEFRE L, AmazonER SDK #Y Braket #ifjiZE
A, AIEEETEA PennyLane AHMBXWER TRENMTRELRESEE L, B2 , RMESRE
A, PennyLane AR TRETEEEMNRR,

ERESERTFEREX

BEETEEZHRSNERREE  FAERETEERERESELMAT  RUSELER, MA
FTETHNESEE FRFSEMEANES Bt , REFFTWEELZTREREANFEHES  ES
BHFEHER.

B FEE , W Shor ( B FHAMEET R ) IIKEHE (HBEHFNG T ) EEHTHEEERAERE.
Hit , EMERBARNEFRHMS TRETNERN  ELEFRHBEEBAEMNTEREET
(NISQ) &1,

HESEBTEEETD  BETREER (QPV) WEREHR CPU NIHRIRER: , HERA T MEEHE
EEhmELEHE, RESRBHIREERN , ERJUTEEER.

Amazon Braket B2 PennyLane

AmazonBraket {2t T —EEKEE F U= LR EMSBENBRIREGERN IR, PennyLane& A LA fE
ALt EERIFEFER , REIIFHEECHEESREF(LE, EFHESERNBEIPEEBENFR
H?%_*;o

& PennylLane ERMABWMBZEZ TEMNSE , 2 PyTorch # TensorFlow , fFE FERE IR
EAE#,

- [B PennyLane EE-78 %&£ 2% PennylLane EAmazonfm N A4S B AF, & EREFFE Amazon
Braket 2 & PennylLane , B ER AL FEH T HESEA PennyLane EHE,

import pennylane as gml

HERBERATHEEREAM, HE , EATLREEED IDE PennyLane Ef£H Amazon
Braket,

# PennyLane Bt Amazon Braket 184


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://pennylane.ai

Amazon Braket HBEABER

« AmazonBraket PennyLane SA\#ER — EFEFALBCH IDE , B LLFHZ % Amazon Braket

PennyLane SME#ER . &M PennyLane 82 Amazon Braket Python B E E4iE#E , FSLEAILE

Amazon Braket %1% PennyLane LiB{TE ., EL % PennylLane i , BEAUTH T,

pip install amazon-braket-pennylane-plugin

AR EHIERBEMMIE PennyLane® % & ¥ Amazon Braket 5% fmHY 55 BIRERR :

# to use SV1

import pennylane as gml

svl = gml.device("braket.aws.qubit", device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/sv1l", wires=2)

# to run a circuit:
@qml.qgnode(svl)
def circuit(x):
gml.RZ(x, wires=0)
gml.CNOT(wires=[0,1])
gml.RY(x, wires=1)
return gml.expval(gml.PauliZ(1))

result = circuit(0.543)

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

MEHEREEFIMFMMEA PennyLane , 55828 Amazon Braket E I {#17E,

AmazonBraket PennyLane {44 ] LUEIB — 1T BS7E Amazon Braket QPU Fl#x A SR BE 25 5%
PennyLane &2 B4, ©i2#t 7 W@ Amazon Braket & 75 {E T LAEA PennyLane :

« braket.aws.qubit /A EE Amazon Braket fRISH & 7R 1E—£IETT , 2IF QPU MiE#E S
- braket.local.qubit AR A Amazon Braket SDK B 7 it {2 #E 851 E 1T

Amazon i I 245 PennyLane 4 2R, BAILA#EPennyLane 4 GitHub FREZRE T,

WMEFME A PennyLane , S BIPennyLane 1k E 13T

Amazon Braket 82 PennyLane
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https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-examples/tree/main/examples/pennylane
https://github.com/aws/amazon-braket-pennylane-plugin-python
https://pennylane.ai

Amazon Braket HBEABER

DR RS ELAFNEREE

AmazonBraket TREBR# T ZFETHKFE PennyLane BHETESE LN ROIZERAEK, B RK
FRAELY Amazon Braket BN EHIEL S K SLEELBEERRABRE S L |, fINEFIEURKRE
{LEEE (QAOA) &5 B FHERBITE (VQE).

EAmazonE g1 HI EC A B REKFEM Amazon Braket Python BIZE#, SDK T —EEZR , 7iEi#
Amazon Braket EEE 7 EBEHRIHETRE, CR—ARKERBERE K SEHBEEERERN
THERENE DD

& 0] LA P FR AP B9 & ) £ 50 At — B R Amazon Braket,

E# AR PennylLane &EEESHNESRE X

AmazonBraket JEEEEREEE T S 1E8E CPU M GPU MBARNEHEEE, PennyLaneilSE#RAXE
BERITUEZRATZNESRN ITERSF , SEREREDELightning. qubitiEEEES, #
A NVIDIA CuQuantum 2R EMEMN1ightning. gpuiEas s, ELXBRARNERBIETESHRE
SDEE flNEFHEEEE  AURBNHEERCAECENAEREPER, BANE—SZE
CPU = GPU #{T{EEE L& T E L R tE EEES,

BTRERTHE , BREFUEAERIGEERM QPU. Amazon Braket FEZEEERS (HI10) SHiEEME
RBANRERBRRATEEREEZREXT, SV1 PennylLane

BARNERBORERSEERSE—EFEA , BREEFHEMehybrid_jobss REMEN E
Python ERE(EN A, ZEEFH PennyLane lightning.gpuld#Ezs K BEEERHIEE GPU HITHE
88 , InstanceConfigW TR H TR :

import pennylane as gml
from braket.jobs import hybird_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)

E2REMERESN , URBFERAESRESX ITEMN PennyLane SR AN EEE RS,

DRBRGREMNERETNBESEE 186


https://github.com/aws/amazon-braket-examples/tree/main/examples/hybrid_quantum_algorithms
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-examples
https://github.com/PennyLaneAI/pennylane-lightning
https://developer.nvidia.com/cuquantum-sdk
https://pennylane.readthedocs.io/en/stable/introduction/interfaces.html#simulation-based-differentiation
https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb

Amazon Braket HBEABER

PennyLane E& Amazon Braket #2518 & &

£ F Amazon Braket fJPennyLane/MBFER |, AT AE AR RE O 2R EET R SV1 LHITHF , BEFRE
MM ZE B AR EHE.

EEEFRMBEED FE , BH4Adiff_method="device' & gnode , MTRIEE,
diff_method="'adjoint'EZBILA T &Hl,

device_arn = "arn:aws:braket:::device/quantum-simulator/amazon/sv1"
dev = gml.device("braket.aws.qubit", wires=wires, shots=0, device_arn=device_arn)

@qml.qgnode(dev, diff_method="device")
def cost_function(params):
circuit(params)
return gml.expval(cost_h)

gradient = gml.grad(circuit)
initial_gradient = gradient(paramsQ)

® Note

B#l , PennyLanef$ 58 QAOCA IR BEAMN D HEES| , YFEATCHEREES NS EHE
B, MREBEEHIT QAOA KfEMA SV1 HEFEE S IhaEPennyLane , BIEEBKR D HEER
SIRERKAMBZIER , ITFTR : cost_h, mixer_h = gml.qaoa.max_clique(g,
constrained=False) cost_h = gml.Hamiltonian(cost_h.coeffs,
cost_h.ops)

£/ Amazon Braket ZEEESERK I H PennyLanefT QAOA EE
pry

EARED , BRERAECEINAEREASHEZRFEEER PennyLane WRERF. BN
FREEAESBRMERE FIECIRECESE L (QAOA) BB, HXEFAET —ERERHN Max

Cut Bt BEHEYUENRAKE , EESBILNETER  YHEABENEE THRSERENS

B, EMEREAEER /M. EHEHF  ATHERER , BRMSEEELESEPELRE

, B RABRABNFERARS , REBEEEBRAERNAEHNEBBEEREBBERE, LLE
Eparametrize_differentiablefi% 5 , TrueEILZETLUEIB T EMN QPU LHNSEIRE , BB
BESUEHTREMENTE.
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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"]
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"])

£ Amazon Braket RS ERIH PennyLanefT QAOA JEE E

188



Amazon Braket HBEABER

# Generate random graph

num_nodes 6

num_edges 8

graph_seed = 1967

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

# Output figure to file

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

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

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

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

def circuit(params, **kwargs):

for i in range(num_nodes):

gml.Hadamard(wires=1i)
gml.layer(qgaoa_layer, p, params[@], params[1])

dev = init_pl_device(device_arn, num_nodes, shots, max_parallel)
np.random.seed(seed)
cost_function = gml.ExpvalCost(circuit, cost_h, dev, optimize=True)

params = @0.01 * np.random.uniform(size=[2, p])

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

for iteration in range(num_iterations):
t® = time.time()

# Evaluates the cost, then does a gradient step to new params
params, cost_before = optimizer.step_and_cost(cost_function, params)
# Convert cost_before to a float so it's easier to handle
cost_before = float(cost_before)

tl = time.time()

if iteration ==

£ Amazon Braket RS ERIH PennyLanefT QAOA JEE E 189
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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 + 13}")
print(f"Time to complete iteration: {tl1 - t@} seconds")

final_cost = float(cost_function(params))
log_metric(
metric_name="Cost",
value=final_cost,
iteration_number=num_iterations,

)

# We're done with the hybrid job, so save the result.
# This will be returned in job.result()
save_job_result({"params": params.numpy().tolist(), "cost": final_cost})

(@ Note

FT A 3 B Rigetti Computing Oxford Quantum Circuits iR & & BIFR BRIV FTERE | EA R
FIfY QPU X S BimE.

AR =R R SRS X IT/EER PennylLane

FERMREBWMMAEER Amazon Braket JESEH PennyLane LI AMREERERETEEXITEE

H, ZEEER GPU WBARNEREFEA Nvidia BEE FERINEERER. lightning.gpuiR A
GPU #E #2521 P8 Braket TERSBEHPRLAEKE , AFTNVEER, ZFHEAEY , RfFIEQLRR
WMAEAlightning. gpuXRNFEER TEE R,
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FAlightning.gpuREFELUELEEEZTEAESH

ERAZFRATNEFIRLUELEE (QAOA ) T, ERE—(AMANERES B Edeviced
BIEEALUTHEIMERE : "local:<provider>/<simulator_name>", i , &ALAER
E"local:pennylane/lightning.gpu"&lightning.gpu. BXEIFREMEL TEER Joby W&
EFREURESHMNFNEES T/E"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)

EUHEEY , BRALBME#BRAR PennylLane AREEMEEKEET1ightning. qubit ( £/ CPU)
Mlightning.gpu (ER GPU ), BEEAERBRHE L EERM I BT EFTESENE,

RELCERBITERBESEEMBDESE. FEEAMESNTEEBERRHIT QACA EHE
7% :m5.2x1largef, p3.2xlargem5.2xlarge#{TIEBERHNEZEFRASELHEKMEE,
iEp3.2xlarger —EMENFTEES , EF—EE—# NVIDIA KB4 GPU B 16GB MR 1F.

¥thyperparametersREFMEBMES TEKEHEN. ZEEMNHREERTRANEFMERSE , W0
TRARERMIT,

# 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"')

= :

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.gpu"

# Run on an inexpensive GPU based instance

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')

@ Note
MRIEHFER GPU BT EEIEEinstance_configh , Bi&EMdevice BRHER CPU &
E#ES (lightning.qubit) , AIFE#EA GPU, MRZEHLEEN GPU , BFEAEAHBRAR
GPU & #Ez8 !
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B, SUNRAEMERSHERX  XEER 18 AEMNEL LER QAOA REXLIE, B ER
B 18 BT ER , AEE/ AN EELEERIMTER LHRESTT, m5.2x1arge

num_nodes = 18
num_edges = 24
seed = 1967

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job

m5_job = AwsQuantumJob.create(
device=device,
source_module="qgaoa_source",
job_name="qaoa-m5-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qgaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlargeEfNFEHEREFRENA 256 ¥ , MBMp3.2xlargeBEHIRE , AR 128, R
EE 18 EFNTITHERRE , GPU SITERARMEMRT 2 FWINE, WMREESF Amazon Braket &
EEKEEER , BUNUEIBTEBNESEERA 0.00768 USD , Mm5.2xlarge#TEBHNE
FA% 0.06375 %£Jt. p3.2xlargeEET 5 XBER , RBEEEE K , FACPUEBHINERS
0.016 &7t , SfEMA GPU EfIAY 0.06375 £ -MERIEEER !

RERRMNIAELEEMRE  WEEE 24 BHE LERSGAVEBE  ZESERAE 24 HET
4. EHERNMERITEE LBXRITRERNERE , LKA,

(® Note
fREEE , £ CPU BH LETEEESERNESE TR KT @/ !

24
36

num_nodes
num_edges
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seed = 1967
graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job

m5_big_job = AwsQuantumJob.create(
device=device,
source_module="qaoa_source",
job_name="qgaoa-m5-big-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qgaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlargeEfNFEHERFBAANE—EDE , MEMRp3.2x1largeBEHIRR , EANERM D &,
HREBEANWREE , GPU BHMNEEER—EHRER | ATREEMERZ 2 , BFAEHHHRZ
EUmITRE , SEMRENEANAEESERIH R, TEIT 5 XEER , BEEETHM B
B, A CPUBGINERNA 227072 £t , SEMEA GPU BHINNERKNA 0.775625 &7t. CPU
FRARXRTEERE K MERFEFESHRERET. F£H NVIDIA XENABRNERSEEHA L AWS
PennylLanefy GPU #1T{E 8 Xtk T4ERTE CuQuantum , AIBEUR DB R AFNE D BT
EEDPEEFMUTHE (MR 20 F 30 2@) WIERE, ERTAEREECHERMIB LR PIEH
TEBEARAMELZREHTHEE , BHAUEREFER,

BETHRETHEERNTITRE

NRENTHEEHERERHBEREETIRNE FHBREE (QVL) , AITTUERERFITEERA
E-SNETHERE. £QVLH  ZEREIS—EAXZEEFER, ZEETRESLTRTIER
HAYHERE. ERENEIIREER K SERREFHNSEUSERARBEIRE, BARHERER
HHE-ERHNERN , URBEFEENEDFHRRVBIRKX, £ QML F , BRERERIFH T KE
B ARBEREENEARBRNTHE, EFEERR K LHERERBBEEENME,

AA—EERENEATREREMBIRE , R AT parallel {184k | AU B EETEER
ZAERANBANBEE, EMRFBNERFTEREREA, % SageMakerid 2 8 & #} parallel 25X
EE , Amazon Braket JES K HEEFRE MR A ERFITEERMEINR,
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BEETIHERNFTEERAN QVL TEES , EETHEEEFEARBEH UCI FFER Sonar &
BEEATHEN S ENES, BMBIRESR 208 EEEY A SEBIREIMES 60 [EIhaE , ELLIhEE
ERBMEFRERMAPREN. SAENESETRS "My (REME)H "Ry XTER. HMW
QML EHHHAE. —EEFrEREABRENHLEER. BANBEEREPERNKARREHE
#& PyTorch, B FEREFH PennyLanehy gml.gnn A PyTorch SRR ERE—, METE
SHNFAE , FEREMIERLEER, RELEMN QAOA &l —# , B LRIA GPU MR AN E
25 (FlalY) lightning.gpu RIBEAER CPU #BE#EFHIMEE , #FILIEA GPU PennylLane B9 58 A Ih

ok
Beo

EERVEREIE, BaLLEBHEBEFSIBTIAwsQuantumlob. create S EEE £SO, 4
BEMEMERE,

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')

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

}

job = AwsQuantumJob.create(
device="local:pennylane/lightning.gpu",
source_module="qgml_source",
entry_point="gml_source.train_single",
hyperparameters=hyperparameters,
instance_config=instance_config,

LCEMRAEHTPTEERA , B£EEE K SageMaker 7 HABRENEE XS BINLITER

0, TREERMFTLIR. B, BEEEAEH , ZsmdistributedEHTLEZE GPU
ZEFATEBCEIEIEER , ERAMBD TEER., ZSTEEME PyTorch  TensorFlow®&
BPFALRE., RdistBREFRMPVEEZRNAIEI (world_size ) By GPU EE LK GPU %
Wlocal_rankBrank#., rank2FE#TERT GPU WBERS| , Mlocal_rankE2#IT{ER K
GPU W% 5|, it , IREME#TEE K SEMTEBHEE 7T/ \E GPU HIIEFER , Blrank
BN 0ZE 31 2™ , local_rank&EENRA 0 7 2,

import smdistributed.dataparallel.torch.distributed as dist

dp_info = {
"world_size": dist.get_world_size(),
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"rank": dist.get_rank(),
"local_rank": dist.get_local_rank(),
}
batch_size //= dp_info["world_size"] // 8
batch_size = max(batch_size, 1)

BETR, @A LADistributedSampleriB#& and % , world_sizerankARABHHEEZTEREHA
2. WEERERXTEE GPU EIERENHERH .

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

)

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

BTER , EalfEMADistributedDataParallel ERIRBRAER FTEERA,

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP

model
model

DressedQNN(qgc_dev).to(device)
DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])

UtEFEAERFITEERAMENESE, EQVUL T , BEREEE/EEENINIGEE, RS
8 GPU ##TREEMIIMNGS , CEESERREENEN  ERSHEEE, ATEREERBR ,
WREERESR rank 0 B9 GPU ®R1ERITED,

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})
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Amazon Braket /BE& NEH X & SageMaker 7 BN E # parallel X EMImML.p3.16x1argeH
TERER, BULUEB "BEX I M InstanceConfigs| HEREHTER

B, EEHZE SageMaker 78X E R parallel ERXEHECHAERFITRER

Al  BEEHEMERENNESE , "true"dt"sagemaker_instance_type"#%
H"sagemaker_distributed_dataparallel_enabled":EAREEFEHNHIT

EEER, EMABSEHsndistributedHEMFH, BHNEZRNATEER/EER

©1f. £ Amazon Braket SDK # , Bi=M T —ESENERFS B distribution,
FEdistribution="data_parallel"iBE I ;ESEH , Amazon Braket HREH S BB ALREAW
EBRS8, MREEER Amazon Braket 885 AP| , AIZEQEEMBEEZE,

REHTERBMNERELTRERAUZ  SREUTURREEXNIE. —@AHTEETE S
ml.p3.16xlarge @ GPU, E&&kERKinstanceCount=1 , TEHS I HIHTEESH 8 @
GPU £, Eff&EinstanceCount KR — A , TRERE I HIMEHTEBF TAN GPU L,
FAZAEAHTERR K SERTEEFSREBELCEANKEKRRER, fl , ELERANEHTER
B, ISt ERERSEITEENNEHTEHRE , HAERERTEERBHTENIEESR,

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",

® Note

K ERBSERRIES | train_dp.pyRRARERBBETHENBRROVEZNAE, Fi
F, EERBLAEHERERZETHRE , ERVPTEERRIRERER, MRERFIE
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BEEELIESHNERTRAENFTEERAER RS THRITREBOER &
#=E GPU IRt 2 EREEMARNER R , ERMERTH.

FRME—ERGIPEBETHEMRAE  EFFEA 26 EFLHREFERIGERUUFR EIR
DEEE, WEHIPFEANM].p3.16xlarge#TRBE2EERA 0.4692 USD, MR RZEEEL
T, BESREEAN 45 DENBRERIIFER 1 @EEA ( BNEIB 208 FEHIFE ) , EHREANA
20 E£7t, FEB 1 ETEEN 4 BHTERBNENTETERE , RE6 DEM 1.5 98  MENERK
MWk 28xmT, EBE 4 BHTERCEHERNNETRERA , ERETSHTRERE 30 F , EW
DS R A B AR — A B E AR !

EAAHEXZENEFHEESRN T

MRELFEBEFORSE R AEXTEBEAZNAURE EWA, A EXE —EhaE |, =
B 1751 8I7E Amazon Braket B EXFFERANRERE , ETEE Braket EBHTESNIEXENER
2848, MRTE Braket Notebook #HITEIE STV AF R (FINELRBEMI R LREHK) LHTRES
NI, EABERF  ZMARATUKEFIEEEZZEREE , BEFAMENX THEER QPU 31T
B, BEEBUEEES,

HFEFAARBES |, FiEKAwsQuantumlob AR ENERN NI LocalQuantumJob&E, Hlan , ZEER
[BAUENE—ERSITE HTEH  FREBTITBHFEERERNIEESE.

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
EE K ZHEE Amazon Braket £RH EFEHHY Docker , HBRE B AEIRIZE A RE
FAItIhRE, BREZRE Docker WERBARI AEIEEH B, WA , XEEX W IEFFESEHZIX
=,
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AT A (BYOC)

Amazon Braket BEEFHREMU=ZEELEEN DS , TETANRERHTEXNE., WREHAF
—ERRZEBLENEARS , AIREERLBRSEERREMERE LIESE. TUSEAREZRNA
Hrequirements. txt XHFHRINXERD W UKFEEIRpip.

MRELABBAIZIELCNERARS , AELHFLEIEFRIELE S |, Braket Hybrid Jobs X EFEREEHS
B B 5TDocker R BB BT R A XER | REMWER (BYOC), ERERATRZE , RMERTE
Be bR A P R B EREThAL.

TEFRFRECH AR ERINIRE ?

KIRECHAES (BYOC) %% Braket EEEXF , UBTHFEREECHEE  HEREETERE
HENRED, RIBENEEER , AetE—EHZUEBRMHEABRMNEREYE K MEETRTEMNBYOC
Docker#&#-Amazon ECR L {E-E 5T & URI B,

® Note

MREBEFE DB LNEREANEA Python E4 (BE DR 10 @) , BYOC AJEET R IERERY
BE, fla, mREEEFEA PyPI.

EERBRT , B ERAE+P —EFELEBERN Braket B , ARTEEERIE

#requirements. txtXHEZEEREHY, EXRFEHHEN , YpipBNE —KZEEFEERSE
WEH, MREBELZEREENH , TENHTHETEEXIEEN. RECEARIZHFRETUT
TR B ZRM Python 1 CUDA R ( IREA ) .

BB EA T SIEMEAIE Python 325 (B30 C++ 5 Rust) , B R EFHELARERSIELFE
FA# Python fRZ<EF , BYOC M=XEN., Eth2—ETHEERE , R .

- BREEFEAEEFTRZRNEYS  YEEEHFURESERZBETHHRE T EETREMY,
£/ BYOC , B SIS #i A Dockeri & | ¥ AR BLIEITERE,

- BIEEEAFLRREENKE, flW , ZBRHFEEENLSE GitLab = GitHub FfEEL , BFERE
Ky SSH B+ RERARA.

- BEERE-FERIT T Braket RENBRPHNAEEHM, BYOC IREERAARBLEMER
BENERBHRNREERMEERE,
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BYOC EW RIEEBEMEEDockerBR M HIRMIGHEAE , REF LR BT SDK SUEEE,
&R LUEIBHE Amazon ECR FRREE B AYFT A R T LLIRAF,

(® Note
B AEST A EANVRERE,

BFECHNASRNRRE

EAREF |, TIRM T Braket Hybrid Jobs FTER step-by-step F8m-MA , XHEMSBIGCFE B
BB 1T IR/ B EZEDockerB &, bring your own container (BYOC)E& I AMER RIENIRE R

1. £ DockerF BT HEH B | WE THEPEFEH Python EELZIEDE.
2. EALAIE Python EEBRENEELZIESHEERS IT/E , fEMA x86 LIS CPU 4,

HREP 2, ERBRKENEAEREH

Braket #{T/E4 Job 8 | EERREIFERM Amazon EC2 H{TEEHEMNER , REHITDockeri &
URI A ERNBREG  IEEHE BT, £/ BYOC Theehs | & u]LAis EEEHEA EEVZEER
B F,5 Amazon ECR #ZEFFEEN B URI, Braket B EXSFE A BTG ERIAITTIE,

BEWEES TEEEMFERANDockerIRIGFIEN B E LY. NMEBTREBFEEMEEDockerfiles ,
RPRBREERNEESLERPRFRIBEESZE Dockerfile Amazon ECR CLIZ#E X 1E,

LT RIEEEHIBIR :

« BRI AR ES B &

- (EZEY) BURNBREAHNESE

» R%DockerfilefEH X EREB I T ERRE TR

IERV A E AR E

MREERAKZE Python , I B % 7E Braket IRt AR P RENE Gz L2 EEM4 |, B EARBREKRH
BIEEERMOGItHub FFEEM Amazon ECR LFEE M Braket BREFM B2 —, EAEEER Amazon
ECR E{TH 75T , AREMELEH LEE, Hl0 , BYOC Docker RN E —1TAHER : FROM
[IMAGE_URI_HERE]
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ETR , EFHSHE D Dockerfile AR S W EE BN MNEI R B[P EAF, FATHER Braket R EIE
BEEENARAONRNE  AHEEFROESZNAE,

MR EABEFERIE Python FBE , a0 C++, Rust = Julia , REMREEE AIE x86 CPU £4E (fI
W ARM) 22 3 BG4S | IR RE %‘E EEERFLFEBRGESZ LB MEGE, B E Amazon EBIHERER
AMERAHEEPRIFZLHER G, BREEEES CPUEBH—& , Y EXEHEEEMFMAN
GPU,

(EEZM) BRRNBEREARETE

(® Note
MRE R E MR INETE B Braket BR&H |, RIFTLABLB A,

EEEREEEDPHITIE Python BXE , EEERLRNERE /A OHK Python EESTH. i

7 , Amazon Braket Github E#J braket_container.py python flZS, &2 Braket B EE RN E
BHRA  ARARBELINALREEENREZE, AR AOHRNAKRS XA Python 1, BRI
(B 3E Python MIZA, EFEBENRGIF , B LEE Python EEMAIESR Python FERHIEAS
FTERME, FBEQULEE , £ BA A OBIESIBIE IE Python EEEIERTR., Bl , &&
LIRBRIEBERRIE M thekick _of f_customer script()EHEREE Rust F.

BB A LURIERE —E4e#fbraket_container.py. CEZSMAE R, FEEEMEMIERR
£ Amazon S3 EREIRHFF , LEREENRREHY,

Z&KDockerfile AL ERKBI T ERR[ETHN

(® Note
HN SR AR5 F FE SC 32 3L Y Braket MG A DockerE MG | BIREESES F1E,

MREELL—ESBPELTHHBNARESE , ITESHERIRSED , WHREEEE
#SAGEMAKER_PROGRAMAbraket_container.py , REEBEH B AT AR/ AOBESBNERE,

AT 2 EEE GPU iR T/ES1TEEE L Julia BVEEH : Dockerfile

FROM nvidia/cuda:12.2.0-devel-ubuntu22.04
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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 -
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 \
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unzip \

wget \
zliblg-dev \
${PYTHON_PIP} \

${PYTHON}-dev \

RUN ${PIP} install --no-cache --upgrade ${PYTHON_PKGS}

RUN ${PIP} install --no-cache --upgrade sagemaker-training==4.1.3

# Add EFA and SMDDP to LD library path

ENV LD_LIBRARY_PATH="/opt/conda/lib/python${PYTHON_SHORT_VERSION}/site-packages/
smdistributed/dataparallel/lib:$LD_LIBRARY_PATH"

ENV LD_LIBRARY_PATH=/opt/amazon/efa/lib/:$LD_LIBRARY_PATH

# Julia specific installation instructions
COPY Project.toml /usr/local/share/julia/environments/v${JULIA_RELEASE}/
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}/ \
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&& 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

WEHETHRILEITHIREWIESTE , AWS IERFSFMEHBRMERBRE, Sl , BBEEEH
BB, MIT license

MRIGEBITEF ARG , HIMMEFA GitHub = GitLab EEESRTEENRERNTE , 552 EDocker
MEFARLERESRRENE., MKk , EEEDocker Composebls i Docker A A FFEH R H B E

WEM LR SSH, BRIEZEE |, 5528 Docker F L £ H SSH R FAAE Github FREER
Mo

B EEEDockerE &

MREHZRIEEDockerfile , BMBAETLIZBLI BRI FHE Amazon ECR #FZE (MR EKFE), &
o EE, ERAB/MEE  YEH TEEREE,

FEEREFEY, FEEMMEIERGIE, F2B Docker B2 X E UEIAEMEEMN TERPdocker
build#f—LRHl,

HR EEESRN RO, EATLLEST ¢

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

$5iREE /Y Amazon ECR 7]
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Braket Hybrid Jobs DockerfR 18 % BEFEEEF B Amazon ECR REER, RIFFER , A
Amazon ECR #HETRMUBRFIERGEEFRALEZEGNITAEMERE , SlINHIEEHE

4, Braket Hybrid Jobs IAM role 8 A AR ERMFERA , TREREEENER. —MKmMsE , ARTFE
REFREGNBEFERAENAVMACHER , MAAFTMEEZEN Aimage URIREIE &,

HIE B CHABRPIETT Braket BEEF

EFEAEHCHARRBBESER , AwsQuantumlob.create()fEAimage_urilgsEMNSHBHAA.
BRI LAMEA QPU, BEZEEEES , R7E Braket BEEEXRMUNEREER LARBTENB. RAES
FEEIEMN QPU E#ITZHI , £7E SV1. DM1 = TN1 S RSN ERE,

EECERNRER LBTENS , FEBEMRKIEEinstanceCount & EHA
InstanceConfig, instanceTypef&E = , MRMEIEE instance_count > 1, BIEERREN

RIBALESEEH LET, SULRENHTEERRE LRA 5. fi

job = AwsQuantumJob.create(
source_module="source_dir",
entry_point="source_dir.algorithm_script:start_here",
image_uri="111122223333.dkr.ecr.us-west-2.amazonaws.com/my-byoc-container:latest",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3),
device="local:braket/braket.local.qubit",
#...)

@ Note
EA%E ARN RERERAERSFETEERNERSE, TESINEXEERFEK
Ndevice = "local:<provider>/<simulator_name>", F&c{E , <provider>3if
B<simulator_name>X%ZAERFE , BF , _- , MEK.. FRRFA 256 BF T,
MREITEEH BYOC , {EXKFEFH Braket SDK REVLE FEH , HIESRESENESE
#AMZN_BRAKET_JOB_TOKENERH K jobTokenZ 8, CreateQuantumTaskiRFTEHK
i, EFEBKBTSREBELENR , XEAERNEBIE FEBEFTE,

ERERETEERERE AwsSession

RMEEEHCAwsSessionNBIBEAAZREEANEEY |, flln , ERFBEENVLE.

kFEER , FHAwsSessioniXBEENME AT "amazon-braket-{id}-{region}", B2
B LAERIEAwsSession. FAE A LEEHhFERA S HEBiGAwsSessionYIHE

AAwsQuantumJob.create , aws_sessionf 5| R EEHIFT o
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aws_session = AwsSession(default_bucket="other-default-bucket")

# then you can use that AwsSession when creating a hybrid job
job = AwsQuantumJob.create(

aws_session=aws_session

HIZE A API

& T LA R B2 72H Amazon Braket B EKW R ZAPIEE), B2 , EAPIEZEMFEAN , ERENE
FAERT Ao

® Note

KMRZNEREMEA Amazon Braket B3 E#HEd Amazon Braket #ZFE ST Python B &,
CIREFENTERENREINE , HEENESRX TERIIHT

AEBHECAAP. MREBZER AP, FBiclE , EEAFETREEEH  TEBHETZIRER
LLEITREHER.

ZEFEH API, LR EEBSAnazonBraketFullAccessSBEREN AR,

(® Note

WMEM{AEBAmazonBraketFullAccessSERENEACNFMEN , F2BMA
Amazon Braket EH,

W BREEHTAC. LACKEEZERSE. ELAEH Amazon Braket TR AEV A, EH
[ERMZE) EELW [BTAR) RSIER , BEERXIERYERAE,

CreateJobAPIRELEERESA TN ELES Y, HEMA Python , FREE LETRERE
MEAK tar E4F (P10 input.tar.gz BR) , RRHT TIETHR. EMARER (<>) ANEXBHD , R/
BENIRFEFANEAR  BELEARE T EEA THRABNEKRE. BRNFGE,

from braket.aws import AwsDevice, AwsSession
import boto3
from datetime import datetime
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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"
}
I
inputDataConfig=[
{
"channelName": "hellothere",
"compressionType": "NONE",
"dataSource": {
"s3DataSource": {
"s3Uri": f"s3://{bucket}/{s3_prefix}/input",
"s3DataType": "S3_PREFIX"
}
}
}
1,

E#EGA AP 206



Amazon Braket HBEABER

outputDataConfig={
"s3Path": f"s3://{bucket}/{s3_prefix}/output"
},
instanceConfig={
"instanceType": "ml.m5.large",
"instanceCount": 1,
"volumeSizeInGb": 1
.
checkpointConfig={
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints",
"localPath": "/opt/omega/checkpoints"
.
deviceConfig={
"priorityAccess": {
"devices": [
"arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3"

},
hyperParameters={
"hyperparameter key you wish to pass": "<hyperparameter value you wish to
pass>",
},
stoppingCondition={
"maxRuntimeInSeconds": 1200,
"maximumTaskLimit": 10

}I

BIEARNITHE®R , B LUEBGetJobAPIREZRAFEEAR TEFHME R, EERIATE
HcreatelobiFHY Python TIEREB IS ESEXFFMERN , MBIEMNEHF , FEFEA T Python i

AL
T o

getJob = client.get_job(jobArn=job["jobArn"])

EEBUHRER I , §8Cancel]obAPIfE A I ¥EAmazon Resource Nameky (‘'JobArn') FEIY,

cancellJob = client.cancel_job(jobArn=job["jobArn"])

B LAME A checkpointConfig2 #RERIEE AcreateJobAPIN —E 5,

checkpointConfig = {
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"localPath" : "/opt/omega/checkpoints",
"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"
iy

(@ Note

M LocalPath checkpointConfig FeELA T SIME(T—ER BB IEHEE . /opt/ml/opt/
braket., /tmp. Z/usr/local/nvidia.
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BE i e

BEFREEME-ESHERLEFIIERERNIENEIIN.

BEFSRM4ZIRERELE  SEREITHENEER, SETHEEFIEUUSRLEE , BRI
EFRARIEFNENEARSHRERNRE. KATEEHRNEREFEE , HRASEEHRER
SR TFHEERENTE. ERBARTREEZBN A IS REMAZTERMN , REFANEANERS
HEE R E R

EREREER lonQ Aria

BREREGEETSZEAYESR , YHASRSUESRENER. KlonQ AraRiBEE —ER
HERENIFRER TG X

BRESERRFLZERE K ELE8BRFARTENETFUHINESTRANMTH#. BBRERAT
BHNERER 6 BRTREIREVELR , kB THENFERBEENEBMLEE F U TERRR
ENRE, ERERNNRERRESEE VN,

MBEMRBREBOHMAN , BOMEEH(L S T BIULE,

® Note
EAEREEDFERE 2500 REFH.

BRMERANTRBERBLETEAEEROQ AraBVE 7T

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.error_mitigation import Debias

device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")
circuit = Circuit().h(@).cnot(@, 1)

task = device.run(circuit, shots=2500, device_parameters={"errorMitigation": Debias()})
result = task.result()

print(result.measurement_counts)
>>> {"QQ": 1245, "@1": 5, "1@0": 10 "11": 1240} # result from debiasing
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BEFEBTNE , EUNEEETAEBTHAENRNEMEREE, FEERNAEMRNFHER
BRE—2M, ERPEENEMEREE (GHINHLE) HERREREF BRETE

AL

AU FRERABARICNTRREERBEIENEAMR, RIACELRSESENGER X5
RT—BHRE , FIREE2RRAETRNAEER. WEFHEE  F2REBHE B EEETEN

)‘& BEo

EENRE , RACBREGHSHHNEARBRYN , EERINVSMEBRENFSEEHRRE, MREMRE
REEN , TS @ mBiR D M,

& ] LATE Braket Python SDK FfJadditional_metadatat@fF FEERF 2 #h
fiGateModelTaskResult#®E, FIE A6 RIAMCTSELEEHE , MEBEEEHEELHEES
fi. TEMNRBEHBERT MAERFMCERE D M.

print(result.additional_metadata.ionqMetadata.sharpenedProbabilities)
>>> {"@0": 0.51, "11": 0.549} # sharpened probabilities
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mAEIERE

f& B Braket Direct , &AL FEEHWMETR R FRIBNEMBREER , BEFIEERBMBIUESS
FAIEEHNES  YREEEH—RE , fIUNAAREERNHE 7RI,

AR

(34

REFEAUBERGBEZENE TR, EUUELSENHRZHRE  UWERANETFEHMTE
FRIENERNIT, AT PR REMRES , AR 48 NFHUE , BEEANE, LTLLEERE
BEIRNBANRIGE F TEMNESRATEHEATSY , IERZBBREXTELEH,

#EWEE Quantum REE T (QPU) L8TT SO EEFEBNESER  ERKEFRMNERIUR
RIEREN AR,

LT EFFrEMuH#ER

- REEE Q HKER

- IQM AR/

« QuEratyHIZE
BEEFNREE M-3

IR E A TERT

MASALKEFIEAEYRE , BRI ANEEF THEARTRFERNERITHBD , FERLTRE
A, EESREXEBNESEHMAL  EFRECHMTFEBNERIIFESE, ARETUEREHE
HEENBIEFIE  AELREENIEAESEEEAREERNERE LHT.

BMEBRECENRNRGINRERTEREARERN , AEREEFERAMBNER RSN, %EfE
FELRKRERGERR  FEREFERIERERYN , MRAERATSERIRMGHB LAY, B
FEEREREAT IR , fINELEEFERLMTRE REAIMANER , RN LESJEERRK

EElo
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FEARS

- BYREE

- FARBEMTENTHEEH
- BUEREFHIEREGNTEE

BuREE
EERVREE  FHRE TS5 W Braket B :

T Amazon Braket %4,

A B P IEE Braket Direct , AT "REL BRPEE "REKE. .

BELEEONEE,

RUCHBMBEES K SREMABSNEFEL. FELRUEECHBENERNE FE A,
 [EFBACHNIEESH T  REFTREARBEFTZIFERNTMFRAER., i, rH
WRERE. HEARGISHATENHER,

6. NREE EMEFDTAFT 4B Braket ERBBUETTRFTERERT  TREEE 'RYEHSFR
Fl

o kb w0 bd =

EW A SRR T SRR PIB B LU RI R TERT -

1. $TB8 Amazon Braket ## &

2. EEERPEERE , AREEERENRIE.
3. "HE, BRY ,EE "RELE, .

4. FERL-—EEFFHNLR 4-6,

RRXKKE , LEWEIKE Braket BN EFHH  HTESARETNRESR, HIIHIER &
AEIB E T B UREITEET ARN,

@ Note
BRI R B ELREITERT ARN &R el

REEUGED 1 MEREMREE  MELKRETRSAFINRERERS (ZREENERAEH
@), EMRTEEIZH , Braket BEAGERE D ZEMEREE S
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MRBEHBTEFEERRTARE , Broket MR RBBE T B REBIE | H2HR Braket EREST
30 S ENEH,

ERRERAITENTEEH

ERENE , AFENIFERSERELHT, AEEEERREREHNBHTHNET THENMEST
T, BLAERBERHERERE ARN,

@ Note

RER AWS IRFHRIBIEN. RBEUKRERE AWS 1RF ATERENRERE ARN. Lt
S, RE ARN EEZENFRANGEREEERENEE LFR.

ARTRIFNARERE , EUTUREERE ZIBEBNTHEEA T, EETHEEESRE
FRQUEUEDRE , EXIREBERME AL, REERBR , AAFIIN TERIVSERREINIEFH
1To Job EBEBENBEMNE FIEH.

(@ Note
HRABEHNTEERRERZUBHUT , EUERREE ARN EXH TENTHEFSERT
5,

ARBEBEVE FTHENEXBEM
1. ER—EER , LERERBRXEEN GHZ K&,

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

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

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

C = measure q,
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2. ERERMRERE ARN BB 7.

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

# import the device module
from braket.aws import AwsDevice
from braket.ir.opengasm import Program

# choose the IonQ Aria 1 device
device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Aria-1")

program = Program(source=ghz_gasm_string)

# Reservation ARN will be of the form arn:aws:braket:us-
east-1:<AccountId>:reservation/<ReservationId>
# Example: arn:aws:braket:us-east-1:123456789012:reservation/fl7cc20b-1ba4-461f-8854-
de4bb2aab4cl
HHAHH SRR A HH SRR HH SRR SRR G HH SRR SRR SRR SRR SRR G HHEHH SRR G HH G HH SRR G HH SR H SR H SRR HH SRS
IMPORTANT: If the reservation ARN is not specified, the created task
queues and runs outside of the reservation.
(The only exception is when the task is created by the script of a hybrid
job that had the reservation ARN passed at the time of its creation.
See “Code example for creating a hybrid job for a Braket Direct reservation:”
in the following section.)
HHAHHBHHBHHBHHBHHBHHBHHBHHBHHBHH B HH B HHBHH B HH B HH B HH B HH B HH B HH B HH R HH B HH R HH R HH R HH
my_task = device.run(

#
#
#
#
#
#

program,
reservation_arn="arn:aws:braket:us-east-1:<AccountId>:reservation/
<ReservationId>"

)

# You can also specify a particular Amazon S3 bucket location
# and the desired number of shots, when running the program.
# If no S3 location is specified, a default Amazon S3 bucket is chosen at amazon-
braket-{region}-{account_id}
# If no shot count is specified, 1000 shots are applied by default.
s3_location = ("amazon-braket-my-bucket", "opengasm-tasks")
my_task = device.run(
program,
s3_location,
shots=100,
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reservation_arn="arn:aws:braket:us-east-1:<AccountId>:reservation/
<ReservationId>"

)

A Braket Direct REBEZEIEES N THENEXTHEH

1. ERBHERZETH,

//algorithm_script.py

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

def start_here():

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

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

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

2. FREEEETIBNAREE ARN BiREXX TE,

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
"arn:aws:braket:us-east-1::device/qpu/ionq/Aria-1",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
reservation_arn="arn:aws:braket:us-east-1:<AccountId>:reservation/
<ReservationId>"

)

3. ERAEmEMBREMESHER,

from braket.aws import AwsDevice

ERAREEHTENIHER
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from braket.circuits import Circuit
from braket.devices import Devices
from braket.jobs import hybrid_job, get_job_device_arn

@hybrid_job(device=Devices.IonQ.Arial, reservation_arn="arn:aws:braket:us-
east-1:<AccountId>:reservation/<ReservationId>")
def sample_job():

device = AwsDevice(get_job_device_arn())

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

task = device.run(bell, shots=10)

measurements = task.result().measurements

return measurements

FRI RS AEME

FRIGERE , B EBEHREARENEARFIE. RS EBICEHEALREBETFIRNEMRER T
Eﬁo

(® Note

R B 45 R EE R RUNNINGIR BB AV R TEERAS M EUE . RFIBRBEE S EREARTHREE
MEFRE T,

IEEETHERT , PINEFTRARRNE AR A , BEER , RASEAREFARBUNERLKER
HUHERR. a0 , &8 M1E back-to-back REEBRRAEBH , ME —EREEE FHEAEETFHS
BEEUH, fIfTExEE ZRREFIRE.

(® Note
REBREAKREAWS IRFNERREFHE, AERFEERFBERE , WREHEMEF AN
AT, At EREASENN , HERBAZREANRERE,

HOHREM R BEHE

EAERERITBARG 48 MREABNRET. TR BEECKREIRINHER—RKEWET
RETHE

HRENHE  C4ARCERENAE , RAREUHNFRE,
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== =
HRER

E1%7E Braket EE T AHE FEZEER Connect 48 , LUEVEEBE T EERNEINIES|.

% Ei#iB Braket Direct TRERBERERIZE |, 555/ Braket 84 , HEBE K HIEIZE "Braket
Directy; , REFT 'EREBE, B0, ATETANERESRE :

 Braket $##/0B5[ : Braket i N A 1: 19, £FES , SEAET. SETHANRABEES 30
948 | &, B Braket ERIIAAIEIBIFEE use-case-to-device B EE. R HFJEFIA Braket 198
1H , URESEBWNAERRL Braket ThEE (4120 Amazon Braket J2&E#. Braket Pulse St
MEZEEE) WES | BB EF R REERHIT,

- EFIW Braket ## 0 B5RE  FHREAMUPESHEEE , THEESFAGEURSEENTHRE
o
- BKBREFEHHKREIT —ETAMENHBRBE.

(® Note
HREBESBERRERHFEEE , ROIZZEBE Sup AWS port, HRFERSEE , &
A BAE A AWS Re: Post fmiE s 8 T 5T BRI BUEH F3IK 5t ol B2/ AL
12 HH 7 R

- EFERMHERER | iONQ Oxford Quantum Circuits QuEra, . #1 Rigettti #3%iB. AWS
Marketplace

- FERRMMONER , FHZH [Connect] WRIEHBE,
- EERAESR FNEERIEHEEB AWS Marketplace , F2REEREE M.

- AmazonB FRAREERE (QSL) : QSL E—AHEFHEERARNIHERRNELRBEE
B, A A E B A Mt R R B T 5 B ST SR B AT 1 A

- EBE QSL , FEHE "Connecty , RREBHBRESMAGIFMAES.
« QSL ERGEERE FEFREHE  WETRESR,

BEee

BATRACHTFRTHERR , (ORFEANWAF DR EE, 58 Braket Direct, BT UBERE
Braket #2414 FFRHATAWERINEE , HI0T AILE RN ETF R

A
&
T
ik
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RUEBRINGEZERBEREZINEE , ALEEHHENEARFIESITENEEEE, BEREN
THEEEHZERI , AiEIB Braket Direct 12 HHER1ZH,

EFEMNE lonQ Eith

REEMN RISEEE, MREBEIETRIME lonQ £t QPU. HAXRIEN T AMER |, EREETER
Braket Direct 1214,

ETHEZEELFERFE lonQ Forte , FRBUTTEREE

1. TB8 Amazon Braket % &

2. BEEEEREAAXESD  RAREERIIEPEMRE i ONQ Sit, 1EIE [RIEEE]

3. £ Forte REFMEREENEED |, EE [(REEE]

4. RHENBHBES  SEAENEFEL, RULEHRENERNE FB 4,

5. B [EREMENIHEER] TH , REGEACAREEEVTZIEEHNFMENR , SINAEN

BRERE. HERFINAEERE

() MREBERBETEFT A Braket ERMBLUETEFT BT  FEERBERSHE

RREE

(o2}

R KR , Braket BIRASHREBMBU EITRBEI R,

@ Note
HREETHMESRR , £/ Forte WERZZIRE, BEEAFMUTHRESEFL.

sHREIFZER E A #E A QuEra

5/ Braket Direct , &8 LATE QPU L #ETHRIZRFE KRB LR HI A, QuEra Aquilaf A tkZh
B, BULIRERESSHESEBEEFUNEERE,

BERARBYZREFHULIIRE , FERETIZRHT

1. $TB8 Amazon Braket 4l & .

2. BEENNRRERELARES  RAREEREEMIIQUEra NEN -t FHE, 1BE "THEEFR
.

3. RUEMBBES  SRMENETFEN, RUEEHRENBERE FEHFibut,
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4. & [HEHFRBMALHIEESH) KT , RUHERIEEEURSITEERALYENUENFHREN.

SFRAFZEN E QuEra B KM AZAR

£ A Braket Direct , A LA7E QPU L#ETHREZRFERIBIERNLMEF, QuEra Aquilai®Ei® Ltk Ih
B, BULIERBHZEL B  WEERESEEMNEMER,

BERARBYZREFEURE  FRETIIZRHT

1. $TB8 Amazon Braket &l & .

2. BEENNRBERELARES  RAREERNEEME QuEra Aquila-B KRV EMiR. EER
SFHEUE,

3. RHIEMMEBRER  SRAANETHN. RUHEEHRENEUETEBMFibit,
4. K [EHFBEMALHIEER KT  REEETEEBURETECA LI ENVENFMER,

£ QuEra NLEH FEERERR EMHAR

£ A Braket Direct , A LA7E QPU L#ETHREZRFERIBIERNLMEF, QuEra Aquilai®Ei® Ltk Ih
gt UL ERBBEELBINGE K WUERFRNWEBEBEEIE T,

BERARBYZREFEURE  FRETIZRHT

1. ¥TB8 Amazon Braket &l & .

2. BEENNRBERELARES  RAREERNEEME QuEra Aquila-B ARV MR, EEFER
SFHEUE,

3. RtIEMMEBRER  SRAANETHN. RUHEEHRENEUETEBMFibit,
4. K [EHFEALHITEER KT  REEETEERURETECALIENVENFME

%II

o
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RCER A Bo i

BRXEFEKE , E0LUEIB Amazon Braket SDK M4l & IRERHARRE, B FEHKTHE , Braket &
BIEREEEEIEEN Amazon S3 VB, ERAAEZE—LERE , FHI2YEMN QPU %iE , EEEUR
REFINRE, MERITIE

+ CREATED-Amazon Braket Y Z| 7 {81 & F1E75

* QUEUED— Amazon Braket RIE T BN ETEH K BELEESFEXRBLET,
* RUNNING— W E FEKIEE QPU SiZFERER LET.

« COMPLETED— &MV E FEB TR 7 £ QPU SIRFEHERR BT,

* FAILED— #£MEFERZEETE AN RBENEFERLABNER K FERBRREXEFE
%o

+ CANCELLED-REUH T B F1E1 B F1EB R HEET.

TR

« & Amazon Braket B EHERE FEH

+ 3B Amazon Braket TR A BB 711

- EREEEELER

+ Amazon i $I 5 45 8 o0 BB E 40 A B B 1L 2 1E EventBridge

- £/ Amazon E5# Amazon Braket CloudWatch

« Amazon Braket H 5552 #E2 CloudTrail

« ERALAT AT Amazon Braket 52 A#11718 AWS CloudFormation
. HEPEED S

£ Amazon Braket B EHEH E FEIF

Zintdevice.run(..) EREEH—EFER ID NEFER. BRI UEHRMBERARE | M TEH G
+, task.state()

AE : task = device.run()R—EAESRE , EEREBELTUERRAERSBEEEFERRES
T,

FREAE R
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EEMEMBEtask. result() , SDK €B%% 5 Amazon Braket AEEEFEBEREBEETHK. SDK&
FEREEDPEENT®BASE . run(), EFEHBTHKE , SDK % S FEETREMEEGER |, WigHE
BQuantumTaskResult¥¥4EE,

# 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 7%
HEROUHE T ITF, M Mlcancel ()% , BT HIEBIFT R,

# cancel quantum task
task.cancel()

status = task.state()
print('Status of task:', status)
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Status of task: CANCELLING

BRETEE
BUUMECTERE T TENTRER , T A &R,

# get the metadata of the quantum task

metadata = task.metadata()

# example of metadata

shots = metadatal['shots']

date = metadata['ResponseMetadata']['HTTPHeaders']['date']
# print example metadata

print("{} shots taken on {}.".format(shots, date))

# print name of the s3 bucket where the result is saved
results_bucket = metadata['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-aa92-1500b82c300d

S3 URI: s3://amazon-braket-123412341234/simulation-output/b68ae94b-1547-4d1d-
2292-1500b82c300d

e FEBRER

MREHROECRREFEBRRET , REMAELASHIGTES , AT IEREE—H
ARN ( EFE# ID ) EEZtask¥IR, A% , B task.result( ) UAFARERECH S3 EREFEF
EEER.

from braket.aws import AwsSession, AwsQuantumTask

# restore task with unique arn
task_load = AwsQuantumTask(arn=task_id)
# retrieve the result of the task
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result = task_load.result()

%18 Amazon Braket TS EEIRE FEHK

AmazonBraket 2 7 —fi&EIB Amazon Braket TR AEREFEKNEN AR, IEERXHNEFE
BEHE "EFEE FERY , MTEFR. BRERBEREFSHN  EEKELRGEEEEISEEE
FRIENE FER. AWS EiF

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [/

Quantum Tasks (10+) | c | | Actions ¥

| Q search 1 > @
Quantum Task ID Status Device ARN Created at
dB7730f0-414f-4360-9de2-7fd18¢20f7f2 () COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Sep 05,2023 19:13 (UTC)
62a5b6f9-2334-4bad-af4f-aSaeebbe6032 () COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
85f05¢12-c4d0-42bf-8782-b825775f057a (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)
1fa148a2-aaaa-4948-b7df-808513145a20 (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
aee8d2ad-a396-4c11-9f13-9aa62db680bY &) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Aug 31, 2023 19:11 (UTC)
dfee97af-3aae-4e57-bd64-29d6f9521937 &) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)

BALEBEMWERBENE FER. TURBEFEHR ARN (ID) , RE , RieNLIZKBET
BR, ERENEESE  RASEHBER , W& R,

Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [

Quantum Tasks (10+) | C | | Actions ¥
| Q [search 1 > @
Properties
Status Device ARN Created at
Status
Device ARN 7f2 (@ 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
85f05¢12-c4d0-42bf-8782-b825775f057a (&) COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)

TEERTREBEEFEIEHE—HNEFERE ID REREFEBNRH , ZEBUTEBFAAE
Hitask.ido
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Amazon Braket » Quantum Tasks

(@ QPUs are region specific. Select the correct device region for corresponding quantum tasks. Learn more [4

Quantum Tasks (1) ‘ c ‘ ‘ Actions ¥ ‘
| Q search | (1) matches
‘ Quantum task ARN = arn:aws:braket:us-west-2:2608 1874204 5:quantum-task/4cd1a31e-61c0-469c-a9cf-a2fbe7bde358 ‘ X ‘ ‘ Clear filters
1 &
Quantum Task ID Status Device ARN Created at
4cd1a31e-61c0-469¢c-a9¢f- (¥) COMPLETE arn:aws:braket::device/guantum- Aug 31,2023 19:10
a2fbe7bde358 D simulator/amazon/sv1 (Ut

S5, MTEMRR , BFERERRER TSR E FEBNARQUEVEDRE, R—TEFHEH ID &
THMESAEE, LERERETERNDETIVE  HERTCEEENRE.

Amazon Braket > Quantum Tasks > 3d11c509-454d-4fe2-b3b9-fad6d8eab83b

3d11c509-454d-4fe2-b3b9-fad6d8eab83b

Quantum task details Actions ¥

Quantum task ARN Status Queue position Info
1:98463111 K/3d11c509-454d-4fe2-b3 b @ QUEUED 3 (Normal)

Device ARN Created Ended
Sep 08, 2023 19:22 (UTC) —

Shots Results Status reason
100 - —

EREREB B RINEBTFEBERITEEFELER. EESERIARXNETFEBEKERLE
E’\MTEIJ{E?E,%&O

#FEL & Braket SDK WEF AILLEBR AR A AMEBE FEBMNES THEMFIMLE, MFFME
7, FS2REN TEAEHTER,

zrsnEl,EE %JE mnaﬁﬂ?\

BERREERIIERE AWS BRI AWS BITBMER. ERREFESARECERN THIE, S
ERECSREE, SLABARER. HREERNER , BrERREE.

£ Amazon Braket &% | BULBEZTE FERRERAK , WRREEBHRNERSE, &1
LR, BREBIENER, SUERTE FERRETRARFER , RERBBEES AWS
CLI, HEEEBIHERAPI
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e R

BB ENERESREEERANER, flm , SALUEE "M, BERIEEHESE LERHIE
o

BESEREMERLD

- EEE (HlW CostCenter , RERER), EEREEI KNNE.

- BAEBENZEAMN (HlIn , 111122223 333 RIEREE), PHREBEERALERAERAZEF
F, BEREMER , ERESEI KDE,

BRUEBEHITUTRE
- BBIMBREN AWS BiR. 52 AWS R XIFFL , BLERUSRBTEBRBNER S EHEE
MERE , B TERZMEEN,

- BHER AWS A, BATELFE AWS Billing and Cost Management & &R ERBUAELER, AWS
FABBRRSBENRA , YRUBARASBHTREERE. MEFMER , 5528 AWS Biling and
Cost Management E A EEE P EA KT B EER.

- ¥ AWS BERNERN. NFFEET , F2REARRESFEE,

EZERN AWS FER

- EEEBN—REFA  SEGENERES , F2EAWS —RBEHHNEL AWS ER,
- EENSEREBRHNER , F2HEAWS —BRBEFHERGERHMER.,

- FBRREERNERRN  F2RELSEEEBNAWS ERERK,

- BRAXEESNREEE , 5528 Resource Groups 252 APl 2%,

T &E2HAERE Amazon Braket EENEEEEA,
DEBNFRPTENEIR

AmazonBraket P LA T EREE X EE5T -

« quantum-task BEJR
- BREZM : AWS: :Service: :Braket
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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/general/latest/gr/aws_tagging.html
https://docs.aws.amazon.com/general/latest/gr/aws_tagging.html#tag-conventions
https://docs.aws.amazon.com/general/latest/gr/aws_tagging.html#tag-best-practices
https://d1.awsstatic.com/whitepapers/aws-tagging-best-practices.pdf
https://docs.aws.amazon.com/resourcegroupstagging/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-manage-access.html#resources
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« ARN IERIFRIER : arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}

EE  BEERLAER LR Amazon SageMaker ER |, B8 Amazon T LAE AR E A ER T ERT
REJR , £ Amazon Braket 2% & A EFAFEE Braket ERLAMWER, MEHMAEN , F2H
SageMaker XA EEEA S /TERE PEER

EE RS
T B E AR %58 AR Amazon Braket /R FHER :

- AIEMEERNEREE LR : 50

- RE|BRE LR : 128 {8 Unicode £t

- HERE LR : 256 {8 Unicode F 7T

- RS|#FM value: a-z, A-Z, 0-9, space MITIERHEBRFRT:_ . : / =+ -He
- TRNESES KPR,

- FERawsERRNVBIR, SREH AWS EA,

£ Amazon Braket ZEEHEEEER

BOLEERREAERLINBM, B LUEIR Amazon Braket T2 4. Braket iR, g, &
K. FlHAmazonFMIERES ., API AWS CLIZIEFMET , F2R 05 REE AP 2EZ8H,

IR
BRLETIRESERFEE TN EEBNER

- BYERE . FAEES , S TagsBHEiCreatefFE—EITEE AWS API /1,

s BYERZE  FRAFRASEZEFIHFEHEREKER , HFW AWS APl FHTagResourcefE
%,

EEERIERRESEZEBEMEZER  FESERYECERERNER,

BIEER

BAUERATREASBEEERRRELRER , SIFUESE , R Amazon Braket F{EA A] NEEE
R ERZEE, AWS ListTagsForResource API
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https://docs.aws.amazon.com/sagemaker/latest/dg/nbi-metadata.html
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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BAILERLT AWS API T REFER LHWER

+ AWS API: ListTagsForResource

B R

EUNERRHANES B T ABRERSERIREER | REETUEANT OSSR NE TE
RERNERE. BOECOAENERES  SESRRNE -

* AWS API: TagResource

BRER

B LLEBEEEBRNER. FAXTHAEZETIHERELLER , EW
luntagResourcefE i , REFRFBRER.

* AWS API: UntagResource

Amazon Braket #EF 8 CLI ZiERHl

WMREEEFEA AWS CLI , EER—ERFlwS , BERNFRIE—BEER , XEREAREEA
Rigetti QPU SV1 WS BREBRIBNE FEK. FiE  ZBEREHMESHEREEN., TEEER
T , Key #B FH{EstatefER LN EWashington,

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\", /

Amazon Braket # B CLI {252 =451 227
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\"version\": \"1\"}, /
\"qubitCount\": 2}}" /
--tags {\"state\":\”Washington\"}

£ Amazon Braket API#&32

- WMREEFEFEA Amazon Braket API &R LEREERE , 55/ TagResourceAPl.

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

- BERERPBREZEER , FHW UntagResourceAPI.

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN

- BESIHMMBEHEERNAEZRE , %W ListTagsForResourceAPI.

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] 1]

Amazon e 45 EE 58 BB S4-F B #{ #4E EventBridge

Amazon EventBridge E=#2 Amazon Braket & FEBHRIREEESH. KRB Amazon Braket HEH
LT RERFITIEMN, EventBridge R AIRBEHENRA , RETEEENEY , S RESHFEHRA
RATEEBHITHEME, AIERNBBEESSE

- FAEKE AWS Lambda
- BXE) AWS Step Functions ik RE#
« @A Amazon SNS &

EventBridge E51R1E L X AmazonFiRREB T E 4

- FESBEBRERL

AmazonBraket RE B FEBKREILBEHNRNT, ELEHELEEE R, BAEFHRAKRE,
WEFMES , F2EAPNEHENELHE EventBridge.
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eventbridge-and-event-patterns.html
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ARG :
- EAERE FIEHKIRAE EventBridge
- =% Amazon Braket EventBridge E#

£ A ES 12 8 7 754K %8 EventBridge

£/ EventBridge , A MU Bl , LAFEZ Amazon Braket {£i%E B Braket 2 FEKMREBEENE
HMEREAEIME, flan , BUNEVRA K EEXEFEBREBERELEFBEHARBE.
1. EHEH AWS F AR EventBridge #1 Amazon Braket BY#R F & 8%,
2. AT {ZE T B Amazon EventBridge ##l& https://console.aws.amazon.com/events/o
3. EA T 5{EE L EventBridge # Al :
- SHERAER  ZEEAEAEANHRL,
- 7£ Event source (B4 RIR) & , i#EHE Other (HAth)
- & [BHER] BRYP , EE [HFTER (JSON RER)] , ARETIEHEXRIIXNFESS !

{
"source": [
"aws.braket"
1,
"detail-type": [
"Braket Task State Change"
]
}

= EHEE Amazon Braket FHFTE S , FHR T IREXBAI RN detail-typelRER :

{
"source": [
"aws.braket"
]
}

- WABEZEEE AWS RS , ZEFNZMEREZ , AR IBE—EEEZ , 0 Amazon SNS FEE
AWS Lambda B48l, &% Amazon Braket W EI& FEBMREET XEHEEREE,

A E R & TEI5IR A8 EventBridge 229


https://console.aws.amazon.com/events/

Amazon Braket HBEABER

5z | £ H Amazon Simple Notification Service (SNS) TEEEHREBERXREFEBHRIXFEA
B, BEEEM , % FH Amazon SNS =S Amazon SNS £, EEE—SFSTH , F
B {# A Amazon SNS EiXE R & @A,

MBEVRANFREF , F2RELH S R ER Amazon EventBridge #i 8l

5 Amazon Braket EventBridge =4

%% Amazon Braket Quantum E#IRELE SRV AVEEEER , F2RPNEHNELHEK
EventBridge.

THBHEERRE JSON "FHlER, M.

« quantumTaskArn(str) : EEHEHNE FEK.

- status ( @& [str] ) : EFERERINMRE,
 deviceArn(str) : HEN I EFEBKNFEREMEBEENEE.,

« shots (int) : FiFshotsiBRMNBE.

+ outputS3Bucket(str) : FRAEEENBEER.

« outputS3Directory (str) : AFIEENE L key prefixo

« createdAt (str) : BEFEKAIERFEES 1SO-8601 F&FH,

« endedAt ( i [str] ) : BEFEBEINKRRENEE, REEEFEBEEIRAKRIRRER , It
RMuSEHHR,

LATF JSON fRIEFE R 7 Amazon Braket 2 F{EEAREETE KB HRI KB,

"version":"Q",

"id":"6101452d-8caf-062b-6dbc-ceb5421334c5",

"detail-type":"Braket Task State Change",

"source":"aws.braket",

"account":"012345678901",

"time":"2021-10-28T0Q1:17:452",

"region":"us-east-1",

"resources":[

"arn:aws:braket:us-east-1:012345678901:quantum-task/834b2led-77a7-4b36-a90c-

c776afc9a71le"

]I
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https://docs.aws.amazon.com/sns/latest/dg/sns-user-notifications.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eb-create-rule.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eventbridge-and-event-patterns.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eventbridge-and-event-patterns.html
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"detail":{

"quantumTaskArn":"arn:aws:braket:us-east-1:012345678901:quantum-
task/834b21ed-77a7-4b36-a90c-c776afc9a71e",

"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":"2021-10-28TQ1:17:44.735Z"

£ Amazon E5#: Amazon Braket CloudWatch

&AL E A Amazon Braket E5# Amazon Braket CloudWatch , % Amazon €IWERBE R W ASHER
EATEAEETARNIEE, BALE Amazon CloudWatch 2 A&F %R 15 BANELENELE
A, ZESBE 2 BEMBIIER , UEFHBEE Amazon Braket I EE. BEERAEMR , F2EE
F CloudWatch £E,

DEBEERERENEE

EEEEIRFWEARE S CloudWatch, EERKREME CloudWatchty —ERFEIEF N E R 2. SE
EEHE—HHEE, EEE—THEBPNWEEHE CloudWatch , 52 R CloudWatch #E,

Amazon Braket 8% Amazon S EN L T BEE RHEIX T E 5% CloudWatch 15+
B EKIEE

MREFEEFER , BITLUEREE, cPSREREETEAN AWS/HEIZR KEET A,
CloudWatch

BE DU
B ETEBHHE,
Latency (ZEiE) EETARCRKTRILEEREN, EARTHR

B FEBABIE T RINBRE,

fiE FIEE#R 8% CloudWatch 231


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://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/cloudwatch_concepts.html#Dimension
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EFEBEENEE

EFIXEERENRSENHE —E2M , ZdeviceArnZ2E MW A arn: aw: braket:: Device /

XENEE

mELEEBALE ARN (58 , HSH Braket £,

(@ Note
EAILALBIB ZE Amazon SageMaker =2 & F N ERRAFME R EE , 8% Amazon Braket
SCHERK CloudWatch BEEE . BAEBSageMaker £ A ES E it Amazon Braket &
BB E,

Amazon Braket H&5C#%E2 CloudTrail

AmazonBraket £/ T —fER# AWS CloudTrail , RFRHETHFE , AR Amazon Braket AWS
IR PAVIRMEREEER, CloudTrail FHEFTEHAMazon AL R EHHNAPIRIMEASH, HENFILSE
& B Amazon Braket 2% & B FEAY LA K ¥ Braket Amazon Braket #IRENRIEFEHA. MREEIBEHE
BT AR 83 4 CloudTrail 42| Amazon S3 f7ZEr8 |, =& Amazon Braket WS4, RE
KREFEBHE , BOARTUE [EH4HERRLHK] BR4R CloudTrail TEATPRENEH., FHKENER
CloudTrail , 8] LAREE [0 Amazon Braket 2 HHIVEER , IREFBRM IP bt , REFRHVAE |, 2H
FERHY B A R HALFFAE .

EEE—F T H CloudTrail , FZREEAWS CloudTrail &SR,

Amazon Braket £ & CloudTrail

CloudTrail FEZEIZIRFE AWS tRF BFRA. E 587 Amazon Braket HE 4 | BT B S HEHRE
$ECEP A EAM CloudTrail B4 — 2R E AWS R S, BulEE  BERNTHRIENEH
AWS 1RF, WNEFMEN , F2EWAEEE CloudTrail HEC8&HEH,

BRGNS AWS IRF |, &3 Amazon Braket WEH | FAIZ—ERE., BHtA
CloudTrail # B #1314 %] Amazon S3 #FZiriE. KB , EREXRADPELEHE , ZEMSE
ERZEMEN AWS B, BHIFEHEKE AWS 2 EFFIEEBNEHN , Wi AFEEEEERIEEN
Amazon S3 f#1ZErEE, WA, BAILIREHM | AWS BRI LUE—F 247 CloudTrail sR8&H UEE
HERIRMITE,. WHEFHENR , F2ETIAS :
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html
https://console.aws.amazon.com/sagemaker/
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/view-cloudtrail-events.html

Amazon Braket AR
- BEMNIEXHBIER

» CloudTrail X EHREHEES

« FRZEM Amazon SNS #E4I CloudTrail

- #ZEEFIEW CloudTrail 58 #k1E I # Z (@R S W CloudTrail F2#48

FTEAmazonfm P 45BN EER A CloudTrailic sk, 5l , FAlGetQuantumTaskE E)GetDeviceFE
£ CloudTrail ie&#EHRELIER,

B-SEMHUAREXRNSLSELFRENET. B EATHEEHE T5IEH !

Fi

illl

HEZFERE , REEATREACIMSE I ERAENETRRZLER.

BH5—E AWS RERBRLE.

i

ig‘!
W
%
fim

MEFHMET , 52 BICloudTrail £ userldentity T,

T fi# Amazon Braket B3E X H{& B

EBHtE—EHEE  TESHLEFENERNEEREEEN Amazon S3 f417Er#8, CloudTrail F2&#E
BE—RLELRHER., BHRARRETARRNVE—FR , LIEEBFRWIRE , BEN B
B, ERBHEEFEE . CloudTrall BRXHATRLAHAPIFHANEFHERRE , At MEM4S
EIEFRE T

T gEHRGetQuantumTaskBMEMFHIER , EEINEBEF THENFMEEA.

{
"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalld": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {
"sessionIssuer": {
"type": "Role",
"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"userName": "foobar"
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https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-create-and-update-a-trail.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-aws-service-specific-topics.html#cloudtrail-aws-service-specific-topics-integrations
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/getting_notifications_top_level.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/receive-cloudtrail-log-files-from-multiple-regions.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-receive-logs-from-multiple-accounts.html
https://docs.aws.amazon.com/awscloudtrail/latest/userguide/cloudtrail-event-reference-user-identity.html
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},

"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:56:57Z"

}

}
.
"eventTime": "2020-08-07T01:00:08Z2",
"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
"requestParameters": {
"quantumTaskArn": "foobar"

.

"responseElements": null,

"requestID": "20e8000c-29b8-4137-9cbc-af77d1dd12f7",
"eventID": "4a2fdb22-a73d-414a-b30f-c0797c088f7c",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

.33",

LT ERGetDeviceBMENREHEE , RHESELQRESHNFMEN.

"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principallId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {
"sessionIssuer": {
Iltypell: IlRolell’
"principalId": "foobar",

arn": "foobar",
"accountId": "foobar",

"userName": "foobar"

T f# Amazon Braket B XX 4& 8
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iy
"webIdFederationData": {3},

"attributes": {
"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:46:29Z7"

}

}
.
"eventTime": "2020-08-07T00:46:327",
"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"
iy

"responseElements": null,

"requestID": "c614858b-4dcf-43bd-83c9-bcf9f17f522e",
"eventID": "9642512a-478b-4e7b-9f34-75ba5a3408eb",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

FERLUTAEE I Amazon Braket £ A#H T8 AWS
CloudFormation

&AL AWS CloudFormation RE IR #) Amazon Braket £ B B iS#1TEEE . Braket EXLAEHI
#13I7£ Amazon SageMaker £, f#/ CloudFormation , & ] LA # iR T8 AR RERV BT AN HE SRR IR
AAPITER, SEAERGI JSON H YAML BRBRE., SN EFETTEENSXNEL., EFHM

MIBREITER, EEEEZE Braket ERABHIE , EAESRBEEREA AWS RS,

# 3] Braket 25248 CloudFormation &2 , &1 AWS CloudFormation L FARIFBE R, MESE
&R , 52 BAWS CloudFormation £ $ERF Y AWS CloudFormation £ & EEIHEE,

ZEF AR Braket 52 A E 4l CloudFormation , FHIT T =@ :

1. #3I Amazon SageMaker £ iBHAEERE S,

EREIL MR RS EFRA CloudFormation 235
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Amazon Braket HEABEE
2. B EREM AWS Identity and Access Management (IAM) & SageMaker,
3. EARIEFAREI SageMaker EFLA#1T{E#8 amazon-braket-

B LA B S E I FTE Braket ERRAEEF A EMBERER, St E S REBHTERN
Braket £ AEEFEH IAM A€,

B 1 . B3 Amazon SageMaker £ B ERREIE T

£ T 5842 SageMaker £ inBHEREIE T, WIETTEE BT Braket By SageMaker ZEFEA
BITEE. MEFELaBER CloudFormation ERAVAAREEIE , 552 BAWS CloudFormation 15
FIAWS::SageMaker::NotebookInstanceLifecycleConfigH Y,

BraketNotebookInstanceLifecycleConfig:
Type: "AWS::SageMaker: :NotebookInstancelLifecycleConfig"
Properties:
NotebookInstanceLifecycleConfigName: BraketLifecycleConfig-${AWS: :StackName}
OnStart:
- Content:
Fn::Base64: |
#1/usxr/bin/env bash

sudo -u ec2-user -i #EOS

aws s3 cp s3://braketnotebookcdk-prod-i-
notebooklccs3bucketb3089-1cysh30vzj2ju/notebook/braket-notebook-1lcc.zip braket-
notebook-1lcc.zip

unzip braket-notebook-lcc.zip

./install.sh

EOS

exit 0

HER 2 . Bl Amazon REH IAM B SageMaker

E & Braket ERR A T{EMAEF , SageMaker BRKREHITIEE. Hl , BEREEAXEEE
LHYERE 1T Braket ERR R B, FEERLEE [P SageMaker THEEH , BEHIT Braket LHV/E
¥, ERTHTHABER T AFRREHITHORIIESE, SageMaker INFEFMER , 2B Amazon
SageMaker F#& A B3RP HISageMaker A€,

ER T3IE AR EFFFEERE Braket ERRAHITAR, EAUREBEEEIRE,
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® Note

RHEEACEEIERAN Amazon S3 #FiTEs3: ListBucketMs3:GetObjecti®E
Mbraketnotebookcdk-"#ER, £ amiEAHAEREE TIRE EiE LR T 548 H Braket £ A
TRETH.

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

SB 3 BV EAEEFI Amazon SageMaker EiEA#1TE# amazon-
braket-

FERELSER 1 MSER 2 FEIHK SageMaker £ariEHAESIHMN IAM A @I SageMaker E5E A
BT, BB EKHITER I Braket ERILKY , AiEIB Amazon Braket T2 A F . &

S BBt CloudFormation EfR 2 HHREERIBEMNE L EF , 552 BAWS CloudFormation £ 18
BIAWS::SageMaker::Notebooklnstance#y () o

BraketNotebook:

Type: AWS::SageMaker: :NotebookInstance

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

BraketNotebookInstanceLifecycleConfig.NotebookInstanceLifecycleConfigName

1 P& 50 8%

AN EARERCHEETREEBRRE, SLERTHRNIRLEREEREGH , YEVLHEUHENE
®IEEH,

EF AR HES ?&.ﬂ’ﬂﬁﬁmﬁﬂﬁlpoll timeout_seconds#poll_interval_secondsZ# , LE
EFERUURBBETYEETHEFIERE , UBERREIXHH, BB LABEERT
Python BT R 2 Jupyter EieA& , AERARITUERAERERET,

& 50 8% a5
Bt , BREHERR  BNACEERSEDRAXFERT , MT /TR,
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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

BYWHITER

/|

B, BUNRE—EER , SERXINEETHRE , YEFLREPARIER,

# 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

BERCHE
BULEBAAU TR T RBERAXNFFHAR,

# print logs
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! cat {log_file}

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: start polling for completion
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0ddc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0ddc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status QUEUED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12addc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12addc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status COMPLETED
Counter({'00001': 493, 'Q0011': 493, 'Q01001': 5, '10111': 4, 'Ql@11': 3, 'l10101': 2})

1 B RS #F P EEL ARN

WA AREE MY RC sk B (W EIRE BT R) ERiS ARN Efl. £/ ARNID , BALIETRNE T
ERIRER,

# 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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Amazon Braket F I &£

7N Z8 ] 1f5 Bh SR R % an{] 4£ £ F§ Amazon Braket BFER BN SEEER, AERBAMATERE Amazon
Braket A SN ZEHMERBEE, BtSERMMEEHEAWS IRt i5BHIEEE1R R R Amazon
Braket EIRH HME IR

RiREELE AWS RERN R, SR AWS TFNE , Bt ERPONMREENEEP B, U
MERBRABRNZL2ER, S4ABREMREZESS  SFERNERMYE,. QANERUKERE
EMER

HWLZENWHRERE

REREAWS BEHARNERE, HENEEEE BEHERAER 5 NE2NBHRTNES

- ERAEGNTE - AWS BEREE AWS Eif PHIT AWS BRI NERRE. AWS BRHETZ
SEANERE. £ AWS 885 EF , F=IERESEHARLBERMANZTL2YR. B2 THE
R Amazon Braket & B8 , F2ES R EEAEENAWSER.

- BN EEE — SEEEHBHIAWSERREE LRERTNEFE, ARSI ERER
AWS fE# B R 2 ERNMERER,

ERMRE

AWSHE EFE A E A M Amazon Braket PR ERMRE, MBERFTR , AWS EEREBEHTHE
AWS Eif HEIRERER, FESHEEHERSKE LEERTWEHE, fo4BEEEMmER
AWS fEi§ ML £HEBNERTK, IEERENBALAENEZHBEN , F2REREAEERR
EE, NEERBNERRBNEREN , F20E AWS R MIEER LM AWS HEHNEFERF
GDPR Ep&EE X E,

ERERMREZBER , BEEMEH AWS IAM Identity Center 5 AWS Identity and Access Management
(IAM) 138 AWS 1RF B , WREBAERE, t—%  SEEHAEHRISEESEETREEKRT
HANFT, RAEEBERATIAFRNREBER :

- SERFHEGEASEERZRE (MFA).

- {5 SSL/TLS 8 AWS ERBH. KMFEE TLS 1.2 WEHRFEA TLS 1.3,
- fEMF AWS CloudTrail 5% API 15/ & 28 H %

- £/ AWS MEMMRFR , UKk AWS IR ANFIETERRZREEHIE,
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- FERERNZERLIRE (HI% Amazon Macie ) , HBIEREZEMREFHZE Amazon S3 HWHEURE

- MREEFZBGHHINED API FE AWS K, FE FIPS 140-2 BBEHMZELE |, FBEHA FIPS %
2. MEFEI FIPS M FIPS inMMNESHEEN , 2B P EARIEZZEE (FIPS) 140-2 #1E#,

BRI ERCR8ETESEFNE FE i i SHESHREN , REEES BHENHXXFHNA
o, 0 Name (B58) B, ESXELRFERTES. API HEEEMHAWS IRFEEEH Amazon Braket
R EMKBAWSHRENRK. AWS CLIZEEZE D B AEN X FHA i ANEERE T a8 ARET
BN A, IREBRMHATEKRIEN URL , RfEZIERFB I ERITECEHZMARIEIFFHE RN URL F
DEBFEA

BERRE

90 X% , Amazon Braket & H BB REEHNE FEREBABNMAE 7EH ID MEMGTEER ., B
BULERRERE , BEELERMNGERNATMIE S3 MEFEF , BEEHBEB Amazon Braket
FERAESRBEELERNER.

MREFEFREFRE S3 REFETER 00 RWELEFEBNER , AIXAERREETHK ID ME
ZEREEBYE P EERNGC &R, FHELE 0 R FEEN. BUUEARRENERRRE
R 52 209K

S ¥ Amazon Braket B35 8

ARERAFIT Amazon Braket RFFEEAENACEIMAFNER. ERAURT (NIERB) LB
BRGEIRFHINEAERAERAE, BEEREY , FREEEN Amazon Braket BURH i E 1R S Y
ZERERAE , WELTBEFR,

ERSRIGY |, BXARA Amazon Braket, HERIA Braket , HHEMLUES (1) EEEFFAX (2)
WEAERF/EEA |, = (2) BIERAmazonBraketFullAccessBE , 3 EHFE Y Amazon Simple
Storage Service (Amazon S3) BFEEFIRERR

TP

« Amazon Braket B}

- FRENAE

B3R AmazonBraketFullAccessBUR

« B AmazonBraketJobsExecutionPolicy Bl
- REGFEAEFIREERE
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« Amazon Braket AWS &2 BURH E#H
- PREIEAEHIFEEILAZITER
- REIFEAEFIISE S3 MFTE

Amazon Braket &R
Braket fIZ—BEHAEMNER . EFEKER. LEFREEN Amazon ERE®E (ARN) IR :

- ERBBWAWS: RiE:: XF
- ARN EERIFKES : ARN : $ {(#[E} : OFK : $ {EHFH)} : § {tkRF} : EFEH/$ {§ Randomld

FLANAE

B ERNESFFEARESEERER, £504 2 Braket BESHHEZH Amazon
SageMaker Eif. & EEE Braket FAERAE , BUEEEERBERERAN IAM £

£, AmazonBraketServiceSageMakerNotebook

BREEVERAS , ELAEREAEESRRIMMTIARRANAE,

{
"Version": "2012-10-17",
"Statement": [
{
"Effect": "Allow",
"Action": "iam:CreateRole",
"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
},
{

"Effect": "Allow",
"Action": "iam:CreatePolicy",
"Resource": [
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
]
},

{
"Effect": "Allow",
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"Action": "iam:AttachRolePolicy",
"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*",
"Condition": {
"StringlLike": {

"iam:PolicyARN": [
"arn:aws:iam::aws:policy/AmazonBraketFullAccess",
"arn:aws:iam::*:policy/service-role/

AmazonBraketServiceSageMakerNotebookAccess*",
"arn:aws:iam::*:policy/service-role/
AmazonBraketServiceSageMakerNotebookRole*"
]
}

}

EFEEVAG  BERE[BEIULEA HHFTRUENTER SIZEEEALEIAG, BECH
HIMAmazonBraketFullAccessR 8,

BIYAGCE , WA LUE future MBI BRREATEEFRAZAR,
B A 24~ AmazonBraketFullAccessI R

#ZAmazonBraketFullAccess B3R & F Amazon Braket I2/ERIEFR] |, ‘@IEE L(ERMEET

« & Amazon B REEFETHAEE — BEFA THAM Amazon Braket JES T IHREN B iR %,
RBENEBFEKR Tarn: awn:: ecr:: FRE/LEEEFH. -

« RE AWS CloudTrail 508 — BT RABMNELER., ARISERESENEHRCHESH 2NN ER
R, BEMIIEEE, AWS CloudTrail HFEEZSEIRE R ERFTE Amazon Braket API SEEIHY
0%

- FEAEREHER — EENRFHEYRKELEAR, REEEAGTURREE
B AWS &R, © RBEH Amazon Braket BRFEER. LA | #& 1AM AR EELS Amazon
Braket , CreateJobAPId: 2 37 £ & 3 A% £ B A Y BUR i il AmazonBraketFullAccess B A,

- BV HFHAE, AFEHNEHEFHAUEERFNERABHEE — 2., FRARKAEEIRE
i Amazon Braket FRIE R HKEH. EREESNITEEHKFELEHEE, TIEIEFHED Braket 3§
&R, WAFIEEFEE, BEEERMA CloudWatch,

- 7£ Amazon S3 RFIFRPBRUMEHRER , W HAEREIE — B 28 S RFIrR , FF
IREH L S3 REEFITRE , REBYWHBAREPEFELL amazon-bra ket-F R EAFEFRTE I

B8R Z< AmazonBraketFullAccess B 244
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HAESY 1. Braket EEELERT KT CREE FEBBE RN NEBAFRBL LT R
hREEM.

- EE IAM £ — & 1AM BEEE# CreateJobAPI.

« Amazon SageMaker i A& — BIENEEEE A "arn: aws: SAGEMAKER:: SageMaker 52 4x-
B /55 % -braket-1 K EIE R ETRAEH,

- BRFVIREE L — B EHE ] SageMakerZiZ A H Amazon Braket JES T , FHNERHETRBE
Bk SR8

HEAR

"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-*"
},
{
"Effect": "Allow",
"Action": [
"s3:ListAl1MyBuckets",
"servicequotas:GetServiceQuota",
"cloudwatch:GetMetricData"
1,
"Resource": "*"
.
{

"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForLayer",
"ecr:BatchGetImage",
"ecr:BatchChecklLayerAvailability"

1,
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"Resource": "arn:aws:ecr:*:*:repository/amazon-braket*"

"Effect": "Allow",
"Action": [
"ecr:GetAuthorizationToken"

]I

"Resource": "*"

"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": [
"iam:ListRoles",
"iam:ListRolePolicies",

"iam:GetRole",

iam:GetRolePolicy",

jam:ListAttachedRolePolicies"

]I

"Resource": "*"

"Effect": "Allow",
"Action": [
"sagemaker:ListNotebookInstances"

1,

"Resource": "*"

"Effect": "Allow",
"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl",

B8R Z< AmazonBraketFullAccess B
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"sagemaker:CreateNotebookInstance",
"sagemaker:DeleteNotebookInstance",
"sagemaker:DescribeNotebookInstance",
"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",
"sagemaker:UpdateNotebookInstance",
"sagemaker:ListTags",
"sagemaker:AddTags",
"sagemaker:DeleteTags"

1,
"Resource": "arn:aws:sagemaker:*:*:notebook-instance/amazon-braket-*"
1,
{
"Effect": "Allow",
"Action": [
"sagemaker:DescribeNotebookInstanceLifecycleConfig",
"sagemaker:CreateNotebookInstancelLifecycleConfig",
"sagemaker:DeleteNotebookInstancelLifecycleConfig",
"sagemaker:ListNotebookInstancelLifecycleConfigs",
"sagemaker:UpdateNotebookInstancelLifecycleConfig"
1,
"Resource": "arn:aws:sagemaker:*:*:notebook-instance-lifecycle-config/
amazon-braket-*"
1,
{
"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
1,
{
"Effect": "Allow",
"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-service-role/braket.amazonaws.com/

AWSServiceRoleForAmazonBraket*",
"Condition": {
"StringEquals": {
"iam:AWSServiceName": "braket.amazonaws.com"

"Effect": "Allow",
"Action": [
"iam:PassRole"
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1,
"Resource": "arn:aws:iam::*:role/service-role/
AmazonBraketServiceSageMakerNotebookRole*",
"Condition": {
"StringlLike": {
"iam:PassedToService": [
"'sagemaker.amazonaws.com"

"Effect": "Allow",
"Action": [

"iam:PassRole"
1,
"Resource": "arn:aws:iam::*:role/service-role/

AmazonBraketJobsExecutionRole*",

"Condition": {

"StringlLike": {

"iam:PassedToService": [
"braket.amazonaws.com"

]
}
}
},
{
"Effect": "Allow",
"Action": [
"logs:GetQueryResults"
1,
"Resource": [
"arn:aws:logs:*:*:log-group:*"
]
3,
{
"Effect": "Allow",
"Action": [
"logs:PutLogEvents",
"logs:CreatelLogStream",
"logs:CreatelLogGroup"
1,
"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
3,
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{
"Effect": "Allow",
"Action": "cloudwatch:PutMetricData",
"Resource": "*",
"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"
}
}
}

B9 2 AmazonBraketJobsExecutionPolicy BUR

ZAmazonBraketJobsExecutionPolicy BlZE % F Amazon Braket ESEHKFFERANATACKNEFT |
MR :

« # Amazon BMREEEE THAES-FHM TH AR Amazon Braket [ES e 2 RS E R EF
A, RENEZFEKR Tamn: awn: ecr: *: *: BEFE/SEEHE *, .

- BYHFEE, BFEHLUNEHAGEE  UHEBRFNFERAAFE — B, ERAREIIRE
i Amazon Braket FRIE RN HKEH. EREEXNITIEEHKBELEHEE, TIEIEHED Braket 3§
& WAFIDHFEEE. $EEERMA CloudWatch,

« BERFEMIE Amazon S3 fEFETE — FIHIIRF M S3 FEETE. SYWHEKRAIREFEMEI
amazon-braket BN FEEZITE K WREZBHEREYH, Braket EEELERTREKETSCRE
EFEBERNXHRAEFES , YRFERPREEH.

o B5E IAM A/ — ¥ IAM A G EELS CreatedJob APl BBNVEBZFESKZEIM arn: aw:iam:: *, :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,

B4 AmazonBraketJobsExecutionPolicy BUZE
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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*"

iy

{
"Effect": "Allow",

"Action": "cloudwatch:PutMetricData",
"Resource": "*",

"Condition": {

"StringEquals": {

B4 AmazonBraketJobsExecutionPolicy BUZE

251



Amazon Braket HBEABER

"cloudwatch:namespace": "/aws/braket"

[REIEAEFRIERE
EERHFLEEAEFRSE Braket £ , BT GIEBRRRUFTEEREAMAS,
{42 P M B AR R T LA BR A T BB 4

« CreateQuantumTask-iERBEEERE LB E FEHK,
« Createlob-ERBEEELEELBUBEEIE,
- GetDevice-iEBEBIEEEENFHER,

T 5 EFSRELEFTE QPU BIFEL, AWS IRF 123456789012

{
"Version": "2012-10-17",
"Statement": [

{

"Effect": "Deny",

"Action": [
"braket:CreateQuantumTask",
"braket:CreateJob",
"braket:GetDevice"

1,

"Resource": [

"arn:aws:braket:*:*:device/qpu/*"

]

}
]
}

FERBUENR , FREZREENAmazonERMmE (ARN) 25 L —EsEFPETNFH, LFH
RIFEERE, 7 Braket 7, —fERHEAR—ME QPU SRR , (RAIUAAERETEFER. TH
MEEEHE "EE, EE L, AMERREATRAREEHELEENFHUE

* arn:aws:braket:<region>:<account id>:device/qpu/<provider>/<device_id>
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* arn:aws:braket:<region>:<account id>:device/quantum-simulator/<provider>/
<device_id>

BT REBERE R EE B R A

- EEEWAEREFNFTE QPU : arn:aws:braket:*:*:device/qpu/*

- FEEZEINER-AL -2 BEPHNFTAE QPU , FRTTFHEE : arn:aws:braket:us-
west-2:123456789012:device/qpu/*

- B , EEEER us-west-2 BEFRIFTE QPU (RARERRKEER K MIEFE

iR) : arn:aws:braket:us-west-2:* :device/qpu/*

- EERGIEMERZEERSEEMFI : arn:aws:braket:* :123456789012:device/
guantum-simulator/*

« HEMRH us-east-1 [EiFFlonQ HarmonyZ& BRI FEX , FH#1T F5IE4E : arn:aws:braket:us-
east-1:123456789012:device/ionq/Harmony

- FERGFFIREHERNEKE (HI0 , RigettiQPUZk
) : arn:aws:braket:* :123456789012:device/qpu/rigetti/*

- ZERFYTNIEENEE : arn:aws:braket:* :123456789012:device/quantum-
simulator/amazon/tnl

Amazon Braket AWS EIEBERNEH

TRIZEMHEE Braket AWS REBRFRBINEMFMEN , RALBHRABERELRE,

g5 Description H &

AmazonBraketFullAccess-FHRHFNT BEFIEIRKEGetServiceQuotati 2023 £3 A 24 H
BABBE EHR . ZEOSEEXRPHG

etMetricData®)¥E, AmazonBra

ketFullAccess

AmazonBraketFullAccess- R RAFHT M R4SFTHE jam : PassRole 5F 2021 &£ 11 A 29
ESARBEER AmazonBraketFullAccess A& =|
FEservice-role/ BT,
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g% Description B

AmazonBraketJobsExecutionPolicy- Braket BT T EEEFEHTAER 2021 F£11 A 29

Amazon Braket BERTEMESEHEE  ARN IBERE, service-r =]

BITHE ole/

TR R SRR RERE K Braket BZRIBMEE AWS SEE 2021 £11 A 29
BERNEE, H

BRI E R EH S EELRANTEE

& ZRFBFECAEFHUSTE Braket ERLAYTERE , B EEERRAFEEREAE. £H
EDEE

THIEHIER R EERERREIME, FLENFRABEERAHTERNER AWS RS
123456789012 , EELHTEESRBEEEFRENEREGSE (Bl , FRAEAliceTAEREA
WEL A TEBEamazon-braket-Alice),

{
"Version": "2012-10-17",

"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": [
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"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-

${aws:username}"

]
I
{
"Effect": "Deny",
"Action": [
"sagemaker:CreatePresignedNotebookInstanceUrl"
1,

"NotResource": [
"arn:aws:sagemaker:*:123456789012:notebook-instance/amazon-braket-
${aws:username}*"

]

BREIEREFEUSE S3 MFITE

HZRFBECAEFIUSE Amazon S3 RFITE BT EREAE, ERAERFAMBEER
Fo

T % 5451 € BR I M B E M AS W P4 ES3MEE (arn:aws:s3:::amazon-braket-us-
east-1-123456789012-Alice) KIRERR , I PRFE LY HHIEE,

"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"
1,

"NotResource": [
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"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"
]
}
]
}

HERFBEECAHTERBEENTR , B LR FRAMEEERAHTAR,

DERFEREEEAS®

E & RA Amazon Braket i , 8 EENWIRFHP R REEZAE,

R EZEAEE—ERBREN AM S8R  FHBERT , E2EEEFZ Amazon Braket, Amazon
Braket RIS EFE AR EFALEE ST S Braket RREF I EHMBAWS BRIEABRMENAEF,

PRI ER A e N HIRERRERE Amazon Braket , RABRT L FEIF L ERFF I, Amazon Braket &
ETHRBEEZACHTT, BRIFLEBFELTR , B RE Amazon Braket AT BEEA®, E&
HERIFESTREIFEREFER, 550 FEBEEM M EA4E IAM BB,

Amazon Braket 5 ER RIS ERE A EE AWS Identity and Access Management (IAM) BR#5E 4 £ & 30
RERY— 30, MBEHAMAWS REXERAWSK ERE A CNHBREN , FSHRBE IAM EANRY
WHERKEEACHTSREGRNEE. BEEGTERLN Yes (B) , ABEEBRBENREEZABK
%,

DR EENRBEEAGRT

BB EEMEMNAWSServiceRoleForAmazonBraket RS EiE AR RIBEZAE,

IBBRRRERTA , LSRR IAM B (fInEERA.) B, EIMGRBESEAC, NRFHEE
7, F2HRRBEEACER,

Amazon Braket AV RIS EL A TERSHWIRE TG -

« Amazon S3 — FIHIRE PR EFRMMNETT , WEHKRHRAREFIHNEMAEEREREPERER , &
LA amazon-bra ket-Bi S,

« Amazon CloudWatch B& — ZIHEFMET BEFE#HE,. BEVBEBNWBFRER , UREEHRAAE
Amazon Braket 23 K B 584 FF AT,

T 5 EBI i ZEAWSServiceRoleForAmazonBraket R EE AR :

R EEAE 256
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{"Version": "2012-10-17",
"Statement": [
{"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket"

1,

"Resource"

+

: "arn:aws:s3:::amazon-braket*"

{"Effect": "Allow",

"Action":
"logs:
"logs:
"logs:
"logs:
"logs:
"logs:
"logs:

1,

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket/*"

+

[

Describe*",

Get*",

List*",
StartQuery",
StopQuery",
TestMetricFilter",
FilterLogEvents"

{"Effect": "Allow",

"Action":

"Resource":

+

"braket:*",

min

{"Effect": "Allow",

"Action":

"Resource"

"Condition": {"StringEquals": {"iam:AWSServiceName":

}

"iam:CreateServicelinkedRole",

: "arn:aws:iam::*:role/aws-service-role/braket.amazonaws.com/
AWSServiceRoleForAmazonBraket*",

DB NERSNEM

AWSE IREM R B R ERAWS EEHMN AT A EHEMY,

"braket.amazonaws.com"

BIREED
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Amazon Braket HEABEE
BRESREZEER I HNRHATHED, SXTHES (AZ) EBREE, SWEENSERE
HERER. At , BAERENE—IZERPLERERHEL  TALESEREESNTAM, AiE6E
AFAET M

A RE IR AZ 2 B A BRHBENEARNENE | TITEHE,

MBAWAWS BHATABHNHEET , HSWAWSS HEREH,

BEBRN FRNERERE

H= KBRS Amazon Braket WRSMAARY , URRMRE=HERREBHES,

8 Braket &R 1S Blup-to-dateF| R | FSBAWS RESFTENEE, ME—KEA , FS
BAWSHI &,

&R EA AWS Artifact TEE= A REERE, MFFMAER , F2EED THIRSAWS Artifacts

® Note

AWSERMHRE T REE = FERHUEEATRMEN QPU , T LERETECHWE LR
o

5/ Amazon Braket BRI SR EEECRAERNBRBE, NN EREERURERANERFER.
AWSTRH T 5IE R A5 BB fEE R -

- ZEHEGHAREAFIER - ELBEBREARE AWS LHBEUARLRERAEVEERENEEE
BNSER,

- AWS ERER - EEFMMEERm T RERRNENERNNE.

DEBEETHNERSRRELZE

EAZERT , Amazon Braket ZE|RAWSEREHE 0 K E P ATAH £ BKFR 2 2B FHR
&=, AWS

= EFE B FE Amazon Braket , & A[ SAFEIY 2 2 M EY AWS AP, A Fim24EX & Transport Layer
Security (TLS) 1.2 HEFHMRE, BEFEXEXEETEREQREY (PFS) WERBEL , flnEE
HYBIE-HEE S ( DHE ) S E MRS T EFF-#HE S (ECDHE ) » RARE (&0 Java 7 MERRA) K
ZEYEELEEN,
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https://aws.amazon.com/about-aws/global-infrastructure/
https://aws.amazon.com/compliance/services-in-scope/
https://aws.amazon.com/compliance/
https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
https://aws.amazon.com/quickstart/?awsf.quickstart-homepage-filter=categories%23security-identity-compliance
https://aws.amazon.com/compliance/resources/
https://d0.awsstatic.com/whitepapers/Security/AWS_Security_Whitepaper.pdf
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B BRLACERFIREHR ID FE IAM TRMEEBNLEFHNSR/REE, NF , BUUEH
AWS Security Token Service (AWS STS) RELXERZEBEREEHB R,

Amazon Braket B4 HERHN LTS

DEREE M QPU REHE=Z T ERBEHEBRE. EZE QPU LHTE FEHKE , Amazon Braket
SELEREELZIEEN QPU #ITRER | 8 DeviceEearn AR BT,

WMREFE R Amazon Braket FERHE=ZFFRBHERRENEHEERRE A AENERKEMEBEER
REFREESERE K ZXERBHERSERERENREZNETEEAWS, EREEMVERAWSE
& QPU 1] A &Y [ {7 1A 2 B & #lAmazon Braket 5| & I E 2

BHRNARERREN, ERERERMENATREGE =77, AWSIRFERTEERIEE=7,

MEER—EFERBERERTNE, BRERNEHRHRECH, RTEBEHNERLI , Amazon Braket
FZHHEBTESENSERENABTELEMAIE, ERTRE , & RABREZE Amazon Braket I
FERESLEN S3 REFIFES,

Amazon Braket E= T EFEBHEEN T EENRYK , URANTSHEE T2, FHEH, &8
RENERZERE,

Amazon VPC % 2618 7 Amazon Braket

LA LUEBRE A E VPC %% , £ VPC # Amazon Braket 2 BB FAANELR, N EHBERAEER
T AWS PrivateLink , TJ1E2 B @MMEMKREE. NAT #&&. VPN E#ERAWS Direct ConnectE R EV 15
W T 1ZH Braket APl, VPC HYEITEEBARAEZEELNSE IP {1t BN 7T E2 Braket API E1TEA.

BENEHRHBZHETFERTH - RS EEEERTERTR.

VPC # Braket 2 M RETSREFAmazon@E , EEEMECHEREAEXLAENNZSYE R
RERTURIERREE L ARAMEEMARK LR, PrivateLinklEFFMHE , 526 Amazon VPC
FAEERTHN N EERIMAEREE (AWS PrivateLink).

Amazon Braket BRHIEEE VPC in B M E =S 18

1£ 5 Braket 5RENHE VPC in B2 8l , g4 EEE Amazon VPC 5 & 18 = o #Y 57 1 i B 5 14 A1 R
#lo

Braket X E{EEH VPC HILEFTE API Bk,
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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/userguide/vpce-interface.html
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html#vpce-interface-limitations
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html#vpce-interface-limitations
https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html

Amazon Braket HBEABER

HREBEAT , AFFER VPC s T £ 7H Braket, MREIETE VPC imB R A , BIRT LU HI 7 EVE,
MFFHMER , F26 (Amazon VPC ERAERERE) PRIEM VPC b & 1% 3 AR 55 7Y 7 H.

SR EMET A PrivateLink

£ ZEAWS PrivateLink¥ & Amazon Braket £ , &4 78% 37 — {8 Amazon Virtual Private Cloud &
(Amazon VPC) i B E R FRHE , A% 1EIB Amazon Bra API ket R FEREE iR 2,

T RIBEN—RPER , SEREANESPFERHA,

- BREIRKE) Amazon VPC REEELMAWSE IR, MREEH VPC , BT LAKIBI S,
- AP EERIZE —{E Amazon VPC im B
- BBEWHEE Connect F13E1T Braket & £

S MREE | BE Amazon VPC
BRC(E  WREBWIRFE ERKLIEIT T VPC , BT LABKIB Itk 25 B,

VPC F{EHIEMMERERTE | flan IP UutEE, F/AK, BERNBRRE, E4L  SREEFTER
W& P RBAWSEIR. W% VPC MEFMER , 528 Amazon VPC A EEM.

BRK Amazon VPC = AWET EE 7K. T2 FHENMREENH VPC,
SR 2 . A Braket 8| — @0 VPC im %

BRI LAE A Amazon VPC 12 & () 4 Braket BRI E I VPC iw#. AWS Command Line Interface
AWS CLIINEFMHEN , 55208 (Amazon VPC EAERR) DWEINEIRE

%E’Ei?’%é‘qﬂﬂi VPC %% , B Amazon VPC E?:"Eé? R Mm%, B, AREERYH
%Eo ST IRE ID MR %S E, EE8Y Braket API ETRLEMNIE , ©R2—endpoint-urliZFHH
DATAEN,

FEALL TR EZEA Braket 23 VPC 52 -

* com.amazonaws.substitute_your_region.braket

AR MRZLARBARE DNS |, A|TLAFEAXEFEATERR DNS & %[0 Braket 2 HHAPIE

R , braket.us-east-1.amazonaws.comfilal,

WEFMER , F2B (Amazon VPC EREIER) HHEIBIT HikFHFEURS.

EQIEH@§+$D PrivateLink 260


https://docs.aws.amazon.com/vpc/latest/userguide/vpc-endpoints-access.html
https://docs.aws.amazon.com/vpc/latest/userguide
https://aws.amazon.com/vpc/
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html#create-interface-endpoint
https://aws.amazon.com/vpc/
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html#access-service-though-endpoint

Amazon Braket HBEABER

SER 3 : FEBEHIRE Connect A #1T Braket E 115

B VPC inBiz® , B L #{TE8Eendpoint-url2 ) CLI &5 , LUEEAPISFTR RN E
B, BN T B E )

aws braket search-quantum-tasks --endpoint-url
VPC_Endpoint_ID.braket.substituteYourRegionHere.vpce.amazonaws.com

WMREE VPC imE AR A DNS T2 | AIFEERE CLI it IREIEES URL, R
#h , CLI 1 Amazon Braket SDK 8% i) Braket APl DNS F#EZ B E BT AN VPC %, BE
BUTROIFTREOER :

https://braket.substituteYourRegionHere.amazonaws.com

B 53EBFEFAWS PrivateLinkif 2% Amazon VPC E3#£17Hl Amazon SageMaker ZE 52 AR EF & XX
ERMET —EfEH , RPNAREIREULEERE SageMaker FFLB B , ELEFELBBHBELR
Amazon Braket £ R E K.

MRERBERTNEPNTRETRE , FBaEEH Amazon SageMaker #% # AmazonBraket,
HARBERE , NRENETR us-east-1 , BEZFRAEFE Acom. amazonaws . us-
east-1.braketRBMIEEHAWS EiF & T,

BRRMIRHNESEH

- MFENAIEAIE FHRKEN VPC WIHEREN , F2REALE FHAKET VPC
- MEMA Amazon VPC £# A=K AWS CLI , 552 Amazon VPC A& I5E Y E 3 5 H i 2.

o WNEE{EFAER N FIERE i B Y AH B & FAAWS CloudFormation , 552 B RSP MAWS:: EC2::
vpcendPoint B, AWS CloudFormation

£/ Amazon VPC i B BRI 7 EL

% B H|¥ Amazon Braket HiEFRZE , A LA AWS Identity and Access Management (IAM) 35 26
BRI EI B Amazon VPC inEi, WEBEREEETYER !

- ARETEENESEE (FREIBE).

- AHITHYENE,

- AHFITEENEIR.
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https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
https://aws.amazon.com/blogs/machine-learning/securing-all-amazon-sagemaker-api-calls-with-aws-privatelink/
https://docs.aws.amazon.com/batch/latest/userguide/create-public-private-vpc.html
https://docs.aws.amazon.com/vpc/latest/userguide/vpce-interface.html#create-interface-endpoint
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-ec2-vpcendpoint.html
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-ec2-vpcendpoint.html

Amazon Braket HBEABER

IBHABET, | HSH Amazon VPC EAE ISR VPC b8 54 IR 0 1711,
§fl : FRRIBEIEL VPC HE5R A

T35 5IFE R Braket Bim 2R, EEZIRHEF  HEXBERFEMEERLFAEEXSHEESHN
Braket B)/EHY FEUEE,

{
"Statement": [
{
"Principal":"*",
"Effect":"Allow",
"Action":[
“braket:action-1",
“braket:action-2",
“braket:action-3"
1,
"Resource":"*"
}
]
}

&R LUBEIB M AN 2 (8 in B BUR R U B HR IAM BB, MRFMEAMES |, FS6

« AR Step Functions B Amazon Virtual Private Cloud %% i 25 BUER
- AIFEEEFAEE BN IAMEFT
- £/ VPC ifi B S8 IR /Y 7 EN

£ Amazon VPC % BB R 12 4 7 HL 262


https://docs.aws.amazon.com/vpc/latest/userguide/vpc-endpoints-access.html
https://docs.aws.amazon.com/step-functions/latest/dg/vpc-iam.html
https://docs.aws.amazon.com/step-functions/latest/dg/concept-create-iam-advanced.html
https://docs.aws.amazon.com/vpc/latest/userguide/vpc-endpoints-access.html
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Amazon Braket #FEHERR

58 FA A B P Y 5% S HE AR S BA A AR SR 75 R 2R 15 B BB SR Amazon Braket BY &8,
EAREAF :

» AccessDeniedException

- # A CreateQuantumTask & /ERValidationExceptionZ 4 $552 ()
- SDK IR #E{EA

« BEXTHERE , BER ServiceQuotaExceededException

- HHEESEXRFEPEFELETHE

« Amazon Braket Ft 8

- SEEHFRRBA R RE

AccessDeniedException

W RIEE R A S AE A Braket AccessDeniedExceptionB R , LAt S ERE LI REIAREEZER
W R A A Braketo

EEBIERT , BEXBBENRE AWS EEE |, JBRE T SIHERGER

- MREACRKRFIMELFERESE,
- MREEFERNABWAFERM Braketo

MRENBBHEEA Braket FEZFEHBERS , IGKEBELIEARBERRENEE.

# A CreateQuantumTask & 4EB¥FValidationExceptionZ &£ §552 ()

MREWBIFELLTFIFELIAIEEER - An error occurred (ValidationException) when
calling the CreateQuantumTask operation: Caller doesn’t have access to
amazon-braket-.. FRELMBENRIREN s3_folder, WETFE auto BEEILFH Amazon S3
REFBNMEF T,

MBEBAPIEZEZEI WEIELL T FELIMEERR - Failed to create quantum task: Caller
doesn’t have access to s3://MY_BUCKETEERELEBAREEs3://% Amazon S3 F#1FETE
&R,

AccessDeniedException 263



Amazon Braket HEABEE
SDK Zhee T

&Y Python fRZAMERZ 3.9 RESHA. ¥ Amazon Braket \BEEH , RIEZEEA Python
3.10,

788 SDK MEB IR RS [ERE up-to-date, BHEMEFAD Python #REEES FE#T SDK , @@HIT T

Hlan s

pip install amazon-braket-sdk --upgrade --upgrade-strategy eager
EEFHRBER BT TSNS

pip install amazon-braket-schemas --upgrade

MEERK B S KA FIRHEZE Amazon Braket , FEHEFREMNAWS [E15 258 E A Amazon Braket 1%
Ay E 15

BERNITELXHM , EER ServiceQuotaExceededException

WMREHEIBE EERSEEBNIITE FEKRS , BIfE Amazon Braket {&#88 L #TE FEBRHNES
ERAEEREEY., IERERFINFEEN  FSERETE,

MREHEIRFANZEESERPHERBERKENTILIT IR, RTREBIER.

EEEEHYEREERSBEENEITEFIHEEE , BFH search-quantum-tasksAPI, , I~ %l
BB IR,

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

& t 7] LAE A Amazon CloudWatch $54& | B MR RINEFETR . "Brakety > TREE |

SDK Ihee T tER 264


https://docs.aws.amazon.com/braket/latest/developerguide/braket-regions.html

Amazon Braket HBEABER

RTEEIEFELER

1. ERIESERBEENTITEFIERHEENRKEE, EEBERANRESVIE,
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ERRHEH

MREW BN BT ERBERA ServiceQuotaExceeded BIFARR , B E AN TEREATA , BIF
LAt AWS £ A "Service Quotas; BEHERIZSRESH , RERE "R AWS #&, T# = Amazon
Braketo

® Note

MREWEESXNTHEELEARERN ML EERE | FEAREMES. Wi WREERES
RAEBIHTER  AEEZAR TEEAIH. .

HEHMEC FE A PR

« Amazon Braket 2 FEBKEERN K/ NR#|A 3MB,
« SV1, #Rigetti EFE TEARHFHNHRDMIXIHEEE S 100,000 5Ro
- BEEEAFNZERKAEHETNTIA 1000 3R,
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o HRPEEE -1 ML -2 3R , SEEHIonQIVRAES 5,000 tke HRIonQH MM R ER i@
MOQC® , ZFAES 10,000,

« WRQuEra , BEEHAFFNRAFFIBA 1000,
« HRTN1HMQPURE , BETHENREBLERR 0.

% 2t HF 47 B R =2

AEFRMHIEER OpenQASM 3.0 FHERISHRIF RS RA AN RSB ER.

TR :

- FERARKER

« JEEEEEER qubits

- BEYHE qubitsBE E#qubits#HE2

o BRERERYqubitstER—FEFEEPETRE
o REHEMqubitF 725 R HBIBIHEER

- ERERERFmEHER

- BFERD A4 PIHEER

« BFERDYIEER qubits

- BFHmERD "HRE, §EHR

« E—qubitsEERARBIEER

« MIqubitFiqubits P HY YP EE R B EE RR

+ GetDevice TEEEHMREEEFRIEE
s KihERBXIGES

H

H

RS ERIRBEREE S E OpenQASM EFHRREPIEX M, Hlm , THIEAIS 5 B2 HTRER,

OPENQASM 3;
include "standardlib.inc";

WARBERIEIUEE : No terminal matches '"' in the current parser context, at
line 2 col 17.
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IEEEEEER qubits

trueERR{EINREFERE AR Equbits L FEAIEEBrequiresContiguousQubitIndices&@EH
$HER,

R LB R TAEBRONQ , TENRFERER,

OPENQASM 3;
qubit[4] q;
h q[0];

cnot q[@], q[2];
cnot q[@], q[3];

HARTBEENIEEUE S : Device requires contiguous qubits. Qubit register q has
unused qubits q[1l], ql[4].

BEYE qubitsEE E EEqubits#E 38
FAFER —RBFqubits P EqubitsEEEEBESEA , YEHEER, TIHEXNBEELER.

OPENQASM 3;

qubit[2] q;
cnot q[0], $1;

WARBERIEIUEE : [line 4] mixes physical qubits and qubits registers.
mRERERYqubitsER] — AP ETIE
AREREENEAREFFARAIEBNERqubitsEERIHER. TIEABEELHER.
OPENQASM 3;

qubit[2] q;

h q[o];

cnot q[@], q[1];
measure q;
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#pragma braket result expectation x(q[0@]) @ z(q[l1])

BATEEREEEUEE : Qubits should not be explicitly measured when result types
are requested.

& LM qubit & 17 27 PR 5l 1B 84 BR
RAH— BRGNS FEN—EqubitSEE, THRABaEEHS.
OPENQASM 3;

qubit[2] qo0;
qubit[2] qi1;

HARBBERIEEUEES - [line 4] cannot declare a qubit register. Only 1 qubit
register is supported.

ERIER B R FimEER
FEEARENEMN EFFEE. THRARSEEER,

box{
rx(0.5) $0;
}

WARIBEKIEIVEE : In verbatim boxes, native gates are required. x is not a
device native gate.

BFEGRD A1 FIEEER
FEFEEZEERMPIANER. quoits TERRIBERFHPIHEE,

#pragma braket verbatim
box{

x $0;

}

WARIBEKIEIVEE : In verbatim boxes, native gates are required. x is not a
device native gate.
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BEFERDYIEIEER qubits

BFESREYEN. qubits THREABEELEERNERqubitsFER.

qubit[2] q;
#pragma braket verbatim
box{

rx(0.1) qlo];
}

WARBEREEIUEE : Physical qubits are required in verbatim box.
REFimERD "HRE,) $#55R
EBUAEZRFHRETFIE "WE) . TIHIERXBEELHER,

#pragma braket verbatim // Correct
#pragma verbatim // wrong

BRIBEKIEIUELS : You must include “braket” in the verbatim pragma
B —qubitsfE MR A R 5| #5538
B —qubits®EEmAEKS. TIHBXBEEERER.

OPENQASM 3;

qubit q;
h qlo];

WARIBEEREESR - [1ine 4] single qubit cannot be indexed.
BR , EfqubitHA TR T AR ETES :

OPENQASM 3;

qubit[1] q;
h q[0]; // This is valid
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EEFAERqubits, FARELURBEBERSFHE

# , device.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubits#&
#qubitsiEiB#Edevice.properties.paradigm.connectivity.connectivityGraphziR&:
FEMREERdevice.properties.paradigm.connectivity.fullyConnected,

OPENQASM 3;

cnot $0, $14;

WRIBERIEIREE : [1ine 3] has disconnected qubits @ and 14
GetDevice T2 EEMMMEEERFZ RN

MREBEFARZERHRERZEET OpenQASM HY GetDevice BIEFRER | BAIREEERTE
AWS_EXECTION_ENV RIFBHRZEEAEREREN. FRUMEE Go M Java SDK #1TLtE
£, BB THEHRMNKBERHE,

EEEFEATYEBKRE AWS_EXECION_ENV IRIZEB LR EFAENREREN . AWSCLI

% export AWS_EXECUTION_ENV="aws-cli BraketSchemas/1.8.0"
0r for single execution
% AWS_EXECUTION_ENV="aws-cli BraketSchemas/1.8.0" aws braket <cmd> [options]

+*

HERE AW_EXECION_ENV FR3BE8 , LUELEEA Boto3 HREEAENRERER :

import boto3
import botocore

client = boto3.client("braket",
config=botocore.client.Config(user_agent_extra="BraketSchemas/1.8.0"))

EERE AW_EXECION_ENV RIZEE % , LIETE JavaScriptfE A/(SDK v2) R EFEAERERER !
TypeScript

import Braket from 'aws-sdk/clients/braket';
const client = new Braket({ region: 'us-west-2', credentials: AWS_CREDENTIALS,
customUserAgent: 'BraketSchemas/1.8.0' 3});
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EEFTE AW_EXECION_ENV RIEE % , LI{EE JavaScriptf£ F/(SDK v3) B EFEAERERER
TypeScript

import { Braket } from 'eaws-sdk/client-braket';
const client = new Braket({ region: 'us-west-2', credentials: AWS_CREDENTIALS,
customUserAgent: 'BraketSchemas/1.8.0' });

HETE AWS_EXECION_ENV RIFEH , LUEEEM Go SDK BFRREEAENRERERN :

os.Setenv("AWS_EXECUTION_ENV", "BraketGo BraketSchemas/1.8.0")
mySession := session.Must(session.NewSession())
svc := braket.New(mySession)

BERE AW_FTRESY , MEEMEA Java SDK KEREEAEREREN !

ClientConfiguration config = new ClientConfiguration();
config.setUserAgentSuffix("BraketSchemas/1.8.0");

BraketClient braketClient =
BraketClientBuilder.standard().withClientConfiguration(config).build();

AR B BT

IELEIhEELocalSimulator X & OpenQASM H AJBE#E AL QPU S FEEE i as L (F ARV EPRS ThEE,
MRENERRELERTERMNES AELocalSimulator , T HIEEHIFTR |, EigKEIEL,

gasm_string = """
qubit[2] g;

h qle];
ctrl @ x q[0], q[1];

gasm_program = Program(source=qasm_string)

HEABEELELS . WEXFEREZEN OpenQASM S EE, LocalSimulatorQPU =X FEiZ & 5%
BRI EHEPRE LT R

WMFEARAXE OpenQASM ZHEEMVRFHE A , Bk — TiEHE,
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o EBRIEEN API ] SDK 2 #1318/

Amazon Braket 121 APl, HRE4NGTIEE , TELAREIMNEBELASITEE  URIIK
FMEBBIER,

» TEEREFYE SDK ( #E )

- DHEEREE AP B2

*+ AWS Command Line Interface
+ AWS SDK for .NET

*+ AWS SDK for C++

* AWS SDK for Go

+ AWS SDK for Java

* AWS SDK for JavaScript

+ AWS SDK for PHP

+ AWS SDK for Python (Boto)
+ AWS SDK for Ruby

& AT LAY Amazon Braket 322 REGitHub@FERSREIFE 4,
« P FRHIE GitHub
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