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4 2 Amazon Braket ?

® Tip
BEUTAREIEFITENEM AWS | S Amazon Braket 823118 , TR —R5IZ
JREMBZREGE , RSB ECHREHE,

AmazonBraket R — R ENIRMY AWS RS |, J&EBIATRAR, RERNAFRXAATFHBEAZEF
WE, EFITEEREMRRLABITENLERANITERS , RACFRHEFIZEERUFTHNARLLE

1% =]
A/ cho

REEBFUIEEHFAERRESRXTLAE. BTHRNBRAR , RLRMESTEE, AR, TEEAR
B9 L BPRA AR T RIMA A R A BHR AR B B AW ER . Braket 7] LAFS BY 48 52 BRIX LE 8K K

Braket X ZME FITEHRWE A, £ Braket , BRI :
- REMBITEFEEZMNESE X,

- EREHE FHEIREDES ENRE %,

- ERERBENEFITENLEZTEE,

- SIEBSRIINARER.

EMNEFRBHNEFITEYHTRERBRXLRBDEE-EHMNREE, N THBIEREBIXLER
BE | Braket R T FTEMNHERELNETENEFE X, BUUKIFRESLERNSGZE , HES
— 40 & 7 notebook K RABIFRFEIRIEA [T

Braket F & N =K E : &, MRAFZ1T :

Bu@@ ild- Braket Rt 5T£FEER Jupyter £iZA&IRRE , EF All. Braket Eid AT T ROIEE,
BEMFAEIE |, @ Amazon Braket SDK, fHA Amazon Braket SDK , &AL EEFE X , A
FEIEXR—TRBEFRRNE FITENFMELEE X BTN MZETT,

Ait- Braket RENTEEEN S HRE FRBERMUB[AVTR . SRR MBIEER BEE. Braket &4
BmAREREAGNLSH#EMITER (Amazon EC2) £8 , NIRRT EEZS S 4EETHE (HPC)
Bt i e L 8T8 7 B ERay i,
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Run- Braket 2t FRIEX BV EFITENNLZLRFIHR, EALUM, MRigettiFREFIIHEFit
Bl IonQOQC , th A LAIGRIR BRI BT ERR. QUEraBt&BTMERE , tLFBEI N 5HI1R
S R IG R AR .

X TEFitEH Braket

BEFUHEEATREHRENER. EENREEHA , BRIFFEER. BRENEFITEN., Eit , ik
BHEFEHEEESNAM , AtHR SR EEGEXREE, Braket BIE=FRHERA R
B,

NENETEHBHTREMIRRE , BESTREIR. ZITAUIELT Noisy FREFEF (NISQ) B
o ENISQRI , EFITEIRBRBEZTAK , TELBAEFE L, fINERELIRTHE L, R

BEANEFREREZH , REANEFITEEENELH (£ ) TERREEFITENELE S X0
BEEHE L. Braket IHMEERAREEFE L,

EREETE:h  ETAEE T (QPU) HAECPUNIHALIESS , NTINIR T R B E RPN ELT
B, XEEEFRAERLE , XL ES | TEELXATENNEFITEN BB, flw , EFit
BEEAZE, RIEANBSZIPNEINAETESPEFEL TP EFELR—NESETFE L, X
PEFEEYD  RERHABRERFESHILEFHENSH , RBRENSZEINEEFHNIREER
HEHIZMENEN SN ABHERE., Braket 32X PennyLane TR M ER G R AR | 1% FE 0] & B &
FEREDETFEZE,

EFIEENNEEZAHNITEPEREZ R

« Bt — SRERXNIBANFRBE (FlN, EREEZRBICITENETEE T HZE)

- It —BRARFRE. RBLERSGNINIZZES

« Oracular itE — SBIEE R, REBFEANEFRER (FlW0, Grover EERMSNITENETEEFH
%)

- FE — SRFEEELN, TRTTZEMEFIRLUELE L (QAOA) M A

LA, XETERFONATTAESRERS ., £WHEAR, FELMEZEL ST, Braket IET

WREMRBIEEAE , BRT FEEXBRREN , XEHERNRHIZICREMELTUNA T SHEWIER]
Ao
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I &% Braket ARiE MBS

® Tip
BEUTAHARZEIEFITENERM AWS | St Amazon Braket HZ =23 1t% , TR —R5IZF
JBRENBZ LG , RS ECHRFHE,

Braket R 7T A T RBEBMBLE
B 2 h E

B ZWEL (AHS) R—fIHENEFITESX  ATEEFEZSARRENRSEFHILFE. &
AHS A | AIFEEEE— T HERAZT{CWKRZME T  EFITENNBARSRNEETEZELZ
BEMEF THEENEDEE, AHS RFBEERBFHRARMNRE , MAREETI TN RFXENE
RAEFITEN. SR T TR —RNRRWMA, B2 , BTFXEHamiltonians 2 1%
F BRI , AHAHST A REESIE RN BRI VIRIEPMFNITH.

X3

BB bra ket RE (BEFHFHMIERTE ) @88 7 Brak et RS . ©HRET KA T 1939
FHEH A ATHIRETFRSHNRS , EERMARNRKRRE.

Braket JE&1E\L

AmazonBraket 5 —/~%& 5 Amazon Braket Hybrid Jobs HIIAE , ERHEEBEAEZNTEEER
7. Braket BEELLH=NEB0 AR :
1. BEMEN , JEMERMIZ, Python 3R Docker BEF iR,
2. EF Amazon EC2 WBEESEH , AT ETHNEL, BRIAERN ml.m5.xlarge =6,
3. ATFETENEELE HIHNEFESHEFREE. ENMRSHELEETETZETESNES,
BE
#£ Amazon Braket # , RERANETE FESHRIR. RZJAUR QPU HE FBIRERER, B
THMEZER , F2H ¥ Amazon Braket IR & o
ETFIHEFitE

EETITWEFITE (QC) (BN ETEEN QC ) F , HEHIBHANEREZEHE (1) . FEMNE
REAN  XERESXTEBTUARTAXETNERFS. NTREFHEBNER , RUTLH
B EENIEEI T,

I 5% Braket RiEMBES 3
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Hamiltonian
VERGHNETFINFHERBMEFRE K BWEVNEFNEXRESEHRIBI 2 EHNHEEER
MAEIRZ DS E LR THRE, ERBHBEL NEFHBRENRFMBERRR IR 2N 2N E
o BEER TR LETEMREWMGE | TR XEERRNBRER.

Bk
ot 2EREEFHESHNRSYIERES., THEMPERNEERER , ZRFEAIBEESHX
G HAEIE4BEES O, ERUNELIRARFESMEZSBRESHELIZRRITES
HBKH, ZMA ISR IR R IR MM , XEMEBFNEVLBEERERNSE FLERR 0- A |1- 8ER
ZEMNEESTBE-EHIR, ALt , MNMERENEEMERRMNBIESE ( HIARIE. THRFFFER
8 ) BEkF. BEREEAREENAGSESIEENEEER , BEENEENEIREHREENYE
Bt Ao R ESIRARHER S PRFITIEE,

ETHE
ETREREEETIINEFTENLENTENESTER. EFREE—RIEF] , BNII1RqubitF
FRLINUETHR  ABENEES.

ETHRRELSE
ETBERENSREE HELRTEN LETHIIEEFRRNELRNITENER. I T KRS

B, EFHENRRERSEEqUbsERENKREM2 IBEHRIEK, Braket BEHXNEE (B
Braket 1 [E]API ) fZith ( Braket SDK By —&B% ) 2 FAmazon B B R L35 HY 15 B AR

EFITEW
ETIHENR—MERAEFHZUR (HUBMAMLYULE ) #TITENYEIEEZ. EFITE (QC) H
TEWER , FIMETFIIMN QC,

E T4 E B T (QPU)
QPU R— A LUEEFESLETHYEE FITEIRE. QPU TTETFFTEMN QC EBR , flnE
FiIH QC, ETHESELR |, BHSH X IF Amazon Braket ViR &,

QPU RE K|

QPU R4ATA LA E MRS E| QPU BHIRSGHEGIBKY, TEH# —FPHRIFENTE QPU 8RR LiE1T
RET, QPU XM F&E, & LTE Brake Amazon t 32%1 A/ “iR & WE M Braket SDK §
RENRBHEET,

I 5% Braket RiEMBES 4



Amazon Braket FEANGIER

X% QPU BY K]

QPU Z#EFHITR QPU BRZEEZH AT, XE[ARELEEREE QPU LiE1T , XEKREEIAEE
TESBRRET., B LE Brake Amazon t #H| & #H “i%%” TUHEM Braket SDK F#HE[ZHE X
¥ 1TAmazonZE,

BfES

£ Braket F , EFEFENERNEFER. X TEFIIHRERHRE , XTEEFHRE (2
FENERESMBEshots ) MEMIBRTEHIE, EATLUET Amazon Braket SDK SRE ## F 1%
CreateQuantumTaskAPIHRER B EE FEF. SIBEFESE , SRR ERERNEZER
ATARN 1L, BAILAfE Amazon Braket &) A #9 Quantum Tasks T £ 2 £ F GetQuantumTaskE;
SearchQuantumTasksAPIREREF BN E FES.

Qubit

EFHENPHNEREEEMUEM Nqubit ( BEFLE ) , MEBEBETTEFRNM—#, A qubit 2—
INFEERETRE , TUBESTENYERIREN , SINESBRFENINE FMEF. Eftbqubit
REETHT., EFRLERNEFTRNETRE,

Queue depth

Queue depthiS A ERBFERZFNEFESTESHELNEE, 7B Braket Software
Development Kit (SDK) 3k i/ [8] 1% & By & F £ 5 FE & 4E AL RA 5 ZiAmazon Braket Management
Console,

1. ESAIIRERESNESUERERERETHEFES SR

2. REEFAIIRERESSFETHERRE FESH S B Amazon Braket Hybrid Jobs. JBE1E
VEzE , XEEFHETIHIES,

3. BEEURIRERIERZ L HBTHRARRESELEE., Quantum taskstENREELLH —Ep
BXEHRER , #LEEPriority Task Queue,

Queue position
Queue positiont§ BN E FESRESETSEMMREZRIPHLFNE, ©UUBSRRE , A

F & FES SRS E L Amazon Braket Management Console, Braket Software Development Kit
(SDK)

Shots

HTEFITEARLERBRMEN , AtEMBEEBFTEZ TMES RGN EBNER. 2 RBH
WATHIN B NEL, BENSFERAY (EEHRT ) RRERENSERBEREEN,

I 5% Braket RiEMBES 5
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AWS Amazon Braket B97REFI/MIE+

IAM BUER

IAM KBS 2 R VFEIELXT AWS RS MR RN RI XA, IAM KR VFEREE LA X RIRV T

RIR A, BN, &ALV B P B &R YA Amazon S3 Fi#6 AWS IKF |, SENATFA

TR EF R,

« REXEK  RTFNRAEBRRERRNZEEREN, BLEEX RN , BrILAASBIE LA A
EHANNREIHTEHEFESHENNR, fl, MRATIAFERRBREFHES , BE
IAM REEPIEEZFMEE , MARERA TR TFIHRE AWS IKF RArE FEBRIER.

IAM A&

IAM BERETURENEH , LRERENRBRANR, £RA/. NARFHKRSEE IAM A
ZB, BAEMENRTIRIZABHNR. SHAEE IAM B25 | ]2RFUNELENSE
THRENFFERR , AEAFTASHNR,

- REXK  IAM BEFEESRERNMARKHR T RS AR FRRHER.
S5 S3 71k 1

I I %4 2] B2 776 AR S5 (Amazon S3) Simp AWS BESS le Service R TFEFRFRBEN N RIFEEFEM
. Amazon S3 FEBRM TRV FMHZE. Amazon S3 FREMPXNRHNEAK/NHA 5 TB, &H
BURHMEAT SR BURY X B3R £ /&2 2] Amazon S3 Zf#E |, BlaNE&R, WM, XA, 20XHE. K
SRR, FHEEARER Braket B FESE R,

o REXE  BHBLRENRUEHY S3 FRBNITEMNER. BXEZELR , HSH Amazon S3
SRS P Y T2 4 SR RS A A P SRR

I & 3#b Braket EH

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

f& B Amazon Braket , SRAILUEF L RIB FITERR , TEMERE, ENFRXGAENSE. BT
BEXENMNESZEE , BHRIRMNVEN A EH.

AWS Amazon Braket BI7RiE R/ s+ 6


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/

Amazon Braket FRARIER
I S SE R Y B S BR R

Braket SDK RGBT M E F TEAF IR INL F2 TR ARERANEDT,. RIOENREEIEEREZ
ERARIRRB |, JRHEREEXBraketE FAE R T (QPU) MIREERSBNREAREAEE, FEK
AEEENUEZETETR , FEREEMR IR,

(® Note

£ R % AR RIEEH Amazon Braket BB E FAE R T (QPV) EFFERBE R ER 2%
A. ErHMitEANESENERBRATITRE. Mt BEARTTAEAFHNHRD |, EFTE
SREAEHAMRS (HlTL M ITE R (Amazon EC2) ) =8 T A,

SV1 Ry A BR ER

N TEROAERRARERINAE | RATFHE — Bell State B HERININ SV1 FEE LE1TE.
B %S A Braket SDK 3R | E X RIRBH M Tracker () BREBURN MBI FRATHY LR -

#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)

H{Riz1T Notebook B} , #RAJLAHA{F Bell State BV LA T, RIRSSDEENE REENELTE,
EERNEFES. HITREK, ITRORTHREFNBUARUETHRENNERERAE, BELHRTE
BRI RESBFIRE,

tracker.quantum_tasks_statistics()
{'arn:aws:braket:::device/quantum-simulator/amazon/svl’:
{'shots': 1000,
'tasks': {'COMPLETED': 1},

I SRR Y B AS BRER 7
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'execution_duration': datetime.timedelta(microseconds=4000),
'billed_execution_duration': datetime.timedelta(seconds=3)}}

tracker.simulator_tasks_cost()
$0.00375

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

B AERARARERERREITINRERARN, N TEELEME LERNEH , BTRE-NRAI]
i, BEXMAN , B UERARARESRERTRBHFWERSEFZE, T REIE Rigetti QPU
EXRAMEEEE , FRAERREIN 1%T. AERMNHRBHFETIRXBERERBHKANR 0.37 £,
BZMNEFERRENEEAR , BERERAEY 1 X ; At , KBHFBRFEIT=R , EEIT—RIA
KRB 1 X7, BE , EFSHEIAR , EFRFFAENRAKRAR , EARHHRH =RIENK.

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

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

(@ Note

A RERBRIRRERMHTNIE FESHFENE. ETNIEMZES , IRENHEET
B, BIRBEHTRAM , MEHNHERARNT2E REMARRERRSRF .

T B8 AN R EXRE
BEZE LT A Amazon Braket BV ER{EREK, TERE , RAREMHBRERAN |, HiEREENER.
A& B R ATIAE

- £ QPU Lz{T{pESRZE , FEAGERKIEEE , XEEHMATUBHBRE  mMA2EER QPU
Mm%,

TH R RERE 8
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- REGEFERLEITERNERTESE QPU LETEERNERTR , BEAUERFERRSHR
BHEIRNE B FE,
BR&I A iR R LR

o BAILRERS , BILEARLBERNAFEELRE T RIEFFS., REGEANHEEREEEH
AWS IAM, BXRUMMHITHIZENEZER | BESERSHEE,
s RNBWETEFRAEER K RKZFHPREIEFiHR Amazon Braket 8%

REKEER

« BEULLREKRSEER , UEEK LRI RBRANBAE, REFAMNHEES EZE T AWS
Budgets, BAIIREBRENTE , AERASEAETHEBESIMESTNKEIRE, AXxEL , &
7B AWS Budgetso

FRES HITHRTNI B F1ES

« BRISENAAEKT gHP , ERNREFESHNHITABES , IELEERRETELRER, RINE
WIRE A K shotit 2k MR EMTN1ES . Shotcount RN A 1 iE I BBEZ W KA, SV1

REMEXENE FES

- BEIENETREHANEFES AWS X, EERERINVUREFESH , BFLEEMEAKX
o
s BADEZEFNRBFBXHETEH LEFREXAEMEXXENSIR,

TH R RERE 9


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 FRARIER

I 5% Braket £ 1A= /ER

® Tip
BEUATHERZEIZEFITENEM AWS | M Amazon Braket x5 it &l , TR — R 5%
JREMBFIMEE , MRS ECHRFRE,

Amazon Braket BN EFITERZFNIZRFIRR , SFERFRREUSENTREEEN QPU, &
Amazon Braket # , iERHNEFERR—MEFESF. XTEFIIHRERFEE , LIERTEE
FEE (ENEESHRBXE ) MIEMBERTHE. N TELARZTELSEXRR  EFESTEE
FEFRNYER B AR IR 7 8 (8] F 22 8] it

EART & | RA1FEFS) £ Amazon Braket L EITEFESHERTRTE.

I &% Braket 2 F S K

AWS Cloud
R '

! — ||
User A Brak
t
mazon Brake Managed
notebook .
‘, e Simulator
Amazon Braket PU1
— O Q
B

S3 results |
bucket @

F A JupyterEiId AN iK , A LAUBIS Amazon Brake t #2414 58 Amazon Braket SDK 5 {E 1 E
Y, BRXAMNERENEFES, B LIEREE SDK D EEFHEK, B , ¥ TELBZRHFERS |

I 3%k Braket E FES R 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://github.com/aws/amazon-braket-sdk-python

Amazon Braket FEANGIER

BUNENTESRMARNEFFE, EXNEFESFE , BUNER-—BERERETZES , AEEHRE
R E| Amazon Braket API (2), BELIEENIRE , EFESHHNERRE A NES XIEE QPU
AR BRH 1735 HE (3)o Amazon Braket RFBRIHRIFAREEF QPU ( lonQ, . Oxford Quantum
Circuits (OQC). Rigetti ) QuEra, =MRFELLEE (SV1. . TN1) DM1, FANRHELIZF — MR
ARNERZE, ETHREZELR |, S 3 FF Amazon Braket B1ig &,

ABTEHE FESE , AmazonBraket &334 RIRE F| Amazon S3 FN , BIEFMELL AWS
W (4) F, Bt , SDK 2EEERBER , A EEFESTRMEFEMEE Jupyter EiBARH, B
A LA7E Brake Amazon t #4I& B9 Quantum Tasks T E £ 5 £ A Braket B9GetQuantumTaskig/EN
EENEBREMNEFES. Amazon API

AmazonBraket 5 AWS Identity and Access Management (IAM), Amaz CloudWatch on AWS
CloudTrail #1 Amazon &5 , EventBridge ATAFIARERE, KEMIEZUARETSEHHNLE (5),

B=FHELE

BR4A QPU BB ETESENTEZFRUEBZENREPVE FITEN LAE, ETHAEX
Amazon Braket Z& ME=FNEBNEZEEL |, i5S % Amazon Brak et BHEEBHNZ 2,

Braket B9 /U7 EE M IEH 4

® Tip
BEATAREIEFITENERM AWS | JEM Amazon Braket 17231t X , TR —R5%
JRENHFIMLE , DURBSECSHEBFTHRE,

RO A i

THETRTSE AT Braket WHA TR OEMETIEX -

« Braket Python SDK-f£f Braket Python SDK 7£ Python {®#21& & FJupyterZic A< L& EIREVR
B, REFJupyterE i ARBMG , B LAE Braket i & FELEE LIZ1TREE

« Braket Schemas-Braket SDK #l Braket Bk 2 RIHI & &,

« Braket BRiAE#I2E —FRAIFTE AT Braket A2 F1ERIEE (RAREMNBREER ) .

E=HBELE 11


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 FEANGIER

iy

REREMEHUREHIEZEMNEETLE, EP 3 Braket TN BEHURE=FZENEHSE , 0T
i Ro

I &b Braket X :

« Amazon Braket E£F ——F Python REMMEBEFEEZB R, BEHEETEN] , IEEAEA]
ERBERRWBEERNEL,

« Braket-PennylLane @#f-FPennyLanefE Braket £#Y QML 2L,

S8 =7 ( Braket FBAYEIEFH M HHTTER ) -

* Qiskit-Braket f2 {5 7-fE A Qiskit SDK /8] Braket B iR
« Braket-Julia SDK- ( 3831 ) Braket SDK Y Julia JR 4 kR AR

¥ 3% Amazon Braket Bi% &%

® Tip
BELATAREIEFITENERM AWS | T Amazon Braket 82 % 3 1t% , TR —RFIZF
JREMBZEEGE , RS ECHREHE,

£ Amazon Braket 1 , R&ZF T —1 QPU HELEE , IRALFRAERIZITE F1EF. Amazon Braket
AFMIonQ, . . M=MREEIEZIQMOxford Quantum CircuitsQuEraRigetti, =N 18E 1l 35 71—
MRARERER G R QPU RE. N TAAEIRE , &AL Amazon Braket #2H| &8 &% &M+ L
BT API REFEZ RZEMY , IIERHAI, BREREMFREENRIZE, GetDeviceEAEIIZFMH
EHIKAT , Amazon Braket B BIEREFEHELNE FLESR K5, MREFEHH R Amazon Braket
SDK , MAiFREEEY , WA TREROIFTR.

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

e 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

XHENEFEEIRERS
 1onQ
.+ 1aM

Oxford Quantum Circuits (OQC)

* QuEra Computing

* Rigetti

XEHNRE 13
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XEFHRIER

o FERSEEELES (braket_sv) ("ERINERLET )
- BEPEEEMEELIER (braket_dm)

o 7R3 AHS E#IES

- REMEELER (SV1)

- BEMEKELER (DM1)

- EKEMZELER () TN1

+ PennylLanefY A BAE L ES

NENBFESERREGWESR
- LERERES

(® Note
EEEZA AWS K RENTREE , FETRTARRI.

U & %b Braket i% %

Rrg REBAM B EKH %% ARN X i3
lonQ Aria 1 T QPU arn: aws: braket: us- us-east-1
east-1:: device/gpu/
iong/aria-1
lonQ Aria 2 T QPU arn: aws: braket: us- us-east-1
east-1:: device/qpu/
iong/aria-2
lonQ Forte 1 T QPU (1X  arn: aws: braket: us- us-east-1
BRFIT )  east-1:: device/qpu/
iong/Forte-1

XEHNRE 14



Amazon Braket

FRARER

REE

lonQ

IQM

Oxford
Quantum
Circuits

QuEra

Rigetti

AWS

AWS

AWS

AWS

REB

Harmony

Garnet

Lucy

Aquila

Aspen M-3

braket_sv

braket_dm

SV1

DM1

T

T

Bk g 2

WHE

ETI]

ETI]

ETI]

T

T

QPU

QPU

QPU

QPU

A1 15 L
2

AN 1t 15 0L
i
BERM
i

BERM
i

%% ARN

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

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

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

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

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

TEH ( Braket SDK
FR Y S AR HLES )

T5EF ( Braket SDK
FR YA i AR DL RS )

arn: aws: braket::
device/quantum-sim
ulator/amazon/sv1

arn: aws: braket::
device/quantum-sim
ulator/amazon/dm1

X

us-east-1

eu-north-

eu-
west-2

us-east-1

us-west-1

FrERH
Amazon
Braket Y
X,

FrERH
Amazon

Braket #J
X,

XEHNRE
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x| BWEEBM B e il %% ARN X5
AWS TN1 =T REEEL  arn: aws: braket:: us-west-2
a5 device/quantum-sim . us-
ulator/amazon/tn1 east-1
M eu-
west-2
® Note

H U QPU REEE T Braket Direct fE AT E #1758 |, FSETE,

EBEHXTS Braket BEAFEAN QPU WEZFMIEE , 1§55 Amazon Amazon Braket 41 {#
i

lonQ

lonQERMETE FHBEARNE THHKA QPU, lonQ'slIRMNE 7 qPU B £ —FHIREY 171Yb+ B
FHL  XEEFFESEZEANMBEREERMERTZR LZRRH,

lonQIE&ZFEUTEFI .

X , lyl’ lZl’ IIXl’ lry , IZ" lhl’ lcnotl’ lsl’

BEZFHEFE , IonQQPU ZEUTEREE T,
'gpi', 'gpi2', 'ms'
MREFEARERE MS NEHMEERMINSE , WRXET—IMNELYEN MS ], TLHUEN MS [

BMEARIT T2 i, EEETANAEHZTISESEN MS ], BB RME=NSHREE
FIENAE. BXEZELR , BS M braket.circuits.gate E3R,

XEREMNABATEFRE, ETHREREFRERENESES  FEHAERFERRE.

lonQ 16


https://docs.aws.amazon.com/braket/latest/developerguide/braket-reservations.html
https://aws.amazon.com/braket/hardware-providers/
https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.circuits.gate.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-constructing-circuit.html?tag=local002-20#verbatim-compilation
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QM

IQME FAEBRRETHES transmon EFLLISHER I RERREH, ZIQM GarmetssF R —RXEXHB A
WHRINE W 20 B FHeidss4.

XEIQMEBRHFIFUTE ST,

"ccnot", "cnot", "cphaseshift", "cphaseshift@@", "cphaseshift@l", "cphaseshiftl10",
Ilcswapll’ "SWap", Iliswapll’ Ilpswapll’ "eCI", Ilcyll’ "CZ", "Xy", "XX", Ilyyll’ "ZZ", Ilhll’
Ilill’ Ilphaseshiftll’ "IX", "Iy", "IZ", "S", "Si", Iltll’ Iltill’ "V", "Vi", IIXII Ilyll’ IIZII

4

BEEFRE , XEIQVIREFUATEA ],

Rigetti

Rigeti E FAERRE T2 AESHNEA I TIEERNES. qubitsiXF 79 E FLb4FAspen-M-325 47
BEZTENZEEER , B2 M40 EFHHSAERATETK.

ZRigettis F X HUATEF( .

cz', 'xy', 'ccnot', 'cnot', 'cphaseshift', 'cphaseshift@@', 'cphaseshiftQl',
'cphaseshiftl1l@', 'cswap', 'h', 'i', 'iswap', 'phaseshift', 'pswap', 'rx', 'ry', 'rz',
Isl’ 1

si , Iswapl’ Itl’ Itil’ IX , Iyl’ 1 1

z

BYZEFHRE , Rigetti ®REZIFUTEE T,

rx', 'rz', 'cz', 'cphaseshift',

xy'

RigettiB S & FA B REELL /2 B+ WAEZT ‘X [T,

X LG Z R OT R FIRF | X ERigettii® & A TREM —AFE X :
'rf', 'rf_f12', 'ro_rx', 'ro_rx', 'cz', 'cphase', 'xy'

BXRZXEMNESFEER , TSHEAMAMN RO HNER.

QM 17
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Oxford Quantum Circuits (OQC)

OQCEFAEHREEANIZEERYEE , FAITY EM Coaxmon HAR#E, iZOQC LucyRE = —
EERFEHRINEHHB8-qubitiRE , EPFEMERqubitEf SHANMRIEM B EHEIE,

BELucyB A BT ETIT,

'ccnot', 'cnot', 'cphaseshift', 'cswap', 'cy', 'cz', 'h', 'i', 'phaseshift',6 ‘'rx',
'Iy', 'IZ', 'S', 'Si', 'Swap', Itl’ Itil’ 'V', 'Vi', 'X', Iyl’ Izl’ Iecrl

BYZEFREFE , OQC REIFUTANIT,
'i', 'rz', 'v', 'x', 'ecr'
RE EA# TP FEHl, OQCXEOQCIRZFXF—HUTERERTIE LM :

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

OQCRELREMBMMNIE AFRIRA , RERZFHBFHM, AXRXEMMKANESER |, FS
159 W R0 i O B VE AR o

® Note
PS5 —E2ERINOQC , EFMNEAKETREER 90 ¥, RE FHEITHNRAFLE
BHRIZYAN 50 AR |, MEBFLRINEAFENEAN 1 #¥, XEHRFAEREANEFLL
5. SRHHY B RBUEN B mEFT R,

QuEra

QuErafR & TH R FHIRRM | TUSTRIGBWEL (AHS) B FES5. XERKAENHIFL
KB THENMEMEEFERANE FLEBNNEEFIH D,

AMITLLBENEE FLESFFSNMEURBRA I AT R FZ BAHMY , EENRFTIHEENER
AT X LB TR E. Amazon Braket 121 7 @3 python SDK B9 AHS MBI EEBEFWEAT
B, braket.ahs

Oxford Quantum Circuits (OQC) 18
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RTHMEZER , BFHAELRZTHERFIZIEAREAN Aquila ERELFEF QuErall Ho
BERS R EEELZE (braket_sv)

i RS REELEE (braket_sv) BEEWIFER AR #Z1TH Amazon Braket SDK B —&B. ©IF
BEESHE/NEBR (H&Z 25 Mqubits ) EHTREREZIT , E4ABURTEH Braket £ i AL 6z 4
HEERIE Y TR

A #8135 X5 Amazon Braket SDK FRFTAIT , B QPU REXFMFER D, RUNERZEM
PHRENRZFNITo

® Note

i {FEETIFER OpenQasm IhEE , QPU &R REMERS RER X L hEE, BX X
BWIEENEZER | 21 OpenQasm A iE LB 18 AR b iR M R A1,

BARUNAEAERNSENEZER | 55 Amazon Bra ket R,
BRI EEFIELLES (braket_dm)

A B E I ERRILER (braket_dm) REENINE R A HIZTH Amazon Braket SDK BV —#85. E3E
EEEHEERE (&Z 12 Mqubits ) F/NEEER F#THRERERRZIT , E4AEBURT K Braket £iB A
B i S5 31 R A 1th ISR Y R A4 AR

A R B (HINEBBERNERICRE ) AT RTRE RS B, 2E 0 GRS
EERATIE SR SEqubitsT] | KBk S EERBEALRBE R TET.

HBERTEWE |, braket_dmZ &1L 88 ] LURMH LA T 4 Rshots :

o BRAKZEERE : Shots=0

® Note

A FEERTIFESR OpenQasm WEE , QPU iR B REMEINBE JRER X LEThAE, BXxX
B EEMNEZE R | 1§51 OpenQasm A E LB £ 1R AR IR B RO,

ETHRAERRNZEERELURNESER |, F2H Braket BEELIERATTRA,

BERASmEELEE (braket_sv) 19


https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Advanced_OpenQASM_Programs_with_the_Local_Simulator.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/getting_started/1_Running_quantum_circuits_on_simulators/1_Running_quantum_circuits_on_simulators.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Advanced_OpenQASM_Programs_with_the_Local_Simulator.ipynb
https://github.com/aws/amazon-braket-examples/blob/main/examples/braket_features/Simulating_Noise_On_Amazon_Braket.ipynb

Amazon Braket FEANGIER

AR AHS #1185 (braket_ahs)

AHh AHS ( EEEAMS B /REELL ) RIS (braket_ahs) RELEHIRE B A= TH Amazon Braket
SDK I —E 5. THMAXREL AHS BFNER, THEBEEGENEFEFSR (FZ 10-1270FEF)
E#TRERAERIT , E4AEURT A Braket £ 184S0 5 248 it IR MY R HLAK

A fFERIFEF —MNIARZF,. — (59 ) BuBFNEERFHIN AHS BF. BXxF4A
{£8 , S 7 Braket AHS 35 H1 Braket AHS 254844,

ETHRAXRAM AHS FERNESER , HZ5 Hello AHS  ETEMNE —MENRZ TG ERHE
MEARZGEERFIZEE,

RS EERLEE (SV1)
SVIR—FIRE., SHet. BANRSKEHRES. T ELIZIX 34 BB Equbits, BRIFFTAITHI34-

qubitRBEMHEMER , B LT , BEMN AR ( BERRE =34 ) KAFE 1-2 NMIFEET Ko
# all-to-all R EBEIEFEEESVI. EUAFENTERSAMEIRIBEBRAZEZNEXRELE R,

SVIRKZITEIEI A 6 Net. EMNEBIAHREFESZRH BN, HREFESHRZH 100 4 (us-
west-1 F eu-west-2 F 50 1)

SVI&R
SVIHAEREEHRENBERT , TARMHUTE Rshots :

« =4l : Shots> 0

« HiEE : Shots>=0

- 5% : Shots>=0

« ¥i= : Shots> 0

- &8 : Shots=0

- f¥REREE : Shots=0

BXRERNESEE , BSALEREL,

SVISRA TR , EARESITENER , A EUTUHITETSN R, STNEREREEYT E |, B
BREBEEBREN. qubits B EshotsXZTRIBMNEMEB N, ETRESEE , HiHR LBREDN
BRo

75 AHS EH#LEF (braket_ahs) 20


https://github.com/aws/amazon-braket-sdk-python/blob/main/src/braket/ahs/analog_hamiltonian_simulation.py#L29
https://github.com/aws/amazon-braket-schemas-python/blob/main/src/braket/ir/ahs/program_v1.py
https://github.com/aws/amazon-braket-examples/tree/main/examples/analog_hamiltonian_simulation
https://docs.aws.amazon.com/braket/latest/developerguide/braket-result-types.html
https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#choose-a-simulator
https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html#choose-a-simulator
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U < +F Braket SDK FEYFRAT] , ER QPU RFXEFHNFER/D, MRANERZEMEFHIIRZ
XEFNIT.

# EHEFRLER (DM1)

DM1R —REFRUN S B EREMFELIZR, ©RLUMENZIE 17 MIEEEqubits,

DM1J|&KIZ{THTEIN 6 /Mt , BRIAA 35 M HALXEFHES , Z 50 M HARKEFES.
DM1& 8
DM1ELERERENERT , ATAREL T4 Rshots :

- =4l : Shots> 0

- i : Shots>=0

« 5% : Shots>=0

« #=* : Shots>0

MK B E % ERE : Shots= 0, /AR 8 qubits

BXRERNESEE , BSALEREL,

DMK T A , EAAREETENER , FEAUATETSNEE, STNEREREKMET R
FEIREBEEBRE M. qubitst B BshotsWZETINENEMRN. BETHRESEFEE , BSALRE
e,

g% 3 1) 1 PR 1

AmplitudeDamping

Probability has to be within [0,1]
BitFlip

Probability has to be within [0,0.5]
Depolarizing

Probability has to be within [0,0.75]
GeneralizedAmplitudeDamping

Probability has to be within [0,1]
PauliChannel

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

At most 2 qubits
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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]

SKE R ZARIURT () TN

TNIR—RIRE. SteE, KEMZEUR., TNIATLUERIRELHIRER KRN 50, BRRE
qubitsF T 1,000 RE/H. TN THRERLL, HHERIMIIABEAREMEFEFHREL B (HlM
BFEEHTHR (QFT) BEE ) 318 A, TNIZRIMEREE, B, SIS ERSZ N SR B iR
ERMITERE , RILTN1RIBUETT T —B B ( SR REAER R ) S TTRY A, 1SR A 1T A9 UL 46 B (R
BTN1ELLZITRRE , TN A EZ RIS

TN1ZITRTEIBRHI 6 /Nit. ERFEINHZZ 10 D (£ eu-west-2 R 54 ) HRKETFHES.
TN14R

BB B — RIVERE REA R, —RIIFE—ERLIRANERSBEL EBHER AL,
JEZ : Shots@ KT 0,

HERRATIE

- B

- HHE

- BE

BRGRNWESEE , BTHAERRE,

TNURK TR |, EAMRBETENEE , ARAUHITETS B, BETHRESEE , FSRALE
BHAER

U5 <+ Braket SDK FEYFRAI] , ER QPU RBEXEFMFER/D, MRANERBZEBMHFEIIRZ
XEFENI.

KEMZEIET () TN1 22
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7 17] Amazon Braket GitHub ZfFEEIREY TN1 RAIZICA |, AEBIE AT, TN1

FRANRKESRE TN1

- B% all-to-all B,
- BLEN — NI EBERE —EBishots , LT BB “BE” TN1,
o JFREshotfhEHR D HNZNEFES,

BRA RS

BAXNFERNIERERNGESELZRBRAZER -—NEHEY , AREETERESHELEH LnTH
B, INTHEBRELFESZEREEEHXWATEEER,. XATUNEERENEFEHE , AP
ML RV BEINITIRE , HHHERETERES, EXBRARXEUBRNESEE , ESHAEA
Amazon Braket JBE1EMIZT B ST H,

PennyLanelY A BB 1= 1L 25

YRAI LAFE Brak PennyLane et AN EBEIUBE/ER Braket EHVER ANIEHIBE, 58I PennyLanelN &,
B, B RASEBETERZE (flFEHY ) KERBITEBEE. lightning.qubit #EIESAT
B Braket NBl fERRREA , LT LMERERAXELESER |, M lightning.gpu BB EBERNTE
GPU =il #x A RN ERERZE 1T, BXRHEMA lightning.gpu B~ , 525 Braket Hybrid Jobs %124
I ER A AR,

LB AR RS

AER R - L8, REMAG  BEEEEKESENE FHESH Amazon Braket (5 E 27,

A R 2R M R BRI SR Z A #E 1T £ (SV1,,TN1) DM1

R R RRBUR T R EAR I EREMH |, HIAFH TIZ1TELLERH Braket Z1EAKH, HFRLL

BRE AWS Rimiz1T , EEBMHEBENA NG, BERLUBHNBRANEBBERTTML , BERSIE
FRSIHEBFAESLEN—LHERTH, MRBRIFZETFES , XTRERENENE, ETXLE
— MR , AT HE S AR B EERMMETEN 2T RRFENHE.

X3 FHEHL

- WRATABDT 18 Aqubits , FEAA BRI,
- £/ 18-24 Kfqubits , FRIE TAF AL FIRLLER,

MAERZR 23


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
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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- HEMABEY 24 Arfqubits , BERARFELER.

X TR

- HERDT 9 Arfqubits , EEAARUMELLER,
£/ 9-12 Btqubits , IHRIE TERBUAREIR.
- MREAALBER 12 Aqubits , iI§EADM1,

AR RA P RAEILES 2

SVIR—MNERANRSEEELSR, EFFEEFSNEREY , ARINFSMIREENA T ZRE. ©
i TETE A REtE |, BIERIR A TREMN LRtk SVIREBRHITE FESHNE T RIBEEBERPIIHN
HE ML R .

TARBEREFELIER ?

DM1AREELE FHEE, ERERENEFEIEN , HIRINFNAEEOMRNEEZE, f4AN
REEFETEEXRERETEETFINEERFE. ETHNEBEERRERLZUET B , BMREKSIBHER
¥ B. qubits

fr ARKEMEIELLER ?
TNIURE FHEERIEAEHLE,

- BT RHBEEF(IHqubits,
- BEMBSERRKITZEERE,

HTXREH , INTA A EXNBRAMERNE FHBEXRIBERE,
TN1EER YR
BE , INIRARN R ERELDE T ITE,

« BEGRBTER - ERXABER , INTBH —MERMETERN G E , SER/RBRENTR |, IR AR
BHREBENNEBER. FRER , EETIRNE , RAEUURERRTNIRITRENMN R, ETXTH
—BrER , ARESRNGRREFRERBTEMATEM R, EEUTFHRE , BN ZREXBEMEL,

o AR T BRRUT AT ENFITENRITH R, ZMERE—RIEFFREAR. XLEFEN
IRFS It EEEERANEIE, Hit , EXAETREENR , LEERPRISFAERNITERE, &£
A BRIRFNEREEE  REBHATIRTINIGE —BUERBEE R,

HRERLLES 24
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TNTERRXUT #

temii i, RATBCRIRETN1EREHHHEER TR, ERANLMERIE T , 671 E TR
AKX IBEERBREEL, E—NMHETNN, HERVEESFHNETT , BIEF B TERE
KEEE B R A B

WMRTNURBERTHENER , BABRERTHHELBSIHRENE , MAREEHE., RITHEIM
5 BESHNRAEHEBXITIREDR. B SFEMRERERETENMENESR

RATBERY , EXERTNIZFENKEBERNEHE —EN B, SEHFEMERE TEXHER,
RIERBEKES S RBEAELIE

SVIEEEETEEMRB T EE —EREN qubits M EFAEXBINEE, BF , IENRXMEEHK
AVIB MK , MABURT I MshotsBHE, SVIEBELL 28 % LU FTN1AYEERRqubits.

SVIX FREMqubitF , TeELTR , ENERRLER TArE TN , BIERRT AN b2
. ELEHERMRHINMLL R, Ritk , E#H1T30-qubitiFfy , SVISMITE 2230 MEE. HTFH
FEME#PRS , AmazonBraket SV1 #EHIZFHIFREI 7 34 qubits 2 —NEFREHl, RATLLUXEFAE - 5
fRqubitE RN —ANSV1 | MBS B HRMER R,

NFFZEHWEE , ERABMEEHELESYT , TN1ATAEI SR BRI EERNBEE, TNTEXRR
ERMN-—FHERBHEBERLRVEEL , HERRERDTERETNEE, RIYFR , CREGLEE
BIEKFENIRF , ATRELITESRE.

HATNT , qubitsMITVHEREE , ERRNWEWEEE, W, FEBEBRITEMR A ETNIEEN
B (EBX) (BHRIBR , FNqubiti B MREESIEKIEMNBEqubits ) , IRERE (] ) &
EHLCEEN®BERE (AR ), HARFTEETNIZLES A Rqubits 5 Rqubits 2 A Hfbqubits A R 1%
MREHHN RIS BAEREN KRR, fIINXEXR  THUAES, ENREHINERERT ,
A AR MM TN 31T 144

HY B BRME TN1

TN1ATRELESVIRRIER RV EWEREE -, WTELERR  ATUTHANMNERZ— , 2EHEME
ZRETN1LIEFEHERIRE : FAILED

s RAEBE — NRBATAESR , WREKRI —FEFNEFTBER , BUBERSRFITE. TNIEE#H
TWRE, EBURELBIEUTFUTHAERNEEIRBEE  No viable contraction path found.

- WHEMBARET — EXRLERRP , INTHTURKIEHER , B2 ITMGEREEEBKAIFERE,
EXMERT , REFEER  UETHEASETAEMIANL , MREHSMEZETNIERE, &

HeB AR LIRS 25
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AEEASEIRCUTFUTHBRNEIREE  Predicted runtime based on best contraction
path found exceeds TNl limit.

® Note
TN1EIER B TH A H BELBENRS , BFENHEM BRI MH. FAILED

UMK Z AT E B EUR T shotit 8. ERHFMERT , TN1KLEET E LA BURT 1T 2. shotiz B A
LA EDshotsB&R#HTEN, HlI , BAILER—MEE 100 WE FEFshots , ZEFTNTURERA
B4, BERMRERAFE10NEFESERRX , MSSEZWE, EXMBERT , BIRE 100 MEX
{RA] LAshots [ —HBEERK 10 M 10 NE TS  ZRREAER.

FERBERR , BINBUEIBRLER /L shots ( HIa0 10 ) KA EWBEFBEER , AT HRENE
BAEZETN , ARBHREFERESHHEshots,

(® Note

TR IR 48 B ER B — R BUSRFEM NV nxN JEREFFER, BN | 2-qubit/ TEE—1 4x4 5EFF. TEH
HEASFRENWEREFMFENFEEEREAN, XIENITEEE/LRTRETHK. XFE
A4 Amazon Braket A 2R REEFZHN KRN IER,

FER

FRiE Braket R AT ERMNZT S B, ARRFEELRNXBEMR, BXRARXRFINES
8, BSRAEHERME.

U 3% Braket XK imT A

Amazon Braket BEA /LR AT £ © AWS XiF

Amazon Braket #Yith X 7] F M

X i3 #5 X5 XBRiwK QPU
EZEFRH (HEERL us-east-1 braket.us-east-1.a ionQ
MAEEB ) mazonaws.com

X35 i 26


https://docs.aws.amazon.com/braket/latest/developerguide/braket-quotas.html
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X5 & X i3 X RIS QPU
EZERI (HERIL us-east-1 braket.us-east-1.a QuEra
MAEER ) mazonaws.com

ZEE ( MAEE us-west-1 braket.us-west-1.a Rigetti
T AEER ) mazonaws.com

PREZIEEB 1 ( HiE®/R  eu-north-1 braket.eu-north-1. QM
EE ) amazonaws.com

PREZFEER 2 (183K ) eu-west-2 braket.eu-west-2.a 0QC

mazonaws.com

& B AR o] A B9 16 X 52 1T Amazon Braket , EE QPU XE—MbX AT A, £ QPU &% LiE1T
B Quantum {E5% AT A EZ iR FF7E XM Amazon Braket #2454 EE, MREFEHHE Amazon
Braket SDK , ML EEWM M X T4 |, H AL @EM QPU RERRXEFESFH. SDK 2HINEE
W QPU B2 5 ZXEFH&iE,

BX AWS WAFEAXSENLET RN —RER , TSRHAWS BRAZZHPHAWS kS LinT Ko

BHE FESTARMRBEZTT ?

® Tip
BELATARZEIEFITENERM AWS | JZ Amazon Braket 8iF % 1t% , TR—RFIZF
JREENHF TG , UREBECHWEBFHE,

LR R BIXAS , Amazon Braket 2 H XX BIEENRE, BEFLEET (QPU) MIRFHERE
FRESEEWIRFHAMLE, RREFESRLBZESHENNRSXERAE , E4EBURT HAi
Amazon Braket &P RXMNESHHEMEREE LR FTE QPU BV A%,

BYBEFHAREERERSEERA

% QPU WA AMARETNNREFESHRESKEEL EventBridge B , Amazon Braket £ @I 5 i#h &
EE4, BREUTSREIH FHHAEH SMS HEEWEZENEFESRETEEH

BNEFESHARMRERZEIT ? 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
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1. 812 Amazon SNS =B HITH B FHpHFHERF. B FEHFREEN TAEEBRTEMENBX, §
XEZELR |, B2 Amazon SNS A TMEZEEE,

2. EHBIE—ZHAN EventBridge , ATAIAEH SNS TEMNEH. EXEZELR , BSAFERALE

#hE#E Amazon Braket, EventBridge

B IS RRER

T LB I b B 2 @ AN PR S5 (SNS) Simple Notification Service ®REE A , LAETE Amazon Braket
EFESFERNKERE, IREMITEFNEREK , fl0 , SERXAREIFRERZATAMEOZ
ARREFH , EHEANREA. MREFBERFESFEA , WA LURE SNS BA,

Amazon Braket EIe A5 SBERRELR. BXREZER , FSHATREBEHD Amazon
Braket RHIE A,

QPU A A £ & O AR
QPU T A # RiRE T 5

1£ Amazon Braket £ #1588 8% MHY , B UEI LG MEEHEN THAE AU RIRERS, It
A, BMIENHBEREFESNESESHNRIMRATIRE,

ZRTAMEOD , MRELTEERZRE , WZRBFRANEL. Sl , ©UEHTEHRE
. ARFREEREML TELRS.

BA S A J0. 1%
ERXBFESABAES 2N, CUUBIRERENFREREERELENNETESRRAHE

SHHE,
BA SR B

Queue depthiBHEA ZF R ERBHNEFESNESELNKE, TEIBraket Software
Development Kit (SDK) 3k i/ 6] 1% & By & F £ 5 FE & 4E AL RA 5 #Amazon Braket Management
Console,

1. ESAIRERE YIS FUEER AR THEFES EH.

2. REEFAIIRERESSETHERRE FESH S B Amazon Braket Hybrid Jobs, XL£E557E
MIAIESZEIET.

3. BEEURIIRERERZ LLBTHERARREELEE., Quantum taskstENBEEILI —EB 212
REFRESR , #3CEEPriority Task Queues

QPU AT A M & O MRS 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 FEANGIER

FEBIEEIIRENE P Braket SDKAT LUMEH A TRIB F B BEE FESRESESHIRAS]
B :

device = AwsDevice("arn:aws:braket:us-east-1::device/qpu/iong/Harmony")
# returns the number of quantum tasks queued on the device

print(device.queue_depth().quantum_tasks)
{<QueueType.NORMAL: 'Normal'>: '@', <QueueType.PRIORITY: 'Priority'>: '0'}

# returns the number of hybrid jobs queued on the device
print(device.queue_depth().jobs)
I3I

b QPU R EFESRESEL TEEL S BHEMN TEHRF L FQUEUEDIRZA . Amazon Braket L&
AUERMINE FESNESESAILE,

BAZIfziE

Queue positioniEBHEFESRESESEERMIZZMAITHNHFIMNE, CRANBEIHRKE , ATE
FES RS ¥ Amazon Braket Management Console, Braket Software Development Kit (SDK)

FEBNEEINMERNZE P Braket SDKAT LS A TRIEB H BRI BEE FESRESESHIERAS
& :

# choose the device to run your circuit
device = AwsDevice("arn:aws:braket: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
l2l
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(

FA AT I 29



Amazon Braket

FRARER

"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

BA =T I 1
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Fr 56 FH Amazon Braket

® Tip
BEUTAERXNZEIEFITENEM AWS | JEMt Amazon Braket 2Hi=Z3) 1% , TR — R 5%
JREENHFEEE , REECWEBFEHE,

2 B8 /3 F| Amazon Braket Y14 BA# 1TIRIESS , BRI LAFF IR EFE Brak et T Amazon

INRE:Z ok

* /3 F Amazon Braket

+ B2 Amazon Braket £ 18 ALl

 {# Amazon Braket Python SDK jZ{T{REVE —NFRiE
- BIIMRNE—IMEFEZE

/B F§ Amazon Braket

® Tip
BEATAHARNFEIEFITEMNERM AWS | 3E Amazon Braket B8F % 3 it &l , TR —R5IZF
JBRENBZTEE , DUREECHBRFE-E,

BRI LB 24 & E BRI K /2 A Amazon Braket, AWS

FRF M

ZE 5 AMEZE1T Amazon Braket , BATAE B NS 3N Amazon Braket BIEHWAFHA G, XLK
BR‘E & 7E AmazonBraketFullAccess IAM KE&H (arn: aws: iam:: aws: policy/ ) » AmazonBraket
FullAccess

(® Note

MREREER :

/2 F 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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EoHEAMA &R F 5B Amazon Braket BIMBR , 5@ it llAmazonBraketFullAccess R B 5%
M@l ZN B EN KR AP R TR, ZifEH 7 #EH Amazon Braket FTERNER |, 55
%) B B 3 I 3 %b Braket B9 177 814X PR o

j& F§ Amazon Braket B9 55

1. FHEHIK P2 Amazon Braket #4458, AWS MK/
2. 3TFF Amazon Braket 12&l5&,

3. ¥ Braket ®FME L , B& AT, #ARSEHERTE. RSSZEFERITIBAEHR K5 SE%
BT =R

a. BIERFZMEXAE (SLR)
b. RAFFRE=ZFEFiTEN
c. BIEFHH Jupyter & i ALl

EFAF=ZFETRE  LKREREAXLHCERLERBCABFEEHMNELRME, AWSEHIH
FR MM Amazon Braket 2% A1) “NRMIRE” TEHH “BFA” £+ LRHE.

® Note

TEBE ‘BAFE=FRE WY EIUFEHT S REME =5 Quantum 8% , 440 Braket A
AR LB R IR EELLET,
MBEREFRE=ZFEH , NENKF REESXEEXRAAERAE=HIRE — X,

B2 Amazon Braket & ic <3245l

® Tip
BEUTAHARNZEIEFITENERM AWS | St Amazon Braket iF =3 1t% , TR —R5IZF
JREENHFEEE , REECHNEBFEHE,

Amazon Braket 2t E£HEER Jupyter EIEARMHIRA[T. Amazon Braket £ i AL HIE T 5i#h
SageMaker 12436, ATHABR T AHEFNAEEF RN EREALFMENS R,

/B F Amazon Braket #5% 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
https://docs.aws.amazon.com/sagemaker/latest/dg/nbi.html
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I 3% Braket B3 &

1

2.

. $T7F Amazon Braket %15 , EEMEXRPSMELFERAE,

EERFIEARAE SO “YOOEH Amazon Braket” B3\ E &8 & “FFih” , #EHZIEEREH. XF6IE
—ANERIAEY Jupyter EiB A,

CBIEBZRATRFR/LDH. ERNELCR/IE “EREBX WHL , REN FE . SENEIELE

BlERREAEERR , RSFEB N InService, BAERERF N E S EE REIZARNEFIR
P

LN o

I 53 Braket W BB

1.

3.

#T7F Amazon Braket ##|& , EEMERPRFZLE | EECBEIEAKM, MRENEEER

T, BIRFEIERIEACIZMIA Jupyter B1EAR , REREAFRBFNEZTFRAZICAEH R

M, REEEEENARER. A5 BAREREEABMAIEEIRSEER.

a. MREA , FHEEEL A ZHERMENZRFENE, EEBLCARNE , HERAREL
R B R

b. EERLILAXLFIFNRRZMAE , FSMEGTEHIERE Braket T+ , RFEE “TIED
B GEI

® Note

AT BREWIEESR , BFEEFEN SageMaker EiBAEHE git FHEER. RE , &
B TR E/Braket AlgorithmsHl/Braket Examples3X#3RzFha] LARK IEiZ X #
WERAXLPEBFES.

(ALt ) EASRIRE , BN EZERFEMNR, HaREMMNERRIRENEICE

a. HEERARES , EREHZHIRE, RIABRT , EBRLFRENIRESFIRE
ml.t3.medium. BETHEXXPENNEZEE , 2 Amazon SageMaker Eft. MR
N #t Github FHEESZIAEHIMEXE , FHR T Gt ZHEETRIIR , AN FHE THXE
IR “M url BERRAH git FAEE", 1E Git F4EE URL SUARE g A 26 EERY URL,

b. ERRF , BBEALER IAM B, RIFRENRMMNZERHA,
c. EMERF |, FIEHJupyter Notebook =B B B E XML RIEE
BEBWEE | RETARZLURBENEIRARSES , REHE T Launch,

#12 Amazon Braket £ 12 43L 4l

33
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https://docs.aws.amazon.com/sagemaker/latest/dg/nbi-git-repo.html
https://aws.amazon.com/sagemaker/pricing/

Amazon Braket FRARIER

® Note

& 0] LATE Amazon Braket F B i & hEF M EEEH Amazon Braket £i24E 41,
SageMaker H At Amazon Braket £id A& & Al B3 25l 53KB. SageMaker

MR R Amazon Braket #2#| A& & AWS fEF Amazon Braket SDK , # BifitF S X EIREBIEHN
ZiLAd, MREBEBCHITENLET , WAILEEZE{TaSpip install amazon-braket-
sdk=iz1Tpip install amazon-braket-pennylane-pluginfFiEHM &St ZR%E SDK
PennyLane &

£ Amazon Braket Python SDK iz {T{REV 55 — /N R

® Tip
BEUTAHARZEIEFITENERM AWS | S Amazon Braket 8% 1t% , TR —R5IZF
JREMBFZEEE , RS ECHREHE,

BHHEEARKHE , EFRENN QIEZNEILAR , EAMRE Jupyter FEFT I ZEH,

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

AmazonBraket £ i AEHI 2L L% T Amazon Braket SDK R EFMEMREIN, & E6E N
Bconda_braket WM FEIZA,

{f# /A Amazon Braket Python SDK iZ1T#REVE —NRIE 34
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[Z Launcher +

|E| Notebook

=t AS R

= oy p
= |5 [

== % 'y .

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

Console

conda_braket
Other
M
T e =

Terminal Text File Markdown File Python File Show Contextual
Help

RATBAM —AMEIRAY “fREF , 5 1" FFgs Rl BE , ME—MEZNRRSHWERE , REETEN
RELIETZRBUREE R,

B %S A Amazon Braket SDK #RHE X —MET 2B Bell State B3&,

import boto3

from braket.aws import AwsDevice

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

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

{RA] LA AN o XY BB AT ALY

print(bell)

A #8025 EIE1T YRRV BB ER

{f# /A Amazon Braket Python SDK iZ1T#REVE —NRIE 35
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BTk, ERZTHERNE FE4. AmazonBraket SDK it A 4£1188 | A T HRIRREE 1T RN
e WFR/PHEBEEE | BAMNBWERAR B ER , RATE 25 qubits I ( BURF IR ARBIES ) .

LT RERBUEAMIE BRI 5%

# instantiate the local simulator
local_sim = LocalSimulator()

RIEIZITEREE

# run the circuit

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

print(counts)

REIZ 2B BXHES

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

IEANTREIRAREE | RER I EARIRIRARZ (00> M 11> BIAEEEM , (RERTNEBE RN D H AR
HE (JZZHshotkF ) , BN 00 # 11,

EREELR LETENRE

AmazonBraket F 2 IZERHNSHREFERSVI , ATETEANERE, SVIR—FERERSKE
FESR , AT BEZIA 34 qubits NEFEBIK, BAIUSVIE “ZEFNIER" Ho M AWS ZH &P K E
EFZEE, SV (FETNIA QPU L) LETEFESH , EFESHERNEHEELK,H S3
EHEET. MREKRIEEEMAN , Braket SDK 2amazon-braket-{region}-{accountID} R &8l
B—1MRINEMEE. ETHREZFER , BSHREEX Amazon Braket 8917 B8R,

(® Note
EEZNSERMEEEEEHN , LT ROIE Rexample-bucket B IR FEEIEE
o AmazonBraket BB HIBL Llamazon-braket - R MW EM iR =T L, R
BEEFXWMZE S3 FREHWEE , BSH Amazon S3 Al

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

f# A Amazon Braket Python SDK iZ{T#REVEE —NRE 36
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# 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)

Biz{THESV1 , B4ARERHE. run(O)BERFEANNESHEEN S3 FHRBNMLE,

# 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 £ H| A IREEXRENEFESHNEZELE ., SMBIES AP M Quantu m Tasks LI
+ , FNEFESNIZN TR, HE , SaLlERAE—NWEFIES ID SHORGERENE
FHES,

(® Note

90 XJ& , AmazonBraket & B lBR 5N E FESKERNFIEE 7255 ID MEMTHIE.
BREZER , FERBERE.

£ QPU LiE1T

£/ Amazon Braket , BREER—TRBENTEYEEFITEN LESTIEHNE FHEETR

5, Amazon Braket st iF MlonQ. Oxford Quantum CircuitsQuEra, Fi5[RQPUI&% . Rigettif&al LA
ZENIRR B AWS ZHIAH B EMF TREEXTERZENTAEONES. T
AEIERT WAEHLIRE . Rigetti

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

FERAUTRBIEE—IonQARIRE :

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

f# A Amazon Braket Python SDK iZ{T#REVEE —NRE 37
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EFRER  BEITIEMSZA , BUUAERAATRBERNRENIIRE , LBEE FESSH
BEESHHE. kA, ERAUEN B2 THLEFRBZIFENBAIIRE. Amazon Braket
Management Console

# Print your queue depth

print(device.queue_depth().quantum_tasks)

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

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

LRIZITESES , Amazon Braket SDK @A R ( RMIAERIAENR 5 X ) » BB E
W.run()HHFMpoll_timeout_secondsSERERMEINAE , MU T RAIFFR. HiclE , MR
ZHR BB EAE , WAL EER BN ERIREER | fl20% QPU 0 A BiR [ 7 i 8 i 45 1%
i, BALUBS A task. result () RESREFH B,

# 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 BRREFESRESESE , BULLAAZqueue_position( ) EEREEIINE.,

print(task.queue_position().queue_position)
# Return the number of quantum tasks queued ahead of you
I2I

SITIRNE—NEFEE

® Tip
BELATARZEIEFITENERM AWS | JE Amazon Braket 8iF % 1T% , TR—RFIZF
JREMBFZTEE , I RSECHRFEHE,

Amazon Braket EEZFE A Python REMNTMEE FEEN A R, EANRENETXLEERE , Al
FREIENRBIREEEEZNE L, B LM Braket BHI AT RIEERE, YRBEATEE Github £1F
18] Braket EEFE : https://github.com/aws-samples/amazon-braket-algorithm-library,
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https://github.com/aws-samples/amazon-braket-algorithm-library

Amazon Braket

FRARER

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 #2#| A RRMH T EEZFERERH U AT EZNHEIR, EEFE - GitHub #EUEFTERHEEZNEAE
B, RELER IHAELERN UTARCBREEMBTHEENELAR, NREERECARET , M7
LHEZIRARWR KT E Braket BEEF,

BTIRNE-—INEBTEE

39



Amazon Braket FEANGIER

5 Amazon Braket 1€

AT EERSIIRITEFRE , TR XEREFENBTFESREIARE , UARITER Amazon
Braket SDK Y128 115

AT 27 Amazon Braket L ERBRHFHITRENEESF R,

« Amazon Braket #Z#| 8 IRIZRZREEFRDS , LB ZGE, EBENMUERRNEFES
@i Amazon Braket Python SDK fIZEHI SRR FZTE FES. TEITMEEAR Amazon Braket
ZiRAEMGRRFFEXIES,

« Amazon Braket AP| TJ3@3d Brake Amazon t Python SDK F&£i2 AR, APIZIREEEERURRE
FREAEFIITENNARER , NANERZER,

AT PR RBIER T a4 £ A Braket Python SDK F13& A F Amazon Braket # Amazon Python SDK
(Boto AWS 3) API {55/ Braket.

A% Amazon Braket Python SDK FE Z{E 8

Z A Amazon Braket Python SDK , & £ &% & A T Braket # AWS Python SDK (Boto3) , iX# R
PMAULUEEE, AWS APIRA LT Amazon Braket Python SDK EER & ¥ & F B 4% Boto3 W{EHES

£
- Boto3 BELRFEEH ANEO., AWSAPI (iFEE |, Boto3 2—NMAE Python HHFAXITESI , A
S5, AWS APl A S3# AWS JBS %1% Boto3 0, )

« AmazonBraket Python SDK @A T8, ], ®%. ERXBNEFEFHMET D REER,
BROEBERFN , BESAZETFESHENER,

« AmazonBraket Python SDK AT B £ 2R AR , £iEATE T EITEFESENATEER A4
T o

- MREFEFEHLIEAR , RATLUFER M Amazon Braket Python SDK § A ZI{E{A Python BIAH,

%% Boto3 J5 , i3 B ra Amazon ket Python SDK Sl & FEESHN S BRELR M AR :

1. (W& ) T E e R B,
2. S ABEMERN SDK ER,
3. #§E QPU AEHAES,

4. RHILEBEE,
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BITIRE,
W

5.
6. MEL R,

ATHRHREERTBMNERVFAER

BXxEZRA , 55 LM Amazon Braket =Ol7Z#EE. GitHub

ATHE

« fREF AHS : E1TIRIVE —MERNIRZT{HE
* 7 SDK A9k Ea i

- @ QPU MIEUBRREFES

« {#£/ OpenQasm 3.0 B1TIRIVTRIE

« f£/ QuEra's Aquila 3XEIT B

- f£/ Boto3

fR¥F AHS : EITIRVE — MR B E

|

BRI ETEL (AHS ) R—REBFiI1EER , FTRTEFLK  AHSERFRHIFIERK , 84
IT—RRAEEEATFIARFLYE  MEREXBERNNEHEXSEREN . RENWRETEBT A
HAADWHWHTRD , COREZHBLRSONDEE, ¥T N EFLBRE , WEWTUA
2 NX2T B WMARER TR

REBHIT AHS NE FRMFRARHESH ( SIMME TR ZHIREMKE ) , UINEFGZT TETF
REMHEE, AHS ERERA TRUFSHEERN FHEFRENEBSNDSEHE. TR
QPU , fltnskH Aquila %% , QUEraff MERIL RSN ENEE , MXERGEHRTEESBEH LRT
ERBA .

Bz hesk ok

E— I HTZSHEFRNN TARNRSENATRE  LBINZER - BEANMERAKKNR (Z0
WAL T “@E" e M AT APRE ) . REMAER/)D , BEZERREGELRIE - LARFEN
HEMBNEBIAR, EXNMFH , RINSEROAER —NPrIBAY R KE 2, BIELR BiEE [
MRE7EE,

fRYEF AHS : BITHRIE — MR BHHE 41
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=z HF

BIHERA— I PHERFRAKRSXEE , ‘BL" M BT 8 BRESHD 3 AR A N EEARSHER
FHRESEL. B, RMNIZEZLEHS. BMNATUAUATRBX LEEEBHRTHEE.
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FREM : {REE pip T2 Braket SDK, ( M1REFFAH 2 Braket TEEMLICAEH , Nk SDK B
MAELREREZLERF, ) EEHULE , (REFEMA shell in HHEIMEZE matplotlib, pip install

matplotlib

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

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

register = AtomArrangement()

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

BN AEREE

fig, ax = plt.subplots(l, 1, figsize=(7,7))
Xs, ys = [register.coordinate_list(dim) for dim in (@, 1)]
ax.plot(xs, ys, 'r.',6 ms=15)
for idx, (x, y) in enumerate(zip(xs, ys)):
ax.text(x, y, f" {idx}", fontsize=12)

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

_.
—
-
-
-
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—

le—-6

2E

AT HRBREEE  BRNEEZFSHEALERZBNVMEEER, Ak, INEA T van der Waals X H
ZRXRE2HPHREFSHRM ( HlIUkEQuUErafiZ® ) REXIMPAquila, ERBRERT , XTHEEER
A0S 2RI A AR R A FRE B EEXT (), k) BV EF,



https://en.wikipedia.org/wiki/Van_der_Waals_force
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— <N-1 N
Hinteraction - Zj=1 Zk=j+1 Vj,knjnk

R, nj=rt 1t B—NZEF, XY s pinj & F BLORANFEE 1, BUERE 0. BEH Vi
=Ce/(dix) ° , HF Co REIEREK , d jx REKE) Mk ZHNK/LEEERE. XMIEERTNEEY
R , M ELE | FEME K #HR AL WRENERBATE (KRB V) . BIBOEIHAHSEFN
HRE | XA ARG IEABHERHLT aL R | XHRRBEERN REARH,

=L &)

HAHSIEFTT IR , PRALER (RUIABRT ) B ‘@ T REF 1R |, eL TrENSREN R, &R
THZRGHAAMCH B, BIEET —MREEZCAIAETRE |, ZR317 7 PR B MR
MRS EREE B £ RS SRS, HNHNRRTE T UERK

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

Hep Q(t). (1), A(t) REENBEZRCHEBIRIE ( XL Rabi 1R ) | HUMKXEGIHEMAAE B
E’\JSIX%’J%O XE S -k =Al and S +k =( S_’k) T= kT Tk A kK ﬁ%u% S k pin k E’ﬂ[‘%ﬁ*ﬂﬂ%iﬁﬁﬁ , N
(=M A AMBTRE—NEER. (B H Q B ENERBBAREIERE 0T A LR
A, M AR ES ‘@ LE RESHEERT.

N T RIEMNEREEAR @ B R EREEAR Y BT |, RANER U TRBEER 7.

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

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

time_ramp = le-7 # seconds

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

delta_end = 5 * omega_max

omega = TimeSeries()

omega.put(0.0, 0.0)

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

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

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

amplitude=omega,

phase=phi,

detuning=delta

ATV AT BAGE A LA T B A T L 5 Bk 47 9 B 1B) e 31

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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time [s] le-6

AHS it
SEE. Wahim (UREBRNEELHEEER ) R TEUB SR ERRF, ahs_program

from braket.ahs.analog_hamiltonian_simulation import AnalogHamiltonianSimulation

ahs_program = AnalogHamiltonianSimulation(
register=register,
hamiltonian=drive

EAR#RIURR LIE1T

BT REIRN (DT 15 R GEH ) , HtbERE AHS B QPU L1728 , AT LATE Braket SDK
BT Ry A it AHS #EHIZR EB1TE. BT AMEBBR TR FEA Braket SDK , HitiX 2HEARKEMNNA
WO EEN IE TV R fE SRR

EXE , BIOATUHEABERENRESNE (LLW10077 ) , RARMELRLBREE TSI EDE
THAMNRLRSFHEER ; Bkt , TLUBINGEAHRE | mEETaEXEEEE M,

AHS % 27
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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

DATEIARR S

BNUUEAATHEERSRAER | ZEBAHENSERNRS (TUR " RER ‘AT, ‘U
RN AL, e REREEM ) | AUNESHEEERXPRENRHK.

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)

DIEBRBRER 48
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counts_simulator = get_counts(result_simulator) # takes about 5 seconds

print(counts_simulator)

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

38033,

.3

countsXR—AFH , BUNETHERAXFUNRI MRS BRIRK, RINEATUERAATRERE
(ICIE S|4

from collections import Counter

def

def

def

has_neighboring_up_states(state):

in state:
return True

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

if 'uu

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
non_blockaded.sort(key=1lambda

for configurations, name in zip((non_blockaded,
blockaded),

_: _[117, reverse=True)

_: _[117, reverse=True)

plt

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

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

bar(range(len(configurations)),

[item[1] for item in configurations])

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

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

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

plt.show()

plot_counts(counts_simulator)

no neighboring "up” states configurations
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ME BRI FHELER | Hki

SBEWMNEBHEERL T ‘@ L RS ) EEDE-XIHEPBREFEHBL T ‘@ L R
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1. 8% , JEEERE (

2. B%  RIMEHEL , BNSRELEEBMHES ‘@ L RS,
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Run QuEra ning on #J Aquila QPU

FREM - BRT pip Z%< Braket SDK 24 , lIREFZE Amazon Braket , FHRREEZTHMLEN A
WEZ-3

(@ Note
MREFERAE R Braket TEWEICAEH , NiZEHIFEE T Braket SDK,

ZRTMEKRBIE , TAF AT LAEREET Aquila QPU T,

from braket.aws import AwsDevice

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

NTEENN AHS BFESQuEratlss , RMNFEXNMEEHITHEEEA , BAFE Aquila QPU
AFHNBEKE, (XLEERZIEMNPHEE OHEB NWRBSHHIR. RINTUELEEID
ZRaquila_gpu.properties.dict()FHITREREAN]. B Aquila THEEMERMNEZFAE
B, BZH Aquila ZiAE . ) RMNTUBER BEAdiscretize5FERMEIX — =,

discretized_ahs_program = ahs_program.discretize(aquila_gpu)

MIERNATLAE Aquila QPU LiE1Ti%ERF ( BRIRET 100 KBAH ) .

(® Note

EAquilakb B35 EiETI IR N4 —EMN KA, Amazon Braket SDK 28 — M ANIBERES |
% FBET 1% B B AN BR & H I T S At i R BR R 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}")
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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

HTEFESNESTHBEAZEFEA (BURTAAECAMN QPU FAEX ) , Aic TEFES ARN 21
HEES , INBNRATAEULSEAATREFBRREERS.

# 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

RER “B5EK” ( A LAM Amazon Braket ZHIENEFEFSTHEHRITRE ) 5, RITUBEIUT
FRERE

result_aquila = task.result()
2 M QPU 4
FERASUFIHEBNget_countsEER , AT AT EITEK -

counts_aquila = get_counts(result_aquila)
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FRARER

print(counts_aquila)

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

RERAUTHERLHE Eflplot_counts :
plot_counts(counts_aquila)
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FEER, —MEBIEANGHAE (58 e”) . XREAT QPU NBNMNRFHIBFE1— 2% #YAquila

R, BRI, BTHMNHBED  SRETMPHSE T RIEERNSHEMERT,

T—%

RE | RUNECLERAAH AHS E#L88F QPU £ Amazon Braket L1217 7 & —/ AHS IT{Ef
#Ho. Aquila

E 7B X Rydberg 32, BHRZEWHEENAquiladisHNEZEE , BZRARIMNBRHIZIEA,

T—%
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1£ SDK A #4338 BB 8%

AR TENLRE, EETAH], FEEBRUREESMRBXIFNIN RS, eXRB2HXNMAF
Zh 9 Boqubits, 36 R4RIFER T2 IR E SUS 1T B LA 20 4A 5 I MR 7 AR 0L BR K R R 75 EBLBR AV 15 B

YR AT LATE Braket P EFEL QPU WEMITHITIKFBEFEITE, BXEZER |, 3 Amazon
Braket £k H,

ATRE :

o KITFIEBEK
BN E

« FZIqubity B

- BFLH

- RFEEH

- BEBHRE

- ZRRH

KITFI B

E 7B R TE Amazon Braket Python SDK Bybraket.circuitsEHREN M, £ SDK 1 , £R1]
DB R ARSEFE— MBI R, Circuit()

| ESCERE

ZRBIEEENLT —MNAHMAMNqubits ( $r12Hq0. . Fq3 ) ARHEARERE qlq2 , BERENEEF
tb4E Hadamard [TRIF/NE FEH4S CNOT [T BAI B FAAprint REBCRATHLILBEE | a0 T BIFT
o

# import the circuit module
from braket.circuits import Circuit

# define circuit with 4 qubits

my_circuit = Circuit().h(range(4)).cnot(control=0, target=2).cnot(control=1, target=3)
print(my_circuit)

T :]o] 1 |

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

| ENLS LB

ERXAMIFH , BNELT 1B, HIMEBTEASH. RINATUEEXLESHNERCERE
B, NEERIXERN , ARERE LENEBTFESET.

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)

BA BN R ERREREN S loat (XEMABHRESHNRANE ) IXBFSBREESISH
BE , NTINSBILRER PR — MR IES LB | TR,

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

BEE  my_circuitXRAEHRY , RtETUERAECREFLEFZ EEEES HENTHEE,
Tl SRR

UTRAERLT —NeE , HiTEARSIMINRERERT., SUUAFERAXEBURIERNAT , flnsz
Ry T,

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)

REXRMWEL IR F TR IE R,
T~ EEFFETANEYO
LA =415 B8 t0{a] &£ & Amazon Braket R FrE T KT,

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)

XERRBHNEELSE TRENT.

['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']

B RAZERERNG L, TUX TR E A — N NE B, Fla0 , RATLT R
FEcirc.h(0) , EE—NMITLERM—FWBEIBEAKIT, qubit

® Note
MTEM B, IR RGP £ —N RGPS E TR RIS R — DB iE P,

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)
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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,
# controlled-phase gate that phases the |01> state, cphaseshift@1(phi)

0.15)

diag([1,exp(1j*phi),1,1])

circ.cphaseshift@1(o, 1,
# controlled-phase gate that phases the |10> state, cphaseshiftl1l@(phi)

0.15)

diag([1,1,exp(1j*phi),1])

circ.cphaseshiftlio(o, 1,

# 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

0.15)

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,exp(1j*phi),0,0],

[0,0,0,1]]
circ.pswap(@, 1, 0.15)
# X gate applied to q1i,
circ.x([1, 21)

# Y gate applied to q1i,
circ.y([1, 2])

# Z gate applied to q1i,
circ.z([1, 21)

# S gate applied to o,
circ.s([0, 1, 2])

q2

q2

q2

ql, q2
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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)

BRTTENHNREN , BEAUNEENNET INATEE. ENATAREEFST] (MATR
KRBAR) , EAURNATSHqubits EXMZEF 4], 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])

R RIA B

B LUBEDRMES R BUE®BRK, Alnstruction E2—RHEFIES , EHEARTEERZEFEH LR
THEFES., InstructionZEFGateRBFTFRAEMNWR,

# 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})

R EREEAREBXIFHAK]

U5 X+ Braket SDK FEYFRAI] , ER QPU RBEXEFNFER/D, RANEREZEBMHFEIIRZ
XEN. LTERT ionQ REW R

# 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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TENITRSEERIRELE] , AGTHEEFEHLET. YEREXHBEES , AmazonBraket £ H
FINIT L RIRo

Rl BREAARRRZFNRENHREE

I&T LAFE Braket #2281 %" MEH LEEREERFE. A, MREAXTGRMEENEESREH
B ATARBERMMARE QPU BF N qubitl T2 BRI FH I TREE,

# 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"])

BP0l &

REAEN RS, RINNETEFERFNAEE TSR, ER , JUNEENEFLBREFLEN
T,

M MEBEFHBENTFE

XM F R, BATEDE R RIRAIN—&HEE BB T L ENneasure B SRERT 2N E,

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

FZqubits &t

LREETITEN LZ1TE FHENRIgetti , #RATLLER A F3hqubity Bl K= Hlqubits B LE A FREY
&%, Amazon Braket 2% & 1 Amazon Braket SDK Al # B K EFfEE FAEE T (QPU) iR EH
BIFBUERIE , LEETUNZRIERFERMERIE. qubits

Fahqubit B fERRED B ME 1T BIRH AEE Mubititt, HRARNSRAF TURBEHZHA
REFRVEBIRMCE BIRIRIT , NTIREEEBE R,

LAUTRRBIER T tfAlqubits £ 3% 2 &L

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)

BTHMEZER , BSEALIEAR L Amazon Braket =l : £ GitHub QPU &% 9l & F this,

(® Note
HMOQCIRB{/ A X FREdisable_qubit_rewiring=True, FUIFEHRERN Truer
4 LAT41%: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.

B 7L Y

L RTERIgetti, lonQ= Oxford Quantum Circuits (OQC) HWE FIit EHl L ETE FHEER , RATSUE
TRERTERBENSTRWER , MEAFHTEMESR. FAZXRFHE , B UEEEARH
REE/NBE ( BRigettilonQ, FMXFOQC) , EANRBHINEBFIEIS D ( NFRigettiiF ) »
ERNEHEANSLERERIPNTREEN , REETUEEEREEETE4 LTI BRA
o Verbatim miFFEEATUBIXARELRCTRRKEZRFRIFLE , NMTBERENERTLER

RiHE1T.

. H1 Oxford Quantum Circuits (OQC) &% H 81X # Verbatim 4%1¥ RigettilonQ , ¥ EEEFEARE
1o ERAZFREN , BURERENHINEN , UBREEZENER |, qubitsH HBBREREHX
FHARY ] AT RONEBAINASEES R AR EZFNERESIE,
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device.properties.paradigm.nativeGateSet

3 FRigetti , BT & BdisableQubitRewiring=Trueh SEFRIF— ke HRKKXHAqubitEH 7
% . disableQubitRewiring=FalseMIREHRFFFEAZFICFEMNZE , NEFHERIFEXAKEA
L:/f ‘f-.ro

MRNEBEBATEFREEIHAEIIIFEFREN QPU £&B1T , MWESERER , RRESRTIIEFN
BREMSBESTEIM. EEUKBESHNE FRGREXISRIFRIE , ZUWEHT BISRXLERZ,
ERUTRBERN , XIFEFRFNRZFETN IFHRE.

from braket.aws import AwsDevice

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

FRAZRFIEFLEFATEEMEFANTEH, X T Braket QPU 8% . ZiAEHIFILEERIEE T
HETFES , BEEHEIRR Amazon Braket EMMHEA LIEEN LT RRGR, EXEZEE , ES
¥ Verbatim 43 RAEIELIZAK,

(® Note

MREFEA OpenQasm NOQCHIonQIRZRE BEE , H B H 2T B IR E RS B Y38
ETLb4s , WEERFH , R#pragma braket verbatim}y OpenQasm & T4 2B
#ZdisableQubitRewiring#r&o

R 7= AR
BRFULAHREEE | RITURE T A R E RS

device = LocalSimulator(backend="braket_dm")

SR LUEE MM S AR R

1. BT L EEERAY B
2. RAYIANERFT R , FEBIIBTEIARE

UTREIERT EATREERCRFENBEE X Kraus BB HY R £ BRI T E,
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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)
K = [EQ, 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)

SITEBNAFEREURMEE , AT REIFTR.
w1

task = device.run(circ, s3_location)

Or

R~ 2

task = device.run(circ_noise, s3_location)

BXEZRA , iS5 Braket AR ELLEERAI

K E B

AmazonBraket PR E FHEIEEE —NE R “ChntE” BB =. Moments® AqubitREEHAE —FB A
[IMoment, BMomentsEWRFEBREREKRTES TIut , HREMHNBEEW,
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® Note
RZBEERI BT QPU EH4T KT SERT AT [E .

EERAVRE R IZERPNEEREH, BUNEFT AR ENERREcircuit.depth , ELFR
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

LEERNEEEREN 3 (ERNANE0L, M2 ), BAUERESNESZMNMTRERR,
Moments B #4E 1 BEXHY F 5,

- ZARMomentsKey() , EB&HhrtBAIFEE. qubit
« ZEMNPEERNInstructions(),

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(@)]))

&4 0] LU BRI K [ TMoment s,

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]

]

==

Vi

R

4

Amazonff fAResultTypeMl EEEERT |, Braket AILLUREIRERBHLE R, BEATLURETHRAENLE
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« AdjointGradientiREIFTIRMNATMNENHEENEE (MESH ) . ZUMENREHEERN
DERBEESBXNREN BIREER. RBETE shots=0 A EEFEALL A .

« AmplitudelREHHEHBFIEEE FANIRIE. ©NESVIFMAELE EATA,

- ExpectationiREIAEAIMENKNHLEE , ZETUBIAEFHEN BRI 0bservabled K15
Eo. HIIBEqubits A TFNEFTMMNERN BFR , HEIEEEIFNBELTNE T AIMEN RATEHXTH
qubitsBE. MERIBEBHR , MAIMEXNRSFUNIE 1 LE1T , qubitH TR AqubitsFFrE B #7.

« ProbabilitylREIMEITEESHBE, MRKEEE , MProbabilityiREMEFEESH
B, MREET B, WUREEEqubitsE 6 & #9318 BREEE,,

« Reduced density matrixiREIRGHIEE B Frqubits FREMNBE R, qubitsh TIREILLER
AWK/, Braket 5 B i E R Flqubits h & % 8,

« StateVectorREIZERSEME, CAEAMELIE LFEA,

« SampleiR[E{EE B ARqubit ERM AT MERN RN E T8k, WRKRIBEBIR , N ATMWEI KATNIE 1
EZ1T , qubitH TR A qubits FRIE B¥r. MRIEET B , MIEE BN BESNET IMENR
ERMIEE. qubits

. VariancelREEE B #RqubitEE I 5 2 (mean([x-mean(x)1?%)) , HERE R L R AT
2=, MEXRIEEER , NWAMERNKMSFNIE 1 £iE1T , qubitFH1T R Aqubits T A Bir. &N , 38
ENBRBELNETAUMAITMENRHNHE, qubits

TR B IFWERRE .

A SV DM1 TN1 Rigetti lonQ 0QC
+
HEHTE B Y B & S & B
Amplitude Y Y = = = = =
HRLE Y Y Y Y Y Y Y
Probabili Y Y Y & =" Y Y
ty
RZEE Y B Y & S = B
(3
MREBREME Y S S = S B B
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N Y Y Y Y Y Y Y
HE Y Y Y Y Y Y Y
® Note

* Rigetti (N Z & % 40 HIBIR 4 R XK Hqubits,

FBALBIRERZRERREIFINERRE | MU T ROIFR.

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.jaqcd.program'].supportedResultTypes:
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=100000
name='Variance' observables=['x"', 'y', 'z', 'h', 'i'] minShots=10 maxShots=100000
name="'Probability' observables=None minShots=10 maxShots=100000

EiAHA aResultType , EBRFHEHMMBIBEF , ML T ROIFTR.

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[@])
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® Note

fflfRigetti , BLRRFNELERENERREM , MB L RBFMNEHBIRERER (Sl
lonQMOQC ) . SDK EER LR TNEREY , EXTRESERNEZE , ZBEERERITE
M. Hit , HMHAEHAIZEZIoNQMOQCHMNEL RHAMERENER , EATLREF XA
BHWNELR, BUUBIEELE RN Rmeasurements_copied_from_device EH ( &0
AXHFR ) RREERRBELIFHITE.

CIEESOE]
AmazonBraket @3 —/ Observable3 , ZEAATFIEEENEMINE,

BERZTUXNENNA—NAIURINWE—ES B, qubittIREFANHZ MRS 3 AT MERN
KIEENMEEHNRqubit, WEEIEEIR. At , KEFRHNESNE FHBEE LR ATUNE ,
Rt A B SN KERRERTE—MEFqubit, BIRZERATZRFHEFHME. qubit

BE R AR NEHRMAMENR ( TIEREBK ) » SumXFoIZEAEAdjointGradients
REBPFEAN,

Z0bservableX @FELL T ATMEI K,

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
print("Factorize an observable:",tensor_product.factors)
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# self-define observables given it is a Hermitian
print("Self-defined Hermitian:",Observable.Hermitian(matrix=np.array([[0, 1]1,[1, ©]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.+0.] ©.+0.7]
[ 0.+0.7 -1.+0.71]]
The matrix form of the tensor product:
[[ 0.+0.7] ©0.+0.j ©0.-1.j 0.-0.7j]
[ 0.+0.] -0.+0.] ©0.-0.7 0.+1.7]
[ 0.+1.7] 0.+0.j 0.+0.j 0.+0.7]
[ 0.+0.] -0.-1.] 0.+0.j -0.+0.3j]]
Factorize an observable: (Y('qubit_count': 1), Z('qubit_count': 1))
Self-defined Hermitian: Hermitian('qubit_count': 1, 'matrix': [[0.+0.j 1.+0.j], [1.+0.]j
0.+0.311)
Sum of other (scaled) observables: Sum(TensorProduct(X('qubit_count': 1),
X('qubit_count': 1)), TensorProduct(Z('qubit_count': 1), Z('qubit_count': 1)))

5%

HEAREEE AHSH , B ‘WiE-X—ETE2R NARERX Eb*%l#ﬁ'ﬁﬁ@fo HHZ
HERFHBEDBHNER , EUUERZENRKEELERBERENERITX S

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]

NTEXZNSH , BEAEEN (FAFHR ) RBEIEZESIAREEEN. HFiE8 , &£
FAdjointGradientERREITERE RN T AN ERHEETR.

AR NREZEINERSENEENSBERESHILERREEXEE , METHEETERERM
S BEERGTEHIR, AdjointGradientXRRAABMNARX NS HEFRERE. BSRUTR
il
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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

[ QPU MEMRERE FES

AmazonBraket N Z AN UEITEFESHRZHNHRNE, EULEMEBEREFES , ELAIR
BEEFESHAE,

QPU

B LABERY @ QPU R E 75 , 1B1%1E55 % Amazon Braket EHIBH “R&E” NHLERHNASE A
AMEORETT, EUAEARFES IDRREFESHER , T-IFNLHETNA.

* 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 ( {XPRFIT ) : arn:aws:braket:us-east-1::device/qpu/ionqg/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

EHlEE
- RESEEELIE , DM1: arn:aws:braket: : :device/quantum-simulator/amazon/dml
« RAEEERLLET , SV1: arn:aws:braket: : :device/quantum-simulator/amazon/svl

- SKEMEERLLET , TN1: arn:aws:braket: ::device/quantum-simulator/amazon/tnl
o AHbAEIUES : LocalSimulator()

(® Note
O LABUHAL T1ZCREATEDIRAH QPU MIREBRLBENE FEFS. N THREELZEFM QPU
B AR R AE HBUHIZQUEUEDME 7%, BEE , £ QPU TTHME D HAE , QPU
QUEUED E FESFT A T8ERINEUE
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AFTHA :

« Amazon Braket L& FESRHI

- @ QPURREBFHES

- FRAXMBERETEFES

- EFESHAE

- Z&E SNSBAH ( ik )

c RERFFHBR

Amazon Braket EHI & FES =B

AF N BT RPIEFESHENINER , NERIREZZNEFTE R, /£ Amazon Braket B E{ERER |
RNBNEE L EEEE EETHEE , flinsvi,

- EFRBILR

EERE
Bf , NENEFESRBIEERE. WRAIVADMEREESV,

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

BAUEBEMTAAERIRBNELEREML

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)])

RRETESRA
RRBERBEMUB LETHEFESRA,

# create a circuit with a result type

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

# add another result type

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

# set up S3 bucket (where results are stored)

my_bucket = "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()®WHEE CreateQuantumTask AP| BIRE 7%, EEENMBILEERL ,
B FESHRA , EBBRENERE LETEFES., EAHH | REESVI, REZKITE
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J& , AmazonBraket & &£ REAAAHTIEEMN Amazon S3 L&, RAHELIBEs3_locationzfh
WATIEREDBEENESH.

(® Note
Braket 2 FEHER KR &N 3MB,

RRXSBLES

Amazon Braket I BERIBI N A ELFZLUR QPU RXFERRESHIEERBSHNE, BB
WEMA to BWinputsSEkITIb IR Edevice. Tun() , AR RAIFF R, inputs A AR EFETS
NHFHE  HPBIRSHE,

SHERETURSERL QPU LTS HEBRNERE. RSRERENBTFESREIEEN
QPU BY , Braket FmiIFBEE—IX , REEFER. N TR -BDRNEESHEN , TEEHFEE, M
MR T AR ERNESNEITRIE, EHFLERN , Brakete B ERBHRHUREFRHENERD
RERSE  LBRREEERENER.

(® Note

FIERBBFPEFEFNES. ETHIRN QPU BXFSH % F , Rigetti ComputingBkH &
Oxford Quantum Circuits 12 F BRIk -

from braket.circuits import Circuit, FreeParameter, Observable

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

# create a circuit with a result type

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

# add another result type

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

# submit the quantum task to run

my_task = device.run(circ, inputs={'alpha': 0.1, 'beta':0.2})
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}§E shots
shotsS¥Is M R AT ERIN )X Bshots, BMZ LB EBESVIZEFERMFEER,

« XIF shots =0, BEIBMITHEIEL , BEFELREXENERE, (FEATINT. )
« X TFHEFEshots , (FEBRS M H D HRFLEIUEL QPU HishotkF, QPU REMNAIF

shots > 0,

BXENEFESHEASIIRNES , 15519 Braket EL&,
BREZER
M4TEImy_task.result() , SDK FERLEAEZE FEISHNENNSHRNER

« poll_timeout_secondsREZRFELIZRMN/H QPU RE LIZTEFESH , EEFESENZH
FNEBITHRIANHE. BRIAER 432,000 % , B 5 X,

« IR X TRigettiMz KM QPU R&ElonQ , HATEWERE HILRAVATE . 20 5R Y5 1) A B [E) K
B, N TEERANBRIREE R, a0, = QPU FATAR |, 2IRE 4B H#HiR.

« poll_interval_seconds@XEFESZHITREHINE, TIEE T HEREELZEN QPU API &
ZLEETEFAESE , IRE XA Braket LUREUIRAS. BIAER 18,

EMRINITETEAFLZTAN QPU RBH#ITRE, fl , EEREFTERR , REAETA
o

BEMNERTE - RISEFESHXRNTHE. EUUERAUTRTRENELER

print('Measurement results:\n',6 result.measurements)
print('Counts for collapsed states:\n',6result.measurement_counts)
print('Probabilities for collapsed states:\n',6result.measurement_probabilities)

Measurement results:
[[101]
[0 0 0]
[1 0 1]
[0 0 0]
[0 0 0]
[0 0 0]]
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Counts for collapsed states:

Counter({'000': 761, '1@1': 226, 'Q01Q': 1@, '111': 3})
Probabilities for collapsed states:

{'101': 0.226, '000': ©0.761, '111': 0.003, '010': 0.01}

BB RHE
HT&EEE TResultType , RLEAUERREMNE R, SRRBZFNBBEXPRITF HI,

print('Result types include:\n', result.result_types)
print('Variance="',result.values[0])
print('Probability=',result.values[1])

# you can plot the result and do some analysis

import matplotlib.pyplot as plt

plt.bar(result.measurement_counts.keys(), result.measurement_counts.values());
plt.xlabel('bitstrings');

plt.ylabel('counts');

Result types include:
[ResultTypeValue(type={'observable': ['z'], 'targets': [0], 'type': 'variance'},
value=0.7062359999999999), ResultTypeValue(type={'targets': [0, 2], 'type':
'probability'}, value=array([0.771, 0. , 0. , ©0.229]1))]

Variance= 0.7062359999999999

Probability= [0.771 @. 0. 0.229]
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700
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100 ~
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bitstrings

[ QPU RXREFHESH

AmazonBraket 2 F¥RTE QPU &% LIZTE FHEE. UTREIEANAERIgetiHIonQIRZFRRE T
£%.

£ Rigetti Aspen-M-318% , AREFHXNERE

# 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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FRARER

I6I:
l7l:

'11':
'12':
'13':
‘14"
'15':
'16"':
'17"':
'20':
'21"':
'22':
'23':
‘24"
'25":
'26"':
'27"':
'30"':
'31':
'32':
'33':
'34"
'35':
'36"':
'37':

['s', '7'7,
['e', '6'1,

['12', '26'],
['13', '11'],
['12', '14'],
['13', '15'],
['2', '14', '16'],
['1', '15', '17'],
['16'],

['21', '27'],
['20', '36'],
['23', '35'],
['22', '24'],
['23', '25'],
['24', '26'],
['11', '25', '27'],
['20', '26'],
['31', '37'],
['30', '32'],
['31', '33'],
['32', '34'],
['33', '35'],
['22', '34', '36'],
['21', '35', '37'],
['30', '36'1}}

BIHEMY F B connectivityGraph@ & B X HBIRigettiiR FiEZEMNE S,

1%£$#lonQ Harmonyi% &

¥ FiZlonQ Harmonyi% % , connectivityGraphAZ , MM T REIFAR , BAZEZFRES T NIE
#, FIt , connectivityGraphFTEEFMIHA,

# or choose the IonQ Harmony device

device

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

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

{'fullyConnected':

True, 'connectivityGraph': {}}

[ QPU RRXEFESH
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WMEATREIFAR , MREBEFREERAFERBUANEMAE |, W AT LUEERE
®poll_timeout_seconds ( BRIAE =1000) . poll_interval_seconds ( ERIA =432000 =5
Xs3_location). (BRiA=1) 1 S3 EHEMEHLE ( ) - shots

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

lonQARigettiiR & < B RENBREFHNEENRETRE , FHRFHRqubitZE 5| RFEIHE N
QPU qubits LHY¥I3EZE 5|,

(® Note
QPU iﬁ%ﬂl‘]‘giﬁﬁﬂo ‘ l %E % E'JLlEﬂ—_f éi-&o

AmazonBraket AILAEHSEMN AT AME ONEZET QPU EFES , BERMAT LN (2XR ) EXE
FES , BAFEHEBNNBEN T REH I EFEEMMN S3 FHEP, N —TR , {RATLAE
FAAwsQuantumTaskFf{RIE—ME FF5 ID RIREMRHNEFES,

ERAA B ERESTEFES

BU LN E FESEERETAMBESS , SUHTRERERITMNIRL, ESEENAIREdE
T, AEBEEERTE Amazon S3 VB, EREREELNLCFHERZITEHRN., EEXRMBERLEZET
EFES , BREREshotsSEHENT],

(® Note

7R 1th 32 $0L B8 AT AL B qubits KV I 1T IR E M & K BHEBUR T Amazon Braket £ 12 AL I B 5 2
Hh BB LA

UTHS2BER  ATROACRSBE (TRT ) S,

# 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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FRARER

device = LocalSimulator(backend="braket_sv")

REERU TR TETETFES.

my_task = device.run(circ, shots=1000)

EXFHULRHZERER (BRF ) fESR , BEREERUTARXERGR,

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

EAXR#pER ENERENE FLLE

BEPRS R EBEL RN B ZEEF M ESRXFETHRRE  £X

£ XEERABSMNE.

Bl ETEMNRES , SBaLeZ— I MNEFH4EHEig , HAE
EfHHEMmeasurelE RN ESE —/NE FLL4E,

# 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)

Lk, JUNERENE ST

Ree B BRI AIN—5&HH B4R

ARG EERETEFES
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B TESHAE

Quantum £S5 #ALE AI#E 8 & Amazon Braket iR& LA |, AbiELIZRERI . #AAEN T HEZFEN
2 (TN1HSV1 ) LETHEFESEINER , EAEIUUARHITLESANEFES. N THBERE
EMEFES , Amazon Braket 2t 7 RfIE 1B,

BUABAFEHATEIEFES. flm, MRREHITEZEINEFESHIUTE , HAXEETFES
PREBAEMY  BAEARLERNMTFES, X, BRI LSFE-HEFESEREBET KBS —
BiES.

LT REIERIMAEIT - EFES

circuits = [bell for _ in range(5)]

batch = device.run_batch(circuits, s3_folder, shots=100)
print(batch.results()[@].measurement_counts) # The result of the first quantum task in
the batch

EXEZEER , BSEEAX Quantum EE#EAE R Amazon Braket =~ , EFEEGX#AENE
ZEB{KER., GitHub

KXTEFESHAEMAA

XTEFESHEEMITRAAE , FloE-LEEEW

« RIANBERT , EFESHABERETENREFES LK 3 Ro

o —HKENZETHEFES (qubitsBlin SV1 34 for ) AIREAFESRHNRAR, EFHE—HE
Frun_batchEHzhl , BFHHFARESEE. RN TEWTINIBEEArun_batch,

o TNTHESGM B AMMNES AR ERZA (AXESEE , BZHE TN W ) . B ERATESE
AR | H e FR AR AE 6 A A L AL BB AT Y “max_retries” JXBIZIE S 0TN1 ( S Quantum Task
Batching , 28 186 1T ) »

E TFES#HEAER PennyLane

£ Braket PennyLane EfEARY , Bl % Eparallel = True3kfl{t Amazon Braket i% & #Y A |
FA#EA B Amazonfi sy , LA RBIFT 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 FEANGIER

AR BN EZEE PennyLane , S & F R HITMRAL,

ES R ENSHIC R

ERRXTDESHILERNE FESHLER , BAIURM—NinputsFE ( ATHXFHAEEFE
%) wAREHE-DlistAFH , EXMERT , 1%-th FHRER-th MESEX , WA T RGIFRT

o i

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

# create the free parameters

alpha = FreeParameter('alpha')

beta = FreeParameter('beta')

# create two circuits

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

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

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

# use the same inputs for both circuits in one batch

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

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

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

RN ENSHERERAATHIIR  RAEHHENEFESHEBRR, NRIKRFHEN M
AFH MZHRETENNEFES. iIZEn NEFESHETEALEt M AFERRITH R,

from braket.circuits import Circuit, FreeParameter

# create a parametric circuit
circ = Circuit().rx(@, FreeParameter('alpha'))

# provide a list of inputs to execute with the circuit
inputs_list = [{'alpha': 0.1}, {'alpha': 0.2}, {'alpha': 0.3}]
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tasks = device.run_batch(circ, inputs=inputs_list)

RIE SNS BA ( Ak )

A LUEN L T b a7 22 B AR SS (SNS) Simple Notification Service IR EBEH , LA{EFE Amazon Braket
EFESFERNKERE, MREMITEFNERE , WENBHAREA ; Hl , SLRIABEEFE
SHRERZTAMBEOZNREREFESH, NMRETEEFEFESTR , MATLLHEE SNS BA,

AmazonBraket E1IE ARG5S EBERRELTR. BEXEZEE , H5H LA Amazon Braket R~ 4l
GitHub , 32 B FiREBHNHE LA RHI,

RERFE B
e R AEREAFIRE LETH , SAN TESORATTERTREE , FIGLEE THRT QPU XHHY

AT RERFRNEEREXN TRIRENEEEA. BUUER TENRIBERXF SR EERigetti
MOQCK®,

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

task_result = task.result()

compiled_circuit = task_result.get_compiled_circuit()

® Note
ms , BILEEEESHENIONQIREZ B,

5 OpenQasm 3.0 iZ1TIRIVRE

AmazonBraket I EXFATE T THNE FRZMERLEEH OpenQasm 3.0, AAFEREHRHTAEX
Braket X3#%#) OpenQasm 3.0 FEMS B, Braket & I1E o] LUk IR F B2 FF & T E 2R3 Braket
ERE | th ] LAGE AL 55 Braket APl #1 Amazon Braket Python SDK B FIEE T2 IRE
OpenQasm 3.0 F#&F &,

AEFMPNEERS|ISETBAATERATEFESHNEMRA,

« EAEH Braket 8% LAIEFIER OpenQasm EFHES
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REREN AT RERETEMH/I N

R EFRREME REKE
£ OpenQasm &R =

1£ OpenQasm R FERZEFimF
&R OpenQasm [B] 73

TEZSHRNVERE,

ATAR :

£ 4 £ OpenQasm 3.0 ?

ARt 55l OpenQasm 3.0

OpenQasm 3.0 9 T{EJR I8

FREH

Braket x5 HLE OpenQasm IHAE ?

B2 12X 7Rl OpenQasm 3.0 B F1F5
ETR[EHY Braket 8% £ X OpenQasm
£ OpenQasm 3.0 HLAEF=

QubitfE OpenQasm 3.0 EH 4k

{#F OpenQasm 3.0 #{TEFHIF
Braket 2% &

EZHIR

{8 OpenQasm 3.0 it E#E

£/ OpenQasm 3.0 MERENEFLIE

f+ 4”2 OpenQasm 3.0 ?

, X LEThEE AT LUEE Braket £HY OpenQasm 3.0 353 |, Hi24

FHEFLHES (OpenQASM) REFETHHERTFER. OpenQasm 2 —NFRER , T ZAT
ABETITNEENEFERF. A OpenQasm , AFTUNHKRE FITEERNEFIFNERE

HITRE. TEZETREFEFEALIRZAR OpenQasm (2.0) RKEREENERF,

FTARZAHY OpenQasm (3.0) ¥ B T ZBIMIMRAS |, 80T EZIhak

TR, LAERAAF RENBAFRIES <RANWEE, HFIRZE 3.0 WiFAE2MABETE GitHub

, Blanpkop e R, TIE R M B2
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OpenQasm 3.x Bt MIEH K E|, OpenQasm KIFKRKAXBH OpenQasm 3.0 ERESZRALERE | X
ZR25 BM, MBNEHHAERAF—E AWS BZZEALHAA,

fATEt A OpenQasm 3.0

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

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

OpenQasm 3.0 By T{E/RIE

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

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

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

FRF M

E1£ Braket Ef£H OpenQasm 3.0 , YR#4Z1F Amazon Amazon Braket Python Schemas BY 1.8.0 ki
X 1.17.0 S FE SHRAHK Amazon Braket Python SDK,

MREREHXRER Braket WAF , MEZEZ A Amazon B Amazon raket, Bx i , HSHE A
Amazon Brak et,

Braket X ML OpenQasm Zhak ?

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

« X#EH OpenQasm FIERH

- X#H OpenQasm &4

« Braket openQasm miFiE =

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

Braket X LA T OpenQasm $#EZ A, Amazon

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

(® Note
pi & OpenQasm FHHNEFEE , TeEAESHE .

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

X ##H OpenQasm &4
Braket X #FLL T OpenQasm i&fl, Amazon

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

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

(® Note
R & XIFWITATLAE OpenQasm RN RZBMER KT ; FAXEIFEEEMAEL.

- BFIERFEH, BEl , RINFXBHAEFENBERTE, REKRTMEMAEqubits T BHRIEZE F 18K

EF,

#pragma braket verbatim
box{

rx(0.314) $0;
}

« fEqubitsZHENqubitEFFER L# T E NN E 5 B,
- measure $0;
* measure q;
* measure q[0];
* b = measure q;

* measure q # b;

(® Note
pi & OpenQasm FHHNEFEE , TREAESHEWN.

Braket openQasm 4mi¥1E T
Braket X% LT OpenQasm &R RIES. Amazon

- BERERET

Braket x33 L OpenQasm IHAE ?
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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
* Verbatim pragmas
* #pragma braket verbatim
- ERIRBERFET
- BEBATLERER .
- JRIAM@EE : #pragma braket result state_vector
- BREE4ERE : #pragma braket result density_matrix
- BEUWESSARER

o PEREMIE : #pragma braket result adjoint_gradient expectation(2.2 * x[0]
@ x[1]) all

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

« HFZ= : #pragma braket result variance hermitian([[@, -1im], [1im, @]])
$0

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

(@ Note
OpenQasm 3.0 [E/53&%A OpenQasm 2.0 , HLLfEA 2.0 &wEH R 0] LAfE Braket £i517, 1B
% , Braket 5 OpenQasm 3.0 BV IHREHSRFE — L WIMMViBEESR , 10 vs F qreg v
cregs. qubit bitMEEFEZHEER , FEAEWNIEERIIFIXLEIEE,

A8 L8R EXF OpenQasm M SR eEX

LocalSimulatorXF &% OpenQasm IhaE |, IXLEINEETR B EN Braket By QPU SIZFE LT —
oM. UThEESIRMNIERZ T FLocalSimulator :
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- KRiNBkes
« OpenQasm AE K]

. ZHTE

Lo

- RHEH
« EFIKI]

. ZBRE
- QASM X ¥
- FHIRE

BRBNSRPENTRA  FSHALRHIZIEE, BX7TEN OpenQasm ME , iF1AIF O pen Qasm
2

S EFWIRERNIE L OpenPulse
X # OpenPulse Ky ErIESR A
REFR

cal {

}

Defcal 73t :

// 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 {

B3R .

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

R

// prebuilt
waveform my_waveform_1 = constant(le-6, 1.0);

//arbitrary

waveform my_waveform_2 {0.1 + 0.1im, 0.1 + 0.1im, 0.1, 0.1};

B E SRR B

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

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

defcal my_cz $1, $0 {
barrier q@_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;
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c[0] = measure $0;

EEROHRA

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 H R 3 R~ OpenQasm 3.0 EFHES

YRATLAE A Amazon Braket Python SDK, Boto3 = boto3 @ Braket AWS CLI %123 OpenQasm
3.0 Eff£%. Amazon

EHRE :

+ —/\ OpenQasm 3.0 F2 ) =4

« {4 Python SDK 2 OpenQasm 3.0 & %
+ {4 Boto3 8|2 OpenQasm 3.0 EFESF

« {EABIE OpenQasm 3.0 %% AWS CLI

—A OpenQasm 3.0 F2F#Y R4

E 82 OpenQasm 3.0 55 , IRALUM —/MEEH OpenQasm 3.0 i+ (ghz.qasm) 714 , ZEFA
L% GHZ %S , AT RBIFR R,

// ghz.gasm
// Prepare a GHZ state

OPENQASM 3;

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

h q[e];

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

C = measure q,

A Python SDK €17 OpenQasm 3.0 E 7%

B AE A AR BB £ A Amazon Braket Python Fi#47F & T E a5tk F 12 RX F) Amazon Braket 1%
&o

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

# import the device module

from braket.aws import AwsDevice

# choose the Rigetti device

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

program = Program(source=ghz_gasm_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,

{# /A Boto3 #12 OpenQasm 3.0 EF{F%

YRt a] LAE ASE A T Braket BIAWS Python SDK (Boto3) {8 OpenQasm 3.0 ZF LB E 715 |
WA T RBIFTR. ATRBHESIAT ghz.qasm , BEE T GHZ R , WM LEFIR,

import boto3
import json
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my_bucket = "amazon-braket-my-bucket"
s3_prefix = "opengasm-tasks"

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

action = {
"braketSchemaHeader": {
"name": "braket.ir.opengasm.program",
"version": "1"
},
"source": source
}
device_parameters = {}
device_arn = "arn:aws:braket:us-west-1::device/qpu/rigetti/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_azrn,
shots=shots,
outputS3Bucket=my_bucket,
outputS3KeyPrefix=s3_prefix,

{# F 812 OpenQasm 3.0 £ AWS CLI

AWS Command Line Interface (CLI) : AT F# 3 OpenQasm 3.0 i , LA R RBIFT 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": {
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"name": "braket.ir.opengasm.program",
"version": "1"

},

"source": $(cat ghz.gasm)

} 1

T [ERY Braket %% £ X #F OpenQasm

X F %% OpenQasm 3.0 k% , ZactionFERXIFEIGetDeviceMRBIMITHIRME , ZABLT
RigettiFllonQi% & K R BIFT R o

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

//0penQASM as available with the IonQ device capabilities
{
"braketSchemaHeader": {
"name": "braket.device_schema.ionq.ionq_device_capabilities",
"version": "1"
I
"service": {...},
"action": {
"braket.ir.jaqcd.program": {...},
"braket.ir.openqasm.program": {
"actionType": "braket.ir.openqasm.program",
"version": [
nqn
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M FZHFPIEFHNIRE |, ZpulseFBREREGetDeviceMM A, LT RHIER T RigettiFlOQCE

M tpulse=FE,
// 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": {
"go_ff": {
"portId": "qgo_ff",
"direction": "tx",
"portType": "ff",
"dt": le-9,
"centerFrequencies": [
375000000
]

EREH Braket %% £ X OpenQasm
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}I

},
"supportedFunctions": {
"shift_phase": {

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

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

I

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

}

]
},

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

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

EREH Braket %% £ X OpenQasm
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FRARER

}
}
// 0QC
{
"pulse": {
"braketSchemaHeader": {
"name": "braket.device_schema.pulse.pulse_device_action_properties",
"version": "1"
},
"supportedQhpTemplateWaveforms": {
"gaussian": {
"functionName": "gaussian",
"arguments": [
{
"name": "length",
"type": "float",
"optional": false
I
{
"name": "sigma",
"type": "float",
"optional": false
},
{
"name": "amplitude",
"type": "float",
"optional": true
I
{
"name": "zero_at_edges",
"type": "bool",
"optional": true
}
]
},
},
"ports": {

"channel_1": {
"portId": "channel_1",
"direction": "tx",
"portType": "port_type_1",

EREH Braket %% £ X OpenQasm
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"dt": 5e-10,
"qubitMappings": [
0
]
},

},
"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

]
iy

iy

"frames": {
"q@_drive": {
"frameId": "q@_drive",
"portId": "channel_1",
"frequency": 5500000000,

"centerFrequency": 5500000000,

"phase": 0,
"qubitMappings": [
0
]
},

}I

"supportsLocalPulseElements": false,

EREH Braket %% £ X OpenQasm
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"supportsDynamicFrames": true,
"supportsNonNativeGatesWithPulses": true,
"validationParameters": {
"MAX_SCALE": 1,
"MAX_AMPLITUDE": 1,
"PERMITTED_FREQUENCY_DIFFERENCE": 1,
"MIN_PULSE_LENGTH": 8e-9,
"MAX_PULSE_LENGTH": 0.00012

BENFRFARATUATRE

wa

HIRTE QPU LFBHMTHIAE (extern) REHO , UREEHOANMEREM, LEMTSIHONAE

Ll
Uy

A#EMEFA N A/ IRXAI0penQASM 3.0 FF I BERIRIAR, WwHANEMEESRE

#01D (%0 D)

« 7£ OpenQasm 3.0 A E AN FRIRAFH I O B FFo

J3ME (73 )

- BOMNAE, EImgOa@mPkor (A6 %) , mllEiEO88R (A8 wx’)
IwOKR (EROKHR )

- IROARMBRESRR (Flan, TW3h, WK ff-fast-flux ) »
Dt (dt)

- ¥R BMNHEE , RTEAEERD LB ENRENBES K,
E FLEBET ( QubitMappings )

- BEEIROXKNE TS,

FUOSRER (RO )

« w0 EFARTEFASAPE XM EXPOMRIIR, BXESER  FSAER.

QHP % E & £ (q SpecificProperties hp)
- —KAEME , FANABEX QHP BHERONAERE 4,

LR -

EREH Braket %% £ X OpenQasm
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HHRTE QPU L EBRMTRHI S ZBMUA R SiX iR E . tEwHh I HOFmEmMETEEE AR
BRHI0penQASM 3. 0FFHHBEMINERF. ERNWHMEMIIE -

. Wi4RS (framelD)
 7£ OpenQasm 3.0 FFE AN FRIRFFHI A #Ro
. 0D (%0 ID)
- ERHXBEBE4RO,
« SR (R )
- IR BRINF R IM R,
o FULSRER (HRORR )
o WHIRTENP O, BE , REEFmREIPOARFAENISET . Bt , MR FBRREFEF
DIRNAEEECZN, BAUERIESHPREFREE.
- BB (MR )
o MR BRINFDERRN ER o
« XEX[] ( AssociatedGate )
- SHEMRERE KT,
- EF 4SS (QubitMappings)
- SLREMMRXHEFLHRE.
- QHP % EE ™ (q SpecificProperties hp)
- —KAEME , FANBEXREET QHP MK ERE4.

SupportsDynamic& 2R :

HRR B A ERBPEAMcalHi@iZOpenPulsenewframeEdefcal [HEM, MRZERN
false , WRBEEERFPEAEREHP I HNESR,

SupportedFunctions:

BR T 45 EOpenPulse NI XX S8, SHEBMRERB 24\ , EERRZZHFNEYR. EEEFEH
iX 0penPulse B E B R HI , S B OpenPulse 3B, Bl , Braket X35 :

- B

- BRIEEENMAECED)
» set_phase

- FMEELIRENIEEE
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- Bm=E
- REEEBImMAME
- REHE
o FHSIRIE N e EE
* play
- BRI
 capture_vO

R N ERE R EFFER

SupportedQhpTemplateWaveforms:

iR R g LA R RBLARERNSEFER, BIAMERT |, Braket Pulse AR & LR
MAERENREAE | el

i

¥

Constant(t, T,iq) = iq
TREFEHNKE , igR—1MEH.
def constant(length, iq)

Hy

ot

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

TRRENKE  ocREHNEE , ARKRIE. NRIRENTrue , WZaENSHHTRBMEMMEN , £
HERENTANEGERASETE , ARFKKE, A

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

DRAG Gaussian
PDRAG Gaussiantt 1 0.0 A | Z2qF ) =

ey (- 95 [exp (_% (t—jf) ~ ZaB x exp (-1 (%)2)]

EREH Braket 8% £ %1% OpenQasm 1%
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TRRENKE  ocREHNREE , BREHSH , ARKRIE. WRIREZaENTrue , NRBHEHE
RUINI] (DRAG) Gaussian S ER , FEERENTXNERLSETE , IHBHIEEHEK
B, ABXBEDRENESZEER , HSH paper 83X CHBRFFIEL M E F LS HRIRA B2 50T -

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

SupportsLocalPulseElements:

iR TR (FlmigO, MAKERE ) EEATAEdefcal kAR E L, MRERNTalse , A
HUcalRIEAENTHE,

SupportsNonNativeGatesWithPulses:

BRBINRETLLNERE TSP EFESER, Al , MEFRERNFIERNE FLLEE X
I1&H , BIVRTEEBEFFNI T —HFERAIERLE ], defcal{RAIAEIREZEIET A EREIREE
nativeGateSet4A%l&R,

ValidationParameters:
iR THRUED R |, 2F

« BRIENBAREBR/RAIRIEE (EEMALHE )
« PR OMBH R AIAREI (LA Hz R )
o BRADBOPREAFEREE (AN BN )

o RABKPREAFEREE (AN )

OpenQasm XFHIRIE, ERNEREKR

ETHEARIZE I OpenQasm 3.0 ThaE , TS ERB M HactionFBRH

Mbraket.ir.opengasm.program#4f, i , LAF 2 Braket RS REBHEBRSVIZFHHNRENSE

RRA,

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

}
"braket.ir.openqasm.program": {
"version": [
Il1.®Il

EREH Braket 8% £ %1% OpenQasm 1o
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1,
"actionType": "braket.ir.opengasm.program",
"supportedOperations": [

"ccnot",

"cnot",
"cphaseshift",
"cphaseshiftoo",
"cphaseshiftol",
"cphaseshiftio",
"cswap",

cy,

cz",
Ilhll’

i,

"iSWap",
Ilpswapll ,
"phaseshift",

rx",

ry-,

rz",

STy

"si",
"SWap" ,
Iltll

7’
Iltill

’

IIVII

7’

vi",

X,

xx",

Xy,

Yy,

Yy,

z,

1,

"supportedPragmas": [
"braket_unitary_matrix"

1,

"forbiddenPragmas": [],

"maximumQubitArrays": 1,

"maximumClassicalArrays": 1,

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

zZ

EREH Braket 8% £ %1% OpenQasm 102
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"range",

"rangeWithStep",

"slicing",

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

{

"name": "Sample",

"observables":

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

1,

"minShots": 1,

L

"maxShots": 100000

"name": "Expectation",

"observables":

X,

Yy,
"Z",
Ilhll’
Ilill’
"hermitian"

]I

"minShots": 0,

L

"maxShots": 100000

"name": "Variance",

"observables":

X,

Yy,

z,
Ilhll’

i,

L

EREH Braket %% £ X OpenQasm
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FRARER

}I

"hermitian"

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

},

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

.

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

}

{
"name": "AdjointGradient",

"minShots": 0,

"maxShots":

0

{#F OpenQasm 3.0 g S

EEA OpenQasM3 BRI FE |, EA AERRIFERRPINREZER, Flw , EEL 2 ATRHER

GHZ 2 FHIEF A |

// ghz.q

asm

IR

AN

// Prepare a GHZ state

OPENQASM

qubit[3]
bit[3] c

h q[0];
#pragma
#pragma
#pragma
#pragma
#pragma

3;

q;

’

braket
braket
braket
braket
braket

noise
noise
noise
noise
noise

depolarizing(@.75)
depolarizing(0.75)
depolarizing(@.75)
depolarizing(0.75)
depolarizing(@.75)

AT LR R LA OpenQasm 2F.

ql[@] cnot q[0@], ql[1];
qlo]
ql[1] cnot q[1], ql[2];
qlo]
ql1]

f# /A OpenQasm 3.0 #ElIgE 7=
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C = measure q;

AT HIRIBM T FIE ZIEM pragma &5 iz ERFHI MK

#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>, ], ...]1, [[<complex ml_00>, 1, ...1, ...)
<qubit>[, <qubit>] // maximum of 2 qubits and maximum of 4 matrices for 1 qubit,
16 for 2

" HTRIER

RNTER Kraus BERF |, BAULLEF IR | MEMHIEBNINTEITNRAERRIER,
£/ Kraus EBE&FR , HI2EUTILA :

- HIBBqubits TEREN 2, B0 E M HTE R E T MRS

- BEOIROKESMR 8 WER, XEWET R 2x2 BHEA R,

- BEERBE 24 7™M _qubits 4EBE, XEWKE 18 4 MERqubitFl 16 MERFRR 2. qubits
- FIERMNERSR RL ETLERE (CP TP),

- Kraus EEHRE#BEHTNRATERMEH — MR GERE.,

QubitfEE A OpenQasm 3.0 EF A4k

AmazonBraket X #FRigettii% % E# OpenQasm PR Y Equbitff=S (ETHREZELR , BSHRMKR
H ). FMERZqubitsEXRENEMMERRESEAR , FHERqubitsE 1 2EZRMMERE L.
HE , MRBAqubitFE:E , WEIAERT , Rigettiig & &3 A PARTIAL EF ML K.

// ghz.gasm
// Prepare a GHZ state

QubitfE A OpenQasm 3.0 EF Lk 105
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https://github.com/aws/amazon-braket-sdk-python/blob/0d28a8fa89263daf5d88bc706e79200d8dc091a8/src/braket/circuits/quantum_operator_helpers.py#L94-L108
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https://pyquil-docs.rigetti.com/en/v2.28.1/compiler.html#naive
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OPENQASM 3;

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

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

£/ OpenQasm 3.0 #HITEFRIF

H{R#ERigetti. OQCHIME FITEHN LiZTE FHEEIonQ , RAILUERERRTLERRE SLETR
RYERRE , MAFTHITEMER, LLIIBEMNEFREFE, £ Rigetti % , LA UEHBIEEEREN
NE , BEAREBNEE , EANRETHNEERD ., EAREFTENEERD , REEEREXEAE
RER4EKT. BEl, lonQH HOQCXXFHENBENEFHE , ALBERFNERETHREELSHE
BFIEFEF,

£ OpenQasm , BALER — SR BB REARETBHERFEZHRKICHRBELEEZEFHFE
To ATFREBBRABIGEA T a0 EMA#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[0] = measure $0;
c[1] = measure $1;

EXETHENESEL | BSH Verbatim HERAL A,
Braket ##l|&

OpenQasm 3.0 57 A , AT LAfE Amazon Braket 2§58 1TEE, EiEFA L , fR7E OpenQasm
30 RREFAESHARSERMEEFESHAERIER,

f# /A OpenQasm 3.0 HITEFHF 106
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Amazon Braket FEANGIER
BEZRIR

OpenQasm 7EFTH Amazon Braket Xig &8 a]

B KTt Braket EF ¥ E R OpenQasm BWEIEA R , 1§51 Amazon Braket #¥E, GitHub

£/ OpenQasm 3.0 it E#HE

Amazon Braket X156 F fEBE 0 EEshots=0 ( 5B ) ERX T EREELB[F AR ELET EiTE#
E. ZaUREEYNRFERIREEETENBE , AT REIPFT.

OPENQASM 3.0;
input float alpha;

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

h ql0];

h q[1];

rx(alpha) ql[0];
rx(alpha) q[1];

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

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

BALBEBIIHFIAESEH , B A ERFERALIFEE, XFUUHESIHNAELInputS XK
E. S2BBEFEZHR , XARRAE, EXHERT , FiFEERIEUT LT R,

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

THEPAAETMMRE  SFENMZES. KER., Hermitian IMAEM, SUnEAFRITEHRENZE
oM REexpectation( ) HESEF , HALITEES NTERNE T L5,

£ OpenQasm 3.0 MERFENE FLLIF

REPRS R EE LN B EE EREMFH ERIFHERX N B B E T 4% F R OpenQASMEEF
XBEEERTABONE. Flm, EUATREF , EAUGE-INEFLEFEE , ARRNEE-—IE
F 4.

partial_measure_gasm = """

ELZRR 107


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

Amazon Braket FEANGIER

OPENQASM 3.0;

bit[1] b;

qubit[2] q;

h ql@];

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

BERNEFHEqLO] , q[1]1ERINNEXERNMEE FH45 0. b[0] = measure q[0] M , EAR
RSB EELR LETUATES,

from braket.devices import LocalSimulator

local_sim = LocalSimulator()

partial_measure_local_sim_task =
local_sim.run(0OpenQASMProgram(source=partial_measure_gasm), shots = 10)
partial_measure_local_sim_result = partial_measure_local_sim_task.result()
print(partial_measure_local_sim_result.measurement_counts)

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

B BEIREIREIEREFMNrequiresAllQubitsMeasurement 2R ERZ 2B IFL L
ME ; MR RFalse , MXZFIHHONE,

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

XE8 | requiresAllQubitsMeasurement2False , XRAHFFAEE FLLESMAITHITNE,

£ QuEra's Aquila X #E#T B

ATRM T AxAquilait BN I EEN £ XA4QuEra, ANEENFAFENT 1) SEILKBRBRTHE
Aquila , 2) AHS BFZ¥ , 3) AHS ERNEA | 4) BE VS8 AquilaRATEIEER Ctri+F XEREBERK
ERSEHRIBEXNS .

Hamiltonian

Sk BWAquilatl B R HLQUErat&Z LA T ( EREAEXN ) REMERE !

N N J 1
H(t} — Z;rzl Hdri'l.-'e._l.: (t) + z;:lzl H]oca,l detuning, k (t) N Z,{ | 1[m:h!. Jel

f# /A QuEra's Aquila £X&E#T B 108
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® Note
T [A) A< 3 2K 18 = — ISR IR 4 Th 8E |, W@ Braket Direct B3R5,

He

* Hanvex ® =20 1) e s+ 7150 () e ™9 A gopar (tp) n) .«
- Q(t) RENBERICNLBESIRIE ( XE Rabi AR ) , B4R (rad/s)
. (t) RRERBEECHEFAEMY , IER £
LS FIS. RET K WERBENABEEMS (EEKP =| 149, 1=, TNR S =lgr] , S=(5.) t =lr'g| ) -
o AT gopal (t) REER HZLH 2B %
* ng BREF K NEBABRSHRESER (B n=|rr)

* H iocal detuning k () =2 jocal A (1) h N «
o AT ocal () RREBMBHNZERF , £A (rad/s)
* hy BESMBEXNEF , B—MNT 0.0 1.0 BN TENHK

* V vawki =Cel(di) Sy,
« Co BBEELRI , BN (rad/s) * (m) "6
c d BREF KA ZEBRILEBER , BURNEAL

FA P AT LAE3S Braket AHS 72 7 R #3125 A T S8,

« ZHEFHN (BNEF KB x My 245, lum REN ) |, EEFIRNEFERE d M
k,=1,2,...N

- Q(t), BEREE{LHNL/E Rabi 51%E |, 2415 (rad/s)

o (t), BERRIZT{CNLBEN , BAH (rad)

© AT giopal (1) , FEERIZICH LB LA , B4LHA (rad/s)

o AT joca (1) , BEKIEEENRER BT (£F ) BF , £LR (radls)

« hy, BERRIKIEEN (85 ) S EXHWET , AT 0.0 M 1.0 ZENEENHF
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® Note

RAPTERFSRBLRS (BNS_. S, n 2ERFREEMN ) ., hFTEEH Rydberg-
Rydberg XRER# (C) WEE. ¢

ZZR AHS TR 4R

braket.ir.ahs.program_v1.Program 3 & ( =4l )

Program(
braketSchemaHeader=BraketSchemaHeader(
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')]
),

X IR AHS F2FEEN 110
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pattern='uniform'
),
detuning=PhysicalField(
time_series=TimeSeries(
values=[Decimal('-54000000.0'), Decimal('54000000.0')],
times=[Decimal('Q'), Decimal('0.000001')]

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

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

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

JSON ( R4l )

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

},

"setup": {

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

X IR AHS F2FEEN 111
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I
"hamiltonian": {
"drivingFields": [

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

X% AHS BFREM
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FEFR

EFRFE type description

1% B .ahs_register.sites Hlsk [Pk [TE#E] BEFREREFH=
HLIREE

1% B .ahs_register filling HlZ% [int] A 1 #5818 S ERE B

VREEREF , A0
HiCARZEURH
R¥

Hamiltonian.drivingFieldes [] .amplitude.time_series.t %3k [+ #l] I Zh 1 @ Y B (8]
R, BN (1)

Hamiltonian.drivingFieldes [] .amplitude.time_series.v %3 [+ 3] Kz iRIEE , BOK
i (t)
Hamiltonian.drivingFieldes [] .amplitude.pat str IX zh R 1 B 22 (B4R

3 , Omega () ; &
b= k] o

Hamiltonian.drivingFields [] .phase.time_series.tim Hl = [+t ] B ERHY AT (A
&, phi(t)

Hamiltonian.drivingFields [] .phase.time_series.val E S miis:l] IXzh B EXRY{E |, ph
i (t)
Hamiltonian.drivingFields [] .phase.patter str B/ RV ZE AR
% | phi (t) ; AR
“19 51"
Hamiltonian.drivingFields [] .detuning.time_ser HIFR [+ #E ] B3R ERIET A
ies.times K , delta_Global
®
Hamiltonian.drivingFields [] .detuning.time_ser HIFR [+ 3 &) Xz KARYME |, de
ies.valu lta_Global (t)
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=[]

BFFR

Hamiltonian.drivingFields [] .detuning.pattern

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

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

Hamiltonian.localeTuning [] .magnitude.pattern

TTHIREFER
EFTFER type
braket .nam SchemaHeader e str
X #R ver SchemaHeader sion str

Braket AHS 1E5& 45 R 421

type

str

Bll % [+ 3 ]

Bl [+ 3 5]

B [+ 5]

description

description

B KRBENZERE
% , delta_Global
(t) ; A2 55
E[gu

[5 5B 18 1@ B Y Bt
| F delta_Local
(t) BY Bt E) =

ISEIPEL R vl
B E LRI R FE
delta_Local (t)

REB R R ERY
YRR EF

h_k ({EX T
setup.ahs_register

sites FHITER )

BB BARE 'braket.ir.ahs.pro

gram'

ZRAEY AR AR

braket.tasks.analog_hamiltonian_simulation_quantum_task_result

AnalogHamiltonianSimulationQuantumTaskResult ( 4l )

AnalogHamiltonianSimulationQuantumTaskResult(

task_metadata=TaskMetadata(

braketSchemaHeader=BraketSchemaHeadexr(

Braket AHS {5545 R 281
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name="'braket.task_result.task_metadata’,

version="'1"
),
id='arn:aws:braket:us-east-1:123456789012:quantum-task/12345678-90ab-

cdef-1234-567890abcdef",

shots=2,
deviceld='arn:aws:braket:us-east-1::device/qpu/quera/Aquila"',
deviceParameters=None,
createdAt='2022-10-25T20:59:10.78872",
endedAt='2022-10-25T21:00:58.218Z",
status="'COMPLETED',
failureReason=None

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

JSON ( 7=~fl )

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

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

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

"shots": 2,

"deviceId": "arn:aws:braket:us-east-1::device/qpu/quera/Aquila",

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

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

"additionalMetadata": {
"action": {...}
"queraMetadata": {
"braketSchemaHeader": {
"name": "braket.task_result.quera_metadata",
"version": "1"

}I

"numSuccessfulShots": 100
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FEFR

EFERTER type description

& [] .shortresult.preSequen Hll 5% [int] BRHFTEHWTFMNEN (BNETF
MR—N)  WRNKRZE, MR
O, MRNUKBERH, WK1, &
BTEFHACEIRROP RS 2 Bl &

measuresult.postSequence []. HlZ% [int] BRANENFIENEN : RE
FRFEEEBRISSBULI/NZE
MH0; MREFLALTFES, WA
1, EETEFHILHEHRFHIR
B £

TTBIEF R
ESFSERFTER type description

braket .nam SchemaHeader e str BRI E
M IR
= “braket.t
ask_resul
t.analog_
hamiltoni
an_simula
tion_task
_result.result”

%42 ver SchemaHeader sion str ZR Y Rl A

taskmetadata.braket.name SchemaHeader  str BN A
M I
= “braket.t
ask_resul
t.task_me
tadata”
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FHERFR
taskmetadata.braket .ver SchemaHeader

taskmetadata.id

{F% TR shots

taskmetadata.shots.devicelD

taskmetadata.shots.createdatea

taskmetadata.shots.endedat

type
str

str

int

str

str

str

description
ZRF9 Y R 2

BETESH
ID. XF AWS
ETHES X
=EFES
ARN,

BFESHNE

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

B2 /Y B ]

S W
XA 1S0-8601/
RFC3339 =&
B yyyy-
mm-ddthh:
mm: SS.SSSZ,

ERiIAK T

ETESSE
REVET R ;
F 1S0-8601/
RFC3339 =fF
R yyyy-
mm-ddthh:
mmMm: SS.SSSZ,

AINA T

Braket AHS {5545 R 281
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EFERFER

1E% T B4E shots. Status

taskmetadata.shots.failureReas

H b st dE action

H {th 7T $ ¥ . action.braket.querame
tadata.name SchemaHeader

H b 7t B 3E .action.braket.querame
tadata.version SchemaHeader

Hfth metadata.action.num Successfu
IShots

M £ [] .shotMetadata.shotStatus

type

str

str

braket.ir.ahs.program_v1.Pr

ogram

str

str

int

int

description
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FRARER

QuEra B&EMHZEMN

braket.device_schema.quera.quera_device_capabilities_v1, QueraDevicegEh ( Al )

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

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

),

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

),

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

),

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

),

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

),

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

iF
shotsRange=(1, 1000),

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

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

deviceParameters={},

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

),

paradigm=QueraAhsParadigmProperties(

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

JSON ( ;=41 )

"service": {
"braketSchemaHeader": {
"name": "braket.device_schema.device_service_properties"”,
"version": "1"
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FRARER

}I

"executionWindows": [

]I

{

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

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

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

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

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

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

"shotsRange": [

]I

1,
1000

"deviceCost": {
"price": 0.01,
"unit": "shot"

}I

"deviceDocumentation": {

QuEra & E MY
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"imageUrl": "https://
a.b.cdn.console.awsstatic.com/59534b58c709fc239521ef866db9ea3flaba73ad3ebcf60c23914ad8c5c5¢c878/
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

},

"deviceParameters": {3},

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

.

"paradigm": {

# See Aquila device page > "Calibration" tab > "JSON" page

}
}
RS EMFER

R S5 IE MEF ER type description

Service.executionWindows [] .execution ExecutionDay PITE O RE ; 4]
= ‘BX". “IT#R", ‘A
EE”\ “qu_”\ “E%q:”
‘ER=r EHM, ‘2
HfR", ‘2N = ‘EH
H”

Service.executionWindows [] .wind StartHour datetime.time HITE OFRETEE UTC
24 PEFHE
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RSB %= B type description
Service.executionWindows [] .wind EndHour datetime.time PITE QL RAETEIRY UTC
24 PEFHE
service.qpu_Capabilities.service.ShotsRange JU4E [EE¥ B RENR/ DR KBFREK
|

service.gpu_Capabilities.service.cost.Price float BENHE (AETIT)

service.qpu_Capabilities.servicecost.unit str R EN, flw D

g, wphet, B, “E
%u
TTBIEF R

TTHIEF B type description

R 4E ] .version str AHS 2R HI R AR

action []. actionTy ActionType AHS EFEHE
M, SR “braket.i
r.ahs.program”

BR %% .braket .name SchemaHeader str BHNER ; BAR
“braket.device_sch
ema.device_service
_properties”

BR %% .braket .version SchemaHeader str ZRKXIRY AR A

BR %% .deviceDocumation.imageURL str REEH R Mk

RS, RENXHE, BE str ®E R EHER

RS, &%, \EF DocumentationUrl str SNEB TS M 31k

RS RENE str BRENHENE
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TTHEFE type description
Service.updatedat datetime EREFEZEMHN
B ]
A Boto3

Boto3 & Python 8 AWS B#4HF A TES, M Boto3 , Python FF X E T LAGIZE, BEEMERE AWS
PR , bl Amazon Braket, Boto3 2% 7 H [ Xt KAV 15 [l X FRAPILA K Xt Braket BYK 4R 175 8] #X
PR, Amazon

IR Boto3 RIEA [TIEE P AR ITRE , TRAMATREMEE Boto3.

Boto3 12t T 5 Brake Amazon t Python SDK Bt & E AU ThEE , AIR BB ENZITE FE
%. Python B B R2EEL% Boto3 , BH XN, MELEEALMHENSE, WEEER
% Amazon Braket SDK.,

Blgn | HYRIAACreateQuantumTaskht , AmazonBraket SDK &3FE RIS Boto3 , Boto3 SR J/E
TH. AWS API

AKHTREA :
« TFF Amazon Braket Boto3 & F i
« AWS CLI ¢ Boto3 #1 Amazon Braket SDK it & X 44

FTF Amazon Braket Boto3 & i

EfF Boto3 5 B Amazon raket BB &R , 4TS A Boto3 , RFEN A TiE#EEZI Braket WEF
o Amazon APITESLA R /RHm | @58 H Boto3 FF i, braket

(® Note

N T EERAIBMRA BraketSchemas , A EEE T OpenQasm 8. GetDevice API
EREMEER , AFREZEEREZHRAN BraketSchemas ( 1.8.0 ESHRA ) . Braket
SDK £Bzh ARG LRI, wREIEME A Braket SDK Bt KR1EGetDeviceld i EE|
OpenQasm &8 , N A aEE ERBEAWS_EXECUTION_ENVIREZERFERA KRB, XU
{173, Boto3 # Go. Java #/SDK TRV AWS CLI , iHS R KIR[E OpenQasm 4 R
IREBHEHHABRAl. GetDevice JavaScript TypeScript
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Amazon Braket FRARIER

import boto3
import botocore

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

NEHREKLET TbraketZE i , ATBAM Amazon Braket RSP IR HER MG EIGN . ZATAFE AP
SEPRMEXBERNENBENESEAER.

AR RO A E A IR B TS

- BRIE®

+ BERE

NEEFES

REEFES

BRETFES

BEHEFES

BRIRZ

* search_devices(**kwargs)

ERAEENTIERERRE

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

print(f"Found {len(response['devices'])} devices")
for i in range(len(response['devices'])):

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

#TFF Amazon Braket Boto3 % /7 i 126
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HE iR &

* get_device(deviceArn)

# & Amazon Braket F o] A& -

# Pass the device ARN when sending the request and capture the repsonse

response = braket.get_device(deviceArn='arn:aws:braket:::device/quantum-simulator/
amazon/svl')

print(f"Device {response['deviceName']} is {response['deviceStatus']}")

B8 7S

« create_quantum_task(**kwargs)

BIEEFES.

# 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": 23}}',

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

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

'outputS3KeyPrefix': 'boto-examples',

# Specify number of shots for the quantum task

'shots': 100

# Send the request and capture the response
response = braket.create_quantum_task(**kwargs)
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print(f"Quantum task {response['quantumTaskArn']} created")

KREFIES

* get_quantum_task(quantumTaskArn)

RREENEFES

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

print(response['status'])

BRETFHES

* search_quantum_tasks(**kwargs)

EREEESRECENEFES

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

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

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

BUH8 5

* cancel_quantum_task(quantumTaskAzrn)
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HUEEENE F1ES5.

# 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 &i¢ & Boto3 1 Amazon Braket SDK BV i i& X4

BMIELR B ITEHBISE , BN Amazon Braket SDK &k T ERik AWS CLI Fif, BRINBNUEEIEE
Amazon Braket £12 AR EETRHREEINE , AN EBATREERSHEZAIZFHH IAM B,

HE , MREEARMIZITAB ( HINFE Amazon EC2 36| L ) |, MATLAEM & AWS CLI BLE X
., BANABIEEXHEETENNRE , MASERBRRIAEEXH.

AT RIERE T WAIEE XM CLI profile BAK IMA S ZELE X HE HE Amazon Braket & |, LUE
55 A Z BB SRR BRI ITAPIE A o

ETAR :

- S 1: BEAH# AWS Cllprofile

- S 2 : B3 Boto3 £ERR

- % 3 . ¥ Boto3 2% & H Z Braket F AwsSession

S 1 BEEEZA i AWS CLiprofile
BRNAEAFNUOAEREERRAREXHBE TAXENEBE. EXXEFENEE , E5H -

- Al
- FfEE AWS CLI JfEH AWS IAM Identity Center

EFF Amazon Braket , A EIZAF AR MEXH CLI profile B4 AER Braket PR, Hia0 |
& 7] LLMt AilAmazonBraketFullAccess K B .

S0 2 : B Boto3 £IEXNR
EZ I Boto3 2ENR , BEAUTRB R,

from boto3 import Session

AWS CLI fit & Boto3  Amazon Braket SDK HI &t & X 4 129


https://docs.aws.amazon.com/singlesignon/latest/userguide/getting-started.html
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Amazon Braket FEANGIER

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

(@ Note

MRFMANVAPIFIERE T XEARE , MXLRHESENprofileRMIAXEA -3, MAT
LA Boto3 RKIEEE—MXE , LT RO,

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

W FIEENNSHregion , HE#HKR —15 Amazon Braket Al A EMI R BEus-east-1 , fl
us-west-1, &, AWS Xig

% 35 : ¥ Boto3 £i5E H 2| Braket H AwsSession

LA /R34 B a0l 4] 818 Boto3 Braket 21 H E RS FEFRHILIRE

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)

WETHRE , B LAEIZEF{EAwsDevice N RIBRE FES ( Hlan , BIEAdevice. run(..
) WP ). ZRFAPIXKHWFIE RS AFNASERZHIEEN CLI BEXHXEH IAM i
Fprofile,
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Amazon Braket B9 Rk F 12 4l

A5 T E WA 1E Amazon Braket FRI & fh QPU L {E A RkodiE4l,
PiN

;S
= o}

SRRk )F
- MmO AVER
.« PREFBKF

« ERROP TR RED

o

> SR KF

o REHEFITENFE FLLSNERES, £/ Amazon Braket LR LEE % | &7 LA A BRoF
EIThEE | FEABKPIRR B, YRATLUET Braket SDK, OpenQasm 3.0 SE#ET Braket API i517]
Blodigl, &, LRIINE—T Braket Rk FIZHIH) — R ERS,

o

MR —MERAHR  BRSEFTEFTING , XEIEYL. SREANMREHQEE  FERBRS
MERESHMEEL, MEFBERESH , NURER FLASHBRIMR, BURBURKE %
By R Sf8tiE . 7 Braket Pulse B , #&MBURT 284k, SHRMM N, BEFRFHAE , BT SUEER
TESCHYm , th A BUE S 2w O SR SEAIERTI

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)

W

OB R4S ARERSBFHENEARAGEE4AE, ©UNBHEARNERE—4
O, AP TUET R AR TR AR ENNER FHAS, BONSTEARERESHNE TG
£, AEREEERTRINEER | ZEBIEE T RN TUE SR BARE,

from braket.pulse import Port

EET ey
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Amazon Braket

Port® = Port("channel_0", dt=1e-9)

BRI
BER—MEERERLNELE , RMNALAEERERD LAHESHELMARAOBRES, SN
BEERINREEEERTY , WA MERREERE KR REFRANTIXR,

from braket.pulse import ArbitraryWaveform, ConstantWaveform

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

Braket Pulse &t 7 —MuERNIKIEE | BRFREERE. SEREMELRTSHER (DRAG) K.
A LUE sample BB TR BIE AL BRI AR |, 208 T ROIFT o

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

0.08 A

Amplitude (a. u.)

0.0 0.2 0.4 0.6 0.8 1.0
Time (s) le—7

FERELTNFOIENSHIE . GaussianWaveformBEALERMBOFKERN 100ns , RE R
25ns , #RIEH 0.1 (EZEN ) . BEEBKABEOREF. GaussianWaveformiEZHRS

132

I



Amazon Braket FEANGIER

¥zero_at_edges ( BHIFH zaE ) ., iIRB AN True , WS BELRBEHEE , Ft=0 M t=
length bW RNE , AEHBERHEHIRE , FHRAXESSHMEXN N, amplitude

REBMNEELNA T BoPRIFEAESES |, BT REAVGE BV AR 7R Bk KA E B IR

it i O 89 4E A

AN BEARE TAOTE WG O, RAESRE TR L0 3B RBOR AT S R A4,
Rigetti

i}

RigettilR & XIFHUE LAY , XLEWRHIRMBUERENSHINE FLHEHIR, EAER{1}E
B—NEFLSEE, q{i}[_g{j}]_{role}_frame{j}RMA T B EME FLLIEREHRR , N5
FINETLHRE , H{role}EmMMWIER, ABUT :

o rfRIEFNE FLESF0- 13BN, BOFIER LFIES MshiftEREBUIRHASTIERMBUNHRRSES
B, setEEHNRTRERM EBERNEFEAE, ZERBATEEFLLSE. ENBLREEA,
MTMESZER | H5H Krantz £ A, %A Rahamim F A, »

o rf_Ff12KEFrf , HSHL 1-2 TE R B#ro

s To_xATESIRAHARSEINE FLHEN SR, SBHBENNE, HUNLESKRYETL
Ritt, EEEBEERAcapture_vo , BT WARRF 2 ATREEEASE,

- ro_txATHEBARBEIRSNES. CEHEKRER,

c CZR—MNEAEREUNBRANCZEFLBITHER, SESFIiEOXEKNN—#  cBJREEH
PBERIRNENO A AEFLSRTEEIRBEENAUEEEER. BXUENENESER | ES
g Reagor A, , Caldwell A, , MK Didier A, o

« cphaseR—MNE2ERELUBANE FtEcphaseshiftIITWESR | H B SR OMIE, fFEXYE
MFNESER  BSHELENczER,

« XyR——PMNEERAEUNBRAMNEFLEYE XY 0) NWER , FEEROMEE, FFEXUENHISAR M
S XY NNEZER |, BS@czELRHM A brams EARNHER,

HSETffwmANMREETEEF LSRN , 587 HEBEXN A H R R RHE S ikiE
B RFER E AR E, Ft , SPUE LB E F L4 A WU h0AR B1 A9 A8 B SR AM X Fh #20

U5 0
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https://doi.org/10.1103/PhysRevApplied.10.034050
https://doi.org/10.1103/PhysRevA.97.022330
https://doi.org/10.1038/s41928-020-00498-1
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XLERigettiiR RIRM T —HimA%XR , B LUBT %R IhAE FI‘AEEL W, WwOBMERE
Bq{i}_{type}¥l , EP{i}EEFLLEBH {type}BiR OMER, HIEE , HIIEFMENETLEHR
5— %mgmmuoﬁum SR -

« rfRREFEEFIASTENTENQ., E5cfMlrf_fL200EXK, E5EEFLSBETBE , AR
BRI F IR EESEE RIS

« To_txATRESEHIEFBESIE FLENIZHBIRS, ZHESERBEL\AESZRERAN

57
Ho

« ro_rxATEERERBESIE FLENRHERSENES

« FIIRTERBSIEFHENREEEL. RIMNALATKIAE transmon BiR, RARITNEE
AANEFEETARO. fFIZRORTHEEFLREEFILEBNEERR , RAESXIHEMBE
R RFERSER

BREMNESZER , S Valery T Ao o
0QC
i

OQCiR& X E LML , X LM SARABUSRENSEHRANE FLSHIR, XEMPNTEATE
/(1 N

« driving frame : q{i}[_q{j}]1_{role}EH{i}{jHEE— B FLLIEHK , EE-INBFHHEH ,
LA TFEENEFLHERE |, H{role EMMNER , ITFANR,
- EFHEEEM : r{i}_{role}HHP{iMEE T , {role}EMMNER , MTATR,

BNBUHESMERATHERITA® , TR :

o drive AR E FLAF0- 13BN EELR, BOPER Lar@BS MshiftRBUR A MEMNAB LA
KERSESEH. setEEMRNTIRERM BRI ETAH, ZERBATREFHE. EXNEL
XEER,. ATHREZER |, H5H Krantz £ A, &8 Rahamim £ A, .

« second_stateZ@Fdrivem , BEEMEBRRES 1-2 T ENRIRH#ITHEN,

« measure A TiEH, BEKENME, HUNMLESHEEMEAERE, CERELHE
Fcapture_vo , BR 7T WARRFZ AT EEE[SE,

« acquire A THRK B ERBNES. CEAIRER,
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https://doi.org/10.1103/PRXQuantum.3.020337
https://doi.org/10.1063/1.5089550
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» cross_resonanceBUEE FILRFZ MR X ARMEER , iHjUBHRE FHENTERRIKS)
BHIEFHEi%. jRL  WIRREEAEMEFLSHMEEEN, SEEANERSZR LR
W BMIRIER ELE, FRKEMNEBERSFETERM , FEHITRIE, N Patterson FA, TH
BxERMTEE FIHE ('coaxmons' ) WR X XIRMEERANEZEE,

« cross_resonance_cancellation#BIER MR EUMNFIRER X LIREEEANFEIEIENE
28, YBEWITIEENRFEFFINTEME, EXEUEAZNESER , 155 H Patterson
ZEAho o

% 0

XEOQCREZRM T —HiwASIK , LAUNBITRZFYEREXLRKO., SEBERNMSEDH id #R
R OAXER |, channel _{N}HE A {N} N EH, im0 2EREMHI[AVEESIL ( Frtx ) MIEHEHR
2 (FAMErx ) NED, SMETHEERRE —FREFEN—MRHIERS[AXREK, fARAREE T
BANNE FLARENED, BEiisO A TE 7 R,

R 5F ko

EXE | fRFZES aaEEARKT S —MEIRR Bell XY, HERigettiiR& EMITXMNKFEF. Bell
NE-IMEFHBEE  HE-ITEFHRELNRERBED  RERE-ITEFHRENE-IEF
2B cnotl]e. EAKFEZUERSEEZERENNG , XENHBURTEARBENRZRY, &
NAERFRENFRZEcnot!]. BMAZNZE , RIFERBSERREMMKRESAcziE,
EXANFH, BATHERAREE F S REGIE - Hadamard [, rxrzHERBKFREKE T, cz

BE , UBINSASENE, BRTZCircuitE 2z , RIAELFEES AiZPulseSequence,

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

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

BTk , A Braket 8% K Amazon BRABA M (ARN) E46Il{biZi& % . Rigetti Aspen-M-3iEZ ]
Amazon Braket #Z#l& LH & NH , EFIRZMNMFE. Rigetti Aspen-M-3

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 F Hadamard 1~ 2Rigettii& N ELE] , HitFaE

RAlrxMrzFET,

import numpy as np
import matplotlib.pyplot as plt
@circuit.subroutine(register=True)
def rigetti_native_h(qQ):
return (
Circuit()
.1z(q@, np.pi)
.rx(q@, np.pi/2)
.1z(q0@, np.pi/2)
.rx(q9, -np.pi/2)

BikrEa&ER. Rit , RE

SENHED#

jj_

N Fczith , RIMTIEATERE , HSE (KB, LA/ TERBEMNGENE ) AEFREFERE
ERTERE, WRNNAT. q10_qgll13_cz_frame A< ItAE A NI R H &FTARA |
B 3E LB QCS. RigettiB A gEEEIE QCS K,

a_b_cz_wfm =

.41228111103443343, 0

.41228111103444737, 0.41228111103444737, O
.41228111103444737, 0.41228111103444737, O
.41228111103444737, 0.41228111103444737, O
.41228111103444737, 0.41228111103444737, O
.41228111103444737, 0.41228111103444737, O
.41228111103444737, ©0.41228111103444737,

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

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

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

.41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,
.41228111103444737,
0.41228111103444737,
41228111103443343, 0.
0.4122811109986316, 0.4122811108230642,
41228108334474756, 0.41228098995582513,
4122746298554775, 0.41226003881132406,
411813599998087, ©.41114381673553674,

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,

S & o

'lﬁ/

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

0.41228111103444737,
4122811110343365,
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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')

XRZIRE
CZ pulse duration: 124 ns

MAERMNATAERAN F ELREREECz ], BE-T , IRZFEFLBLTRES , Mzl HE
RETFHRSNMAVBEREAR. |1>

phase_shift_a=1.1733407221086924
phase_shift_b=6.269846678712192

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

a_rf_frame
b_rf_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_wfmEHEESREBER R AXBKNM EER, ENFARKEETFMRIUBEETHES
ETHRNMEEER, BXESFER , B2HMMGONER, BEMRNZNL , BF LA RERE
ESRETETNEEF LR IMNERRERTE  FEEEHRME, XEABRELBETRamseyF IR

{REFBKF 137



Amazon Braket FEANGIER

R HERLERNERBESRRESY , EEphase_shift_aHphase_shift_b ( TEAEAH ) . ]
FRAMEAshift_phaserfii ARYEXFMEBMUIMK, HFIEE , LFINESEXYMSE FLH4E
HXWEFDEER , abHBZUER , REARMNTEMEX LM EXENEE, XNEA Bell
BEXNEFREXMER , CREAT Mczi, RTHREZEER , EZH Caldwell FA.

REBNELERFEET BT Bell BLX 7o

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 :] o | 1 | 2 | 3 14| 5 | 6 |7 | 8 |
q5 : -Rz(3.14)-Rx(1.57)-Rz(1.57)-RX(=1.57)=PG === - === === mmo o mommemmeemee oo
I
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 :] o | 1 | 2 | 3 14| 5 | 6 |7 | 8 |
i RMERIgettiiZ & LIZ1TIX Bell, EEE , BTHABREFETAH, BXAXEZANESER

FZ 0 Amazon Braket EMNM MH. BMNEZWEERDEBREANHENEE , BREAUERE LE
17, RIEBE M HRHK.

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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{R#¥ Pulse £/ OpenPulse

OpenPulseR—fATiEEBRAE FRHMOPBFEFHNES , hR OpenQasm 3.0 MBHY —FB
%> Amazon Braket X3%FOpenPulseff£ ] OpenQasm 3.0 R RF N BEZEX Bk # THRE

Braket OpenPulse AEER4E TR RIAIRANEKEPRRRFER. OpenPulseXFL ( “EXKIE
WA Edefcal ) FHERNFMEBECKRAHE, BEXERFR , (RANERERINZEFEELFEEIES
HISEHL,

EREIH | RAGEH OpenQasm 3.0 WENRERE , HEIRZEOpenPulse £ A Al FMEB %
W, BR—T , IRBEERE—INEFLHFER K CHE-MEFF LNREBETARN N2
tb4 2z @M cnot A K. HFcnot Rezl MBS EMEREKXIITE , RFEAF XA Hadamard
MczKIMKREX—3 Bell, AR ZRBARETRREMR T —MEFMBN A ERNECZKI,

ERMNEEFERARZWELEITREN Hadamard [,

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;

MNFCZIT, RIFGEATERE , HS8 (IRIE. LA/ TREMNSERE ) BE2ELETEEE
o WEEFERATF. q10_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,
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.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_wfmEFEWFLR AR 124 MER , HETF 124 ns , BRF/DASEIEEILH 1 ns,

ql0_qll3_cz_wfmEEEAERREBEH AWM ELER. ENEARKTEFHIHIRUBEEF
R EEFLESHWNEEER, BXEZER , BSRAMMEOMNER. BERENEL , BRETEN
B EFLESmMEL | EFHS MR REINIERER | FEEERME. XfEM M AEREN BB
HRamseyF5#TNE , HEIshift_phasefs S BMmMB1TIME, rf xyBRTHEZEE |, FS
5 Caldwell E A, o

RMNIMETLNIT Bell HERE T , EAREEAEA LA Hadamard Mcnot KITIRD K], cz

bit[2] c;

h $10;

h $113;

cz $10, $113;

h $113;

c[@] = measure $10;
c[1] = measure $113;

FERAREMB T A S ER Bell A OpenQasm 3.0 TERRU 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,

YR3F Pulse £ OpenPulse 143



Amazon Braket FEANGIER

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[@] = measure $10;
c[1] = measure $113;

MIE , O LAE R LA T 78 65 Braket SDK 7ERigettii® & £ 1Ttk 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,

58 A ko 17 9] JRAE 1)

MRARBEFTEBTLAERE QPU XEFNRENRMASKIL NPT B F 5 REFRAHAEF
AR BRITEBFFIINFRARRBR T RUTEFHNIRREFERVDUNNS |, HlaEIH
R4S TE [T B ko SR 1T B IR 75 S0 3

Amazon Braket x3#M Rigetti LARFE S R FRIAHLIT,

import math

from braket.aws import AwsDevice

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

BRI 5 18 L2 T e



Amazon Braket FEANGIER

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
B REEEERRAE QPU , BESXTLL—IR. Braket SDK {8 REB IR S HAT AV MM A

device.refresh_gate_calibrations()

BERREENFREDN , IO RX XY [T, RREBEEBNBHGateEME T4, flm, &AM
RENAT 08 RX (1/2) WBHPEH, qubit

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

pulse_sequence_rx_pi_2_q@ = calibrations.pulse_sequences[rx_pi_2_q@]

BRI ERZfilter AR — AL IR RAE, BEE—PKRIFIRF—FKRQuUbitSet, B
TRBGBRTHNES , EHEE RX (2) M 0 WAAERME. qubit

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

I, SR SUET N B E XBESREHSUERRERRE, Sl , EERIT R,

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

PRATLAEE fFPulseSequenceX RFB{EE A gate_definitionskREBFESHqubit ORETE ,
RrxMTFABEEN IR, FRALIEIEGateCalibrations R EMpulse_sequencesiiEF
B, FTERIEEMN RS & FEAREREN ORISR,
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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)

ERBOT R e
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FRARER

I 55%h Braket /B S 1ELFAF 18

AR M A < {A7E Amazon Braket Fi& BN EE RS ENAREA,
B A LA A LLT A R1E Braket FiFELRE L :

+ I &3k Braket Python B4 F A T ES,
o 5% Braket 4,
 AmazonBraket APl,

ATRE:

- tARRE Job?

« {AB44E A Amazon Braket JB& I1E

o R KBENRESFILZEIT

« f5F Amazon Braket JES{EllZ1TRE N
» BIEYREVZE — Hybrid Job

WA, B, INETENHBEK

s REHELLER

- FARERREAERRSEL

o REEMAEESGRE

- FAESH

s BERESFLSEFGISUSITEEMA

- BUHESE Job

s FRZHBICHEENRESHELNIEE

+ PennyLane 5 Amazon Braket — 2 fif F

« £ Amazon Braket JE&1E5 ¥ PennyLaneiz 1T QAOA E%
- FRAXENIRARNELSEMNERS ITEMRS PennyLane
- EAARMEXHENRRES/EL

- HWEEHM (BYOC)

s EPEERIAFENE AwsSession

- EAEEERESFILES AP
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https://github.com/aws/amazon-braket-sdk-python
https://console.aws.amazon.com/braket/home

Amazon Braket FEANGIER
ft 4284 Job?

Amazon Braket Hybrid Jobs RIEIRH T —fZTREEEFLHAEZN S L , FELH AWS ﬁﬁ*ﬂ;
FALEE 8 5T (QPU), Hybrid Jobs BEEBHERNAZBER , BTENERE  HETRERBES
IR RE 9 SEBRE A WY R IRAT 5%

meJms#ﬁﬁé%&%ﬁﬁﬁﬂ%%ﬁﬁﬂﬁ%”?ﬁﬁﬁio@Eﬁ%ﬁuﬁ@ﬁ,&waﬁ
AT BRI EFETZEL  AREELERERRER

A BEREFLAIRNEFESSRTESHMLERINT BIR QPU. X ATLBRIENE FE
%TEBAEIJFFE’JEﬂﬂE%ZﬁM%EMUE%ﬂJ:ﬁo BN TERBEE LR ER  HENBREEED , FE
ESHRT EEFESHER, WREZENROSEE FIRUEILEE (QAOA), EH & FRIERME
SR EFHEEFE Y, BIEAL ﬁ‘Fﬁ:E‘Ii&Hﬁ PEEHE , NMREAA, MEHEEER , Flaiigk
MARBHLE.

{al 4 FH Amazon Braket i8 & IT1E

Amazon Braket Hybrid Jobs E&EEBIZTEEE TR HE L | HlMNE 9 E FISFIERAESS (VQE) M
ETFIELUEILEL (QAOA) , EMNHALHBITERRSEFITERZHES , MELYSETRENM
#E, Amazon Braket Hybrid Jobs 2 =N EEHAL :

1. 4R . EEBCHIMERETEAEEML | Amazon Braket EEESIRENMHEE R, HEHNE
WIEITHY , EABMEE TG RIEEN BAR QPU, ZHNESERR LHMHNEMES 28E1T. XES
BAEENETRAERE. EETHNMYE, Amazon Braket BEEELEZZFSHLEHEIRE, B LUE
ARBSHERER , ARG Braket ABHEIF—XEE , TEEHMRBFA TN E —BEETEESH
EH , NRIERPNEITEE

2. X : Amazon Braket Hybrid Jobs &1t T it B EMNREMNEE , HERESELZEZTRREFT
ERENIET. ZRERMUEZIHA  ABERRESTHEFRE (EFAER THELES ) B
A, Amazon Braket EFEHFERITA , BEERR , EMAEWENARRIHRERESITIERE ,
e RIRE R Tk a1 2 744 BRSS (Amazon S3) , RAERBRHITERR.

3. #8#% : Amazon Braket Hybrid Job on-the-fly s 2t G X ETE AN ALAE , Hif FErt b @I S
CloudWatch 1 Amazon Braket #2812t/ BE XMW E LB , WESRATURBREZNHE,

A MABIERNBEFILIEZIT

Amazon Braket Hybrid Jobs IRt T BREEFRREZN T L REE R , ¥ Amazon EC2 TERIRE
Amazon Braket E FALE £ 5T (QPU) FRINXBRMEEE. EEREELPRENEFEISHETENET

fT2RBE Job? Ve


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

Amazon Braket

FRARER

5, AisE
BREEMSLERNREREET - MEEHEL,

ATFTRE :
o FRAAH Python KB EIZEESIEN

- RZEEHM Python R4 SAERT

« FHBEREHNEEES AL SEHIF

- BEITEEMENRERE

E A7 th Python I BIEES/E

PRA] LU AR Python X248 Amazon Braket Hybrid Job i&1T. &AL B FEHehybrid_jobZEif
BN RBHITERREZILEN , WATRBROIFIR. X TFEENE , LA LUEEEA Amazon
B REEME (ECR) P B E U B,

(® Note
RINBERT , XX Python 3.10,

YRATAE A @hybrid_jobicifigsKiFBE I, Braket &&=

MEEZFSREBFESIIBK TP, 81 QPU M4 —MRIMAVESFLRAG

1 2R N B AV X AD B4 N Braket B

SEMNEERA, RF , BEEILTE Amazon EC2 24| LA REME NP B K, ,.,\—IJJ\E

FAjob.state( )T fEM Braket ##H & EEELHHE, A TRERGIER T OAEL
A4 RX B9 I 5l State Vector Simulator (SV1) deviceo

from
from
from
from
from

braket

braket
braket
braket

.aws import AwsDevice
braket.
.devices import Devices
.jobs.hybrid_job import hybrid_job
.jobs.metrics import log_metric

circuits import Circuit, FreeParameter, Observable

device_arn = Devices.Amazon.SV1

@hybrid_job(device=device_arn) # choose priority device
def run_hybrid_job(num_tasks=1):

device = AwsDevice(device_arn)

# declare AwsDevice within the hybrid job

TREMR

A Python KTB IR S L
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# create a parametric circuit

circ = Circuit()

circ.rx(@, FreeParameter("theta"))

circ.cnot(@, 1)
circ.expectation(observable=0Observable.X(), target=0)

theta = 0.0 # initial parameter

for i in range(num_tasks):
task = device.run(circ, shots=100, inputs={"theta": theta}) # input parameters
exp_val = task.result().values[0]
theta += exp_val # modify the parameter (possibly gradient descent)
log_metric(metric_name="exp_val", value=exp_val, iteration_number=i)

return {"final_theta": theta, "final_exp_val": exp_val}

{RATLMEEER Python MBI —HEL ARARHEKGZESHEL, ER , RMFERBRENRESHES
ARMARHBNER. EELERTHERRER , FEMjob. result(),

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

@hybrid_job%ifizgFH device ZHIEEREF UL AT MR K HRINIRE , EARGIFISVIERIEE, B
KB QPU L %R , XTHREHBFFEANIZEZ ARN SEIMBZFIEENIZEZ ARN HEE, HHER
W, B LAE A BB $get_job_device_arn()REIRFFHMIEE ARN, @hybrid_job

(@ Note

B M Amazon EC2 LRIERB[(LIRRIUR , BMNEEREFEL A - ST HNEATH, Hit,
XTHREEN TR , fIME BEEN— B  EHEFTESTERREB T,

Zrun_hybrid_job()EEEAZSHnum_tasksKiZHIQIENEFEFSHHE. BEELLBZIFH
IR R ES B
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® Note
HBS L Braket B AP E RN FRFE , RFIN 2500 MNFEHRF,

ERAMBE

Frun_hybrid_job()E#HH , EARIEFEKBEREENlog_metricsiEtr. EIRE2AILHIE
Braket 2% & WEA BE&FEL" ETF T, ERBESHEISTHE , BRI LUER Braket A4S IRERERITF
KA IR E FESHA, LENROIERERER R KICRERRKENE MR,

EERRER

BEELTERE , BALEMjob. result )VRFRBEELMNLE R, Braket 2 B HIREEETHH
EAXNR, FER , ZEBEONNRLAR - , BINARZHE2AFICE, flm, LATRBE
AT —MNITEM—MNREE A,

@hybrid_job(device=Devices.Amazon.SV1l)
def passing():
np_array = np.random.rand(5)
return np_array # serializable

@hybrid_job(device=Devices.Amazon.SV1)
def failing():
return MyObject() # not serializable

Job B #r

HIAMERT , WEEHELNEMZERBEHBEHREMERN. SHALEEKETET 50 NFEHFHNE
EMEWN. o, EUTRBEF , FELEHEFRRF “my-job-name”,

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

i E

B EEMmEBRR NS Hlocal=True Rt Z@@ At Fill, XFFEAMITEIRER ( HlINEIZAREM )
MABRCHRERZITRESHEIL, RFlRBREHFRFIRETES. W TEMNST QAH MPI 238
BREH , A AEL AT RIFTFH Braket IMEEZ 8, UTRBERREEN SV RIUR[CIES 1B
BFl,
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@hybrid_job(device=Devices.Amazon.SV1l, local=True)
def run_hybrid_job(num_tasks = 1):
return ...

XEMBEHMBREHLIET, BXIETSIFK , 1S H braket.jobs. quantum_job_creation &1,
L H M Python B4 FRAG

B LA B E SUE TR R LR A B3R Python 8. BAILAEMArequirements. txtX#. BH4EH
MIIRFETAEE (BYOC), Efffirequirements. txt XN BENEITIRIAE | ESRUTRBR
il

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

fflan | Zrequirements.txt X4 AL B EHMELZRNRHF 2,

giskit
pennylane >= 0.31
mitiq == 0.29

HE , BALURM T H R Python SR X REH4TER,

@hybrid_job(device=Devices.Amazon.SV1l, dependencies=["qiskit", "pennylane>=0.31",
"mitig==0.29"7)
def run_hybrid_job(num_tasks = 1):
return ...

HaRARB A U ENRRIIK |, BAIBUEEN BMER | A TREBBRBIFT R,

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

REEREF MBS ML K HIF

EER AGKHSE
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https://amazon-braket-sdk-python.readthedocs.io/en/stable/_apidoc/braket.jobs.quantum_job_creation.html

Amazon Braket FRARIER
BIEBEESH , BB IEEL D% # 17 RS (Amazon S3) 7 M RIB AR A U4 %K

BE, B ERBEER , AAJS Braket & B EIE L& %) Amazon S3 , Mt R, s3://
<default_bucket_name>/jobs/<job_name>/<timestamp>/data/<channel_name>#1%
BIEEAR MR , NEBMREIARN input’s ATRBERTRBEERUEEN 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 ...

XF S3 , “AMEMAget_input_data_dir()iEBIEIK,

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")

ZA LB REEEEM S3 URI AR R K FHKIEE SN AR IR,

input_data = {
"input": "data/file.npy",
"input_2": "s3://my-bucket/data.json"

ehybrid_job(device=None, input_data=input_data)

def multiple_input_job():
np.load(get_input_data_dir("input") + "/file.npy")
np.load(get_input_data_dir("input_2") + "/data.json")

(® Note

HMABERA (>1GB) i, FEESFEFRRNETELEFEL, IRATAEWMABTEERL
&5 S3 FM , RSN S3 BEFMMEESERP. &fE , THEFERMERS Braket Bi5.

WRBERE R RA FLRAT -
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HERREFER S3

ERFADEEEMEBNWREEFAFHNLER , XIFERN B XMMEIMEXHBEARES, UTR
I Z RARIFE— numpy A matplotlib B,

@hybrid_job(device=Devices.Amazon.SV1l)
def run_hybrid_job(num_tasks = 1):
result = np.random.rand(5)

# save a numpy array
np.save("result.npy", result)

# save a matplotlib figure
plt.plot(result)
plt.savefig("fig.png")
return ...

FIEEREEREI R N4 Pmodel . tar.gz. BELUER Python BRI T4
HRjob.result() , L ATLAM Braket BB H SRS ELRE S RIS R XHR,

REAMNRERIRE

NFENEETHREEL , BUEHREEEZNPERS. EALE
FAREMsave_job_checkpoint () #EIZSHE , b AN X4 RE
FIAMZN_BRAKET_JOB_RESULTS_DIREZEH, f5& AlEHHBIEREIR
Bget_job_results_dir(),

LUTREMBEELRMBREFNMBLESNK D TERA

from braket.jobs import save_job_checkpoint, load_job_checkpoint, hybrid_job

@hybrid_job(device=None, wait_until_complete=True)
def function():
save_job_checkpoint({"a": 13})

job = function()
job_name = job.name
job_arn = job.azrn

@hybrid_job(device=None, wait_until_complete=True, copy_checkpoints_from_job=job_arn)
def continued_function():
load_job_checkpoint(job_name)

WRBERE R RA FLRAT -
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continued_job = continued_function()

EE—MNREEILHPsave_job_checkpoint() , FASERNEREFNEENFHRFRH. RIAMER
T, 8MEBLIAFEIMEAN R, N TFREILESZEH Python IR , HlE0 numpy 4 , fRATBIR
B, data_format = PersistedJobDataFormat.PICKLED_V4ItXEBIER A “checkpoints” B F
XHRTHREEEL TH<jobname>. jsonFEIBHBEEERINEHHRE S,

BRI HNESELUMNRE ML | RINFEEZGEF —MELKESEL
ARN copy_checkpoints_from_job=job_arn f£job_arn®E, REEAIE
Fload_job_checkpoint(job_name) \&&E SN,

BE TERMENREXE
MiaRSH

£ decorator AR EMESHELRERTH , e FHELARFRNEFRRATARIET. EAUE
FABraket Management Consolef, Amazon 2 & EZH# E CloudWatch, HEBRXEEUMIZIT
it , Braket REAT EMNBBIRBEPFETENEL , AEELZEREREE R,

BITEREDEE

BEFELAHRERTZTEREFELHEEEZNTRE, XTARNETRE  FEREFESH—ItE
FHES. REHREL QPU AR TEABEETHEDEE , REEEFEX QPU #17Z AR
A, PRAZHELE,

158 P 2 3 AR X 17 18 1

£ QPU LETREHEL 2 , BIEEELER SV1 LR TU@INERTBET. X T/hHENE
AUERMER TET , USKTRBERHEF .

ERABRT A (BYOC) REATES 4

HENRERERBHRERRCIET , NMEIBAERHKR., BELFRERB, KBINRE
FTEERIBRF , AJLARy LA RV SR A R A 42 i (R

ZXRBID A ER

EETRERE , TUEEFEANEN MPI X , EEMNESELFHNZANKE EETAELER,
BRESRER , FSRARANELES,
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ERSHEBRK

BELRBEELEINSBERCFEASHILEFERE QPU LHRE , ARXEEEMNBITHE,

ERRER
X FREEETHREEL , BUCEBRFEEN R EPRES,

BEXEZRH, ABIFMERESRE , 5% Amazon Bra GitHub ket 7”4,

£ Amazon Braket JRESEWIZTES/EL

E £ A Amazon Braket Hybrid Jobs E1TIREE , ZEHEAFTEENEZE, BB FEA Amazon
Braket Python M X TESDEEEEM AR HMAKBII X HRENLE , ] AEA Amazon
Braket Python SDK B, PennylLanefl SR8 H b ( ﬁiﬁjﬁ?—?ﬁ ) B, AT LAEA Docker EX B
CHEENRERS , HhaEXEE, BXEZEE , BSHEHFAS (BYOC),

TIEWRER |, BT REBEFER Amazon Braket SIZESENAPI , EHFREEZIM AR AL | &
BEAFELEFANENEFRE , ARNER R EEPFHTER, AXLEMIXIEERENRAE
BERTAREZHAM, IFEITREEHEL ( Hybrid Job ) MERIRE , BAILIE QPU, REERLEE (I
WMSV1, DM1=RTN1 ) RELBEEBESFEUSZHIAR G ZE#HTEER. FRREELESES QPU , £HEES
WARBRALUNZEERZHIT API AAH. EARAXBERS , FERSEZMETBRAZR —NERF.
FE N EBEERL PennyLane S8R A TERINNTIRES L BESBHEER. NREFERH#BKAR PennyLane
BRI EENELREZTRE , WALEERFIRBEUREFRNEFRE. BXREMERNEXE
B , 2@ Amazon Braket EH/ T H.

£y Amazon =3
CQ CoudWatch ) Amazon 53

i‘-‘“—!: Amazon Braket

o o 4 QPU

( \ Amazon Braket Console Bl

\ / = i Amazon Braket
P = j:{ﬁ’}:f On-demand
f ! Amazon Braket Hybrid " Simulator

Jobs API

F Amazon Braket
User I — Jobs Instance T _T Embedded
1 2 i Simulator

S W
Bl )

Amazon Braket Notebook/
Local IDE

&/ Amazon Braket ;2 & fElLE{TEA M 157


https://github.com/amazon-braket/amazon-braket-examples
https://github.com/aws/amazon-braket-sdk-python
https://github.com/aws/amazon-braket-sdk-python
https://pennylane.ai
https://github.com/PennyLaneAI/pennylane-lightning
https://aws.amazon.com/braket/pricing/
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MREH EREERREEL B RIMARAELES , Amazon Braket 2 EIFBIZTREES. EBF
BEELSES (BT EAPITEADEENSEHIER ) | ETEX , HEREA Amazon S3 , RAEE
BUEHRR. HWARAM AR ERERENEZERERAN TR,

BMETFLHERET (QPU) WHRBEESEHZIRE, M5, EEMLENE , QPU L RERET—
MNMEEHEL, BAIATEFAFSTHESHELNKE  URBELATFHIRE, MREHNBIFRER
QPU , B & 1EL & Kt AFTiE QPU B94EALBA 5, Amazon Braket BaIFTEHREMEWLZS , HiE
RELZEITENBREEL, EEERENAR , ZHEESELEFREHENR , XERERESEL
PHEFESLETIRE LHAAIE M Braket E 7S , BIRRZFUNEFESER/LOHRERS
QPU —X, BEESTHRE , BERMASEBR , XEREERFNSGREANRRMS R,

(® Note
REEZXEHMR , BWEEESEEIREE AWS XiE B—1R& LIET,

HEBRN QPU BArZRF |, BRI LLARN B ELEXER (HINRSRTREE ) EXANE XN —EB
Do XEEHFLBFIRELLSE , CloudWatch RREIL T #BraketZHl AR UL RN AXE
Ro

@ Note
MREBFEHET GPU W32l , BS54 EA Braket EBRARNEREFRENET GPU
WUARILLEE (Bl ) , 1lightning.gpull RIEEFRE T CPU WA RELBF 2 — ( HI
Wlightning.qubit, Ebraket:default-simulator) , MF&EH GPU , F HAAE
SFETRRBENRA,

B2 YREY 25 — ™ Hybrid Job

AT NE WA Python BIZARBIZ2IES Job, E , EfF A Python {55 ( HlINE BRI ERFT
RIR5E (IDE) = Braket £ic7 ) SIBESHEL , B RG A RBERESEILEZETT,

ATAR :
- RENXR
- BIEHIEIT

. MpgR
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IREXR

EETE-NREELZE , XTRREEEBHNRREERITHES. ERELNNRESIER ,

E M Braket #B=HI A EM M FE L %R “DNFR”, Amazon Braket B PR &2 W [ 7] #H BB RIEEH —

NEACGRREARUETESGESHNR , IEFESEZUETATETREESHRINAEG (UWRE
REBEREAR ),

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 [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [A. You can verify that you have existing

roles with this policy attached.

Algorithm Llibrary
Service-linked role

Announcements o

Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [
Permissions and settings

‘ @ Service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role ‘I

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.

ERUIZNACREEARBNIRRETEREL , FERRINEAGEE, MRMRXEMY , R
WE-REHE , EHABGERKD. EEFACNEHRREAE ARN , BERERAGEH,
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Amazon Braket X Amazon Braket » Permi and settings

Dashboard Permissions and settings for Amazon Braket

Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have

existing roles with this policy attached.

Algorithm library
Service-linked role

Announcements o
Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [
Permissions and settings

@ Service-linked role found: AWSServiceRoleForAmazonBraket [/}

Hybrid jobs execution role

The AmazonBraketlobsExecutionPolicy [4 provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

@I Roles were found with sufficient permissions to execute hybrid jobs. ]

v[rowras]

Role name Role ARN
l AmazonBraketJobsExecutionRole [4 arn:aws:iam:260818742045:role/service-role/AmazonBraketJobsExecutionRole l

MRENASKARBHIRKETREEEL , MaRR —FER , BRARILXAG, &F QIR
MAAE ZHAURIEREBNRHNAR,
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Amazon Braket X Amazon Braket » Permi and settings

Dashboard Permissions and settings for Amazon Braket
Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [£. You can verify that you have existing

roles with this policy attached.

Algorithm library
Service-linked role

Announcements °

Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [
Permissions and settings

@ service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role _

The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

@[ND roles found with the AmazonBraketJobsExecutionPolicy attached and braket.amazonaws.com as a trusted entity in \AM.]

MRABERIEE  LRKE-FEINER.

Amazon Braket X Amazon Braket » Permi 15 and settings

Dashboard Permissions and settings for Amazon Braket
Devices

Notebooks General Execution roles

Hybrid Jobs

Quantum Tasks The AmazonBraketJobsExecutionPolicy [ provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have existing

roles with this policy attached.

Algorithm library
Service-linked role

Announcements o

‘Amazon Braket requires a service-linked role in your account. The role allows Amazon Braket to access AWS resources on your behalf. Learn more [4
Permissions and settings

@ Service-linked role found: AWSServiceRoleForAmazonBraket [

Hybrid jobs execution role

The AmazonBraketobsExecutionPolicy [4] provides minimially required permissions for a role to run an Amazon Braket Hybrid Job [4. You can verify that you have
existing roles with this policy attached.

@Il:reateﬂ AmazonBraketJobsExecutionRole [ successfully. ]

MRETHHATHER , NPRHFELTE, EXMERT , FRREHNE AWS EER,
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Amazon Braket Permissions

Permissions management for Amazon Braket

When you create a resource, such as an Amazon Braket notebook or job, you have the ability to specify the actions this resource can perform on your behalf
by attaching an execution policy to an IAM Role [4. You can create default roles for different Amazon Braket resources here. To build custom Roles for
advanced use cases visit IAM [A.

Jobs

Amazon Braket jobs [/ require the roles with managed policy AmazonBraketJobsExecutionPolicy [4 attached, which provides minimally required
permissions to an Amazon Braket job.

é AccessDenied
User: arn:aws:sts::012345678912:assumed-role/SampleRoleName/username is not authorized to perform: iam:ListAttachedRolePolicies
on resource: role AmazonBraketJobsExecutionRole with an explicit deny

IR HZIT

RESTESHELNERNAGRE , AT UBERIET . REVE—1 Braket BEFLHXBE D REE
A, EELTHRESITHER , AQSENEE-HINELHRBENEFES. BRTEEREZAN
SR R E MR . BRI AR BB REHNIFER, AOKEXTEEELSHANEE
RAEIRPIZITHY S — N XA B
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bell=Circuit().h{®).cnot(@, 1)

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

Algorithm

Quantum Task

Create job

Script
Track status i

Entry point and
Analyze results other code

— =
oo < —

i

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

B, ERUATEZHNANERRS , ZMACET EMRESH TN EL R,

import os

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

def start_here():
print("Test job started!")

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

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

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

print("Test job completed!")

e SX#HE R algorithm_script.py 4R1Z7E Braket £id A AN EN LG THER F
A, algorithm_script.py ¥ Estart_here()ERITRIHA DS,
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Tk , £ 5 algorithm_script.py X4 HEREH B F T 612 Python X4 Python £i24, LIRS zh
BEELHGEEFMARILE , FINTHNRMNBENBIRSEIRELER, UHEAZELEEEELNES
el AR EIRZ

@ Note

BXx {62 Braket 1B ANEAF X H (420 algorithm_script.py X4 ) L& S SEIEAREREH
BRAMNEZEL , 5 EH Amazon Braket Python SDK iz {T#REVEE —NEE R

MNTFEARNE—FER , (REWAE—MELES, TICRBENEMIPRBENE FIRE , TIERERESRIE
XN EFLEE T (QPU) , fREUTHARdeviceFEEENRZHA T RAERES/EL , HARTLME
RIRETEIRMEAE LM, AMZN_BRAKET_DEVICE_ARN

® Note

BRREERESELH AWS XiF AT AR E ., D% Braket SDK & HhERIIET, AWS
Xigflan | us-east-1 FHES/EL AT LAlonQEASVT, . TN1FIREZDM1 |, BFREEMFE AR
%o Rigetti

MREEEREBFITENMARELE | Braket 2R BBHERSHL , MEXTHRNRETEAMEETF
£%.

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

ZSHwait_until_complete=TrueiR & T ¥ M&E , LUEEH M 1512 1783 $T ENSERRAE L B9 5
Ho BRIZABIRCTFUT ROIBHEE,

job = AwsQuantumJob.create(
Devices.Amazon.SV1,
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source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
wait_until_complete=True,

)

Initializing Braket Job: arn:aws:braket:us-west-2:<accountid>:job/<UUID>

Completed 36.1 KiB/36.1 KiB (692.1 KiB/s) with 1 file(s) remaining#@15download:
s3://braket-external-assets-preview-us-west-2/HybridJobsAccess/models/
braket-2019-09-01.normal.json to ../../braket/additional_lib/original/
braket-2019-09-01.normal.json

Running Code As Process

Counter({'00': 55, '11': 45})
Counter({'11': 59, '00': 41})
Counter({'00': 55, '11': 45})
Counter({'00': 58, '11': 42})
Counter({'00': 55, '11': 45})

Code Run Finished
2021-09-17 21:48:05,544 sagemaker-training-toolkit INFO Reporting training SUCCESS

(@ Note
BRI BB ENE ( Atk B R EREDR tar.gz XHH S3URI) FEENERE
AwsQuantumijob.Cre ate FE—EBEH. BXIETRHI , 2 Ama zon Braket ="l Github
i E RSB X4 R F B parallelize_Training_for_gml.ipynb 324,

Wit R

;A , WA LLAERE Amazon B9 B & CloudWatch, Hit , HHEEMELFAEENEAMFEE £
BB EAIRIF | &R HEHaws/braket/jobs , RFRFBEEZELEHHNAER. £ LRRH
f, Bl braket-job-default-1631915042705/algo-1-1631915190,
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https://amazon-braket-sdk-python.readthedocs.io/en/latest/_apidoc/braket.aws.aws_quantum_job.html#braket.aws.aws_quantum_job.AwsQuantumJob.create
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
https://github.com/amazon-braket/amazon-braket-examples/tree/main
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
https://github.com/amazon-braket/amazon-braket-examples/tree/main

Amazon Braket

FRARER

CloudWatch
Favorites
Dashboards

» Alarms

¥ Logs

Log groups

Logs Insights

¥ Metrics
All metrics
Explorer
Streams
P> X-Ray traces
» Events
» Application monitoring
P Insights

Settings

Getting Started

Ao @o ©o

l CloudWatch

Log groups

/aws/braket/jobs

JobTest-autograd-1636588595/algo-1-1636588740

Log events
You can use the filter bar below to search for and match terms, phrases, or values in your log events. Learn more about filter patterns [

Q

> Timestamp

Y Y YV VYYVYYVYVYVYVVYVYYVYVYVYVVYVVVVY

2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:
2021-11-10T17:

.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00
.993-07:00

Message

There are older events to load. Load more.

View as text

Clear m

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733f34779fa6/test/unit_tests/braket/circuits/test_gates.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee@53328733f34779fa6/test/unit_tests/braket/circuits/test_instruction.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_moments.py

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_noise.py

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F34779Fab/test /unit_tests/braket/circuits/test_noise_helpers.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733F 34779 ab/test /unit_tests/braket/circuits/test_noises.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_observable.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/circuits/test_observables.py

aws-amazon-braket-sdk-python-staging-3885a942c09911b104eee0d53328733F34779F a6/ test/unit_tests/braket/circuits/test_quantum_operator.py
py ging-3£885a942c09911b104eee05332873334779F a6/ test/unit_tests/braket/circuits/test_quantum_operator_helpers.py
py ging-3f885a942c09911b104eee053328733 34779 a6/ test /unit_tests/braket/circuits/test_qubit.py
aws-amazon-braket-sdk-python-staging-3885a942c09911b104eec053328733F34779F a6/ test /unit_tests/braket/circuits/test_qubit_set.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eecd53328733F34779fab/test /unit_tests/braket/circuits/test_result_type.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee0d53328733F34779fa6/ test /unit_tests/braket/circuits/test_result_types.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee05332873334779fa6/ test /unit_tests/braket/devices/

aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/devices/test_local_simulator.py
aws-amazon-braket-sdk-python-staging-3f885a942c09911b104eee053328733f34779fa6/test/unit_tests/braket/jobs/

aws-amazon-braket-sdk-python-staging-3f885a942c@9911b104eee053328733f34779fa6/test/unit_tests/braket/jobs/local/

aws-amazon-braket-sdk-python-staging-3f885a942c@9911b104eeed53328733f34779fa6/test/unit_tests/braket/jobs/local/test_local_job.p;

Custom &

LR UERFNEFERREHELHRE , FERER BEEL TH , AEERE RE"

Amazon Braket

Dashboard
Devices
Notebooks
Hybrid Jobs

Quantum Tasks

Algorithm library

Announcements o

Permissions and settings

X

Amazon Braket » Hybrid Jobs » braket-job-default-1693508892180

braket-job-default-1693508892180

Summary

Status Runtime Hybrid job logs

@ COMPLETED 00:01:21 View in CloudwWatch [4
Settings Events Monitor Quantum Tasks Tags

Details Event times
Hybrid job name Hybrid job ARN Created at

braket-job-default-1693508892180

Device

arn:aws:braket:

Status reason

evice/quantum-simulator/amazon/sv1

arn:aws:braket:us-west-
2:260818742045:job/braket-job-default-
1693508892180

Execution role
arn:aws:iam::260818742045:role/service-

role/AmazonBraketJobsExecutionRole

Aug 31, 2023 19:08 (UTC)

Started at

Aug 31, 2023 19:08 (UTC)

Ended at

Aug 31, 2023 19:10 (UTC)

Source code and instance configuration

Entry point

job_test_script:start_here

Instance type
ml.m5.large

Stopping conditions

Max runtime (seconds)
432000

BHREELEZITRISTE Amazon S3 AR — & T4, S3 FHEHERIABF Namazon-braket-
<region>-<accountid> , A& Fjobs/<jobname>/<timestamp>HFxXH, {# Braket

BRER
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Python SDK #|Z/E&#Ellcode_locationht , OB IEEHMBREEFFIXL T4 S3
&,

@ Note
It S3 FRERLMEENESHMANLTE— AWS X &,

Zjobs/<jobname>/<timestamp>B FREE—NFXHX , XHFHETEAOSBIR
Bmodel.tar.gzil. BE—NBRAMWE Fscript , source.tar.gzXHHEBSEMEEZHAT
H, EBREFESHERN TR NWE FXFjobs/<jobname>/tasks,

WA, . NREENHBIEKK

BRT R EBEEMAN — M HZANAXEN , BHREELETUEEMm ARG LH, HEESEL
B3t , AmazonBraket &SI 2 ESELRIZEENMASFEZTEEZHANESR T, BEEESTK
&, ExHEE WA E EEENE S I ER Amazon S3 L&,

(® Note
FiERRRMREGN , TERLLHELEERF.

AmazonBraket A2 7T ZNMNRETENHEIRE , UE{tSRB[MANMENRE,

AITN4AT Amazon Braket Python SDK 12f##AwsQuantum]ob.create BB < BB SR EER
BRI BR BT,

ATRE :
* BA
* B
- REXE

- HEIERH

A

WMARE  BYMFEAinput_dataSBIEEREN FHMNMARIE XM |, ATLUN M ABIERHBAES
&, AP TE SDK BAwsQuantumlob.createEHEHFE Xinput_datas¥, XSGR AKEE S

WA, W, RETENHEK 167
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FIMET EFTA N BN RS X RS "AMZN_BRAKET_INPUT_DIR", BXIMAIEREEEPEABMA
BB LA R, FS % Amazon Braket Hybrid Jobs #9 QAOA PennylLane 1 Amazon Braket
Hybrid Job s Jupyter £idAFHE FHEEF T,

(® Note

HMABERAK >1GB) i, BEELZEERKMNEFEERR, XRRA ARt ARELE
5% b5 3 S3 EiEME , AN S3 BERMMBIBREERERSY , &F , BEESBERERRS
Braket fR%5 .

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

@ Note

EXUAEESHNBARERAGSHXEEEEAELESHELHANESES , BSHER
B HE 2 Mtk github TWH,

RER  ElEEjob-arnEEFWESHELPEABIMES |, FF
Fcopy_checkpoints_from_job@®., ST HRERKEEFFFHFHRS/EL

o, EEEEIETIEREZEAMZN_BRAKET_CHECKPOINT_DIR4A HAVERE L]

. checkpoint_configs3UriBRiAEANone , XEKRBERBHEMESELNRERHERTLA
FHEVBREEL,

f

ETRES EFESEREMAE S3LBs3://amazon-braket-<region>-<accountID>/jobs/
<job-name>/tasks.

Job &R : BMNE EMAREIIMETELATE B XNMAER

A "AMZN_BRAKET_JOB_RESULTS_DIR"#HEHIFIFIEERN S3 fBoutput_data_config. MR
IBARIEELE , MERIA A S3://amazon-braket-<region>-<accountID>/jobs/<job-name>/
<timestamp>/data. FE{1RH SDK #BIZFE I save_job_result , ZNEEZMABAR | &7
DERAZEBAFENER S EibFREER

REL . IREFARES , JUNEREERETEAENE SR
A" AMZN_BRAKET_CHECKPOINT_DIR", #tha]LAsave_job_checkpointih Al SDK #5BhESE K,
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https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/2_Using_PennyLane_with_Braket_Hybrid_Jobs/Using_PennyLane_with_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs.ipynb
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py
https://github.com/amazon-braket/amazon-braket-examples/blob/main/examples/hybrid_jobs/1_Quantum_machine_learning_in_Amazon_Braket_Hybrid_Jobs/qcbm/qcbm.py

Amazon Braket FEARIERE
BERENR B LUNEEBREN N EEMAN -0 |, XEERESERSELZITIZEZE Amazon
CloudWatch F# 38+ & /RE Amazon Braket #2# A%, BxUNAERAE LSRRG , FSEER
Amazon Braket JE&1E%HI121T QAOA E%,

FE R

AmazonBraket 2t T SN RETEXRET L ERRMANBMHARE, UTRBIE T Braket EFHEY

HELTE,

# 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

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"]
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AmazonBraket 2 7 ZNHBIERE , Ut SR/ ANMENRE, XEHBERBSMNATET
Hybrid Job BEEZHIAFIFAH. AT RAERT WMAEAEA].

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

RIFAFL 25

B URFEEHARERNER | METUMESELMAFHESIELN R K Amazon S3 &Y% H
XX (&7 model.tar.gz B tar EE A ) IREBXLELR,

MIFE R JavaScript M RFRRIE (JSON) (A HRFENMHP, MRTERBTFEEMFIIEAX
A (B0 numpy 4H ) |, MATSAME A —NMERBHBEBERRHITFIMCHNED, EXEZFAEE ,
B2 7 braket.jobs.data_pers isting #&R,

ERFRBEELNER , BEEEMAP RN T A #ADD ERHIT.

from braket.aws import AwsDevice
from braket.circuits import Circuit
from braket.jobs import save_job_result #ADD

def start_here():

device = AwsDevice(os.environ['AMZN_BRAKET_DEVICE_ARN'])

results = [] #ADD

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

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

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

ARig , BRILUBT M N A #ADD print(job.result() ) ERMITRE RIEAUMARPEIEIL LR,

import time
from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",
device_arn="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",

print(job.arn)

while job.state() not in AwsQuantumJob.TERMINAL_STATES:
print(job.state())
time.sleep(10)

print(job.state())
print(job.result()) #ADD

EE R | RAIMBR Twait_until_complete=TruelAiM&E M H, & LUFE T FHF M
TRIE. HRETEXMESELN , E28R 10 Wil — X R job-arn , AREREBSELAIR
A, RERREELIIRACOMPLETED , ZEELRRERHFEEENER, BSHEUT RO,

arn:aws:braket:us-west-2:111122223333:job/braket-job-default-1234567890123
INITIALIZED
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING
RUNNING

R fFLER i
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RUNNING

RUNNING

COMPLETED

{'measurement_counts': [{'11': 53, '00': 47},..., {'00': 51, '11': 49}]1}

ERARERREAERESHFL

EALNEARE SRERAELOFRER, L FOEEMATHS LR T #ADD
R0 /TR OIRAD B RS

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"])

#ADD the following code
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
save_job_checkpoint(
checkpoint_data={"data": f"data for checkpoint from {job_name}"},
checkpoint_file_suffix="checkpoint-1",
) #End of ADD

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

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

HRETREELN , EL2ERER]LB ZPHNEESEL T4 6 AR IARR R0 4-
checkpoint-1.json <jobname>, /opt/jobs/checkpointsPRIEEEE I BRIARE , TNEAEL
AR IFRE

MEENZHHREELERNRESMBRSEL , MEEZMASEMAfrom braket. jobs
import load_job_checkpoint., MEKEIEEMAH BB T TR,
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checkpoint_1 = load_job_checkpoint(
"previous_job_name",
checkpoint_file_suffix="checkpoint-1",

MBFHREI]G , BRI IREMSHIINANBTEERNITEEcheckpoint-1,

(® Note
checkpoint_file_suffix 55 2 8 7£ 8 B4 & S AT 18 E W G R ITEL

LR AEZEEERN —MNREE L job-arnFHY , &1TA #ADD R,

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
)

RNEERZARE LB
AmazonBraket XF=FfHAR[/ N EEZRARE LHWIFE -

- HEHAZE (WRKREE , Mimage_uri ABIARER)
« —NEH Tensorflow BB ESH PennylLane
- 8 PyTorch MY A 8§ PennyLane

TRE#TAEXRERREESHENEAEE.

I &b Braket &85

3] PennyLane & TensorFlo PennyLane & PyTorch Pennylane
w

Base 292282985366.dkr, e 292282985366.dkr, e 292282985366.dkr, ecr.us-
cr.us-east-1.amazo cr.us-west-2.amazo west-2.amazonaws.com /

NEEMATE LRE
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SR FE

H e

PennyLane & TensorFlo
w

naws.com /amazon-b
raket-tensorflow-jobs:
latest

e awscli
* numpy

* pandas

* scipy

« W 5i# braket-ERINE
8

« {5 braket-pe
nnylane-plugin

« 5% braket-sc
hemas

* amazon-braket-sdk

* ipykernel

* keras

* matplotlib

o PZ&x

» openbabel

* PennyLane

 protobuf

* psi4

* rsa

+ PennyLane-IN A% Y
GPU

* cuQuan

PennyLane & PyTorch

naws.com /amazon-b
raket-pytorch-jobs: latest

» awscli
* numpy

* pandas

* scipy

o« W5 braket-ZRIAE
8

« W5 # braket-pe
nnylane-plugin

« T 5% braket-sc
hemas

* amazon-braket-sdk

* ipykernel

+ keras

* matplotlib

o MZ&x

» openbabel

* PennyLane

 protobuf

* psi4

* rsa

+ PennyLane-IN A% HY
GPU

* cuQuan

Pennylane

amazon-braket-base-jobs:
latest

U 5%k braket-BRIAE L ES
LS braket-pennylane-
plugin

AL 53 braket-schemas
amazon-braket-sdk
awscli

boto3

ipykernel

matplotlib

P 48 x

numpy

openbabel

pandas

PennyLane

protobuf

psi4

rsa

scipy

NEEMATE LRE
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& 0] LATE aws /amazon-braket-conta iners E&EFMIGEFRBRE L. EERHFEENAVINASS.
AB|YIANT AWS X1 NP RABESELNARSRED, EARRESELER , BRI UEREES/ELR
AHfcreate(..) BRAPRMUT=EANSH 2z —KIEEREFEBR. BT Amazon Braket BesEEEH
BRMiERE , ST UESTIEEMKHIMZRKEZERARSRT (UBIRETRHAIARN ) AT
RBIERTF us-west-2 XiF,

« EZRKE F image_uri= “292282985366.dkr, ecr.us-west-2.amazonaws.com /amazon-braket-base-
jobs: 1.0-cpu-py39-ubuntu22.04”

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

* PyTorch i m@@ ag e_uri= “292282985366.dkr, ecr.us-west-2.amazonaws.com /amazon-braket-
pytorch-jobs: 1.13.1-gpu-py39-cu117-ubuntu20.04”

image-uristB AJ LA Amazon Braket SDK Hfyretrieve_image () EHEH TR R, T RAIHE
BAEN{A M us-west- AWS X1 2 AR R E 1.

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")

EHEZSH

BIZBESFILE , BUNENEEZMENESH , fINEI RIS K, BESHERERATEHEZNS
ANGH , FEBRETUUXNERITHRUMUCE R, B Braket BSFILHPERAESYH , BFE
FHEAEMNERBEENFH, FIE8  SEELARTFHRBERE, ERREAESN , LA
EENXWESHE, ERAESENFE - IRFESHREAEUNFH | XAENATRBHEER

#defining the number of qubits used

n_qubits = 8

#defining the number of layers used

n_layers = 10

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

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

Rig , BFEZE LEAAHNRBRRPELXNESY , MERCEENELZPER , HRBNTHAR :

import time
from braket.aws import AwsQuantumJob

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

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

(@ Note
ETREXAABENESEL  BRHAES.

RE , REAATRIBFESHMRIES AL AP

import json
import os

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

hyperparams = json.load(f)
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@® Note
BXRNAF M ABENRE an FEEEEIESHELHMANEZFEE , HSHEL github T
EO

QAOA 7 Amazon Braket Hybrid Jobs 1 PennyLane Amazon Braket Hybrid Job s #EF R4 7 /14
NEIMAEABSEEERANER , XEEBNZFINAERABESHIEEETA.

BB B 1E L S Uz 1T E R AR

RIBEWEZL , BUEETRNER, BIABERT , AmazonBraket #£ml .m5. large3kfl LETEH
BEEMA, BR , ERIBBEHELEN , BAUERA TS ANEESHEE LR FI2EE,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"), # Use NVIDIA Tesla
V100 instance with 4 GPUs.

)’
MRBEEETRARNGEHERZEEFIEE 7 AHIEEZ , MIET A InstanceConfig B3 5 E

InstanceCount HHERZE AKX TF—PMRKEFERZANEH, ERA 5, Hla , SR T HRIER 3 A
=41,

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(

instance_config=InstanceConfig(instanceType="ml.p3.8xlarge", instanceCount=3), #
Use 3 NVIDIA Tesla V100

)
HEERAZANEBIE | BERERAEIE parallel WEES EREEL . BXRUMFAEF L Bra ket REIKWE
%1$2E1Ezm~ y ﬁ%lﬂﬂ?ﬂ'—\m%"ﬂz&o

TR =ZAREIIE THOERG], T ELCBISSHI R 0E 1T ESLHI89 7] A SE AR B MM
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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/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/5_Parallelize_training_for_QML/Parallelize_training_for_QML.ipynb
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® Note

EERRSEFHRIA

FRAESK B
ml.m5.large ( ERiA )
ml.m5.xlarge
ml.m5.2xlarge
ml.m5.4xlarge
ml.m5.12xlarge
ml.m5.24xlarge
ml.m4.xlarge
ml.m4.2xlarge
ml.m4.4xlarge

ml.m4.10xlarge

Tt ER LB KA
ml.c4.xlarge
ml.c4.2xlarge
ml.c4.4xlarge
ml.c4.8xlarge

ml.c5.xlarge

ZBUTEXFIEH , FSHLLAE,

vCPU

16
48

96

16

40

vCPU

16

36

k2

8 GiB
16 GiB
32 GiB
64 GiB
192 GiB
384 GiB
16 GiB
32 GiB
64 GiB

256 GiB

k2
7.5 GiB
15GiB
30 GiB
192 GiB

8 GiB

BB R &ML SR6I S T E M A
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T ECE LA
ml.c5.2xlarge
ml.c5.4xlarge
ml.c5.9xlarge
ml.c5.18xlarge
ml.c5n.xlarge
ml.c5n.2xlarge
ml.c5n.4xlarge
ml.c5n.9xlarge

ml.c5n.18xlarge

bz it & K5I
ml.p2.xlarge
ml.p2.8xlarge
ml.p2.16xlarge
ml.p3.2xlarge
ml.p3.8xlarge
ml.p3.16xlarge
ml.g4dn.xlarge
ml.g4dn.2xlarge

ml.g4dn.4xlarge

vCPU

16

36

72

16

36

72

vCPU

32

64

32

64

16

k2

16 GiB
32 GiB
72 GiB
144 GiB
10.5 GiB
21 GiB
42 GiB
96 GiB

192 GiB

k2

61 GiB
488 GiB
732 GiB
61 GiB
244 GiB
488 GiB
16 GiB
32 GiB

64 GiB

BB R &ML SR6I S T E M A
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Rt E KA vCPU k2

ml.g4dn.8xlarge 32 128 GiB

ml.g4dn.12xlarge 48 192 GiB

ml.g4dn.16xlarge 64 256 GiB

@ Note
p3 SEHITE us-west-1 PRI, MREBWESESLTEMEERN ML ITERE , FEAHA
X1,

B RHIER 30 GB MYEIEFiE (SSD) WERAELE. BER , BB EREMRN SN RAERF
fifinstanceType. BAT /R4 AR S 1265 22 A€ hN 2 50 GB.

from braket.jobs.config import InstanceConfig
job = AwsQuantumJob.create(
instance_config=InstanceConfig(
instanceType="ml.p3.8xlarge",
volumeSizeInGb=50,
),

),
BEUHIBRS Job

B RERERUELA TIRLILRBHVESFEL ., XATNEREEPTH , AT LUERRB TR,

EERFESPECEREEL , EMN BEEL TEPERERCENREEL , REM BE THXE
kiR “BUEERSEL,
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Amazon Braket b4 Amazon Braket » Hybrid Jobs
Dashboard Hybrid Jobs (4) Cc Actions & Create hybrid job
Devices i y
View hybrid job
Q search ‘ 1

Notebooks Cancel hybrid job
Hybrid Jobs Hybrid job name Status Device Manage tags at
Quantum Tasks

braket-job-default-1693603871840 (%) CANCELLED arn:aws:braket:us-east-1:device/gpu/iong/Aria-2 Sep 01, 2023 21:31 (UTC)
Algorithm Library (] braket-job-default-1693600353661 (@ QUEUED arn:aws:braket:us-east-1:device/qpu/ionq/Aria-2 Sep 01, 2023 20:32 (UTC)

test-job-example (©) COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 Jun 02, 2022 22:26 (UTC)
Announcements o
Permissions and settings @] Test-ashlhans (@ COMPLETED arn:aws:braket::device/quantum-simulator/amazon/sv1 May 25, 2022 19:50 (UTC)

EWINEUE , FELARRHERAFZRD @A “BUE"

Cancel Job "JobTest-autograd-1637034526"?

, RIFIEE BE,

A + Cancelling the specified job can't be undone.
« Cancelling will terminate the container immediately and does a best effort to cancel all of the

related tasks that are in a non-terminal state.

s Tasks that have already completed will still be charged.

¢ You can create a new job using your checkpoint data, if you defined it, to rerun your experiments

To confirm cancellation, enter cancel in the text input field.

cancel

.

E A Braket Python SDK HHIKBEGHEES
T, M TRBAAR. job_arn

job = AwsQuantumJob(arn=job_arn)
job.cancel()

Bl

, BEARESEL  REXNEBEBcanceld®

Zcancel W TRV AL IEZHBMBSHELER , ARRAENBUEA ML TIELImRSHEXEF

£S5

BUHEIES Job
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FERZHELEZEMNRBEELIEE

Amazon Braket X#FHEFE L QPU EHRHITSHULE R, XELERBBELIRAFE—RBE K MARNE
SEEFNERNEREF-RAKBELEHERETS BN REFLSREXNTTH, XTHUEZHE Hybrid
Jobs Mz{TEIE , RNEEFEE —IHENERZLR, AFRNSBILEIRHEN Braket Hybrid Job 2
RBFMNZFFHN QPU BNAT, XN TR ENESTHIBEYEL , BraketfE4miF B & B3 £ ABE R AR
RENEFTNBERE  UWBARREESRENSER.

EORSBULR  AEFEREENATRESHBENBA, EXMF , RONERT NS
LR , BT B8OEARCENEMNLELE, NTHRENTERYE , EREREBRITZBEHN
TEHEAE | PINERRERFERSH,

import os

from braket.aws import AwsDevice
from braket.circuits import Circuit, FreeParameter

def start_here():
print("Test job started.")

# Use the device declared in the job script
device = AwsDevice(os.environ["AMZN_BRAKET_DEVICE_ARN"])

circuit = Circuit().rx(@, FreeParameter("theta"))
parameter_list = [0.1, 0.2, 0.3]

for parameter in parameter_list:
result = device.run(circuit, shots=1000, inputs={"theta": parameter})

print("Test job completed.")

BRI MERA A TR AR REEMA LGRS Job MERETT, EXR/HSHILHFHN QPU LiETT
Hybrid Job B , {XRFEE —IRSITHR S RiFEE, EETRNETH , REEEAREENEE , TF
EAESANRBITEIR RS Hybrid Job BYIZ 1T AT £ EE.

from braket.aws import AwsQuantumJob

job = AwsQuantumJob.create(
device=device_azrn,
source_module="algorithm_script.py",
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)

@ Note

FIEXRBHPEFEFNES. ETHIRHN QPU BXFSH Y% F , Rigetti ComputingkH e
Oxford Quantum Circuits Ei2F BRIk -

PennyLane 5 Amazon Braket — 2 &£ f

BEEZRANEBERHRESNETIETNEZE, FHIESHELBEEH (EC2 AL ICABM ) £
BT, EFETELAEELEE LZE1T , ELEEFiITENLET. BRINEBVWEERABSELINEEEITE
EE%*, AXEZEER |, BSHEIR £ A Amazon Braket £5,

AmazonBraket £ EEH 7£ Braket PennyLane MM EB N REMZTREETEL , REFH
Amazon Braket Python SDK MR 12 A& Z . Amazon AmazonE T SDK #Y Braket Rl 1274
2T PennyLane EHEI AR EMEZTREREE L, B2 , BATEWXH PennyLane f# , B
TRETEFENER,

XTREETEE

BEETEENIASHTIREE , ENIREFUHERFBBEERTERF , Ak~ £ HiR, 1TEH
AN ENEFIIMEMENEFNIS ; B, KESTHEETRSBRFERESR , MNIS BT
EHiR,

EUHR (BFHEUGITRY) ETH (BIHNHT ) cKNABFEEZFERTIEEALX

EH, HTRENMRRE , eI THANE FRERKETERTUISERR |, XERFBERIRNERFE PR
BT (NISQ) .

HEREETEEY , EFAEET (QPVU) RHELH CPU MhALERE , TATNREAEEPHE
BitHE, BRATHEAKREE  MFIR,

# /A Amazon Braket PennylLane

AmazonBraket JPennyLancEl 5% E F M7 wES SHEN T RREERRM G, RAERXME
BRIIGEFEE  RBNGFHL2NERKIHBEFLE., BEFISFINRCPITERTHBERAE—
=

% PennylLane EE RN BB T E (245 PyTorch A ) £ 7# 0 TensorFlow , fFE 7B
GEBREMEM.

PennyLane 5 Amazon Braket —i2 £ 183


https://github.com/amazon-braket/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Quantum_Phase_Estimation
https://github.com/aws/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Grover
https://github.com/aws/amazon-braket-examples/tree/main/examples/advanced_circuits_algorithms/Grover
https://pennylane.ai
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 PennyLane fE —— PennylLane Bt &3 7 Amazon Braket £ie A B H, EMH G Amazon
Braket %% PennyLane , iHH FEEAHFERALUTHHS A PennyLane &,

import pennylane as qml

HREZEATEYERREA T, HE , ELUEN B 2%EH IDE PennyLane £ Amazon Braket L
Ao

« AmazonBraket PennyLane &t — EfARE 2 H IDE , RETLLF 3 L% Amazon Braket
PennyLane ¥&#. Z¥E#H PennylLane 5 Amazon Braket Python SDK &3 | bR ABLFE Amazon
Braket %% PennyLane LiZ{TEB K, EXIK% PennyLane i , BEAUTH S,

pip install amazon-braket-pennylane-plugin

BT ROER T S £ PennyLaneiR EX Amazon Braket % 8915 R AR :

# to use SV1

import pennylane as gml

svl = gml.device("braket.aws.qubit", device_arn="arn:aws:braket:::device/quantum-
simulator/amazon/sv1l", wires=2)

# to run a circuit:
@gml.gnode(svl)
def circuit(x):
gml.RZ(x, wires=0)
gml.CNOT(wires=[0,1])
gml.RY(x, wires=1)
return gml.expval(gml.PauliZ(1))

result = circuit(@.543)

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

BHXRHERPIFE %158 PennylLane , {520 Amazon Braket R 174

AmazonBraket PennyLane {4 £ &R F— 1T BBV A7 Amazon PennyLane Braket QPU It A=
FEREZ 2 AR, ©RHET W Amazon Braket B Fi8Z Al A PennyLane :

8 Amazon Braket PennylLane 184
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 braket.aws.qubitfAF5 Amazon Braket RFHE FIRE —8IZ1T , 2IE QPU FMELLSE
« braket.local.qubitfA T Amazon Braket SDK By A<t & #2512 17

AmazonBraket PennyLane R IRI. RAIAMPennyLane f&# GitHub FEEHFREE,

BXMEZEE PennylLane , EZfPennyLane Mif E I3,

Amazon Braket FHES EERHIEIEA

AmazonBraket FSEIR M T Z KB PennylLane B RETREESEENZEICARH, RALUFF
YA ME X L B AR 20 75 A Y Amazon Braket JES RHIEIE AR EM—A , flinE FIEOELEE
(QAOA) HZE 7 & TS R#EES (VQE),

AmazonBraket RHIZIZA 4k H T Amazon Braket Python SDK, SDK &£t T —/i@iZ Amazon
Braket SEFItEBHRZHITREMNELR, ER—IMNTRE , EEBWEERESIERENETF

1P

O LAE R A R O£ 18 A3 — B R E Amazon Braket,
A #RA T PennyLane (FESHESE X

AmazonBraket Hybrid Jobs MIEEL & 7 & T CPU M GPU WS REBR A NIERLEE, PennyLaneizR 5l
BARNEURTUEERAZEHWESELASED , SFREBERSEELightning. qubitELIEE, &£
FANVIDIAB cu QuantumZE IiEM 1ightning.gpuff EfE., XERAXGERIEEEEELEE ,
BlIEFHEEFES  XEEEZAUMNESREZE (HlNFEEHD % ) F2%, BAUE—/I HNZ4 CPU
% GPU 6l EiZTiX L A NIEHLER,

f& B Hybrid Jobs , BIERILAE AL HIPLIEEEN QPU A E. Amazon Braket IRFEEHLIZE ( F
m) REFEFEAFNBRARNBERSRRKETEDEENRB, SV1 PennylLane

BMARIEREE 2L Hybrid Jobs BERHFAIA , IRRAFEAEMehybrid_jobRE MR E
Python BRERENTAT, EEF PennyLane 1ightning.gpuiE#lss , BMEFEEFHIEE GPU £
5l , InstanceConfig@ A FRBF BPI :

import pennylane as gml
from braket.jobs import hybird_job
from braket.jobs.config import InstanceConfig
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@hybrid_job(device="local:pennylane/lightning.gpu",
instance_config=InstanceConfig(instanceType="ml.p3.8xlarge"))
def function(wires):
dev = gml.device("lightning.gpu", wires=wires)

B taE AT A Hybrid Jobs B9 PennyLane B ARSI | HSE RHIZIEAK,
PennyLane 8 Amazon Braket ##\83FF |5 £ BE# 3

f&Bh Amazon Braket B9PennyLaneffiff , E BEPRS O EERLLEEH SV1 LizfTrt |, &) LA AERESS
DETERE,

AE  EFAMEMSE , XE “ M “FRdiff_method="'adjoint"”
diff_method="'device' #HgnodeiEE. BEZHE LT =B,

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#i , PennyLanef¥it & QAOA Hamiltonians B2 4A 5% , HEA IS ZM
HBF DA SNPLEE, MREEMNFIZIT QAOA BEA SV1 M HREM D BEN
PennyLane , IEEBNBRIVARBKREER AL FHER  WTAR : cost_h,
mixer_h = gml.gaoa.max_clique(g, constrained=False) cost_h =
gml.Hamiltonian(cost_h.coeffs, cost_h.ops)

£ Amazon Braket JE&ES H# PennyLaneiz1T QAOA &%

EAT G | BEERAMFAIRESH{LARIZE PennyLane — B RESLERIESTEF. B0 LUEE R EEH
ARERE FELELEE (QAOA) R, ZREFEIET —NSKR M Max Cut {16 8] AR B /Y B
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https://github.com/aws/amazon-braket-examples/blob/main/examples/hybrid_jobs/4_Embedded_simulators_in_Braket_Hybrid_Jobs/Embedded_simulators_in_Braket_Hybrid_Jobs.ipynb
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REW , BEETSHILHNEFEE , AEANENBETRAEZRESE , NTERSEEER M.
FERRGIF , ATEREN , BINEELZMAPERRABE , BN TEARNAG , REGEI2EIT @
ABREREETNETABEERMETHNE, ZirEparametrize_differentiableZiAA |, TrueEit
FBH BT EXEFN QPU LH TS HILEIFER B RBIREETH N T,

import os
import json
import time

from braket.jobs import save_job_result
from braket.jobs.metrics import log_metric

import networkx as nx

import pennylane as gml

from pennylane import numpy as np
from matplotlib import pyplot as plt

def init_pl_device(device_arn, num_nodes, shots, max_parallel):

return gml.device(
"braket.aws.qubit",
device_arn=device_arn,
wires=num_nodes,
shots=shots,
# Set s3_destination_folder=None to output task results to a default folder
s3_destination_folder=None,
parallel=True,
max_parallel=max_parallel,
parametrize_differentiable=True, # This flag is True by default.

def start_here():
input_dir = os.environ["AMZN_BRAKET_INPUT_DIR"]
output_dir = os.environ["AMZN_BRAKET_JOB_RESULTS_DIR"]
job_name = os.environ["AMZN_BRAKET_JOB_NAME"]
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"])
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seed = int(hyperparams["seed"])

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

shots = int(hyperparams["shots"])

# Generate random graph

num_nodes = 6

num_edges = 8

graph_seed = 1967

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

# Output figure to file

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

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

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

def qaoa_layer(gamma, alpha):
gml.gaoa.cost_layer(gamma, cost_h)
gml.qaoa.mixer_layer(alpha, mixer_h)

def circuit(params, **kwargs):

for i in range(num_nodes):

gml.Hadamard(wires=1i)
gml.layer(qaoa_layer, p, params[Q], params[1l])

dev = init_pl_device(device_arn, num_nodes, shots, max_parallel)

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

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

for iteration in range(num_iterations):
t0 = time.time()

# Evaluates the cost, then does a gradient step to new params
params, cost_before = optimizer.step_and_cost(cost_function, params)
# Convert cost_before to a float so it's easier to handle
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cost_before = float(cost_before)
tl = time.time()

if iteration ==
print("Initial cost:", cost_before)
else:
print(f"Cost at step {iteration}:", cost_before)

# Log the current loss as a metric
log_metric(
metric_name="Cost",
value=cost_before,
iteration_number=iteration,

print(f"Completed iteration {iteration + 1}")
print(f"Time to complete iteration: {tl1l - t0@} seconds")

final_cost = float(cost_function(params))
log_metric(
metric_name="Cost",
value=final_cost,
iteration_number=num_iterations,

# We're done with the hybrid job, so save the result.
# This will be returned in job.result()
save_job_result({"params": params.numpy().tolist(), "cost": final_cost})

(@ Note

FIERBTEFEFNES. ETHMRN QPU #xXiESHRF , Rigetti ComputingBk)F &
Oxford Quantum Circuits ER2F BRI

ERAk BB AR ELLITNERS TERE PennylLane

ERAIR BB MM AFEA Amazon Braket Hybrid Jobs PennyLane LB #R A NELEFKIZITR
EIESE,. Pennylane £F GPU HWER AR {FESRE A Nvidia cuQuantum B3k hniE 6888 {5
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https://developer.nvidia.com/cuquantum-sdk
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B, lightning.gpufR A=\ GPU #&E#\88 BIEFA Braket {EML AEgpd#t 1T 7 FELE |, FHF A LAFFA5ED
B, BARH , BMERER ROMAERAlightning. gpusRNRES TEARIEE,

lightning.gpuA TE FELCMEILEE TR

EZRAEZLAPHWE FIELCUELEZE (QAOA) R, BRFMANELE , H¥deviceZ
EENUTERANFERE : "local:<provider>/<simulator_name>", i , ALK
E"local:pennylane/lightning.gpu"lightning.gpu. Bzt L Hybrid Job BYi% & FH&F
BREN IR T ERIB LA ZEL "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)

FEATHF , ERIMNERFENMRAI PennyLane RS K EERZEL1ightning. qubit ( EF CPU)
Mlightning.gpu (EF GPU ), ATIHEEHEE K REENELSRREE-LEENNI D #E,

ME , BAEZRRESELSHMAT ., BEEARMEHIEEZET QAOAE
% :m5. 2xlarge$ﬂ° p3.2xlargem5.2xlargekPIRBEME TIRAENT REEZICERSR
. p3.2xlargeX2—MIEi+ESES , EEEHE 1 NVIDIA Volta GPU # 16GB R 1%,

RATERRES TEEME M, hyperparametersEX X T ENEFI MBS  (RATEEMNRREE
WAIT , MR

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.qubit"

# Run on a CPU based instance with about as much power as a laptop
instance_config = InstanceConfig(instanceType='ml.m5.2xlarge"')

HE

# Specify device that the hybrid job will primarily be targeting
device = "local:pennylane/lightning.gpu"

# Run on an inexpensive GPU based instance

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-jobs-script-environment.html?tag=local002-20
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® Note

MREFIEEinstance_confighFAE T GPU MIE4I , BEBENETF CPU BEARE
£L28 (lightning.qubit) , M4 6EA GPU, devicelIR{RAEME GPU , —EEFAET
GPU KR A VAEHLES |

B, BALUGERMNMNESEL , A EEF 18 MNIRHNE R EEA QAOA R Max-Cut, XEWKE
— N 18 BEF LB ER—MAXNR/D , EEICABMHNH LREEZEITRATITH. m5.2x1large

num_nodes = 18
num_edges = 24
seed = 1967

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job

m5_job = AwsQuantumJob.create(
device=device,
source_module="qaoa_source",
job_name="qgaoa-m5-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5.2xlarge3kHl FEERAEL N 25 ¥, Mp3.2x1largeskflfyFEERBEARN 12 B, 3
FixN 18 EFBFN IERRE , GPU ZHIRRIEM T 2 ZH IR, WRFRE — T Amazon Braket
Hybrid JobsBY EMN T E , RATLAE Bl —\m5.2x1largekHlM S 2402 B 70.00768E T , MEHNE
DEFRAN0.06375% T, p3.2xlargeRIRIEX EFT AV ARRE , B iE1T 5 &R |, A CPU =4l
27 0.016 £t , EH GPU =fIfy 28 AR 0.06375 £t , MEEIIEEFEE !

MEURMNILEBEZBERE , 2% 24 MIKLE LRE - Max-Cut R , ZFIBURERA 24 MNE
Fie. EHEBNAANEG EBRETREELH LB,
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® Note
B/ ES | £ CPU X6 LZT IR S L YR B AT REL 8 AN/ !

num_nodes = 24
num_edges = 36
seed = 1967

graph = nx.gnm_random_graph(num_nodes, num_edges, seed=seed)

# And similarly for the p3 job

m5_big_job = AwsQuantumJob.create(
device=device,
source_module="qgaoa_source",
job_name="qgaoa-m5-big-" + str(int(time.time())),
image_uri=image_uri,
# Relative to the source_module
entry_point="qgaoa_source.qaoa_algorithm_script",
copy_checkpoints_from_job=None,
instance_config=instance_config,
# general parameters
hyperparameters=hyperparameters,
input_data={"input-graph": input_file_path},
wait_until_complete=True,

m5 2xlargeSE BRI AR AT RN — /et |, Tp3.2xlargekPIM FE LR AL RN FH D8, XNF

NEREBE , GPU RHIBER—MKER | ENXTMINEFZ , RATIEMPREEXHRTRES ,
iﬁéﬁﬂ’iu SRMEANARMIEEE, GXErTMABE | SHRESTRER , EACPUEFINTAANRN
2.27072% 7t , EAGPURHIN AL N0.775625% T, CPU FAERNESRR , MABTHRAEHRE
., B NVIDIA XENBRARNBES AWS , A LA A PennyLane® GPU Ll iNiEix — T4ER
2 CuQuantum , FEEREBUEENERANEENM BAEZTEEFHEFHEBITHR (AT 207 30 2
B ) WIERE. XEWKE , IEREARK , TEEELLRBMFERUKRPAES LRBEZEIT , EHBTA
DEHEFITE,

BRI MBEIEAITH

MRENTHEAFERERETHRESNENE FHRES (QML) , W] BUE R BERE H 1T — 5 R
THEAH. EQULF  EREE - HEIEFHEE, ZEETRETSHARETTSLAGEN
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%, ERABBEEIIGERN K SERERINSHEUAZ/IMUBAER, RARBKEERHNENRER
EMH , URBEMNEENFORINERK, £QVL F , BEXHTIHERE  RAEBERFEHE
EiTENESHE, WEEFERN , AHRERRE M HEINER T,

AT M ERNBRATRE THAKES , R UHTIEERE | RN T ERELHIESMHE
KOMEANBE., XMEFIBNHREH1TH. &8 SageMakers X EIEH 1TE , Amazon Braket
Hybrid Jobs {5 A LA 88 2 ¥4 1t Kl A 2048 H AT SR iR I 4k,

ZERIUT QUL BITEHITITHEAR , ZTEARFERA NS UCI R EFH Sonar BHIEEHEEEN=
HH DK R, FABIEES 208 MEER , BMNIERE 60 MHE , XEFERMME LREN
FHESPREN, BIMNERKBELERER ‘M (KRBT ) , BELAKIEN R (RTFEAH ). Bl
QML BREBREmAE., ENRBEENETFEERNMERAR. MABRNGHERPRINNLABEN
& PyTorch, EFHEEMEMAE gml.q PennyLane nn &3R5 PyTorch HAREKER ., BEXIEATNE
ZHMEER , BSARNNRHZIEE. MELEMN QAOCA RHI—# |, (RAIFAET GPU BHRA
FAEHES (b0 ) lightning.gpuXREEE T CPU PennylLane FYER A IR HABR A HEBE

EQEEREESEL , B BELEXBFSHIHHAwsQuantumlob. createMISEE LA, REMNHE
B E,

instance_config = InstanceConfig(instanceType='ml.p3.2xlarge')

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

}

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

EFEABEH T , BEEE K SageMaker 2 M REEEM AR ILITRE , UEBHTLIIL,

B% , 85 AsndistributedB 2 , ZRESATFIEAH I EEIZ N GPU MBS ANEH], BLEK
#4382 1E Braket PyTorch # TensorFlowR 28R LR E, ZdistBERGEIFENOEEZM A A )15
(world_size) B GPU B3 , LA® GPU W#local_rankfrankfl, rank2 GPU fEFFHE =4+
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https://archive.ics.uci.edu/ml/datasets/Connectionist+Bench+%28Sonar%2C+Mines+vs.+Rocks%29
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43R5 , Tilocal_rank2 GPU EXHIFRMERS|, #lm , MREENEHF |, BNEHERIE S
BT AN GPU , MlrankSEE A 0 | 31, local_rankSEE N 0 &l 7,

import smdistributed.dataparallel.torch.distributed as dist

dp_info = {
"world_size": dist.get_world_size(),
"rank": dist.get_rank(),
"local_rank": dist.get_local_rank(),
}
batch_size //= dp_info["world_size"] // 8
batch_size = max(batch_size, 1)

T X , DistributedSampleriBEE XL — , world_sizerank RSN H A B HIEMERZ .,
LRSS R GPU B RIBIEENRE — F .

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

)

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

BTk, FHiZDistributedDataParallel 3k E AIEH 1T,

from smdistributed.dataparallel.torch.parallel.distributed import
DistributedDataParallel as DDP

model = DressedQNN(gc_dev).to(device)

model DDP(model)
torch.cuda.set_device(dp_info["local_rank"])
model.cuda(dp_info["local_rank"])
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UtEFABEHITERMENER,. EQMLH  SEEFEREEEHITNIINEHE, MESS
GPU #METHREMNITHGS , VEEHPREREENEE , 4R UNHEREE. MBEEXTER , R
BEEFE AR rank 0 B9 GPU BATREFEFITED,

if dp_info["rank"]==0:
print('elapsed time: ', elapsed)
torch.save(model.state_dict(), f"{output_dir}/test_local.pt")
save_job_result({"last loss": loss_before})

Amazon Braket JESE5 X SageMaker 2 R IEHTEMML . p3.16x1argesk

KA, ZATLUEN Hybrid Job InstanceConfigs HVSHEBLHIEE, B

SageMaker A XBBEHTENEREHTHECER , LFEEFFMANESE ,
Bl"sagemaker_distributed_dataparallel_enabled"i&i& N IEFEEAMEHIE

B | "true"H"sagemaker_instance_type"iRENIEEFEANEFIRE, XFENESHE
MsmdistributediaEA. BHNEEHMATERBERA TSI, £ Amazon Braket SDK # |, 12
BT —NFEHNXEFTSH, distributiondistribution="data_parallel"#EE&ESRIE
f , Amazon Braket SDK £ B AR ARANES . WREFEH Amazon Braket APl , NI FEEIE
XHNES .

BREFEHFANMBTFEBHTES , FAEAURIBEHFELT. —FPml.p3.16xlargeEplHRE

8 N GPU, &E&JfGinstanceCount=1, TEARF S HEXHIFH 8 N GPU L, WRiE
EinstanceCount AT 1, MTHEABFT S MEMBEXRGIPITAN GPU £, EFAZANEHIE , 4
Sl BRFBENFEANEKREER, flin , YEEAENEFIT |, it FetE 2SN 6T EIRY T
Z, BN EEANEFIRETEN TERR.

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,
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distribution="data_parallel",

(@ Note

ELEEABESELGIZES | train_dp.pyREXEHATEABEHTHENELRRA, Fid
¥, RAESFRBE LRSS EREZM AR , BE\EATHESIREETH, IREREBBARE
EMARRERTEASEHTERD , WESHFELAEL5IREIR , HEE GPU AIRELE
EAEMENHED R, NTTREET,

UERMNE-NROPLEBRSTREIMEAE , EEZROF , #X LR ToRER , ERH26EFLFE

FREBNGEE, XRGIPEANML. p3.16x1largekfI A NE D 04692 Et. MRZEHE

FITH , BRIBRFEKRN 45 7T EEHE 1 N2 ( BB 208 MIER ) RYIZER | BAL % 20
Eo HE 1RGN 4 NROIZBESZIMBIEEHATLER , 7HIAF 6 2N 1.5 78, SERERE

LR KLY 2.8 Xw. BHE 4 MR LEABFEATHE  EFRATLURHSITEEIZEE 30 5 , EAIEL
AR - HER !

£ A AR XA E M R S L

MEREERERNESE L  NABER T RN REEZHNAR, N2 —IEE , o
2171 XI1E Amazon Braket Hybrid Jobs FRERAKREE , EFFE Braket EEETEESELHE
RhZRHY, $HR , B LATE Braket Notebook SEHITH BIEE P ( HlAEiERBRE AR ) LARMIZETT
BEEL, EAMERT , ZNATUNEFESLEFERMRRE , ERERBER TEHIERR QPU
BITH , TEREBMHRERS,

EFRAAES | BNFEERAvsQuantumIob I HElLocalQuantumJobMEM{ZE, Hlin , Ei=
TREE—NEAELFHRE | FROTAHAREREESIELRA,

from braket.jobs.local import LocalQuantumJob

job = LocalQuantumlob.create(
device="arn:aws:braket:::device/quantum-simulator/amazon/sv1l",
source_module="algorithm_script.py",
entry_point="algorithm_script:start_here",

EAA RN HEMF RS EL 196



Amazon Braket FEANGIER

® Note

Docker & %<7 Amazon Braket £ A HBNAP , EELZRERMWIREAR T BEE A LLINEE,
A AR AL $R Bl R % Docker HIEBA, tbHh , HIEFTESBEARMEN THZ R,

B %% (BYOC)

Amazon Braket Hybrid Jobs 2t T =/ EHENBER , ATEFENHEFIZITRE. WR
Hp—NABXFENAG , WRFEEUBRESELRIEMEZMAE T, aJUME LA E
Arequirements. txtXHHRMDERKPKB < Rpip.

MBXLERBBAZFROAG , ERENHEH# TV E |, Braket Hybrid Jobs X ZFFERIRECHWBE
X DockerBSSBEBHIZITEAEL , REBH AR (BYOC), BEREERITEARITZH , ERIMNBREE
Fr £ RESIRE A BRI ThEE,

T ARMR B FRRBEST R IEBHRE ?

FBESHASR (BYOC) % Braket Hybrid Jobs A |, BN ECHWRHREEITEEF |, AILRE
MERAECHWRYE, BREEWEARESR e —LHETURIBEHENREYE  MABRHTEN
BYOC Dockerf3i-Amazon ECR L&-BE X E%& URI EH,

(® Note

MREEFMPELNF E BN EAM Python B (BELT 104 ) , BYOC WHER R EBEAE
#., flm , mRIREEFER PyPi.

EXMERT , B AERAEF - NFALEEEN Braket B8 , RBREELRRAERE FZHMA—
Mrequirements.txtX. ZXMH2BRE , pipHEREZRKEEEERETWEHAFZT. MER
ERRAERHST , MMELWETRBEITESAKEMN. REEAXRMNZRFERTETHINERSEN
Python 1 CUDA R4 ( IRERA ) »

HRABEEN M AP ERAIE Python BT ( 21 C++ = Rust ) , EREFE AL LB Braket IR ER
RALEY Python MRASET , BYOC B4 EM. EUTHERT , XER— N TENERE

- BEEEATEFAEZANRYG  FEEIFAIRSEXN ZBARTEORIES ST ERE. &
F BYOC , #& R LUV AIIEZ 48X ADocker® &P , 2SR THERTH B RIEN KRB,
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. (REANBETEATTH. il | ZHEFEEEFLE GitHub FM5E GitLab REF#EL  BEEME
4% E SSH Z4AF RETH RIiZ1E M5 o

« BWEELRE—E RIS Braket BRENBRFHAEEH, BYOC FAFLEBRATRERGEMS
BUREELABN B EE K,

BYOC ik o i &1 IRV B F9 2 DockerBes H G HRHA A, , NTEZRNBE X SDK SHE LA #
EREHA, Fik , B L7E Amazon ECR Hi% & & YW NER.

® Note
&R IE ST PR & A M BRIV AT

B EERN R

EARTF |, BIERM T Braket Hybrid Jobs FE M+ AR step-by-step EFa , BREBIAR, XHMFE
MNAEE—RNLE , LUEZBHFEITHEE N Dockerff, bring your own container (BYOC)E A1 &
AR ENEFIHEIE

1. EDockerZ P R RHEMEMY |, HEELPNEER Python EEMA,
2. EAEAIE Python BEREME AR A S Hybrid Jobs % x86 Z /iy CPU ZEMFEEFEH.

MNTRE 2, EXBHRAOMAENEZ,

X Braket BITEMNBREESH , ELBIMBERNBEMERMN Amazon EC2 R4l , RFETHE
DockeriX ££3£ 45 £ 8B F St AW BB URI FTiEEMN RS, /A BYOC IhgERt , BALUEEREE
EIRBERBMXBRAFAE Amazon ECR 7 EH K E & URI, Braket Hybrid Jobs % BE X & &K
BT,

¥ 7 A F Hybrid Jobs BDockerBREFTEMN S EAH. MRBFRABEEMMEDockerfiles , &
T IIEE REX L5 B B AR B E E S M Dockerfile X4 #1Amazon ECR CLIS #%,

LT RIFRFEMLARBR

- {REY Dockerfile ) Efti4E 1%

o (k) BREHNERADSEAE

« Z¥&DockerfileFTE 4 FNRHH LS BaHIZA
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https://docs.aws.amazon.com/AmazonECR/latest/userguide/Repositories.html
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html
https://docs.docker.com/engine/reference/builder/
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YRHY Dockerfile B B4 &

MREFERANZ Python , H BB ETE Braket RN BB RENNE 2 L2 ERM4 , MAEMRE
B —NEIRIEEERIIMGItHub F45FE R Amazon ECR LH) Brake t RE88E %, BEZEM Amazon
ECR # 1T RIE S EEIRENBR G HEH EHTHE, a0 , BH BYOC Docker XHHI 5 —1T W B8

= : FROM [IMAGE_URI_HERE]

TR , EEEDockerlile EZRENHRI D , RAFREERMEIETRPHRM, FLEN Braket &5
BELEBETHNNASEAD S lﬁtf&%%#ﬂ/t\@%iZﬂtMO

MRREEMAIE Python IEE , Hlf0 C++, Rust = Julia , RERIEFIE x86 CPU 243 ( tbal ARM )
MESG , WTRSEEEEARALNHEGNEM FME, BALE Amazon Elastic Container Registry 23
HEEPKIFSXENBRE, BSLERES CPU 2190 GPU , XERNEEEREFHAKN GPU,

(Tt ) BRENBBADSHA

(® Note
MBIRR R SATEL Braket ERAHIFMEMIRG |, NTLBSI A

EEBEEILFIZEITIE Python {18 , BEFEEEWENERA QKM Python MIZA, il | I 5@
Braket braket_container.py Github £ python BIZ, X2 Braket iRV EGRAREHE
EHANREMMMEEENEAR, BEAODSBARRGXHER Python , B8R LUS33E Python B
K, EMEAEBHREIF , BALLEE Python EEMAELIEN Python FHERZ , ELERNEH
HWHER ., BIERULLERE , B LEAAOQRBARE33E Python B3R, flan , &7 LS
thekick_off_customer_script()EEEAES Rust #i2 , EAERT XM BEBWER

RETLLERE — N2 #F KR AFbraket_container.py. BAMNEARIE, FARNEMIEH
M Amazon S3 EFEIRSED , HENMHNHNFEETE,

Z¥%DockerfileFfBEXENHHEH I SBRHA

(® Note
W RIEE BTS2 Braket &8N DockerERt &G , N BB A CLEFE,
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https://github.com/amazon-braket/amazon-braket-containers
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://docs.aws.amazon.com/AmazonECR/latest/userguide/getting-started-cli.html#cli-authenticate-registry
https://gallery.ecr.aws/
https://gallery.ecr.aws/
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L274
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L257
https://github.com/amazon-braket/amazon-braket-containers/blob/main/src/braket_container.py#L139
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MBEZBEL—SHRETENENARS[HAR  NEBFEEFTBSED , RAENHREE
ESAGEMAKER_PROGRAME X N #FT A A O A llAbraket_container.py , REEXN B RAFEEEA
ORMAGENEE,

LT RAFEE GPU IEFES R LEH Julia B9RHI : Dockerfile

FROM nvidia/cuda:12.2.0-devel-ubuntu22.04

ARG DEBIAN_FRONTEND=noninteractive
ARG JULIA_RELEASE=1.8
ARG JULIA_VERSION=1.8.3

ARG PYTHON=python3.11
ARG PYTHON_PIP=python3-pip
ARG PIP=pip

ARG JULIA_URL = https://julialang-s3.julialang.org/bin/linux/x64/${JULIA_RELEASE}/
ARG TAR_NAME = julia-${JULIA_VERSION}-linux-x86_64.tar.qgz

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 \
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curl \

git \
libtemplate-perl \
libssl1.1 \
openssl \

unzip \

wget \

zliblg-dev \
${PYTHON_PIP} \

${PYTHON}-dev \

RUN ${PIP} install --no-cache --upgrade ${PYTHON_PKGS}

RUN ${PIP} install --no-cache --upgrade sagemaker-training==4.1.3

# Add EFA and SMDDP to LD library path

ENV LD_LIBRARY_PATH="/opt/conda/lib/python${PYTHON_SHORT_VERSION}/site-packages/
smdistributed/dataparallel/lib:$LD_LIBRARY_PATH"

ENV LD_LIBRARY_PATH=/opt/amazon/efa/lib/:$LD_LIBRARY_PATH

# Julia specific installation instructions
COPY Project.toml /usr/local/share/julia/environments/v${JULIA_RELEASE}/
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 \

H

ZETE
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julia -e 'using CUDA; CUDA.precompile_runtime()'
# Open source compliance scripts
RUN HOME_DIR=/root \

&& curl -o ${HOME_DIR}/oss_compliance.zip https://aws-dlinfra-
utilities.s3.amazonaws.com/oss_compliance.zip \

&& unzip ${HOME_DIR}/oss_compliance.zip -d ${HOME_DIR}/ \

&& cp ${HOME_DIR}/oss_compliance/test/test0SSCompliance /usr/local/bin/
test0SSCompliance \

&& chmod +x /usr/local/bin/test0SSCompliance \

&& chmod +x ${HOME_DIR}/oss_compliance/generate_oss_compliance.sh \

&& ${HOME_DIR}/oss_compliance/generate_oss_compliance.sh ${HOME_DIR} ${PYTHON} \
&& rm -rf ${HOME_DIR}/oss_compliance*

# Copying the container entry point script

COPY braket_container.py /opt/ml/code/braket_container.py
ENV SAGEMAKER_PROGRAM braket_container.py

WREITHHFZTRHEABA AWS | UBRGFSFIEMHEXWFRERUE, fln , &3 EREREAZ
PHINE L ZERB. MIT license

MREBFZTEHRNTFRE , fINEEELE RS GitHub = GitLab FHEFHNNRE , EREE
DockerBR &k #R A SSH ZHARILRE. i , FHHEMEDocker Composery fi£ fDocker , AR FEH
N EN LIEE SSH, BXEZER , 1528 (£ Docker H &£ A SSH BRI AR Github
GEEERE) -

BIEN L& EHDocker® &

BTEWENDockerfile , BIUEMTURB I ROIEFLE Amazon ECR F#ET ( IREFEF
). BWHEALME, RCEBRMEHTH EERFMHE,

BEERTFHE, MICAHEEBRG, BXRETNPVTEHAdocker buildf—LR4l , &S5 Docker
PR ST,
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X F EEE X REIH  RATBUEAT :

aws ecr get-login-password --region ${your_region} | docker login --username AWS --
password-stdin ${aws_account_id}.dkr.ecr.${your_region}.amazonaws.com

docker build -t braket-julia .

docker tag braket-julia:latest ${aws_account_id}.dkr.ecr.${your_region}.amazonaws.com/
braket-julia:latest

docker push ${aws_account_id}.dkr.ecr.${your_region}.amazonaws.com/braket-julia:latest

2 ECAERIAY Amazon ECR R

Braket Hybrid Jobs Docker® jr At EEFAH Amazon ECR F#ES. RIMERT , FAF Amazon
ECR 77f# FE @ Braket Hybrid Jobs IAM roleSi A H B EFEAENEBGNAF ( flNESEESZ
4 ) REIEENR, BXTEEFRERRIERTHNNNIE, BF , NOERERHEBENEER
FHIAMAER TR , mMAATEAEEZAFMA®Bimage URI A FREVE %o

EHC WA IZIT Braket RS EL

EFABECHNASRCEREAEL , HAwsQuantumlob.create( ) image_uriigENSEHFHA,
YRATLAGER QPU, 3RFERELIES |, th AT LAFE Braket Hybrid Jobs 122 B4 T2 88 F A iZ1TRED, R
W %E SV1, DM1 5 TN1 &S BN R , ARBEELEN QPU LiE1T,

BEREZHAER EETAE , FEIEMKEEinstanceType M EA
BInstanceConfig, instanceCountifEFE , MR MEIEE instance_count > 1, NIFEBHRRE
HRBAIUESZSANENLZET. BAILUEERNSFIHRE LR 5. Fli0

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
EAR%Z ARN RERERAEESHFIL TBIENRLEE, TEINEXFEEENdevice

= "local:<provider>/<simulator_name>", &Fi2{¥ , <provider>3}
B<simulator_name>#MXBEFH, HF_. -. M., ZFHERFIA 256 NEHF
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MB BT RER BYOC , B/ Braket SDK B E F£5 , NG ETEWERL
% AMZN_BRAKET_JOB_TOKEN4 &R HjobTokenCreateQuantumTaskZ 8, MRELER
XY, EFESRTRREULER , MRENEANMILE FESITHR.

EPEEERIAFE S AwsSession

flan , REE SN EEHAwsSessionA ML BERINFEHEBHVLE LIRBERNWREME. BiA
ERT , AwsSessionfI @M BRIAME N f "amazon-braket-{id}-{region}", {ER2{RHA
ES N BEZEIAMBEAwsSession, AP A LLEEFAwsQuantumlob. create EES B
HAwsSessionX K& AZlaws_session , MU TR RHIFT R

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

EHEEEEEEILES API
B E] LAE #E A Amazon Braket Hybrid Jobs iGRIF 52X E, APIER , APIEEFEAR , BRIAGZE

MEEHEZTTA,

@ Note

BB ZUBWAREER Amazon Braket Python SDK 5 Amazon Braket Hy b rid Jobs B3, &
REFEENRINRENRIHEE , THEBPEHNESELRINIZET,

AEFEE T EAVEMA[APL, MREIERER AP, BiLEXMEEAREMESR , ARFENR
JURERMEFER |, MERRNBESFLEETT,

EFH API, B K- M EHBAmazonBraketFullAccessHEERBN AR,
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® Note

BXRU{AEAAmazonBraketFullAccessHEERMRMARHNESZFER , BSHAEA
Amazon Braket T1[H

A REFE-MITAG., LABREELERS. ETAER Amazon Braket 2 & 62 B 6,
A “BRMRE” RE LK “MiTAe ZuFNESELYERIASE,

CreatelobAPIERENEEHEUIEEFRMESLENSH. EMFEA Python , HFEEZH A ES S tar
@, i input.tar.gz XM , RAREITUTHAR, EHRES (<>) ANKERD , UEEEHNIKSER
MIEEBEESELTFHRER, XHMAENAODR.

from braket.aws import AwsDevice, AwsSession
import boto3
from datetime import datetime

s3_client = boto3.client("s3")
client = boto3.client("braket")

project_name = "job-test"
job_name = project_name + "-" + datetime.strftime(datetime.now(), "%Y%m%d%H%M%S")
bucket = "amazon-braket-<your_bucket>"

s3_prefix = job_name

job_script = "input.tar.gz"
job_object = f"{s3_prefix}/script/{job_script}"
s3_client.upload_file(job_script, bucket, job_object)

input_data = "inputdata.csv"
input_object = f"{s3_prefix}/input/{input_datal}"
s3_client.upload_file(input_data, bucket, input_object)

job = client.create_job(

jobName=job_name,

roleArn="arn:aws:iam: :<your_account>:role/service-role/
AmazonBraketJobsExecutionRole", # https://docs.aws.amazon.com/braket/latest/
developerguide/braket-manage-access.html#about-amazonbraketjobsexecution

algorithmSpecification={

"scriptModeConfig": {
"entryPoint": "<your_execution_module>:<your_execution_method>",
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"containerImage": {"uri": "292282985366.dkr.ecr.us-west-1.amazonaws.com/
amazon-braket-base-jobs:1.0-cpu-py37-ubuntul8.04"} # Change to the specific region
you are using

"s3Uri": f"s3://{bucket}/{job_object}",

"compressionType": "GZIP"
}
},
inputDataConfig=[
{
"channelName": "hellothere",
"compressionType": "NONE",
"dataSource": {
"s3DataSource": {
"s3Uri": f"s3://{bucket}/{s3_prefix}/input",
"s3DataType": "S3_PREFIX"
}
}
}
1,

outputDataConfig={
"s3Path": f"s3://{bucket}/{s3_prefix}/output"

I

instanceConfig={
"instanceType": "ml.m5.large",
"instanceCount": 1,
"volumeSizeInGb": 1

},

checkpointConfig={

"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints",

"localPath": "/opt/omega/checkpoints”
},
deviceConfig={

"priorityAccess": {

"devices": [
"arn:aws:braket:us-west-1::device/qpu/rigetti/Aspen-M-3"

I
hyperParameters={
"hyperparameter key you wish to pass'": "<hyperparameter value you wish to
pass>",
I
stoppingCondition={
"maxRuntimeInSeconds": 1200,
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"maximumTaskLimit": 10

iy

RIEBEESEILSE , BB GetJobAPISZEFHI A HRESELMFMAER. EMNE{Tcreatelobft
BH Python 2FHIREUVESHELKFMAER , FEALT Python &F.

getJob = client.get_job(jobArn=job["jobArn"])

ERUHESEL , iECancelJobAPIfE A iZ{ESAmazon Resource Namefy ('JobArn') M,

cancelJob = client.cancel_job(jobArn=job["jobArn"])

B LAME A checkpointConfigZ BUNRERIEE NN —882 . createlob API

checkpointConfig = {

"localPath" : "/opt/omega/checkpoints",

"s3Uri": f"s3://{bucket}/{s3_prefix}/checkpoints"
iy

(® Note

# localPath checkpointConfig FEESALA AR B REFFL . /opt/ml, /opt/
braket/tmp., = /usr/local/nvidia.
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tHIRE
BT REEREESHRD BT HENFERBMGRA,

BTREZFARINFERINEN , X2BREFFMTHITERE. REFREEFIHEFERRXNEE
BN EFRAZIEFLBRENENRENERENRS. N TEEHAFRXNEE , HFRA
REEMRRSGFEFUEABUNG R, NG ERHRNEBFREER | SREASHRARNESE
AEBEPRINRERSS.

EIREMINBES T B lonQ Aria

HIREROURBETEZMERRAFCINNELERASE —BUREEFNER. ZlonQ Ariaik%
BEE—MBNERNERER S E.

EREFERMARSANES , RETHRERTAENE F BRI ERTTENMRD 87, B EA
FEMERIAAR , XAERDREIRE ( HIOMIOS le e MERWE LA ) W |, FUX
EXUARRENEERTERE. SRUBESNET BT ATEIRNE.

BRERNEZER  FEZRESINMLERE T EIEEE.

® Note
EAEREEDFERE 2500 KRF .

B EANLTRBEIQ AriaiR & EETHERNEFES -

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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BIESERE , CUNENRTESHNBMRAEAERLT, FETANNEERAITEOCRLE
— A, BRREENEMERER (HIMBEE ) HEALENBITRETITE.

B

SRR LA R ERA TR EAERE (FABL ) TTENNESR, Sharpening SLLBRBNEENLE
RAZAFT—FNEX  NMBENTEXEZAKGEARNNESR, BXESZEE , BERHEINR
Lifsa 8 it EHlERE.

EENR , StBRRAE 2 MNEARRBEN , SBRRSRY , EHBRESRE, MRBFRRTH,
M ATRE & H HBER 5 10

YRA[LATE Braket Python SDK Aij[ladditional_metadataFEF X Et o
fGateModelTaskResult# R, FXEE , S{tF2RENETTHE , MRREEMHA—LHEERS
fio UMTREBABRERT MAESCFHERITIR.

print(result.additional_metadata.ionqMetadata.sharpenedProbabilities)
>>> {"@0": 0.51, "11": 0.549} # sharpened probabilities
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Braket Di

&8 Braket Direct , SALMREX B RBNTREFRENTAHANR , ST IHHERHKRLL
FRIHARES  HREEAT R, ANTALEROTETRE.

ABRA

- MmE

. ERBY

. REED

T

BRI , BALIEREAACEENE FIRE, SUNESENRHRZIEL | X SR AT AT Ui
HE TAERRMAEFTFBMERIIT. FT 1 DePAEERE | KSR 48 NRBUETIT , BEX
RFENFZH. BRLLERRENNE FESTESESHAFREFBRNTAIT , AT AEMEHRRER
THRE

TILHBEEFLEE T (QPVU) LETZALETFESTREENL |, FiR%T RHiRE % A EBEUR T &R0
A,

T EFIT S 45T

* ionQ MY Aria

- IQM AR

« QuEra's Aquila

* Rigetti #Y Aspen-M-3

Bt B A AT

MATME RN T ARFHENBRAGRE T FEEMATTNYE | 7T SUEH b AEE T TR
FRMERNIT, BRERXESMESELAL  EEFHASFRAMCESES. ATEEMZHE
REXNRFNIMSTHRNE , HEERINREHR , IFEHN TERBERS £&B1T.

BMNEWEFRNRITNRER R I EREARFHERR , NXAEEZNRE R BEBRARERIE
Ko HEFHFEHEAXIRERE , TUZEREFENHMRZIOREMIT , BARES ED B S HMRH &
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FHIR AR, MREFEERERNEARITES , SINEEFIUHEN LETIDE RN |, &
&2 W IEEATRE 2hae.

ATHAR :

- BIETIT

- BEMERESTERN TERE
- BUBREHZHIEMIT

BIZFIIT
EQEBWMIT , BREBRUTSERIKR Braket HRA :

1. $TFF Amazon Braket ###| &

2. EEMBE K IELF Braket Direct , REE “il” FHoH |, EFE MHRE

3. R BEMITHIRE,

4. RUEEHNRRER  SREENBFiRE, BFLRUETEHRENTNE FHRHF i,
5

CEEIRBRNENTEAR T, REAXEALHMBSITH TEARNABEHAEE. Flm, A
FHTMFER K, BRI RBIZA AT EIXK.

6. MREBENBETITHIAE S Braket TRERRUHATIT HERZ QW , TAERERNMZ RERN
108

WA SRBUT SRR RBATR AT

1. $TF Amazon Braket & &

2. EEMBERPER /R, RAREREMITHNRE.
3. E “WE My , &R “RERE

4. BRET—SEPH LR 4-6 HITRE

RRKRKGE , B E — K E Braket AW B FEf4 , HP IS QETITHELELR. MITHEIA
fa | fREE B FER AW EITRIT ARN,

(® Note
REAELKETIT ARN & , BT+ 2E2HEIA.
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FITUED 1 Pt ABERMS  RERFARBHFANTIN KRS ( 2RZFENRZKAYNK ) .
HEWINTIT 280 , Braket IR SEHEMAMAXESR.

MRERTFENBS ML ERZ W , Braket FIAR BT B 7 5K , 55 Braket TRH#AT
30 Z #HEI R,

BEMERZITERN TERE

EMEAHE , ABENTEABRERE LET,. EEEEERZFMEFHRASTHE FESTESHEL ,
HTERBHNTE ARN,

® Note

T AWS K MIRBME. RBIETNEA AWS IKF FaEE A EAYTRIT ARN. Sk | i
2 ARN {XEFTIZR T 8 M4 R E AT E RE LB

ERXSNAENTEE , SR SUERETRLY 2 BIXHESMELFITHER . EMETFAcml , XET/E
MECHRIFQUEVEDIRTS . HTAFTTIARY , FREHEAN THEAREFBEXMNIAFIZIT. Job EFFHRL
FERELETHUNEFES

® Note
BATEMZHAIFEN TEARETT , HEATRE ARN BRXNESAELTEZEE
5l

NIMBREEFESHRBRO
1. EX—NBEELUER XA OpenQasm #& XA GHZ KRS,

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

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

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

2. (EFIEAVERER T E ARN €I B 75,

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_qgasm_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
HHAHHBHHBHHBHHBHHBRHBHH B HHBHH B HH B HHBHH G HH B HH B HH B HH B HH R HH B HH B R B R HH SR H SR H R 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.)

HHAHH SRR SRR SRR SRR SRR SRR SRR HH SRR HH GRS HH SRR G HH SRR S HH SRR SRR G R R SRR HH SR H R HH SRS
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,
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shots=100,
reservation_arn="arn:aws:braket:us-east-1:<AccountId>:reservation/
<ReservationId>"

)

A Braket Direct fi &Z 812 /B & 1EL R RHE

1. EXENE LA,

//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(0Q, 1)

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

2. ERBNEEMANTE ARN tlEZESHEL.

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. EAZERMmREEESHFIL...
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from braket.aws import AwsDevice

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

MITERERREMFAL

MALERE , BHTFBHEBEZRENTRHFRNE, B3t EEEANMER R TEAEEFT B3R
Ho

@ Note

EAETE S REAL TRUNINGRS W ES ERHEUH, RIMNBWEEARERES ERRE
MEF Sl

IEERITHTY (PIMAATFRENTRALE R ) TERERK , RNSTIMEBCRIMVUOATARE
HEBR, HlE , B back-to-back FEHWM A D TR , B— I FAEFNEMFLEESHL B
Ho MNFA2EE-NMREPME.

(® Note

MITARE AWS K7 EBRZFENR, BERZLTRERS , BitEF T EER
T. At , TieEANEKE , BERMENEKERRE,

HUHREMZ I/

BRI EMERIT BB e AT 48 I BUETRIT . EEUE |, HEE SR SIAYTRIT 8 IA B F iR 4
REUGHHE,
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BEMRZH  BLAECEIMBETIT , REQIEMOTIT,

TREW
B Braket EERHATSETHEETRER , RNEAX IEARNESES.

E &)Y Braket Direct X% & REWGEM , i5FTFF Braket 12414 |, £ £ M & & F%$F Braket Direct , A
BEMBERENI D, A TEREVGEI A #LiE#F
« Braket M2ART[A] : Braket AAREIA 1:1 W, £EEE , EAXT—R. BNTRHND L E
7 30 o4 , BR %, EBraketT R X AILAHRE use-case-to-device S E , BERKIF i F A
Braket#t 1T B AHIIEIN |, HIREBE XA FE A K LEBraketThREM R , HlI0Amazon Braket/B&E
%% . Braket PulseS B\ Z/RUIELL | M HSBY & E Rt MK BB 1TS
o Eifft Braket BRI |, HERBIMHAEERREE, TEEFBANAMENTTIEEE,
o BEBEE B FEAFREIT -] BetEREY B &E.

(® Note

NFESEFRPFESELER R | FAVE IR R Support AWS » N FIEEREA , 1R
A LLE re AWS : Post i£1Z 8, Quantum Computing Stack Exchange , 1€ BB 2 {R 7] LA
W2 B BB /Y B) B 4R F A R

« Quantum BEHIRME~HE : ionQ Oxford Quantum Circuits, QuEra, # Rigetti @S U TH R IR
HEWRS. AWS Marketplace

o BRI~ m , E%EE Connect HX A1 E IR,
o Ei¥ TR EEREMNE LIRS AWS Marketplace , 558 %\ RS Mo

« Amazon2 FRRARZERKE (QSL) : QSLR—NMNEEMEMEZTLRFHR , HEFITEETRA
B , AT AR BB B M IRRE FITE H T Z R A HaitEse,

« EEXER QSL, 1% Connect , AGEEKZEENABIFHAEE,
« QSL FAR\ BB FIHESEEKR  SHRELR,

KK RED

NTREENHRIEE  EENRERRREFNCIIIIEE, £B) Braket Direct , BT AEREE
Braket #2#| & RER G AT HAKKINEE , STl AHERRAVHTEE FiRE
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BB EEEREREARZNET , EERELNANES EHINIRIES ., HEREN ITEME
RERKI , A& Braket Direct i R# 71514,

BR8] ionQ Forte

£ 7 Braket Direct , fRREEE I FIT KB ionQ Forte QPU WA RIANPR, AT TAMER , Z&E& REE
&1 Braket Direct 38158,

ETREZFEEHARIFHF ionQ Forte , FRBUT ZTRIRHE

1. $TFF Amazon Braket 2% &

T A MI3E 5 %% Braket Direct , R/G1E “SKHKIhAE" A S M E ionQ Forte, EHE “BFRE

£ Forte REFIFNEMN “WE" & , &F “REKRE",

RUEECNEKRRES  SEKENEFifd. RELEHRENENE FHRH bt
FHSRRNENIEAR T , RREXFEALZNMBETH IEARNIFAEE , SINFAENT
B, MXREISAENNER.

6. (Wit ) MREFEMNBEMITHEHIAS S Braket TREERUBTMITER LW , FTER “BIMEZ IR

BRXB,

o &~ 0D

KIBIRIRJT , Braket KN S EIRZAGTHEEI R,

@ Note
BT RZFARAMERR , X Forte WiHRZEPRH, BRRENTHES,

£ Aquila £ QuEra 158 A i {E 41 Th BE

5/ Braket Direct , £ QPU L4RiERT , AT LUERIFRIRPRAZE S A1 K8, QuEra AquilafE ALt Ih
gE , BALLARRH N ENEEEFBENTREE,

BETHMEZEEFRBHAMIIGE , BREUTSRRE

1. $TFF Amazon Braket $2#| &

2. FTEEEMISE B Ak #R Braket Direct , ARG “SKKINEE" B SME QuEra Aquila-Zith K1, & “FREX
R ABR”

3 RELNERER , S NBFifl. RELTHRENENE FHRHibit,
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4. £ ‘BIFEIMNENTHERE T , RREXRTEREAR G EMALER L IENFERER.

#£ Aquila £ QuEra 58] & KK JLAFIR

5 F Braket Direct , 7£ QPU L£4RFERT , BRI LAERFRIYT BAYQuEra AquilaJLfAT24R. f&BhItIhEE |
BE B TR ERERZNENER |, AESENa&ESEXREE/LAFR,

ETHRESZEEHRFRRLIE  FERUATSREE

1. 3TFF Amazon Braket 8414,

2. EAEM K $ Hhi%$F Braket Direct , AREERKINEEF S ME QuEra Aquila-S KR JLAIFIR, %
“SRBR i [F] A PR

3. REEMNERRESR , aEaMe Fuit, RECEHRENTRBE FHbFFibur,
4. £ “BIFBRIMNENTHEE T , RREXRTEREAR G R EMALER L IENFEAER.

£ Aquila £ QuEra AJLAE B Z =RV JLAIFER

5 F Braket Direct , 7£ QPU L£4RFERT , BRI LAERFRIYT BAYQuUEra Aquila/LfATf24R. f&BhItIhEE |
BE B ITRERERZNEENER , HUF SN ES R EHEY &5,

ETHREZEEHRFRRLIE  FERUATSREE

1. 3TFF Amazon Braket 8 &I4&

2. EAEM K E Hhi%$F Braket Direct , ARFERKINGEF S ME QuEra Aquila-S KR LA IR, %
“SRBR i [F] A PR

3. REEMNERRES , aEaMe Tk, RECEHREN TR BE FHbFFibut,
4. £ ‘BIFERIMNENTHEE T , RREXRTAEREAR G R EMLER L IENFERAER.
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H & 10 5k 2

hs&_?E%F O] LAEE Amazon Braket SDK fl#ZE &l & BRIERHRS., EFHESZHK/G , Braket &
FLERREELIEEN Amazon S3UE, THRAIEFEE—LatE , LEEXNTF QPU &% , E4HUR
TFRAIINKE., RAXRBIE

* CREATED— L &% Braket WEI TR E FES

* QUEUED— Amazon Braket B TRV EFEFSH , IECEEEFERR LIE1T

* RUNNING— £ B FESE QPU SIRFELSE LIZ1T,

« COMPLETED— R E FESFE QPU S FELIF LEITTE,

* FAILED— ffNEFEFZRSTELAK T, BEEHNEFEFAMNER , B HBARREFHE

%o

* CANCELLED— FEUE T EFEH. EFERREET.

ATRE :

+ JBJ3 Amazon Braket SDK IREFE FHES

+ J&JY Amazon Braket I2#| & KWIRE FES

- ¥xi2 Amazon Braket %R

« Amazon Braket 51 S# & EME 4 F B 35 IR 4E EventBridge
- EFI D53 Amazon Braket CloudWatch

« fF Amazon Braket AP j# 7% % CloudTrail

A A1 Amazon Braket £i2 43K AWS CloudFormation
- BRAE

®)E Amazon Braket SDK IRIERE FES

ZmSdevice.run(..) EMNEAHE—EFES ID NEFES. B LMERERFBRERIR
A, task.state() WML T RBIFT R,

AE : task = device.run()R—fRIEE , XERESZRAELEELEEFESH , /RO
ST,

KERER
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MIRITEEER task. result() , SDK FF A% Amazon Braket ABEE FESREBTH. SDK
FREEFENHRASHE . tun(). EFESER/E , SDK 2N S3 FHREHFRRERHNEE
FQuantumTaskResultXRiRME,

# 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

BUHEBFES
EHUHE 7S , FiEAiZcancel() 5% , MU T RBIFT R,

# cancel quantum task
task.cancel()

status = task.state()
print('Status of task:', status)
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Status of task: CANCELLING

BE TR
BRI ECTERNE FESHTHEE , DT ROIFR.

# 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

RREFESIER

MEROARERBEREFESERT , RERKIATELAS BN , RATSLAEE - ARN ( E
FHELID) ERBtaskFi R, RE , B LliAAtask. result ) UMNEHELE RN S3 FEEPIREE
£

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()

B Amazon Braket #2#| 8% 1T & FESH

AmazonBraket 12 7 —#i@d Amazon Bra ket 2 H| A LU EFESHNERES . FIERIXNEFE
ESHIE EFES FEBP , TR, ZRFRFETXEN , XERKELREEEFEREXSE
FelENE FIES. AWS XiF

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)

BALBES SMEERBIENE FES. BRAULET Quantum Task ARN (ID), RS, ®REZMEIE
RHE, HBERSMER | XEEMSE3HIN , ML T REIFTR.

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 7f (@ COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/sv1 Sep 05, 2023 19:13 (UTC)
Quantum task ARN
D32 (2) COMPLETED arm:aws:braket:::device/quantum-simulator/amazon/sv1 Aug 31,2023 19:11 (UTC)
Created at
85f05¢12-c4d0-42bf-8782-b825775f057a (&) COMPLETED arn:aws:braket:::device/quantum-simulator/amazon/dm1 Aug 31, 2023 19:11 (UTC)

TRERTREEFESHHE—EFES ID BRZEFESHRY , ZESTLUET ABRIRK
Btask.id,
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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

AN, T EAR , TAEE FESQUEUEDA TR ERAS#HTHE, RSETEFESID2ER
FAEERHE. KNEEREFESHEN TELENRZFNISAIINE.

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 - —

FERNEEFLN - RRE Quantum EFESRPREFRER. HEESHFILZIEIH
Quantum E5FEREERPEBAME £ R

EEEH Braket SDK HEF AJ B RES RNRMHE FESTBEELAIVE, BXEZER
FSH B ESAERZET TH.

¥rid Amazon Braket &R

HERLSERDBEL AWS HIRHNBAELBEMEIRE, AWS RERTHIE | TUFANBEN R IR,
sMEHEE —ME A—ME. IEREHNREN, XTEIENFE , FEELRNE.

£ Amazon Braket ##|A % |, BOUSMBE FESREREAHEES 2HARNRZHIR, BAILUR
IR, BRIFZIFESIRES, TTUECRE FTESRNECANNERITIRIE , REBEIEHE AWS
CLI, SEEXRBENIRZAPI,
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fE AR

REALUFENEREALRNEERNES. Fla , B S “FBI]” FREREEHH L EIRA 5P
ITo

BMIZEERNMBS ¢
- FREE4A (I CostCenter , ‘BB & “TIH" ) . MERX D KIE,

o — IR EENALEFER (0, 111122223333 & Production ) ., EBITSESFERAZF/RH
MRMEE. SHER—F  FEERXDKRPE,

PR A AR B R IA T 15 -
- RBIMBEIEH AWS BFiR. S E AWS IRSF ZEFIRE , BIE A LN R B FREBRSSHY 3R 5 B4
BNRE , URARXLEFRZMEXA,

- BERIZRM AWS KA, &AILLFE AWS Billing and Cost Management 2 #IH AR L BUE X LR,
AWS FEARENENRA#HTOE , HOBRUBARASBEIRE. BXEZEE , BSH AWS
Billing and Cost Management fi {5 PV E A RA 2 B X

« BHX AWS BIRN T FEMNER. BRESZELR  BEREAREERG T RKR,

BEZxT AWS FFrZE

- BXHFIEN—REES , SFHEBENERRS , HSH (AWS BRASE) HIFIE AWS #R,
- BXERFNEER , ESH (AWS —f&2ZE) FHRERARFTNER,

- BXREEMENRERE , BSARICREBCEMAWS FRICEKEK,

s BXREZEBEFEANRZIHRESHYIER , 555 (Resource Groups #5812 APl &) ,

AT &2 T A% Amazon Braket iR EMNEZ EMHKEE,
Amazon Braket #1315 &R

AmazonBraket PRI T RIREE L HFHRIC -

« quantum-task &R

o BRFEHZF : AWS: :Service: :Braket

FERRE 224


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
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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 [ENFKAR : arn:${Partition}:braket:${Region}:${Account}:quantum-task/
${RandomId}

AEE  BTULAE Amazon Braket 241 & R A MEE AR B Amazon raket E1IEAHIRE |, HERME
BAEHASMBZICARR , REXEZL{IEASER L2 Ama SageMaker zon &R, BEXEZEE |, &
Z[5] SageMaker X #HHHI £ 12745 L 6l T EIE,

PR PR

AT EAPR&)E B F Amazon Braket &R ERIRE -

« BAULS EERFNRARENE : 50

- RRFBHKE : 128 4 Unicode F%F

- RAREKE : 256 1 Unicode F&F

- BNENEXER:a-z, A-Z, 0-9, space, URUTERF_ . : / = + -Hae
- BNEXS KNIE,

- BZaws AERHNEIR ; E-RREMH AWS FEA/,

£ Amazon Braket P EIEFHRZ

BA LU RERB N RRNEM ., B LUBET Braket #4114 . Amazon Braket & , &2&. &N, &
%, FHEAmazonFMIERFRZE, APIAWS CLIEXEZEE |, 55 Amazon Braket API $2&,

YL

&R BATE LA T B i) 9 AT AR AE R IR AR

- BIBRFIRAT : EAEEA  REE AWS AP| ¥ TagsSHEEHECreatel®ER,

- BIERERE  FARHASMIEFESRELRAAR , HEE AWS APl HifTagResourcel®
(=

EECERENAEFNGE  FEEQRBEERENERONER,

BEENRE

BUERAEHAESMETESREERRR , AEBIRAREREE Amazon Braket FEA ATFRIE
#HRFRZL, 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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BAIAERA LT AWS APIGR T ERE R IR LRIIRE

+ AWS API: ListTagsForResource

RN

BULERRHESMIBFAESRELRRRREERE , WA EANT RSB KM R TRICHE
BRONRENE, SEEEEFENRERHAN , ZRANESHRES

* AWS API: TagResource

il BRARE

ZA B IEEEMRNZH, FRAREHASMIAREFESRELLRER , REEH
FUntagResourcefRfERT W IR M BRIRZ

* AWS API: UntagResource

Amazon Braket F 8 CLI $rZ /R4l

MERFEAAZ AWS CLI , XEF—NRAGT , ERINAGIERER TARER Rigetti QPU SHIRE
NEMBSVINEFESHRL., BIEE K HIRETHIGTOSHNRERIEEN, EXHERT , Key #HR
T{Estate , Value #{I F{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 F#Y CLI #5&R4l 226



Amazon Braket FEANGIER

\"version\": \"1\"}, /
\"qubitCount\": 2}}" /
--tags {\"state\":\”Washington\"}

£ 0 Amazon Braket AP 174512

- WMREFEH Amazon Braket APl ERR LIZERE , B E#B., TagResourceAPI

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tags {\"city\":
\"Seattle\"}

- ENBRFPBBREFZ , HHMAUntagResourceAPl,

aws braket list-tags-for-resource --resource-arn $YOUR_TASK_ARN

- BHHMMBEBERROMERE , BAALiIstTagsForResourceAPl,

aws braket tag-resource --resource-arn $YOUR_TASK_ARN --tag-keys "[\"city
\ll , \llstate\ll] 1]

Amazon Braket 5 B# & EH E4 M B 21 R 4E EventBridge

Amazon EventBridge %12 Amazon Braket E FEFF VRS ZLEH . KB Amazon Braket FIE 4
JLFREETH ., EventBridge R A AR B R R MNKIEE RAIINEYN , BSREESHEEMN BTHIT
WENLERE. T AERNBIRETIE

- T HABEE AWS Lambda
« BUE AWS Step Functions JRA#HL
« [ Amazon SNS EB KX &4

EventBridge Y5 # 5L Amazon Braket AAE XEH :

o quantum EFHPRSKETEL

AmazonBraket RIER Y& FESRERLEMH, XEEHEDEE , B ATRE BN FE
BREZER , FEHTNEHEMEE EventBridge.
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
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https://docs.aws.amazon.com/braket/latest/APIReference/API_Operations.html
https://docs.aws.amazon.com/eventbridge/latest/userguide/eventbridge-and-event-patterns.html

Amazon Braket A& AR
AFTHA :

- EAKEE FESIRE EventBridge

M55 Braket &3 EventBridge R4l

£ A5 2 8 F1ES5IRAS EventBridge

f& EventBridgeBh , BRI LABIBMN , E X £ Amazon Braket KA H X Braket E T ES KRS FE B
M ERERVERE, flmn , BANGIE-FAN , AEBREFESHRSRETLRNEH2MERE—
HeBFHiH,
1. AWS fE BN EventBridge 1 Amazon Braket B9 F & %,
2. 3T 5# EventBridge ##l& , Mt https://console.aws.amazon.com/events/,
3. EALLT{E A2 EventBridge #MI :

o NTHNRE  ZRESEAEXNAN,

- NTEH/HR , EHEHA,

- EEHERXBY , EFEAENEX(JSON HiER) , AERNUATEAHEEWE B AKX

{
"source": [
"aws.braket"
1,
"detail-type": [
"Braket Task State Change"
]
}

EM Amazon Braket F#IRFIEEH , iHHER1Zdetail-type#y , WA TRBAR :

{
"source": [
"aws.braket"
]
}

« NTFERRE , EE AWS RS, BEEBRF , EEBWR , HI2 Amazon SNS =B AWS
Lambda Ei#, ZHU KB Amazon Braket WE FEFSRETLEHE |, Bt R B,
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https://console.aws.amazon.com/events/
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iz | €A Amazon Simple Notification Service (SNS) EBEEH £ £ KX B FEBHRE
Bo At , FEMEALSH SNS #HAGIETS# SNS T, ETHRESELR , BSHEEH
Amazon SNS k31X FE4H.,

BREUEMANVFARER  FSHALIEXNSHME R Amazon EventBridge #I,

I 53 Braket &35 EventBridge 4l

&< Amazon Braket Quantum S MREEXREBHFEMNEER , FZH P H EventBridgeEHMEHE
Ho

UTE4ERE JSON B “FHEE" FRF,

« quantumTaskArn(str) : £ IHEHNE FES.

.« status ( Ik [str] ) : EFESTEINRS,

« deviceArn(str) : A HEHBIBNHEFEFSHAFEENIRR,

- shots(int) : AP shotsiE R E.

 outputS3Bucket(str) : AFEEN W HEMRE,
 outputS3Directory(str) : A IEEMN @ H B4R,
 createdAt(str) : BA 1ISO-8601 FHFEKRTHWE FESRIERE,

* endedAt ( Fif [str] ) : EFESFSHILILRESNNE, AEHEFESITEILRRSH |, ZF
BRI WL,

LA JSON %8 E /R 7 Amazon Braket Quantum SRS EREHH R H,

"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/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"

5 AL &% 5 38 Amazon Braket CloudWatch

Ea LA AT O# 532 Amazon Braket CloudWatch , YU 5 ih & Ui 55 JR 34 203 5 EL AN I8 1y AT 359 0 F
LR IERR. BRI LAETL G CloudWatch ###IAFEF 15 MNANEKNAREERRIE 2 ARNEH
KB RIGHR , LMEE T T # Amazon Braket WRI, ETHWEZEER , 55 FE A CloudWatch 38

FRo

Amazon Braket WIS tR M4 =

IR P HE RS CloudWatch, ¥EPrR A& MBI — AR EIRFBEFNETE S, CloudWatch®
MNERE A —AEE NS, EiFMA T HRPNIER4E CloudWatch , i5Z @ CloudWatch 4 E,

Amazon Braket LA T4 EF Amazon Braket BIISFR IR £ X B &2 3EFRF : CloudWatch
EFESER

MRFEEFES , WALERER. BIERERSIA KN AWS/Braket/By Device T CloudWatch

1R #ir
T BFESH.
HER ZENRREEFES TR RAEHN. ERTME

FESIRCE R B BB,

B ESERNEE
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https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/working_with_metrics.html
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/working_with_metrics.html
https://docs.aws.amazon.com/AmazonCloudWatch/latest/monitoring/cloudwatch_concepts.html#Dimension
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EFESEHRUE TdeviceAtnSEW4EE X/ , H#&X A arn: aws: braket::: d evice/xxxo
TR
BXTEFNIER MR ARN BFIXK | 55 Braket i€ %o

(@ Note

BRI LBY S MBI S #EG A ENEIRARFITNEKRESE Amazon Braket £ 18 4REY
CloudWatch B&. SageMaker Ef Amazon Braket £ 18 41% & Al B3 24 & 3R
8., SageMaker

£ 8 Amazon Braket AP| #4172 % CloudTrail

AmazonBraket 5 AWS CloudTrail—IREZEK , ZRFRERMAF, BEZAF AWS BRE &
Amazon Braket FHITHIREMNIER., CloudTrail fFFTEX Amazon Braket BIAPIFEILIEIR B4
FIRHY LB ESR B Amazon Braket %1 & 88 A FIXS Braket Amazon Braket #ERNRIBEA, MR
BRI TRE , WAL AR CloudTrail B4 L& M E] Amazon S3 7F&# , @38 Amazon Braket
WEH, MRERBEBRE , BMATLE CloudTrail #8458 “SHFHRICK FWEERHNEH,
FERWERE S CloudTrail , A LA E B Amazon Braket & HHIiER., K HiERM IP bk, #XH
TER, ARAHBERAREMIFMER.

ET7HEZ{EE CloudTrail , i52RAWS CloudTrail B F 8.

Amazon Braket A1 2 CloudTrail

CloudTrail FEZBIZ2KF AWS IKF REEEZNIKF LS A, 2 Amazon Braket F & £7EFIRT | iZ5E
B EHM CloudTraill EH—RI12RKE AWS RS EHHFIERKF, BULUEFEE, ERNTHER
ERENEH AWS IKF, BXxEZEE , ESRERSEHFH FIZRKER CloudTrail E4,

B iiRENEHS AWS K/ | 23E Amazon Braket WEH | HOIEZRE., BERAY CloudTrail fF
A& L5 E Amazon S3 F#M. TIRERT , EERHA P RIRRERICRA |, SERERIEFNATAR
B AWS XiF, BRERIDR AWS 2 XA XENEHS , HFAEXHEEBERIEEN Amazon S3 77
8. BbAh , BAILAE B H AL AWS BRS |, U — S 5 ML CloudTrail BEFPWENEHEIE.
BEXEZER , BSHATIASA :

- SIEBREER
* CloudTrail X358 AR5 M AL
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https://docs.aws.amazon.com/braket/latest/developerguide/braket-devices.html
https://console.aws.amazon.com/sagemaker/
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
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
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« B¢ & Amazon SNS EHI CloudTrail
o EWEKBZAMNXER CloudTrail B A MEWEK B Z4NKF B CloudTrail B &34

Pt Amazon Braket 2{E# H 12, CloudTrailffl#l , ¥ GetQuantumTaskZGetDevicetREHN A
B 47 CloudTrail BEMHH4EREE,

BIMNEHFBALEKFEHBELEARERBERNAREE. SOEREHTEREUATAR
- BREEAACERRKSAFNERNZEFIERHN,
- FREBTHHEM AWS RF K H,

EXEZEER , 2 CloudTrail AR 5 E,

T f## Amazon Braket B &M 4% B

BERE—MERE , AFSFE4ENBEXEERIEEEN Amazon S3 F##, CloudTrail BEXX#
BENESZNMNEEFZREB. EHARKRKRBEARENEMER , BEEXFRWIRE. BENBHAR
B, BRSBENFER. CloudTrail BEXHFTRARAPIBANEFHRRE , kel FT2REM
15 E B IR I

LT RHIRGetQuantumTaskiBEM HESLE , e T EFESHEHAEER,

{
"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {

"sessionIssuer": {
"type": "Role",
"principalld": "foobar",
"arn": "foobar",
"accountId": "foobar",
"userName": "foobar"

},

"webIdFederationData": {3},

"attributes": {
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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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"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:56:5772"

}

}
},
"eventTime": "2020-08-07T01:00:08Z",
"eventSource": "braket.amazonaws.com",
"eventName": "GetQuantumTask",
"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "aws-cli/1.18.110 Python/3.6.10
Linux/4.9.184-0.1.ac.235.83.329.metall.x86_64 botocore/1.17.33",
"requestParameters": {
"quantumTaskArn": "foobar"

},

"responseElements": null,

"requestID": "20e8000c-29b8-4137-9cbc-af77d1dd12f7",
"eventID": "4a2fdb22-a73d-414a-b30f-c0797c088f7c",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

THERT ZGetDevicelREMNHESRE , ZXBRE T REFEHMNEFEMAEE,

"eventVersion": "1.05",
"userIdentity": {
"type": "AssumedRole",

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",
"accessKeyId": "foobar",

"sessionContext": {
"sessionIssuer": {
Iltypell: IlRolell’

"principalId": "foobar",
"arn": "foobar",
"accountId": "foobar",

"userName": "foobar"
},
"webIdFederationData": {3},
"attributes": {
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"mfaAuthenticated": "false",
"creationDate": "2020-08-07T00:46:297"

}

}
},
"eventTime": "2020-08-07T00:46:32Z",
"eventSource": "braket.amazonaws.com",
"eventName": "GetDevice",
"awsRegion": "us-east-1",
"sourceIPAddress": "foobar",

"userAgent": "Boto3/1.14.33 Python/3.7.6 Linux/4.14.158-129.185.amzn2.x86_64 exec-
env/AWS_ECS_FARGATE Botocore/1.17.33",

"errorCode": "404",
"requestParameters": {

"deviceArn": "foobar"
1,

"responsekElements": null,

"requestID": "c614858b-4dcf-43bd-83c9-bcfof17f522e",
"eventID": "9642512a-478b-4e7b-9f34-75ba5a3408eb",
"readOnly": true,

"eventType": "AwsApiCall",

"recipientAccountId": "foobar"

fE A #122 Amazon Braket £i24<3£ /5l AWS CloudFormation

& LAME A AWS CloudFormation KRB #&H Amazon Braket 124354, Braket Zi1243LfI2 %
Amazon SageMaker F¥92#, FH CloudFormation , & LAfE B ##R T HE B B A AR SO RELIE &
BASEH, #EHRTHLL JSON & YAML BRRE, B EFBETEEN AR GIE, FHMMIBR:
fil, HIREEZ Braket EIRAKHINT , RAELEIXBREHR. AWS Ik

7 Braket £i2 4|3 CloudFormation #&1&j5 , B A LLEA AWS CloudFormation REPBEIR. Bx
EZEE | IS HAWS CloudFormation A P #§R AR HYE AWS CloudFormation 2| & £ B2 Hik,

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

1. 812 Amazon SageMaker 4 i B B fie E M Ao
2. SIZERMK AR AWS Identity and Access Management (IAM) A& SageMaker,
3. EAEREIE SageMaker £1243£ 4| amazon-braket-

{8 A 62— Braket 21245 CloudFormation 234


https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/cfn-console-create-stack.html

Amazon Braket FEANGIER

BO L BRI ATE Braket EiCAEEFRAAEGABEE, XA UN S EMHEBRITREN
Braket £EiCAEEFEH IAM A€,

H% 1 : 812 Amazon SageMaker & @ & HEL & B A<

EAUTER BB SageMaker £ EHE EM A, ZB7ZAH Braket BE X SageMaker £ig 7
i, BXREaEH CloudFormation #IRMELE %LU , ESFEAWS CloudFormation A1
FIAWS::SageMaker::NotebookInstancelLifecycleConfigHF Y,

BraketNotebookInstancelLifecycleConfig:
Type: "AWS::SageMaker: :NotebookInstancelLifecycleConfig"
Properties:
NotebookInstanceLifecycleConfigName: BraketLifecycleConfig-${AWS: :StackName}
OnStart:
- Content:
Fn::Baseb4: |
#!/usr/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-lcc.zip

unzip braket-notebook-1lcc.zip

./install.sh

EOS

exit 0

HIR 2 RIEALS#EER IAM A€ SageMaker

H I8 {E A Braket £iE AL flrY , SageMaker &R F[EMITERIE, flwn , REEBEIFNRZLER

B 3%Z 1T Braket &£ i0ANEBIN, EZIZASfIF |, NIE Braket £ SageMaker E1TiRE, EiZAH1T
BERENT AFRKRENITHRALIIEAE, SageMaker EXEZEE |, 2% Amazon SageMaker Ff
KEET K SageMaker A&,

ERANUT REI6I2 EBPTHEXFRA Braket ZiAMITAR, BUUREZEZIE UK,
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https://docs.aws.amazon.com/sagemaker/latest/dg/notebook-lifecycle-config.html
https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-sagemaker-notebookinstancelifecycleconfig.html
https://docs.aws.amazon.com/sagemaker/latest/dg/sagemaker-roles.html
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® Note

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

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: "*"

HIR 3 FABZREIER— Amazon SageMaker £ 12 4<3% 4l amazon-
braket-

£/ SageMaker £ B EMARMSER 1 ML E] 2 D OIEN IAM BB 4|2 SageMaker £
1BASEHl, £1EAEBIR N Braket EHIRY , AILAEIE Amazon Braket 2 & & #1715 ),
B Xt CloudFormation FREEEXEMNEZER , ESHAWS CloudFormation A F 8
BIAWS::SageMaker::Notebooklnstance F 9,

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

S4B

BRLMERIERR/IERBEMEFLERE, FESRASERRAATEETRERAH B ICF UM
AEER.

EFEFIERKES , BRINEBINERpoll_timeout_secondsHpoll_interval_secondsS# , LAE
EFESTUKNEET , FRIERETFESRDS , HELERRFIXMHF. BOLUFLARBERE
Python BT R 2 Jupyter £idA , XH XM AR AT E R B EAREIZIT,

[(EAE

B BEiLEkS  E£MBBEEFIBEAXAXH , AT ROTTAR.
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https://docs.aws.amazon.com/AWSCloudFormation/latest/UserGuide/aws-resource-sagemaker-notebookinstance.html
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FRARER

# import the module
import logging
from datetime import datetime

# set filename for logs

log_file = 'device_logs-'+datetime.strftime(datetime.now(), '%Y%m%d%H%M%S')+'.txt'

print('Task info will be logged in:', log_file)

# create new logger object
logger = logging.getlLogger("newLogger")

# configure to log to file device_logs.txt in the appending mode
logger.addHandler(logging.FileHandler(filename=log_file, mode='a'))

# add to file all log messages with level DEBUG or above
logger.setlLevel(logging.DEBUG)

Task info will be logged in: device_logs-20200803203309.txt

BIRHFIZITERE

WE , RANGE-PER , FERXAREET , RARBEESREML , WEBFIFFR.

# define circuit

circ_log = Circuit().rx(@, 0.15).ry(1, 0.2).rz(2, @.25).h(3).cnot(control=0,

target=2).zz(1, 3, 0.15).x(4)
print(circ_log)
# define backend
device = AwsDevice("arn:aws:braket:::device/quantum-simulator/amazon/sv1")
# define what info to log
logger.info(
device.run(circ_log, s3_location,

poll_timeout_seconds=1200, poll_interval_seconds=0.25, logger=logger,

shots=1000)
.result().measurement_counts

KE BT
BULBETHAUL TR TREEXHFEANRE,

# print logs

EEEES
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! cat {log_file}

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: start polling for completion
Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0ddc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a0ddc4: task status CREATED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status QUEUED

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12addc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12addc4: task status RUNNING

Task arn:aws:braket:us-west-2:123412341234:quantum-
task/5088ec6c-89cf-4338-9750-9f5bb12a@dc4: task status COMPLETED
Counter({'00001': 493, 'Q0011': 493, 'Q01001': 5, '10111': 4, 'Ql@11': 3, 'l10101': 2})

M BB HFHIRE ARN

MEER BEXHmES ( MBETENRAIFTR ) , A LUEIRELARN S8, 8 ARNID , EaLIE R
ERRNEFESHER,

# parse log file for arn
with open(log_file) as openfile:
for line in openfile:
for part in line.split():
" in part:
arn = part

if "arn:

break
# remove final semicolon in logs
arn = arn[:-1]

# with this arn you can restore again task from unique arn
task_load = AwsQuantumTask(arn=arn, aws_session=AwsSession())

# get results of task
result = task_load.result()
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VI 53 Braket LS

REFRHBR T #RIEEA Amazon Braket Bt i N 2 EFFEE, SOERR T WTE E Amazon
Braket ASRIMBH L £ FMEM B ¥R, BB FFZF ) el fE A E b )53 Sk & By & 5 = MR P IEAWS RS Y
Amazon Braket &R,

AWST R EMTREM. ENAWSEF , BFNENBEASHRZEHRE LN ERMITEN B
RONMMEREHZe, SNNEMRRAR , SREENBRME, RLANERINERANERZNE
Mo

HEREBELZERME
REMRAWSHANRERIE, FELBHEFEBEN THRSMATRHREM |

- ZHWRLMH - AWS fARRIP7E AWS Cloud Hiz1T AWS IREWEMIZE. AWS ERERHEATLZS
FRANEKRS. ER AWS @l HEITRIN—32 , E=FFRARNEHNLNEIILZSHENE R,
E 7 #ERT Amazon Braket IERITX] , S EAEMNITREENBIAWSIES .

- TiREE — BAFTRENIEEEHAWSEM N ENRANEZES, KRB EFEEMERN AWS R
SHNEZLEENEETS.

BRI

AWS D B E R 5 IEREE R FER T Amazon Braket FRIBIERY . MiZEXFFHR | AWS fask
RIFEZITATE AWS Cloud N2 IKEM R, BATEFNREERLEMIZE LNRNENES, &
AREFERN AWS RS R BENEERES. AXABERMNESZEER , BSAKERALEL
8. BXMMBBERFNEE , HSH AWS T2 MBE LWIEEXE AWS Shared Responsibility
Model and GDPR,

HFHFERPEHN , RNBUUERP AWS Ik EUEHEH AWS IAM Identity Center 5 AWS Identity
and Access Management (IAM) REEMNAF, X# , BMNAFRRESETHIFIRIMENR,
BENEEVUEELIUT AR HE

« NBNMNKFERAZESHRIE (MFA).

- £/ SSL/TLS & AWS #FR#ITEF. BIMNEREA TLS 1.2, BWEA TLS 1.3,

- £ AWS CloudTrail iZ& API F A&z H X%

- 5/ AWS MBRERTREKE AWS RS FHFTERINZ &4,
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https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/programs/
https://aws.amazon.com/compliance/services-in-scope/
https://aws.amazon.com/compliance/shared-responsibility-model/
https://aws.amazon.com/compliance/data-privacy-faq
https://aws.amazon.com/compliance/data-privacy-faq
https://aws.amazon.com/blogs/security/the-aws-shared-responsibility-model-and-gdpr/
https://aws.amazon.com/blogs/security/the-aws-shared-responsibility-model-and-gdpr/
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- FABREEZLERS (HlI Amazon Macie ) , ©EBIT XIMMRIF F#1E Amazon S3 HEV U
iz

- MRLEBIWFITREDR API FE AWS RHEEZE FIPS 140-2 RIFMW MEER |, E6EA FIPS
MR BXAAN FIPS HRHNEZEE , B2H (EEKIEELERE (FIPS) 2 140-2 fR) .

BB UETN7HIZEERBRAGEE (MEFFNE TRttt ) RARERABHEAXEFER
(WMEBMRTFR ) . XBEYIRAWS RSERZH A, API BHRATT X TE S5 Amazon Braket S E At
AEBEAWS CLIEY, AWSHEATHEMNRERAABANAFTRPAANEABERTESATITR
FUM BT, WREMALRSR/EHAML , RIENEZWEFREE MU EE FIUEE BRI ZR
5 ERIVIE R,

BEER

90 XJ& , Amazon Braket 2 B3I MIlREEMN B FESKRENAMBEE FES ID MEMTHE, BTZ
BRAEHE  REXEESNERDEREEN S3 FERF , BREBBEIM Amazon Braket 12
HARTRRRE R,

MREFBRTEE S3 FREBPEFHET 00 RWALEFESNER | MAHEMIERKMES ID UARE
ZHBERBENEMETHIE. FSLE 90 RZRFER. EUUERRENEERRRALHE,

EIEY Amazon Braket 8915 81 fX R

RENBIE1T Amazon Braket RRFBFERA MBS ILEFAFNNR. ETA@KS FOEFASH
AERT (HIEL ) TENRR. Nt , HREMA Amazon Braket BURM I E &K~ P IZA =R
A6, WATETATR,

ERFERZM | BUMZ A Amazon Brak ete EJ/5 A Braket , HEAUAE (1) EEANRER 2) B
4 B AmazonBraketFullAccess % B } B X 8 211 & #h 5] 8. 7764 RS (Amazon S3) EBEHNAFRAE

2%,

ATRE

W 5% Braket BIR

- ERFTHAE

« XF AmazonBraketFullAccessBUE

« % F AmazonBraketJobsExecutionPolicy Bl
- REIAFFRELRE
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Amazon Braket FERARER
 Amazon Braket B 7 & AWS BUXR

« PREIA /1A R LELIZA LA

- REIFAFXIEL S3 Fi R 17 R BR

I &% Braket &R

Braket B2 T —fE R : EFEFTEIR. LRFERENVILIHERAF (ARN) TR :

o BIRB™::: IRSAWS:: Braket

« ARN Regex : arn : $ {Partition}: b raket : $ {Region}: $ {Region}: $ {Account}: quantum-task/$ {}
Randomld

ZiLANAG®

& T LATE Braket REALIEAREXRRE, L1242 Braket fEHB X EH Amazon SageMaker &R, E
41845 Braket BitAmazonBraketServiceSageMakerNotebook &R , AIIEE R MELFF L
1AM B,

BEOREREY  LAEREFEEANRIMIN T ATAKRRENAE,

{
"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*"
]
},
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{

"Effect": "Allow",
"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*"
]
}

EQEZA®  BFRBAEZELEN MTHFAHNTRHATERE  LFUEEBEANZUEBRZAR, B
R 2 Kt L iZAmazonBraketFullAccessEE .

BEAGE BN ZACEE AT EREINMELIZAEMN,
*F AmazonBraketFullAccessBE

% AmazonBraketFullAccess B £2F Amazon Braket #&/ERR , @IFHITUTESHAR :

« M Amazon Elastic Container Re gistry T# & g8 — =EUM T AT Amazon Braket Hybrid Jobs Zh
BEMN AR B, BREMIATE “arn: aws: ecr:: repository/amazon-braket” B 1§

« RE AWS CloudTrail BE-BR T BaiMEFEILEH. ML IEIRHIESMFIE BESEHN , &EATA
R, FREMFIHIEE, % AWS CloudTrail B EXHBEEHKF X EKFTE Amazon Braket
API SEFIRYIE R,

- MAACEHRER-EENKFPRERSHEXAR, REEXABTURKEHE AWS &

H. ©REEH Amazon Braket RS ER. LA, EALUE IAM A &1&i%E4%4 Amazon Braket
CreateJobAPI , 8|2 A& H 1556 E RE K KK Il AmazonBraketFullAccess EliZ A&,

- SEREA, BESHNERAEE , 4P EKFNERBRBEXYE — 02, EENEFK
FPHAX Amazon Braket FRBE RN EERELE. ERESEL B EANIER. 82 EHH Braket 3§
BHAFME BEEE, FEFREIFEMA CloudWatch,
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* 7 Amazon S3 FEEHEIZNFREKE AL EFHEE — B2 S3 #i , BIHEKS,
HH S3 FMME , RSN RMAMF H B FREL amazon-braket-FF Sk B A 77 48 3 M 3R B
Ro Braket FEXLENRIEFESELEE FESERNXHBRAFEBHNFEREPRR,

- f£5% 1AM B — F IAM AtafEiE4CreateJobAPI,

- W5 SageMaker £ic 4~ — BIZEFEEBE N “arn: aws: sagemaker:: notebook-instance/
amazon-braket-" A % JR B SageMaker& id A< 3£ i,

- BRIFRSEFH — E6|Z SageMakerZ 12 A& H Amazon Braket Hybrid 1155 , £ &F RHET BT
9l O] TS

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",
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"ecr:BatchCheckLayerAvailability"
1,

"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",

jam:ListRolePolicies",

iam:GetRole",
"iam:GetRolePolicy",
"iam:ListAttachedRolePolicies"

]I

"Resource": "*"

"Effect": "Allow",
"Action": [
"sagemaker:ListNotebookInstances"

1,

"Resource": "*"

"Effect": "Allow",
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"Action": [

"'sagemaker:
"sagemaker:
"'sagemaker:
"sagemaker:
"'sagemaker:
"sagemaker:
"'sagemaker:
"sagemaker:
"'sagemaker:
"sagemaker:

1,

CreatePresignedNotebookInstanceUrl",
CreateNotebookInstance",
DeleteNotebookInstance",
DescribeNotebookInstance",
StartNotebookInstance",
StopNotebookInstance",
UpdateNotebookInstance",

ListTags",

AddTags",

DeleteTags"

"Resource'": "arn:aws:sagemaker:*:*:notebook-instance/amazon-braket-*"

"Effect": "Allow",

"Action": [

"sagemaker:DescribeNotebookInstanceLifecycleConfig",
"sagemaker:CreateNotebookInstancelLifecycleConfig",
"sagemaker:DeleteNotebookInstancelLifecycleConfig",
"sagemaker:ListNotebookInstancelLifecycleConfigs",
"sagemaker:UpdateNotebookInstancelLifecycleConfig"
1,
"Resource": "arn:aws:sagemaker:*:*:notebook-instance-lifecycle-config/
amazon-braket-*"
},
{
"Effect": "Allow",
"Action": "braket:*",
"Resource": "*"
1,
{

"Effect": "Allow",

"Action": "iam

:CreateServicelinkedRole",

"Resource": "arn:aws:iam::*:role/aws-service-role/braket.amazonaws.com/
AWSServiceRoleForAmazonBraket*",

"Condition": {

"StringEquals": {
"iam:AWSServiceName": "braket.amazonaws.com"

"Effect": "Allow",

%F AmazonBraketFullAccess B
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"Action": [

"iam:PassRole"
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:*"
]
1,
{

"Effect": "Allow",
"Action": [
"logs:PutLogEvents",
"logs:CreatelLogStream",
"logs:CreatelLogGroup"
1,
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"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"
.
{
"Effect": "Allow",
"Action": "cloudwatch:PutMetricData",
"Resource": "*",
"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"
}
}
}

X F AmazonBraketJobsExecutionPolicy B %

ZAmazonBraketJobsExecutionPolicy K B& 2 F £ Amazon Braket RS EF P EANHITABHIR
R, MMFATR :

« M Amazon Elastic Container Re gistry T &8 & 28-3R EUH T8 A T Amazon Braket Hybrid Jobs Zh&E
NARBEBRINR, BEIMMATE “arn: aws: ecr: *: *: repository/amazon-braket*” B3,

- SIEEEE, ASEHNEHEERE , LELPEKFNERERBEXH — EENIKF FRIZE,
FMEEFE A X Amazon Braket FABRN AFZEE ., BEHESELBEALANIES . LEEAEN
Braket B EH A HE B EIE, HERBIEHRA CloudWatch,

- Fo@ BIEFME Amazon S3 FHEFEF — FIHEKF FEH S3 F#E , HXNRBAKS RBZFRH
LA ama zon-braket-FF Sk W EAFZE B HMNFIRET R, Braket EEXENRTREF TS A EBE T
FHERNXHFRAFERANEERIRE,

o {£i% IAM A/ — I IAM A {54 CreatedJob APl, BEXAMFE arn: aws: iam:: * KR, :role/
service-role/AmazonBraketJobsExecutionRole

"Version": "2012-10-17",

"Statement": [

{
"Effect": "Allow",
"Action": [
"s3:GetObject",
"s3:PutObject",
"s3:ListBucket",
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"s3:CreateBucket",
"s3:PutBucketPublicAccessBlock",
"s3:PutBucketPolicy"
1,
"Resource": "arn:aws:s3:::amazon-braket-*"
I

{
"Effect": "Allow",

"Action": [
"ecr:GetDownloadUrlForLayer",
"ecr:BatchGetImage",
"ecr:BatchCheckLayerAvailability"

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": [

*<F AmazonBraketJobsExecutionPolicy Bt &
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"iam:PassRole"
1,
"Resource": "arn:aws:iam::*:role/service-role/AmazonBraketJobsExecutionRole*",
"Condition": {
"StringlLike": {
"iam:PassedToService": [
"braket.amazonaws.com"

]

}
}I

{
"Effect": "Allow",

"Action": [

"iam:ListRoles"

1,

"Resource": "arn:aws:iam::*:role/*"
I

{
"Effect": "Allow",

"Action": [
"logs:GetQueryResults"
1,
"Resource": [
"arn:aws:logs:*:*:log-group:*"
]
1,

{
"Effect": "Allow",

"Action": [
"logs:PutLogEvents",
"logs:CreatelLogStream",
"logs:CreatelLogGroup",
"logs:GetLogEvents",
"logs:DescribelLogStreams",
"logs:StartQuery",
"logs:StopQuery"

1,

"Resource": "arn:aws:logs:*:*:log-group:/aws/braket*"

},

{
"Effect": "Allow",

"Action": "cloudwatch:PutMetricData",
"Resource": "*",
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"Condition": {
"StringEquals": {
"cloudwatch:namespace": "/aws/braket"

PR&IA Fin R R LR E
BRI L 15 1H KL Braket 8% , AN B RIAMA €IFMIEL R,
B R LS AR PR A AR A T84

« CreateQuantumTask-{E4EIEEIRE LOIERE FHES,
« CreateJob-EAEIREIRZ LOIBESIEL,
« GetDevice-iE4REUEEIRZHFAEE,

AT RBIBRE T XN FTE QPU BYiFRIMXPR, AWS ik 123456789012

{
"Version": "2012-10-17",
"Statement": [

{

"Effect": "Deny",

"Action": [
"braket:CreateQuantumTask",
"braket:CreateJob",
"braket:GetDevice"

1,

"Resource": [

"arn:aws:braket:*:*:device/qpu/*"

]

}
]
}

EWREARE |, FAZRIZEZENAMazonBES (ARN) KB L—NROIGERNEFE, LFERFRIE
HRIRE. 7£ Braket F , BRBEREX— QPU HERE , RALBAECRETEFES. THIEES

£ RE EE, BARANREATEEXN XL RSN TENER :

PRI A P IR R LR %
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* arn:aws:braket:<region>:<account id>:device/qpu/<provider>/<device_id>

* arn:aws:braket:<region>:<account id>:device/quantum-simulator/<provider>/
<device_id>

LT R&MIRE TR R EA R

- EREFIEXIEMIATE QPU , EHITUL TR : arn:aws:braket:*:*:device/qpu/*

o E{U%HF us-west-2 XMW ATE QPU , iEHMITLA TR : arn:aws:braket:us-
west-2:123456789012:device/qpu/*

- B8, EMULERE us-west-2 XKEFHAAE QPU (AN REBR—TBREZER , MAREFRR) , Bt
ITUATRHR4E : arn:aws:braket:us-west-2:* :device/qpu/*

- ERFEXNMEZREELURRBNHRE , BHITUTR
fE : arn:aws:braket:* :123456789012:device/quantum-simulator/*

- ERHIE us-east-1 XiF 17 [AliZlonQ HarmonyiZ % , BHITA TR : arn:aws:braket:us-
east-1:123456789012:device/iong/Harmony

- ERHFGEREBXNRZNIGR ( FIARIgettiQPURE ) , BTHRITUTER
{E : arn:aws:braket:* :123456789012:device/qpu/rigetti/*

o ERFINTNIIRZIER , BT TERE : arn:aws:braket:* :123456789012:device/
gquantum-simulator/amazon/tnl

Amazon Braket E# 7 8 AWS BUR

TREHT BIZBRSTRBRRIXLEE WK Braket AWS HERMEFMNFHAE L.

BEX R H &8
AmazonBraketFullAccess-Braket IS AT ESEEREHH 2023 £ 3 A 24 H
A BUR servicequotas: GetServiceQuota

F cloudwatch: GetMetricData #
£, AmazonBraketFullAccess

Amazon Braket B 7 3£ & AWS B3R 252
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EK

AmazonBraketFullAccess-Braket B T4

77 8] R

AmazonBraketJobsExecutionPolicy-

Amazon Braket Hybrid Jobs VB &

PATBUR

Braket FF 1B FRE X

BRI A 15

7] 3 L€ 122X 3L

ERHFE LR 54 E Braket £184K4] |

DU

Braket % 7 ia PassRole m: ‘&
€service-role/ BRI
PR, AmazonBraketFullAccess

Braket E# T EAELHNITA
® ARN , EE@&service-1
ole/ TH&R,

Braket FFIRIREZHE AWS FEE XK
BRI E,

B

2021 £ 11 A 29
H

2021 11 A 29
H

2021 11 A 29
H

BELERESE, AP SREARINELRRER,

UTROIERAREEEFMREEZ. &L EPSELICEAREHFIH R AWS Ik~
123456789012 , ZRHIRENEFHRNBENAFGE (HlH , AFALlicefFBERIFR B RNEID

AL flamazon-braket-Alice ),

{

"Version":
"Statement": [
{
"Effect":
"Action": [

"sagemaker:
"sagemaker:
"sagemaker:
"sagemaker:
"sagemaker:
"sagemaker:

1,
"Resource":
},
{
"Effect":
"Action": [

"2012-10-17",

"Deny" ,

g

"Deny" ,

CreateNotebookInstance",
DeleteNotebookInstance",
UpdateNotebookInstance",
CreateNotebookInstanceLifecycleConfig",
DeleteNotebookInstanceLifecycleConfig",
UpdateNotebookInstanceLifecycleConfig"

"sagemaker:DescribeNotebookInstance",

PRI A 7= 175 1) 3 L £ 1R A SR 45
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"sagemaker:StartNotebookInstance",
"sagemaker:StopNotebookInstance",

1,

"NotResource": [
"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}*"

]

BRI A X3 3 2 S3 12 it 4 Y 17 B AR
R4S L 15452 Amazon S3 2445 , BALBSERE, A RAFIIES KK,

AR RBIBRE T RN RHGFEHBABESIEMM (arn:aws:s3: : :amazon-braket-us-
east-1-123456789012-Alice) IR , iEBR&I T XL R FIK,

"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": [
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"s3:GetObject"

1,

"NotResource": [
"arn:aws:s3:::amazon-braket-us-east-1-123456789012-Alice/*"

]

}
]
}

ERFIFEA notebook KIS FE MR L RINR |, EAILUR ERRBAINEEILARNITABH,

VI O5#h Braket RS R AR

M I&%/Z A Amazon Braket B |, FEZWIK - FEIZRSHEXEE,

REHEXAERE —FINEN IAM &6 , E40%F |, ©EESEES] Amazon Braket, Amazon Braket i
ZHEXB/EBEMEEN N EE Braket ERREBHBMANFIENFIENR. AWS RS

REHEXABETTLUUERNMIZE Amazon Braket , AR LFERMLENNR, 3% Braket &
NTEHRFSHEXACHINER, BRIFBERXEE L , BN R BT S Braket TEEWEH AR, EXWH
NRBEEERBEMINEREE, T IZINE K BEM N E{E E b IAM E4K,

Amazon Braket 1% B RS HH < A & 2 AWS Identity and Access Management (IAM) ARZ5#8 < A & Ih
BEM—3 D, AXHEMAXERSHEXACHNESBAWS RS , H3HE IAM B&FERNAWSES |, 3#
FRSEXBE JIDERER ‘B WRS. FEF Yes EEFZRFNWRFSEXA B XENWEE,

NI 53 Braket YIRS A< B R

I &b Braket {#FAWSServiceRoleForAmazonBraket REHExAR® , ZABET
braket.amazonaws.com SE{&B{EZ A,

BB B RV IAM K4 (fIMEARNAR ) 02, FEIMBRBRSHEXAG, BXESE
B, BEHARSHEXA KR,

ERIAER T , Amazon Braket FHYIRSZ X B EER F UL TINR :

« Amazon S3 — FI &K R FEMEE |, AR RBAZIIK - FEA R FREL ama zon-bra ket-FF
SLEY 1268 48 H O P IREUT SREVIBR .

« Amazon Lo CloudWatch gs — BIHH A BEAH, BIEXEKESIHRARSESHKAN Amazon
Braket | 2# B & H KX IR,
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AT KB M tn2IAWSServiceRoleForAmazonBraket f[RESHEX AR

{"Version": "2012-10-17",

"Statement": [

{"Effect": "Allow",

"Action":

L

"s3:GetObject",
"s3:PutObject",
"s3:ListBucket"

]I

"Resource"

}I

: "arn:aws:s3:::amazon-braket*"

{"Effect": "Allow",

"Action":
"logs:
"logs:
"logs:
"logs:
"logs:
"logs:
"logs:

1,

"Resource"

}I

[

Describe*",

Get*",

List*",
StartQuery",
StopQuery",
TestMetricFilter",
FilterLogEvents"

: "arn:aws:logs:*:*:log-group:/aws/braket/*"

{"Effect": "Allow",

"Action":

"Resource":

}I

"braket:*",

nin

{"Effect": "Allow",

"Action": "iam:CreateServicelLinkedRole",
"Resource": "arn:aws:iam::*:role/aws-service-role/braket.amazonaws.com/
AWSServiceRoleForAmazonBraket*",
"Condition": {"StringEquals": {"iam:AWSServiceName": "braket.amazonaws.com"
}
}

I 5% Braket RYH) 1%

AWS £ IRELR % e = B SEAWS Xig Al f XM E R .

Bk E RE
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BMNXERHUSMEIBNRENTAX, XETAX (AZ) BRER, SELENSETRENN
FiEER, At , ERSNEHSHEFOLEMBLEL  THAXEFESHNTAY, FEMENTT R
28

BRI BT E AT A X 2B B3 RN ARFNBEE |, AT,

BXRAWS XENMATARKNESZER , FSHAWSE REM BN,

I 5)3%» Braket BY& #1456 iF

SB=FHITMERITfL Amazon Braket WEE MM EMMUEUR BN EE=FEHREHEHER. BX
Braket By &M 1S Eup-to-dated &k , FZHAWS RS EZEMIT XX D EVEE. BX—KRER , FF5
FHAWSE M,

B LAER AWS Artifact TEE=FFitikE. BXEZER , HSRER FTHIREAWS Artifact,

(® Note
AWSEMMRE T RERBE=FEHRAEN QPU , I TLLERES BCSHMIFit,

£ Amazon Braket Bt |, B EATEHREHHRBHOERBM, RTINS BIRURERNEER
EHRE, AWSIRELA T HRUAFEBSSIMEHM

« ZEMEEAMREAERE - XERBEFTIC TRWIEED , FEHTHE AWS EHEBETZ
EMHNENENEERRRN SR,

« AWS EMMHEIR -tk S FMANEEES AREER TENTLNME,

VI 5% Braket IV EMIRELZ £

ERN—IIEERS , Amazon Braket ZSAWSE£ KM EZLZ L EBFWRY , L2 REBIAAWSHE P
Pk,

EBEIMBILRL D% Braket , ZEEFHE KM AWS APl, BEFIHARNXZFEREREM (TLS)
1.2 EERE. BERFEMLAXIFEETEEIERE (PFS) WEBEH , #la0 Ephemeral Diffie-
Hellman (DHE) 5} Elliptic Curve Ephemeral Diffie-Hellman (ECDHE), AZHINNRRE (0 Java7 K
BEEMAE ) BRI EER,
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https://docs.aws.amazon.com/artifact/latest/ug/downloading-documents.html
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Lo\, HAERTGRIZEE ID M5 IAM EAEXBRAORZR B BARNBERH#TZEE, RE , BUUER
AWS Security Token Service (AWS STS) £ K If it Z £ ZIERNERH#ITESR,

I 0% Braket BHREBHN LTS

Amazon Braket By QPU HE=ZFBEHRMEEIEE., HRE QPU LE1TEFESHE , Amazon
Braket TEF I ZIX BB EH QPU #H1TAE R {ER DeviceEarn YERFRIRAT,

WMRIEMEM Amazon Braket THIHE =T EHREEEENE FIUTERESF |, NN ERREMEXBE
FHEEEREZANEFRUEBLEAWS, YENIEFEEMAWSEA QPU #f AT /Y X8 7] BL7E
PR EIRZIFEIL D% Braket 125 & Ay %2

BHNBRRERN, ABFLEEEMBENNBTSI RRELFE=T. AWS KFERTF2ERAEE =7,

BANERRNRBERANE, BEHEZNATLE. Amazon Braket E=FREB A EREHAE
FRESA TAEERN BRUNNEMAR, EETKE , 4R FREZ Amazon Braket 7 17 i fE 18 /Y
S3 FfEMEF,

Amazon Braket E= T EFRHREBNZLLEHEIFIT , MBRASNERS, HREH, &
BRFNDE LR 2R,

E AT Amazon Braket B 5% VPC KRim T =

BRI LB 2O VPC KRBT S £/ VPC 1 Amazon Braket Z BN FAEERE, O SH
— M RIEH I AWS PrivateLink , ZBEARTEBRKMM K, NAT €%, VPN EZEFAWS Dlrect
ConnectiE# BN 1] 58] Braket APl, &8 VPC AEEBIFREELNH IP it Bl 7] 5 Braket APl B1E,

BMEORK[EBAFNAN - PRSNEERNEEORT,

£/ PrivateLink , &8 VPC # Braket Z BIFREFT ST FAmazonME | XA LUREERSE TN
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wmafE  XFE 0 X = = = = TXHE

I Tk 7= A

15PN X 15 A

ml.m4.10) BFFE

large 35 Amazon

R Braket
Hybrid
Jobs ,
RIFH
&K
ml.m4.10»
large 3£
BS54
o

BEE X TFE 0 X
) T 7= 0
BAX XEH
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ml.m4.16> Amazon
large Braket
Hybrid
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o
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Jobs ,
RIFH
&K
ml.m5.12»
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BS54
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BEE  XNTH 0 X

;) T F= A1

&KX X 15

ml.m5.24> WIFFE
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BEE XTFH o0 X ¥ = ) = = =
) T 7=
BA Xig
ml.p2.xla BIFFE
rge 38 Amazon
R Braket
Hybrid
Jobs ,
AT
BA
ml.p2.xla
rge 3k
B4l
o
BEE XTFH o0 X ¥ = = = = =
) T 7= 0
BAX X iz

ml.p2.8xI HIFFE

arge 38 Amazon

IR Braket
Hybrid
Jobs ,
ARIFH
&KX
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arge %
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BEE  XNTH 0 X

;) T F= A1
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ml.p3.2xl HIFFE
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HAEN RESEH THIERESRES , ABE RS T AWS # 3R Amazon Braket,
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Amazon Braket FRARIER

® Note

WRENBEELTEMEFRN ML TERE |, BEAHMXE. A, IREERPER
KB, NiZKBIAR TR TREFL.

XL £t B =5 1 BR 5

Amazon Braket E FEFIREN K/NRHIFE 3MB LA,
SV1, DM1#Rigettiix & A FHEFMESHHRKRELEN 100,000,
BIMES A TS KRELETNTIA 1000,

Xt TF ArilonQ a-1 f Aria-2 8% , BOESHERASIER 5,000 R, lonQ¥tF Harmony 1 Forte
®&ZLKROQCER%E , &R AXfEF 10,000,

X FQuEra , BIES A TR ARG IEN 1000,
MFTN1FQPUIR R , BIESHELBLMAKT 0,

5t OpenQASM 3#t 1T [E

AT R T HE LM OpenQasm 3.0 BI& B HIRAY 7] 888 R AV SRR E 4R £

ATAR
- BREA%BR

IEELERIR qubits

B IRqubits 5E #lqubits B iREN — 1%

BRERKBAHER —NMEFEIRqubits PR ITIE

ZHREMNqubitF FRBEEHIRE

FEAMERXBEFRZFRE R
FILFERD AT IR

EFIEFERDYIELEIR qubits

BFYmIFERRD “braket” X

qubits 7S£ # 4wl R 5 iR

M qubit[Iqubits 7 kY PP 38 RIE A IR

GetDevice IR [E OpenQasm 4 R 451

&

L ftb B 251 0 BR 1 289
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« RS XEES

FRARER

FEEAHER
Braket B 8RB HENI VEX A AN BRTE OpenQasm BFH. B, UTRHIZIK T BITERHIR.

OPENQASM 3;
include "standardlib.inc";

LT RBEEEREIRBEE  No terminal matches '™

in the current parser context,
at line 2 col 17.

IEEL IR qubits

iR IhgEtrueFIRE N MW requiresContiguousQubitIndicesi& & qubits EFEAIFEL LS
HiRo

RSB LETE FESHIonQ , A TEF AR HIR,
OPENQASM 3;

qubit[4] q;

h qlo];

cnot ql[e], q[2];
cnot q[@], q[3];

DLTRIBEREIRHEE  Device requires contiguous qubits.
unused qubits q[l1], q[4].

YRR qubits 5 iE #lqubitsFR IR B N — 1%

AR E —MEFqubits HES W qubits FIE L |

Qubit register q has

iZé dzg(lf-El 'Lfo J‘)\T{tﬁquﬁklf-ﬁ 'Lfo

OPENQASM 3;

qubit[2] q;
cnot q[0], $1;

DLTREBEREIRHEE : [1line 4] mixes physical qubits and qubits registers.

@.'glﬁ‘/—ﬁa 'S
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BRERKBAHER —PMEFEIRqubitshFHITNE

BERER-EFqubits FEABN BN ERRE LS HHEIR, A TRBERER.

OPENQASM 3;
qubit[2] q;

h qle];

cnot q[0], ql[1];

measure q;

#pragma braket result expectation x(q[@]) @ z(q[l])

DTFRBERMEIREE - Qubits should not be explicitly measured when result
types are requested.

L HEREMqubitFFRREBLIRE
RAAFERA—NELHEFEFEN—NqubitFFER. A TREBEKE IR,

OPENQASM 3;

qubit[2] qO;
qubit[2] qi1;

DTFRBERKMBEIREL : [line 4] cannot declare a qubit register. Only 1 qubit
register is supported.

FEEXERFZmFE TSR
S ENEBAAEETERET. UTRBAEREIR,

box{
x(0.5) $0;
}

DT RBEKMEIRESE - In verbatim boxes, native gates are required. x is not a
device native gate.

BRERKBHER —MEFHEIRqubitsPHITINE 291



Amazon Braket FRARIER
BEFIEFAERD AT IR

BFIERANZERERTMRME T, qubits A FRBERREER.

#pragma braket verbatim
box{

x $0;

}

LTRRBEREIREE - In verbatim boxes, native gates are required. x is not a
device native gate.

EFIEFAERDYEEEIR qubits
BRFIEFELTNEE. qubits A TUEE 4 B ER X B ¥ qubits 8 iR o
qubit[2] q;

#pragma braket verbatim
box{

rx(0.1) qlo];

}

LTFRBEREIREE : Physical qubits are required in verbatim box.
EZYwFRERRD “braket” 5%
BUREZRFIEFREE TP EE “Draket’s A TRBEKEIR-

#pragma braket verbatim // Correct
#pragma verbatim // wrong

DT RBEREIRBES - You must include “braket” in the verbatim pragma
qubits 7o 7E 1 5 Hi 4w Il 3R 5| 55 1R
qubits T E N L i 4mEIFR 5. A TRIBERER.

OPENQASM 3;
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qubit q;
h q[o];

LTFRBAEREEIR : [1ine 4] single qubit cannot be indexed.
BR , IRRET AN ENqubitBA##TEREI :
OPENQASM 3;

qubit[1] q;
h q[0]; // This is valid

M qubit[]qubits A Y ¥ 38 K& B 5 1%

EFERAYEIEZqubits , HE LqubitsBI R ERWTINZZFEAWEIR

% , device.properties.action[DeviceActionType.OPENQASM].supportPhysicalQubitsf
EBd%EHdevice. properties.paradigm.connectivity.connectivityGraphZ kKK iEE

B device.properties.paradigm.connectivity.fullyConnected,

OPENQASM 3;

cnot $0, $14;

UTREBEREIRBELE : [1ine 3] has disconnected qubits @ and 14
GetDevice FIR[E OpenQasm 4 R ix

W R I&TE £ A Braket SDK B7E GetDevice N A& T F| OpenQASM £ £ , N AEFEIRE
AWS_EXECUTION_ENV HMEZEXREERAFRE, BXUMA Go M Java SDK #1TILIRE |, S
7 N E AN B RO,

2R/ AWS_EXECUTION_ENV IMEZXEBRENEFEANEERFRE , FITUTERE : AWSCLI

% export AWS_EXECUTION_ENV="aws-cli BraketSchemas/1.8.0"
# Or for single execution
% AWS_EXECUTION_ENV="aws-cli BraketSchemas/1.8.0" aws braket <cmd> [options]

R’ AWS_EXECUTION_ENV SMEZEIRENHE A Boto3 REER A RE | FHITUTRE

import boto3

Mqubit[Iqubits A Y YD 38 SRE 4R IR 293
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import botocore

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

% AWS_EXECUTION_ENV IMEZTERENEMEA/ (SDK v2) NEERAFRKE , BHITUTRE
JavaScriptTypeScript

import Braket from 'aws-sdk/clients/braket’;
const client = new Braket({ region: 'us-west-2', credentials: AWS_CREDENTIALS,
customUserAgent: 'BraketSchemas/1.8.0' 1});

E¥ AWS_EXECUTION_ENV IMETERENEEA/MNEERFRE (SDK v3) , BHITHUTRE
JavaScriptTypeScript

import { Braket } from 'eaws-sdk/client-braket';
const client = new Braket({ region: 'us-west-2', credentials: AWS_CREDENTIALS,
customUserAgent: 'BraketSchemas/1.8.0' });

¥ AWS_EXECUTION_ENV SRETRIZENEMHEA Go SDK HEBERFRE , HHITUTRAE

os.Setenv("AWS_EXECUTION_ENV", "BraketGo BraketSchemas/1.8.0")
mySession := session.Must(session.NewSession())
svc := braket.New(mySession)

EXf AWS_EXECUTION_ENV REZERENEMEA Java A XA TEENBEEAFRE , BHITUT
B’BIE

ClientConfiguration config = new ClientConfiguration();
config.setUserAgentSuffix("BraketSchemas/1.8.0");

BraketClient braketClient =
BraketClientBuilder.standard().withClientConfiguration(config).build();

A RUBR T FES

LocalSimulatorsx# OpenQasm HHI SR INAE , X LEIHEELE QPU ESZE%*ETL‘J%EJ:—I”‘Z:—IFH an
RENEFRRITERETWLocalSimulatoriBETHEE ( MWAT RAEIFAR ) , BFKEI—FBS,

gasm_string = """

i EL R T FES 294



Amazon Braket

FFRARIEE
qubit[2] q;

h qle];
ctrl @ x q[0], q[1];

gasm_program = Program(source=qasm_string)

WRBERES  WEFFERNXEN OpenQasm B S WEE, LocalSimulatorQPU SRIZFEELL2F T
BETRZFH AP —LEIhEE,

BARZEW OpenQasm WEEWEZER |, 5L HILAL,

RIER R ES
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I &b Braket B9 API 1 SDK $ZiEm

Amazon Braket 21 API, SDK M@ $4TRE , LA AR MR GIEZENEBLE ARG AR IERH
EREEE,

« M5 Braket Python SDK ( #
- I 5% Braket APl &

*+ 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

#&3% AT LAM Amazon Braket # 2 GitHub 174 FEEFR BV 58 /R 4,

o XZHIE GitHub

296


https://amazon-braket-sdk-python.readthedocs.io/en/latest/#
https://docs.aws.amazon.com/braket/latest/APIReference/Welcome.html
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https://docs.aws.amazon.com/AWSJavaSDK/latest/javadoc/com/amazonaws/services/braket/package-summary.html
https://docs.aws.amazon.com/AWSJavaScriptSDK/latest/AWS/Braket.html
https://docs.aws.amazon.com/aws-sdk-php/v3/api/class-Aws.Braket.BraketClient.html
https://boto3.amazonaws.com/v1/documentation/api/latest/reference/services/braket.html
https://docs.aws.amazon.com/sdk-for-ruby/v3/api/Aws/Braket.html
https://github.com/aws/amazon-braket-examples
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A 18 %

TRIER T HARAH Amazon Braket B934,

« APIRRZA : 2022 £4 A 28 H

- BEAPIZEEH : 2023 F 9 A 25 H
o ERWTXAYERT 2024 F£5 A 22 H

BXK

%% 1QM Garnet#l X 13
Europe North 1

ERAAUFENIEE

ZIEARFEFEDEERRAD

BHREM

& % T Braket Di

iR

®HnT 3 IQM Garnet €%
WX, —MRAFRAD
LM 20 E T LSS,
Braket 37 #5589 ith X 4 & 2 B M
bEh 1 ( HIERRE )

LK ThEET7E 2 3E Aquila QPU
QuEra FY 7 25 5 T BE

BIEZICALHIR , BATE
I EEER IR E 2 N ST H]
LLBEZE & Braket £ig 43k
i,

B4 T Amazon Braket B % ,
LUESF AWS XIRERERH
HEABRRUREEFFA AR,

0T X} Braket EIZIhEEMN X
¥, 2%

. TR
o BTREI

= 1A &
« XIOEE

B

202455H22H

2024 4 A 118

2024 3 A 27 H

202312 A 12 H

202311 A 27 H
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BT 62 Amazon Braket £ EF T, RNINT AFEDN 2023 F 11 B 27 H
18 A< L4 Amazon Braket ZF 8|22 £12
ALHIE S,

BT BFEEFE (BYOC) FEEFTXH AT AEXMAR 2023 % 10 A 18 A
A BYOC, BYOC EiJ5 A K
1£ &85 L= 17 Braket Hybrid
Jobs V1§ B,

BEIERMmNRKS ERNERRBENEEHE 2023 £ 10 A 16 A
WZETRE. S8 RF -

« fERAZAH Python X381 2R
EEl

o REFEHAM Python REZ R
e

- FBBEREHANKIRS
Al 3245 o

s REIHERMENRESE

1807 BA B AT 0 BT (FFREIER) XY, 2023 9 A 25 H
FH @ Equeue depthFqueue
position,

ERTT APl X#Y | BURBRBA
A LAY T APl E 2K,

FREALSIRS R By ap BT, Rl E 20239 A 11 H
EHIESR R BEENL , [ “4F
FEHR EFES

¥11&% lonQ Aria 2 07 XtiZlonQ Aria 2i% & Y 2023 9 A8 H
X
BEHTREZ] EFTXH,AMTAEX 2023 £8 A 16 H

Rigetti X 2411 1#9 4RI2 15 B9

B
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FRARER

XanaduBEF

$#71%% lonQ Aria

2= A fRigettii% %

E#HTHIAmazonBraketFullAc
cessBERER

1% % Rigetti Aspen-M-3

AV ERE R T RE

VR R ThRE

D-WaveE

#1i% % QuEra Aquila

%} Braket Pulse By ¥

B T XL ERFTE Xanadu
RE

07 3t iZlonQ Ariai& & Y %
b=

B1Z L3 B #F Rigetti Aspen-
M-2

E# 7 E X AmazonBra
ketFullAccess K B P9 2 1Y il
A, EHEHE s ervicequotas:
GetServiceQuota # cloudwatc
h: GetMetricData #2{EA R B
KECE PR HIHE B

BT, URREH, E
&1L Braket ABR A%,

1 hn 7 34 ZRigetti Aspen-M-3
REN X

AT BREH AR
BERYfE B SV1

YNINT BX Braket EEEMNE
B ZERETMAHENE
TEEER

BT X EERMFFED-Wave
RBWBER

#h0 7 XiZQuEra Aquilai® &
(RS

140 7 X} Braket Pulse B3
¥, AT EIR%E LRIigettifE A
Bk H OQC

2023 6 A2H

20235 H 16 B

2023 5 A 2H

2023 4 A19H

2023 4 A5 H

20231 A 17 H
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2022 F£11 A 17 H
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2022 £10 A 20 H
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X ionQ RE(T]

# R BIBCER

YRS U RAR

%% Rigetti Aspen-M-2

OpenQasm Y FTIhaEE

R AE ER IR

¥ Xanadu Borealisi® &

A ARELRERF

#1i& % D-Wave Advantage
_system6.1

Support X #R AR B EFHY 32
b

AmazonBraketFullAccess -l
0% Braket HI5TE 15 A BUR

T X ionQ RZF R A

MRERZ#FF

E# T 5REESRIKRAERIA
2 BT ESLHIB

BTG ERREENES
AR S5 122 I E AR

18 i 7 3 iZRigetti Aspen-M-2
REHNXZF

B1Y OpenQasm ZhaEXT
A EHELET ( braket_sv F
braket_dm ) B #&F

0T A04ADE SR A b Ak AR
EBRAESH TEARNR AR
PN

#8407 ¥tixXanadu Borealisi&
ZFHXE

AT BRI EICARER
AR E B

1807 34iZD-WaveAdvanta
ge_system6. 118 ZFH X #F

AT fAE R & 1ELE
TBRARNBEARMAFER
PennyLane (A E{& #1825

¥1iE s3 . ATAFREENRE
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/9 1% % 18 A9 ListAlIMyBuckets
R
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2020 £ 11 A 24 H
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AWS RiEFR

BXRIFAWSRKIE |, HSEAWSIHEL RS EZFHWAWSIEBL &,
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